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m w A R Y  
( ) Draft (X) Fina? 

D-rtnent of the Inturior, Rursau of R e  lanution, Engineering and Researct Cwtur (Lead 
Agency) and tlrs Soil Cansentation Service, U54l.4. 

1. Type of Action: (X) A d n ~ i s t r a t i v e  ( ) Legislative 

2. Brief description of action: T i t l e  11 of Public Law 93-320 authorizes the cmstruc- 
tion of four sal ini ty  control d t s  as part of the iai:ial StaRe of the Calorado River 
Xater Quality Improrment Program. These units include hradox Valley U n i t ,  Colorado; 
t5e Grand Valley hi t ,  Colorado; t5e Cwstal Geyser h i t ,  Utah; and t5e Las Yegas Wash 
L'nit, Nevada .  Major structural featxres of the i n i t i a l  control uni ts  invo?ve wnStrbx- 
tion of f ac i l i t i e s  such as wells, dikes, pipelines, pays. desalters, and evaporation 
ponds t o  wllect and dispose of salim uatar. Nonstructursl unit features consist of 
mnagemmt assistance t o  water users for limiting excess water applications to irri- 
g a t d  lauds. T i t le  TI also authorizes further study and research on o t h s  sal ini ty  con- 
tml units for tho Colorado Rivur Basin. 

This staterrant presents csasulative i p a c t s  of tho program aad dc tu l ed  impacts of Qe 
Las Yegas Mash and Crystal Geyser Units sufficiant t o  c q l y  with N.E.P.A. requirauntg. 
In addition, preliminary informtion i s  prescnted for  cuntinuing investigation of other 
wa t ro l  units. and future detailed mvironnental s t a t e n m u  w i l l  be provided as neeus- 
sary. Pmgram cmt ro l  units and related impnets w i l l  a ffect  the Basin States of A r i -  
zona, California, Colorado, Ssvad., Sew Mexico. Utah, and Wyoming as  well as the Republic 
of Mexico 

3. Sunrnry of snviroancntal impacts and advsrse emvirornmtal effects: Implarrentatlm 
of sal ini ty  control units addressed under T i t l e  I1 of P.L. 93-325 w i l l  reduce the 
sa l in i ty  of the Colmado River a t  Iaparial Dnn by a b u t  150 milligmns per l i t e r  [Ilg/i). 
The curaulative iapact of the f w r  i n i t i a l  sa l in i ty  control d t s  will provide an I n i t i a l  
reduction of 45 mg/L On an m u 1  basis, the wtirrated reductims amunt t o  1,589,MN! 
and 460,000 tons of s a l t  rsm~ved from the r iver  systen for fu l l  progran ixplmmtatiun 
and the i n i t i a l  m t m l  uni ts ,  respectively. The beneficial lapacts of sal ini ty  reduc- 
tion w i l l  be reflected in a l l  the Basin States in impmved water quality delivuries to  
aver 1 million acres of i r r i g a t d  farmland and over 17 n i l l i en  people. Principal adverse 
effects a re  modificotior: of about 8,500 acres of range lands, water loss (up to  116,000 
--feet p r  year) fron the r iver  systen, a d  additional use of snergy r e m r c e s  (119 x 
1$ k w y r ) .  Exiscing biota md ssthst ic  values a t  the pmject  s i t e s  d l 1  5s influenced 
by construction of evaporation reservoirs and other physical mdi f ica t ims  of tepogrrphy 
and vegetation resulting fmn the n r i o u s  control unit  fmtures. 

a. N o r a t o r b  oa future water resources dwelog~snt  in the Basin 

b. R e t i r m t  of irrigated, agricultural land 

c.  Ths alternative of no action 

d. Altsmrt ive mthods of r iver  aupsntatian 

5. L i s t  of m t i t i w  from vhoa wment s  have been requested or  received: 

See attached ii s t .  

6. Date nade available to  CEQ and the wbl ic :  

>aft  Statancnt: Kar. 5. 1916 (EES 76-9) 



DISTRIBUTION LIST FOR FINAL ENVIRONI.IEFrTAL STA'EIENT 

Listing of Federal, Sta te ,  Local Agencies, and pr ivate  e n t i t i e s  t o  
whom copies of the  Draft Statement have b m  sent  with those respond- 
ing indicated by '' * ''. 
A. Statements t o  be Distributed by the  Commissioner, Bureau of 

Reclamation 

Department of the  In te r io r ,  Washington, D.C. 
Comissioner , Bureau of Indian Affai rs  
Director, Bureau of Land Management 

*Director,  Bureau of Mines 
* Director, Bureau of Outdoor Recreation. 
*Director, Fish and Wildlife Service 
*Director, Geological Survey 
*Director, National Park Service 

Director, Office of Water Research and Technology 
*Advisory Council on Historic Preservation, Washington, D.C. 

~ e ~ a r t m k t  of 
Department of 

*Departnart of 
Department of 
Department of 
Environmental 

*Federal Power 

- 
Agriculture, Washington, D .C . 
the  Amy, Corps of Engineers, Washington, D .C. 
Iiealth, Education, and Welfare, Washington, D.C. 
Jus t ice ,  Washington, D .C . 
Sta te ,  Washington, D.C. 
Protection Agency, Washington, D.C. 
Connission, Washington, D.C. 

Federal Energy ~dminis t$t ion,  washington, D .C . 
*Regional Representative, Federal Highway Administration, Denver, 

Colorado 
*Federal Highway Administration, Department of Transportation, 

San Francisco, California 
*Regional AWnis t r a to r ,  Department of W i n g  and Urban Develop- 

ment, San Francisco, California 

B. Informtion Copies t o  be Distributed by the  Regional Director, 
Upper Colorado Region, Bureau of Reclamation 

Colorado 

Governor of Colorado, S t a t e  Capitol Building, Denver, Colorado 
S t a t e  Clearinghouse, Denver, Colorado 
Director, Colorado Water Conservation Board, Denvsr, Colorado 

*Director, Division of Wildlife, Denver, Colorado 
*The S t a t e  Historical  Society of Colorado, Denver, Colorado 
*Colorado Department of Health, Denver, Colorado 
*Colorado Deparment of Natural Resources, Denver, Colorado 

Director, Colorado Department of Highways, Denver, Colorado 
Regional ?hnager, Colorado Division of Wildlife, Grand Junction, 

Colorado 



Regional Eiansger, Colorado Division o f  Wildl ife ,  h n t r o s e ,  Colorado 
The District 10  Regional Planning Conmission, MuntFose, Colorado 
Agr icul tura l  Research Service,  For t  Co l l ins ,  Colorado 
S o i l  Conservation Service,  Grand Junction,  Colorado. 
Regional Engineer, Region VI I I ,  Pub1 ic Health S e w i c e ,  Department 

of Health Education and Welfare, Dmver, Colorado 
*Director ,  Envircinrnantal Protect ion Agency, Region VIII ,  Denver, 

Colorado 
* S t a t e  Director, Bureau of Land Management, Denver, Colorado 

U.S. Geological Survey, Rocky Mountain Region, Denver, Colorado 
Regional Direc tor ,  Rocky Mwntain Regional Office,  Xational Park 

Service,  Denver, Colorado 
River Basin Cmrdinator ,  Bureau of Mines, Intermountain Fie ld  

Operation Center,  Denver, Colorado 
Regional Direc tor ,  Fish and Wildl i fe  Service,  Denver, Colorado 
Regional Direc tor ,  Bureau of Outdoor Recreation, Wid-Continent 

Region, Denver, Colorado 
Agr icul tura l  S t a b i l i z a t i o n  and Conservation C o m m i t t e e ,  Grand 

Junct ion ,  Colorado 
Colorado West Cauncil of Governments, Rifle, Colorado 
Region 9 Planning C m i s s i o n ,  Durango, Colorado 
S i e m a  Club, Unconpahgre Chapter, Grand Junctiun,  Colorado 
S i e r r a  Club, Rocky Mountain Chapter, Denvet, Colorado 
Trout Unlimited, Denver, Colorado 
Audubon Society,  Grand Junction,  Colorado 
Scnrthwest Water Conservancy District, Durango, Colorado 
Yr. W i l  l ian Raley, Nomood, Colorado 
Colorado Wildl i fe  Federation, Denver, Colorado 
Grand Junct ion  Drainage District, Grand Junction,  Colorado 
Grand Valley Water Users Association, Grand Junct ion ,  Colorado 
Grand Valley I r r i g a t i o n  Company, Grand Junction,  Colorado 
Mesa So i l  Conservation District, Grand Junction,  Colorado 
National Audubon Society,  Denver, Colorado 
Executive Direc tor ,  Rocky Mountain Center on Environment, Denver 

Colorado 
Colorado S t a t e  University, For t  Co l l ins ,  Colorado 
G W  Valley Canal Systems, Inc., F ru i t a ,  Colorado 

r Secretary-Engineer, Colorado River Water Conservation District, 
Glenwood Springs, Colorado 

Colorado Open Space Council,  Denver, Colorado 
*Federal Highway Administration, Denver, Colorado 

Sew Wex i c o  

Governor of  Yew Mexico, S t a t e  Capi to l  Building, ants Fe ,  New 
Mexico 

S t a t e  Clearinghouse, Santa Fe, Ken Mexico 
* S t a t e  Planning Off ice ,  Santa Fe, New Mexico 



*Environmental Improvement Agency, Santa Fe, New Mexico 
S t a t e  Engineer, Santa Fe, New Mexico 
Environmental Improvement Albuquerque Board, Albuquerque, New 

blexico 
I n t e r s t a t e  Stre- Conmission, Santa Fe, Seu Mexico 
Department o f  Came and Fish,  Santa Fe, Seu Mexico 
San Juan County Comiss ioners ,  Farnington, New Mexico 
San Juan County Council of Governnents, Farnington, Seu Mexico 
Seu Mexico Ci t i zens  f o r  Clean A i r  and Hater, Santa Fe, Neu Mexico 
Department of Anthropology, Universi ty of  Sew Mexico, Albuquerque, 

Seu Mexico 
New Mexico Environmental I n s t i t u t e ,  Las Cruces, Sew Mexico 
League o f  Women Voters,  Los Alams ,  Keu Mexico 
Indians Against Exploi tat ion,  Gallup, Ken Mexico 
S ie r ra  Club, National Water Resources C a a m i t t e e ,  Santa Fe, Sew 

?lexica 
National Water Resources Committee, Santa F e ,  Sew Mexico 
Public Health Service,  Shiprock, Sew Mexico 
Bureau of Land Management, Santa F e ,  N e w  Mexico 
Bureau of Outdaor Recreation, Albuquerque, N e w  Wexico 
U.S. Forest  Service,  Albuquerque, Sew Mexico 
Bureau of Indian A f f a i r s  , Crownpoint, New Wexico 

*Corps of Engineers, Albuquerque, Xeu Mexico 
Director, Southwest Region, National Park Service,  Santa F e ,  

Kew Mexico 
Regional Direc tor ,  Fish and Wildl i fe  Service,  Albuquerque, New 

Mexico 
Sew Mexico Wildl i fe  

Skxico 
New Mexico Wildl i fe  
Executive Director, 

N e w  Hexico 

and Conservation Association, Santa Fe, Seu 

Federation, Farmington, Seu Mexico 
Four Corners Regional Comnission , Farnington , 

Governor of Utah, S t a t e  Capitol  Building, S a l t  Lake Ci ty ,  Utah 
S t a t e  Clearinghouse, S a l t  Lake Ci ty ,  Utah 

*Utah S t a t e  Planning Coordinator,  S a l t  Lake Ci ty ,  Utah 
Utah Department of Sa tu ra l  Resources, S a l t  Lake Ci ty ,  Utah 

*Utah Department of  Development Services ,  S a l t  Lake City.  Utah 
Utah S t a t e  Division of Health, S a l t  Lake City,  Utah 
Utah Division of Parks and R e ~ r e a t i o n ,  S a l t  Lake Ci ty ,  Utah 

*Utah Division of  Hater Resources, Salt Lake Ci ty ,  Utah 
Direc tor ,  Division of Indian Af fa i r s ,  S t a t e  of Utah, Department 

of  S m i a l  Services,  Salt Lake Ci ty ,  Utah 
Direc tor ,  Center f o r  Health and Environmental Studies,  Brigham 

Young Universi ty,  Pmvo, Utah 
Utah Environmental Center, Salt Lake Ci ty ,  Utah 



Utah S t a t e  Universi ty,  togan, Utah 
Ute Tr iba l  Business Cormittee, For t  Duchesne, Utah 
American F i she r i e s  Society,  Mnnevile  Chapter, Provu, Utah 
S i e r r a  Club, Uinta Chapter, S a l t  Lake Ci ty ,  Utah 
Trout Unlimited, S a l t  Lake Ci ty ,  Utah 
Uinta Basin Association of Governments, Roosevelt, Utah 
Uintah Water Conservancy District, Vernal, Utah 
Utah Audubon Sacie ty ,  S a l t  Lake Ci ty ,  Utah 
Utah Building and Construction Trades Council, S a l t  Lake Ci ty ,  

Utah 
S t x i e t y  of Aaerican Fores ters ,  Color Country Chapter, Price, 

Utah 
Central  Utah Water Conse~vancy D i s t r i c t ,  Orm, Utah 
Enery Water Conservancy District, Cas t l e  Dale, Utah 
Southeastern Utah Association of Governments, Pr ice ,  Utah 
Issue,  Cedar Ci ty ,  Utah 
Izaak Walton League, No. 53, S a l t  Lake Ci ty ,  Utah 

*Executive Director ,  Upper Colorado River Commission, S a l t  Lake 
Ci ty ,  Utah 

Regional S o l i c i t o r ,  U.S. Department o f  t h e  I n t e r i o r ,  Salt Lake 
Ci ty ,  Utah 

Bureau of Indian A f f a i r s ,  Fort  Duchesne, Utah 
Bureau of Land Hanageaent, Salt Lake Ci ty ,  Utah 

* S o i l  Conservation Service,  S a l t  Lake Ci ty ,  Utah 
Fish and Wildl i fe  Service,  S a l t  Lake Ci ty ,  Utah 
Forest Service,  Ogden and Salt  Lake Ci ty ,  Utah 
Bureau of Mines, S a l t  Lake Ci ty ,  Utah 
Corps of  Engineers, S a l t  Lake Ci ty ,  Utah 
Bureau of  Land Management, S a l t  Lake Ci ty ,  Utah 

S t a t e  Clearinghouse, Cheyenne, Wyaining 
Sta te-  Planning Coordinator,  Of f i ce  of  the  Governor, Cheyenne, 

Wyoming 
Chief of S t a t e  Planning, Departnent o f  Economic Planning and 

Develqnnent , Cheyenne, Wyoming 
Forest Service,  Laranie, Wyoming 
S o i l  Conservation Service,  Casper, Wyoming 
S t a t e  Engineer, Cheyenne, Wyoming 
Wyoming Game and Fish Comiss ion,  Cheyenne, Wyoming 
A'yoming S t a t e  Department of  Health, Cheyenne, Wyoming 

* w a n i n g  Recreation Comnission, Cheyenne, Wyming 
k ' y d n g  Reclanstion Representat ive,  Cheyenne, Wyoming 

*Universi ty of Wyoming, Laranie, Wyoming 
Agr icul tura l  S t a b i l i z a t i o n  and Conservation Service,  Evanston, 

Wyoming 



Sierra  Club, Rocky k h n t a i n  Chapter, Dubis, Wyoming 
Sweetwater County C o d s s i o n ,  Green River, Wyoming 

C.  Infornation Copies t o  be Distributed by the  Regional Director, 
Lower Colorado Rqion ,  Bureau of Reclanation 

Arizona 

Governor of Arizona, S t a t e  Capitol Building, Phoenix, Arizona 
S t a t e  Clearinghouse, Phoenix, Arizona 

*Executive Director and S ta te  Water Engineer, Arizona Water 
Cotmission, Phoenix, Arizona 

S t a t e  Planning Director, Office of Economic Planning and Develop- 
ment, Phoenix, Arizona 

Department of Ecunomic Planning and Development, S ta te  of Arizona, 
Phoenix, Arizona 

S t a t e  Liaisan Officer fo r  His tor ic  Preservation, Arizona S t a t e  
Parks m r d ,  Phoenix, Arizona 

Directur, Arizona Gane and Fish Department, Phoenix, Arizona 
Environmental Planning C m i s s i o n ,  S t a t e  of Arizona, Phoenix, 

Arizona 
+Arizona S t a t e  Land Department, Phoenix, Arizona 

Regional Director, National Wildlife Federation, Phoenix, Arizona 
Southwest Representative, Sierra  Club, Tucson, Arizona 
National Parks Conservation Association, Tucson, Arizona 
Central Arizona Water Conservation Dis t r ic t .  Phoenix, Arizona 
Chairman, Colorado River Tribal Council, Colorado River Agency, 

Parker, Arizona 
Chairman, Advisory Commission on Arizona Environment, Phoenix, 

Arizona 
Colorado Plateau Environnental Advisory Council, b e u m  of Northern 

Arizona, Flagstaff ,  Arizona 
Arizona Conservation Council, Phoenix, Arizona 
Manager, Power Resource Pro j ec t s  , Arizona Public Service Company, 

Phoenix, Arizona 
President, Arizona S t a t e  Reclamation Association, Phoenix, Arizona 
President, Arizona Wildlife Federation, Phoenix, Arizona 
President, Arizona Hater S p r t s  Council, Phoenix, Arizona 
Arizonans for  Quality Environment, Tucson, Arizona 

*Arizona Department of ?kanspr ta t ion ,  Highmys Division, Phoenix, 
A r  i zona 

*So i l  Conservation Service, Phoenix, Arizona 
*S ie r r a  Club, Tucson, Arizona 

Executive Secretary, Arizona Consulting Engineers Association, 
Phoenix, Arizona 

Board of Directors, Arizonans i n  Defense of the Environment, Inc., 
Tempe, Arizona 

Tribal  Chairman, Hb lapa i  Tribal  Council, Peach Springs, Arizona 



Nohave C m t y  Planning and Zoning Commission, Kingnan, Arizona 
Vice President ,  h v i r o m e n t a l  Conscience, Inc. ,  Phoenix, Arizona 
?lohave County Board of Supervisors, Kingman, Arizona 
Chairman, Of f ice  of the  Board of Supervisors o f  Yuna County, 

Y u ,  Arizona 
Vice President ,  The 5laricopa Auduhn Society, Phoenix, Arizona 
President ,  American Society of C i v i l  Engineers, Arizona Section, 

C i v i l  Engineering Department, Phoenix, Arizona 
Wellton-Mohawk I r r i g a t i o n  and Drainage D i s t r i c t ,  Nellton, Arizona 
Yuma County Hater Users Association, Y m a ,  Arizona 
Refuge's Supervisor, U.S. Fish and Wildlife Service, Yuaa, Arizona 
Superintendent, Colorado River Agency, Wu'eau of  Indian Affa i rs ,  

Parker, Arizona 
Soil Conservation Service,  Department of Agriculture,  Yrma, Arizona 
Fie ld  Supervisor, Division of River Basin Studies,  Fish and Wild- 

l i fe  Service, Phoenix, Arizona 
S t a t e  Conservationist ,  Soil Conservation Service,  U.S. Department 

of Agriculture,  Phoenix, Arizona 
Office of the  S t a t e  Director ,  National Park Service, Phoenix, 

Arizona 
Area Director ,  Phoenix A r e a  Off ice ,  Bureau of Indian Affa i rs ,  

Phoenix, Arizona 
+Director ,  Bureau of  Land h g m e n t ,  Arizona S t a t e  Office, Phoenix, 

Arizona 
Acting Chief, Arizona Archeological Center, National Park Service, 

Universi ty of Arizona, Tucson, Arizona 

Cal i fornia  

Governor of Cal i fornia ,  S t a t e  Capitol  Building, Sacrarreslto, 
Ca l i fo rn ia  

S t a t e  Clearinghouse, Sacramento, Ca l i fo rn ia  
Of f ice  of  t h e  L t .  Governor, Office of  In tergovermenta l  Management, 

Sactanento, Ca l i fo rn ia  
*Secretary,  t h e  Resources Agency of  Cal i fornia ,  Sacramento, 

Ca l i fo rn ia  
Director ,  Mfice o f  Planning and Research, Of f i ce  of t h e  Gmernor, 

Sacramento, Ca l i fo rn ia  
Director ,  Cal i fornia  Department of  Fish  and Garne, Sacramento, 

Ca l i fo rn ia  
Director ,  Cal i fornia  Department of  Water Resources, Sacramento, 

Cal i fornia  
Chief Engineer, S t a t e  of Cal i fornia ,  Colorado River Board o f  

Cal i fornia ,  Los Angeles, Cal i fornia  
*bletropolitan Water District, Los Angeles, Ca l i fo rn ia  

Engineer of  Design and Construction, Departnent of  Water and 
Power, the  Ci ty  of Los Angeles, Los Angeles, Cal i fornia  



Director and Liaison Officer for Historic Preservation, Depart- 
ment of Parks and Recreation, State  Resources Agency, Sacramento, 
California 

Southern California Association of Governments, Los Angeles, 
California 

Southern California Representative, Sierra Club, h s  Xngeles, 
California 

President, Sierra Club, Szln Franciso, California 
Friends of the Earth, San Francisco, California 
Izaak Walton League of America, Inc., San Pedro, California 

*Dis t r ic t  Engineer, Sacramento District Corps of Engineer, 
Department of the Amy, Sacramento, California 

Division Engineer, Soluth Pacific Division Corps of Engineers, 
Department of the Army, San Francisco, California 

Regional Director, Western Region, National Park Service, San 
Francisco, California 

Regional Director, Rbgion IX, Environmental Protection Agency, 
San Francisco, California 

Special Assistant t o  the Secretary, Pacific Southwest Region, 
Departnent of the Interior,  San Francisco, California 

*District Engineer, Los Angeles Distr ict  Corps of Engineers, 
Department of the Amy, Los Angeles, California 

Regional Director, Bureau of Outdoor Recreation, Pacific South- 
west Region, San Francisco, California 

Executive, Western Regional Office, Piational Wildlife Federation, 
Sacramento, California 

*Southern California Edison Company, Rosemead, California 
San Diego Gas and Electric Company, San Francisco, Calfornia 
Coachella Valley Cwnty Water Distr ict ,  Coachella, California 
Imperial Irrigation Distr ict ,  E l  Centro, Calfornia 

*Environmental Protection Services, Nevada 
*Las Vegas Wash Development Committee Clark Cwnty, Las Vegas, 

Nevada 
Governor of Nevada, State Capitol Building, Carson City, Nevada 
State Clearinghouse, Carson City, Sevada 
Administrator, Division of Colorado River Resources, Las Vegas, 

Nevada 
*Colorado River Basin Salinity Control Forum, Las Vegas, Sevada 
*Chief, Planning Division, Nevada State Planning Board, Carson 

City, Nevada 
Planning Coordinator, State Capitol Building , Carson City, Nevada 

*Director, Sevada Department of Fish and Game, Reno, Nevada 
Regional Supervisor, Neva&t Departnent of Fish and Game, Las Vegas, 

Nevada 
Administrator and Liaison Officer for Historic Preservation, 

Division of State Parks, Carson City, Nevada 
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P l a n e r ,  Clark County Comprehensive tlealth Plarming Council, 
District Health Department, Las Vegas, Kevada 

Depar tmat  of Conservation and Natural Resources, Carson Ci ty ,  
Nevada 

Clark County Board of Supervisors, Clark County Courthouse, Las 
Vegas, Nevada 

Direc tor ,  Public I n f o r m t i o n  on the  Environment, Universi ty of  
Eevada a t  Las Vegas, Las Vegas, Nevada 

Vice President ,  Nevada Power Company, Las Vegas, Nevada 
Executive Direc tor ,  Clark County Regional Planning Council, 

County Court House, Las Vegas, Nevada 
*S ie r ra  Club, Toivabe Chapter, Las Vegas, Nevada 

District Manager, Las V-as District Off ice ,  Bureau o f  Land 
Manag enen t , L-as . Vegas , Nevada 

Superintendant,  Lake Mead National Recreation Area, National Park 
Service,  Boulder City,  Nevada 

*Clark County San i t a t ion  District KO. 1, Las Vegas, Sevada 

Other E n t i t i e s  

*Environmental Defense Fund, Denver, Colorado 
Executive Direc tor ,  Sat ional  Wildl i fe  Federation, Washington, D.C. 
President ,  Wild l i fe  Management I n s t i t u t e ,  Washington, D.C. 

* In te rna t iona l  Boundary and Water Conmission, E l  Paso, Texas 
*Emironmental Engineer, Western Gasi f ica t ion  Company, Los Angeles, 

Ca l i fo rn ia  
John R.  Nicholson, Hemet, Ca l i fo rn ia  



LISTISG OF LIBRARIES 

Repositories of this  Environmental Sta tmar t  for Public Access. 

Arizona 

Phoenix Public Library, Phoenix, Arizona 
Tenpe Public Library, Maricopa County System, Tempe, Arizona 
Tucson Public Library, Regional Headquarters, Tucson, Arizona 
Library, ?favajo Comrrunity College, Many Farm, Arizona 
Librarian, Yuma City County Library, Regional'Headquarters, Y m ,  

Arizona 

California 

Law Center Library, University of Southern California, Los 
Angeles, California 

Coachella City Library, City Hall, Coachella, California 
E l  Centm Public Library, E l  Centro, California 
San Diego Public Library, San Diego, California 
Los Angeles Public Library, Los Angeles, California 

Colorado 

Dump Public Library, b a n g o ,  Colorado 
Mesa County Library, C;rand Junction, Colorado 
Denver Public Library, Denver, Colorado 

Las Vegas Public Library, Las Vegas, Kevada 
Reno Public Library, Reno, Xevada 

New Mexico 

Farningtrm Library, Farmington, New Wexico 
New Mexico State Library, State Capitol, Santa Fa, Xew Mexico 
Albuquerque Public Library, Albuquerque, N e w  Mexico 

Utah - 
Salt Lake City Public Library, Sal t  Lake City, Utah 
Lhtiversity of Utah Library, Sal t  Lake City, Utah 
Vernal Public Library, Vernal, Utah 



Wyoming 

University o f  Wyoming Library, Laramie , Wyoaing 
Public Library, Rock Springs, Wyoming 
Cheyenne Pub1 i c  Library, Cheyenne, Wyoming 



DEFINITIOK OF TEFW 

ACRE-FOOT - The volume of water that wwld cover 1 a c r e  t o  a depth 
of 1 f o o t  (325,850 ga l lons ) .  One acre-foot  per day i s  approximately 
equal t o  0.5 cubic foot  per  second ( f t 3 / s ) .  

BRIKE - In general ,  any water containing mre t o t a l  dissolved s o l i d s  
TI iKseawater .  

c m  - Standard terminology t o  
express flow r a t e ,  interchangeable with acre- foot  per  unit time (year, 
month, day). One ft3/s is equal t o  approximately 724 ac re - fee t  per  
year. 

CONCENTRATION - TDS - TOTAL DISOLVED SOLIDS - SALT - SALISI'IY - 
DISSOLVED HINERALS - A l l  synonymous t e r n s  r e f e r r i n g  t o  quant i ty  of  
dissolved mineral salts in solut ion .  Alpost a l l  dissolved salts i n  
water may be considered t o  be salts of th ree  metals; calcium, mgne- 
sium, o r  sodium i n  combination with nonmetallic cons t i tuen t s  such a s  
bicarbonates,  s u l f a t e s ,  and chlor ides .  

COWE!!iTIW, UNITS OF - MILLIGRAMS PER LITER OiG/L), PARTS PER 
MILLION (PR1) - Fm n i l d l y  s a l i n e  waters,  the  weight o f  s a l t s  per  
u n i t  volume of so lu t ion  (ng/l) corresponds t o  weight per  u n i t  weight 
of so lu t ion  ( p p )  and i s  used interchangeably up t o  about 7,000 mg/l. 

CONCFAlRATIOS R E D W I O N  - In t h i s  r epor t ,  mg/l reduction b e n e f i t s  are 
reported as  tine-weighted averages. 

CRWgIP - Colurado River Water Quali ty Improvement Program. 

DESALTING PROCESS .WWLATURE - Reverse Osmosis (RO), Ion Exchange 
(IX) , ?ful t i s tage  Flash D i s t i l l a t i o n  @SF), E l e c t m d i a l y s i s  (ED), 
Ver t i ca l  Tube Evaporator (WE). 

DIFFUSE SOURCE COKTROL - Involves s a l t  loading or concentrat ing 
e f f e c t s  t h a t  are spread over comparatively l a rge  a reas .  

EVAPOTRANSPIRATION - The consumptive use  of water from t h e  s o i l .  
Water l o s t  a s  vapor f r o m  a given a r e a  through t h e  combined processes 
o f  evaporation from the  s o i l  su r face  and t r a n s p i r a t i o n  from p l a n t s  
p lus  water s tored  i n  p lan t  t i s sues .  

EPILIMNIW - The upper, warmer por t ion  of a lake ,  separated from t h e  
hypolimnion (lower layer)  by a the r roc l  ine ( in  t e d i a t e  layer)  . 
HYWLIEINION - The lwer, colder  por t ion  of a lake,  separated from t h e  
epilimniun by a thermocline. 



IRRIGATION EFFICIEKY - Refers t o  r a t i o  of i r r i g a t i o n  water a c t u a l l y  
used i n  crop evapotranspiration t o  the  amount of  water del ivered t o  
t h e  f a n .  

IRRIGATIOK MANAGWENT SERVICES (IMS) - A Bureau of Reclanation program 
es tabl ished t o  improve i r r i g a t i o n  water ef f ic iency by nanagenent tech- 
niques applied t o  i r r i g a t i o n  scheduling, timing, and node of water 
appl ica t ion.  

IRRIGATION RETURN FLOW - Any w a t e r  d iver ted  f o r  i r r i g a t i o n  purpos,es 
t h a t  f i n d s  its way back i n t o  a source of supply (surface stream o r  
ground water) .  This includes bypass water, percolat ion losses ,  run- 
o f f  and seepage. 

IRRIGATION SOURCE C O m O L  - Involves r e d w t i o n s  in  the  s a l t  loading 
and concentrat ing e f f e c t  caused by d i s so lu t ion  of  salts i n  the  soil 
and subs t ra ta  and t h e  c m s m p t i v e  use of water. 

?!OKOMICTIC LAKE [HAMI) - Warm water lakes which turn  over once per 
year (winter) and where t h e  temperature never f a l l s  blow 4* C. 

@?TAW! IH9IGATION SYSTEM AND ?WNAI;EEnT IYPROVEMENT - A Soi l  Conser- -- 
vation s e r v i c e ,  evaluate,  and implement 
t h e  s t r u c t u r a l ,  c u l t u r a l ,  and nanagenent p rac t i ces  needed t o  achieve 
e f f i c i e n t  onfarm i r r i g a t i o n .  

PERCOLATION LOSSES - That port ion of i r r i g a t i o n  water applied t o  
t h e  land t h a t  b i n s  below the crop roo t  zone and i s  not  subject  t o  
consunptive use by a g r i c u l t u r a l  crops. 

WINT SOURCE COKCROL - Involves s a l t  renaval from a local ized area  
contr ibut ing an inordinate ly  high s a l t  load t o  t h e  system. 

SALT CONCENRATIOH - A process that r e s u l t s  from t h e  reduction of  
d i l u t i o n  water which i n  tu rn  increases the  concentration of t h e  
remaining dissolved s o l i d s  i n  solut ion.  

SUT tOADING OR SALT PICKUP - Terms used t o  sxpress the  amount o f  
s a l t  added t o  streams from any na tu ra l  o r  nanartde source. 

STRATIFIED LAKE - A lake  which has th ree  (sometinas two) l aye rs  of  
water a s  dist inguished by d i f f e r i n g  water temperatures (see e p i l i a -  
nion, t h e r m l i n e ,  hypolimnion) . 
TIERMELINE (METALlWION) - An obvious tqera ture  change between t h e  
upper, warn port ion of  a lake  and t h e  lover,  colder  port ion.  



KATER SYSTEMS I!+!PROVEMENT [WSI) - A Bureau o f  Reclamation program to 
reduce sa l ine  seepage and drainage flows by structural improvements, 
such a s  canal l in ing,  to water conveyance systems. 
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CHAPTER I 

GESE:UL DESCRIPTIO?; OF TEE PRCGRAV 



CMWER I - GESEWL DESCRIPTIOK OF THE PROGRAM 

A. I ntroduction 

The Colorado iliver Basin S a l i n i t y  Control Act of 1974, Public Law 
93-320 (88 S t a t .  266, June 24, 1974) provides f o r  the cons t ruct ion ,  
operat ion,  and mintenance  of c e r t a i n  works in  the Colorado River 
a s i n  t o  cont ro l  the  s a l i n i t y  of water del ivered t o  users  i n  the  
Lnited S t a t e s  and Mexico. Under the  Act, the  Secretary of the  Inte-  
r i o r  is  authorized and d i rec ted  t o  proceed v i t h  a basinwide ?rogran 
f o r  the  enhancement and protec t ion  of the  q u a l i t y  of Colorado River 
water. The Act enables the  United S t a t e s  t o  a e e t  the  comaitrnents 
s t a t ed  in the  agreezent with Mexico of  August 30, 1973 (Minute No. 
242) and the  Treaty of February 3, 1944. 

T i t l e  I of the  A c t ,  which es t ab l i shes  the  Colorado River Basin 
S a l i n i t y  Control Projec t ,  provides f o r  measures t o  enable t h e  h i t e d  
S t a t e s  to comply with i t s  obl iga t ions  under the  agreement with Hexico 
of  August SO, 1973, Winute KO.  242 of the  In ternat ional  Boundary and 
'tiater Conmission, United S t a t e s  and Mexico. T i t l e  11 of  t h e  A c t ,  
which is e s s e n t i a l l y  the  Colorado River Water Quali ty Improvement 
Program (CRWQIP), provides f o r  programs upstream of  Imperial Dam 
necessary t o  s t a b i l i z e  the  s a l i n i t y  of  the  Colorado River. (See 
appendix E . )  

Minute So. 242 s p e c i f i e s  t h a t  the  United S t a t e s  s h a l l  adopt measures 
t o  assure  t h a t  the  water de l ivered  t o  Mexico a t  Morelos D a m  has an 
annual average s a l i n i t y  of no m r e  than 115 ng/l  plus o r  minus 30 mg/l 
g rea te r  than the  average s a l i n i t y  of the  Colorado g i v e r  waters which 
a r r i v e  a t  Imperial D a m .  A spec ia l  repor t  on the  Colorado River 
In ternat ional  S a l i n i t y  Control Projec t  and a d r a f t  environmental 
statement along with the  February 1972 r e p o r t  on t ie  Colorado River 
Yater Quali ty Improvement Program led t o  the  au thor iza t ion  o f  the  
Colorado River Basin S a l i n i t y  Control P r o j e c t . [ l l f  A desc r ip t ion  
of  those fea tu res  is  contained i n  the  f i n a l  environmental s t a t enen t ,  
FES 75/57, dated June 18, 1975. 

Construction of well f i e l d s  f o r  p ro tec t ive  and regula tory  ground- 
water pumping was authorized in  T i t l e  I of  the  Act f o r  t h e  purpose 
of u t i l i z i n g  the  ground Eaters  ;mderlying lands i n  the  United S t a t e s  
t o  the  benef i t  of the  United S t a t e s '  i n t e r e s t .  These ground waters 
in  the  Yuma, Arizona a r e a  e x i s t  p a r t l y  a s  a r e s u l t  o f  i r r i g a t i o n  on 
Yuaa ?fesa and in the  Yuna Val ley. The supplement t o  the  d r a f t  
environmental stateirient on the  Colorado River In te rna t iona l  S a l i n i t y  

- ~ 

* Refer t o  number i n  Xeference L i s t ing  Following Chapter VIII .  



Control Projec t  was issued August 24, 1974, t o  provide f o r  the  pro- 
t e c t i v e  and regula tory  ground-water pmping.  Minute So. 242 does 
not address i t s e l f  t o  the  measures required t o  s t a b i l i z e  the  s a l i n i t y  
o f  the  Colorado River above Imperial Dam. Therefore, the  r epor t  on 
the  Colorado River In ternat ional  S a l i n i t y  Control Projec t  and environ- 
mental statements were l imi ted  t o  neasures necessary dawnstrean from 
Imperial Bam. 

T i t l e  XI of  the  Law provides f o r  the  c o n s t r i c t i o n ,  opera t ion ,  and 
mintenance  of four s a l i n i t y  con t ro l  u n i t s  a s  the i n i t i a l  s t age  of  the  
CRNQIP, located upstream fiom Imperial Dam, and a r e  i d e n t i f i e d  as :  

I 
the  Paradox Valley Unit and the  Grand Valley Unit i n  Colorado; the  
Crys ta l  Geyser Unit, Utah; and the  Las Vegas Kash Unit, Nevada. Funds 
were included i n  the  Public Works Appropriation Act o f  1975, f o r  the  
s t a r t  o f  advance planning a c t i v i t i e s  on the  four authorized u n i t s .  
T i t l e  11 of  the  Law a l s o  provides f o r  expedit ing the  f e a s i b i l i t y  
inves t iga t ions  and planning and implementing the  o the r  u n i t s  of  the  
CRWQI P . 
The S a l i n i t y  Control Act requ i res  f u l l  coordinat ion,  cooperation, 
and l i a i s o n  between the  Departments of I n t e r i o r  and Agriculture i n  
achieving hproved  i r r i g a t i o n  e f f i c i ency  through research and 
demonstrations, implementation o f  onfann i r r i g a t i o n  system improve- 
ments, b e t t e r  i r r i g a t i o n  management p r a c t i c e s ,  and o the r  a c t i v i t i e s  
t h a t  would f u r t h e r  the objec t ives  of the S a l i n i t y  Control Act. As 
such, the  So i l  Conservation Service, USDA, pa r t i c ipa ted  i n  the  
preparat ion o f  the  f i n a l  statement with the  Bureau of  Reclamation a s  
lead agency. 

This environmental statement i s  intended t o  provide a regional  ana lys i s  
of  t h e  basinwide a l t e r n a t i v e s  and cumulative e f f e c t s  o f  both authorized 
and proposed s a l i n i t y  cont ro l  works, measures, and f a c i l i t i e s .  In addi-  
t ion ,  two u n i t s  o f  t h e  four  s a l i n i t y  con t ro l  u n i t s  authorized f o r  i n i -  
t i a l  cons t ruct ion  under P.L. 93-320, namely Las Vegas Wash and Crys ta l  
Geysm Units ,  a r e  addressed i n  this statement in  a more d e t a i l e d  manner, 
s ince  cons t ruct ion  a c t i o n  is pending. As such, t h i s  docunent w i l l  s e w e  
a s  t h e  environnental s t a t enen t  f o r  t h e  Las Vegas Wash Unit s ince  t h i s  
o v e r a l l  s t n t m e n t  conta ins  s u f f i c i e n t  d e t a i l  and ana lys i s  o f  environ- 
mental impact of  the  proposed u n i t  ns  well a s  presenta t ion  o f  mit iga-  
t i o n  concepts, a l t e r n a t e  proposals and o t h e r  pe r t inen t  d iscuss ion.  An 
environmental assessment of t h e  Crys ta l  Geyser Unit i n d i c a t e s  t h a t  
impacts associa ted  wi th  t h i s  u n i t  w i l l  be minor and w i l l  not have 
adverse e f f e c t s  on t h e  environment. The Bureau o f  Reclamation has pre-  
pared a Negative Determination o f  Favironnental Impact f o r  t h i s  u n i t  
(Rug. 6, 1976). Preliminary da ta  and a n a l y s i s  is a l s o  presented on 
o t h e r  authorized u n i t s  a s  well a s  appra i sa l - l eve l  cont ro l  p lans  under 
t h e  CRhQIP. The o t h e r  u n i t s  and appra isa l - level  p lans  a r e  discussed i n  



U n i t  - 
Las Vegas Wash Nevada 

C r y s t a l  Geyser Utah 

more gene ra l  t e n s  t o  al low f u t u r e  dec i s ions  t o  proceed i n  the pub l i c  
eye before  any a d d i t i o n a l  cons t ruc t ion  i s  author ized .  

Since d a t a  c o l l e c t i o n  and planning is s t i l l  underway on seve ra l  
f e a t u r e s ,  it i s  proposed t o  s u b n i t  i nd iv idua l  o r  s u p p l e m n t a l  environ- 
mental s ta tements  o r  nega t ive  determinat ion o f  environnental  inpac t  
a s  m r e  exac t  i n f o m a t i o n  becones a v a i l a b l e  on n a j o r  program f e a t u r e s  
except  Las Vegas Wash and Crys t a l  Geyser, p r i o r  t o  i n i t i a t i o n  o f  any 
Federal a c t i o n .  

Under T i t l e  11, Yeasures Upstream f ron  Imperial  Dan, t h e  fol lowing 
c o n t r o l  u n i t s  are d iscussed  in t h i s  s ta teslent :  

a. The Las Vegas Wash Unit ,  Nevada, c o n s i s t i n g  o f  f a c i l i t i e s  f o r  
c o l l e c t i n g  and d ispos ing  s a l i n e  ground water  o f  Las Vegas Wash. 

b. Tne Crys t a l  Geyser Unit ,  Utah, c o n s i s t i n g  of f a c i l i t i e s  f o r  
c o l l e c t i n g  and d i s -ps ing  s a l i n e  geyser  d i scharges .  

c. The Paradox Valley Unit,  Colorado, c o n s i s t i n g  o f  f a c i l i t i e s  
f o r  c o l l e c t i o n  and d i s p o s i t i o n  o f  s a l i n e  ground water of Paradox 
Valley. Wells, pumps, p i p e l i n e s ,  s o l a r  evaporat ion ponds, and 
o t h e r  necessary  a s soc i a t ed  works nay be included.  

d. The Grand Valley U n i t ,  Colorado, c o n s i s t i n g  o f  measures and 
works t o  reduce t h e  seepage o f  i r r i g a t i o n  water  and l i m i t  excess  
water a p p l i c a t i o n s  to  i r r i g a t e d  lands.  

In add i t i on  t o  t h e s e  au thor ized  con t ro l  units,  t h e  Sec re t a ry  i s  
d i r e c t e d  t o  expedi te  the i n v e s t i g a t i o n  and planning e f f o r t s  for  t h e  
o t h e r  u n i t s  descr ibed  under t h e  CRWQIP. 

These a d d i t i o n a l  c o n t r o l  u n i t s  are presen t ly  under vary ing  degrees 
o f  planning a c t i v i t y  and are addressed i n  this statement  according 
t o  t h e  amunt o f  d a t a  a v a i l a b l e .  A i l  t h e  u n i t s  under t h e  CWQIP a r e  
loca ted  i n  t h e  fol lowing S t a t e s  and count ies :  

AUTmRIZED FOR CONSTRUCTION 

S t a t e  - County 

Clark  

Grand 



Unit - S t a t e  County 

Paradox Valley Colorado >lontrose/San Miguel 

Grand Val ley  Colorado Mesa 

AUTHORIZED FOR FURTHER STUDY 

Unit - S t a t e  - 
Utah 

County 

Washington Laverkin Springs 

L i t t l e f i e l d  Springs A s i  zona 

Colorado 

b h a v e  

Garf ie ld  Glenwood-Dotsero 
Springs 

Palo Verde I r r iga -  
t i o n  District 

Ca l i fo rn ia  

Colorado River 
Indian Reservation 

California/ /Arizoaa 

Utah 

Colorado 

Wyoming 

Utah 

Imperial/Riverside//  
Yuma 

Duchesne/Uintah 

Delt a/%ntmse/Ouray 

Smetwater  

Emery/Carbon/Wayne/ 
Garf ie ld  

Uinta Basin 

Lower Gunnison Basin 

Big Sandy River 

Price, San Rafael,  
and Dir ty  Devil 
Rivers 

McElno C m k  Montezuma//Ssn Juan 

OTHER MEASURES UNDER CONSIDERATION 

Unit - S t a t e  - County, 

San Juan 

He sa  

San Juan Col lec tor  N e w  Mexico 

Grand Valley Colorado 
Col l e c t o r  

Blue Springs A r i  zona Coconino 

Rio Blanco !bIeeker D m  Colorado 



Other a reas  a r e  jeing studied where s i g n i f i c a n t  s a l t  cont r ibut ions  a r e  
being added t o  the  Colorado River System. Preliminary inves t iga t ions  
would be needed t o  ident i fy  (1) oppor tuni t ies  f o r  improving i r r i g a t i o n  
ef f ic iency on 330,003 acres  t o  reduce re tu rn  flows and s a l t  pickup and 
(2) oppor tuni t ies  f o r  reducing excessive erosion and associa ted  s a l t  
load by watershed t r ea tnen t .  Those areas  which have a s i g n i f i c a n t  
inpact  on s a l t  loading mu12 be se lec ted  f o r  add i t iona l  d e t a i l e d  study. 

The d i r e c t  bcnef i t s  of  masures  taken under T i t l e  I1 of  P.L. 93-320 
will accrue mainly t o  the  Lower Colorado River Basin S t a t e s  of  Arizona, 
Ca l i fo rn ia ,  and Nevada, and t o  the  Republic of >lexica. Potent ia l  
s a l i n i t y  reduction w i l l  r e s u l t  in improved water q u a l i t y  f o r  over 1 m i l -  
l i o n  ac res  of  i r r i g a t e d  farmland and w i l l  a f f e c t  over 17 mi l l ion  people, 
mostly in  the  lower basin of L\e r i v e r .  

The s a l i n i t y  con t ro l  prograJl a rea  under the  CRWQIP i s  genera l ly  
located within the  254,000-square-mile drainage area  of  the  Colorado 
River and its p r inc ipa l  t r i b u t a r i e s  upstream from Imperial Dam t o  the 
upper reaches of  t r i b u t a r i e s  i n  Sevada, Utah, Colorado, Kew )lexica, 
and ivyoming. Major cont ro l  u n i t s  under t h e  CRWQIP a r e  shown in  
f igure  1-1. 

Tnis environmental statement f o r  the  CRKQIP is  submitted i n  compliance 
with the National Environinental Policy Act of  1969 (83 S t a t .  852, 42 
U.S.C. 4321, e t  seg . ) ,  the  Council on Environmental Quali ty Guidelines, 
Department of the  I n t e r i o r  Guidelines, and Bureau of Reclmat ion  
revised ins t ruc t ions .  

1. 3e la t ionships  of the  Colorado River Kater Quali ty Improvement 
Program t o  Other Federal Programs 

The Colorado River Hater Quali ty Improve~ent  Program was i n i t i a t e d  
a s  a  general inves t iga t ions  program by t;?e Bureau o f  Reclamation i n  
1971. !dost of the  con t ro l  u n i t s  under the ongoing CRk'QIP inves t i -  
ga t  ions were e i t h e r  authorized f o r  cons t ruct ion  o r  expedited study 
by Public L a w  93-320. Thus, the a l l - i n c l u s i v e  CRWQIP, with addi- 
t i o n a l  con t ro l  measures ye t  t o  be f u l l y  evaluated, is viewed i n  a  
s-upportive r o l e  i n  car ry ing out  the  s t a t e d  i n t e n t  of  P.L. 93-320. 

The general goals  and objec t ives  governing s a l i n i t y  con t ro l  i n  the  
basin and the CRIiQIP have been es tabl i shed by two key pieces of 
Federal l e g i s l a t i o n :  The Federal Kater Pol lu t ion  Control Act, a s  
amended, P.L. 92-500, and P.L. 93-320. 

Public  Law 92-500 s e t  f o r t h  public  pol icy  in  t e rns  of a nonCegra&- 
t i o n  pol icy  f o r  water q u a l i t y ,  pol lu t ion  e f f l u e n t  discharge limit- 
a t i o n s  and eventual zero ~ o l l a t i o n  2isc5arge by 1985. In res?osse 
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t o  t h i s  po l i cy  and r e l a t e d  Federal and S t a t e  program enforcenent 
gu ide l ines ,  t he  CRh'QIP has the s p e c i f i c  ob jec t ive  of i d e n t i f y i n g  
and eva lua t ing  con t ro l  measures tLa t  would prevent s a l i n i t y  
concent ra t ions  from exceeding l e v e l s  p re sen t ly  rbunZ i n  t he  lower 
= i n  steq of t he  r i v e r .  

T ius ,  t h e  two Federal Acts and r e l a t e d  p rog ram a r e  c o s p a t i b l e  i n  
t h a t  P.L. 92-500 au tho r i zes  water  q u a l i t y  s t anda rds  f o r  r ece iv ing  
waters ,  while  P.L. 93-323 au tho r i zes  cons t ruc t ion  o f  4 u n i t s  and 
s t u d i e s  o f  12 o t h e r  u n i t s  t h a t  tiould a s s i s t  i n  complying with s a l i n -  
i t y  s tandards .  Moreover, t h e  c o n t r o l  u n i t s  a r e  included a s  p a r t  o f  
t h e  2roposal  p l a n  o f  h p l e n e n t a t i o n ,  which along with nuneric  cri- 
t e r i a ,  nake up t h e  szandards.  

Another i npor t an t  r e l a t i o n s h i p  can be i d e n t i f i e d  between t h e  CRh'QIP 
and Federal  i r r i g a t i o n  developnent programs, p a r t i c u l a r l y  i n  t h e  
Upper Colorado River Basin. I t  i s  r e a d i l y  evident  t h a t  f u t u r e  
developnent and u t i l i z a t i o n  of t h e  Basin water resources  f o r  expan- 
s i o n  o f  i r r i g a t e d  a g r i c u l t u r e ,  increases  i n  populat ion,  and energy 
resources  developgent sill be accompanied by progress ive  inc reases  
i n  consumptive uses  o f  water  and a t t enden t  increases  i n  r i v e r  
s a l i n i t y .  The o v e r a l l  goal  of CRh'QIP is  t o  maintain L w e r  Basin 
h a t e r  s a l i n i t y  a t  o r  below p resen t  l e v e l s  while  t h e  a s i n  S t a t e s  
cont inue  to develop i ts  compact-apportioned waters. A s  such, t h e  
Bureau o f  Reclamation is p r e s e n t l y  re formula t ing  f e d e r a l l y  au thor -  
ized  but  unconstrvctcd p r o j e c t s  wi th in  t h e  Colorado River k s i n  t o  
determine what changes i n  p r o j e c t  f e a t u r e s  can be made t o  minimize 
s a l i n i t y  impacts o f  t hose  i r r i g a t i o n  p r o j e c t s .  

There are o t h e r  Federal and non-Federal programs underway t o  
r i n imize  s a l i n i t y  i nc reases  i n  t h e  r i v e r .  The Agr icu l ture  Research 
Serv ice ,  U S A ,  is conducting- research  and denons t ra t ion  p r o j e c t s  
aimed a t  improving onfarn i r r i g a t i o n  e f f i c i e n c i e s  and reducing salt  
loading. Several  programs of the  S o i l  Conservation Serv ice ,  USDA, 
would he lp  t o  minimize sediment and a s soc i a t ed  salt  d e l i v e r e d  to  
t h e  Colorado River.  For example, t h e  ongoing S o i l  Conservation 
Serv ice  Conservation Operat ions Progran is providing t echn ica l  
a s s i s t a n c e  through l o c a l  s o i l  and water  conserva t ion  d i s t r i c t s  f o r  
o n f m  s o i l  and water resource  management systems. 

The loca l  soil and water consen ra t ion  d i s t r i c t s  a r e  made up o f  
l o c a l l y  e l ec t ed  governing boards.  These boards e s t a b l i s h  
o b j e c t i v e s  and p r i o r i t i e s  f o r  s o i l  and water conserva t ion ,  which 
o u t l i n e s  S o i l  Conservation Serv ice  a s s i s t a n c e  t o  landowners, 
ope ra to r s ,  and groups. With the  p r i o r i t i e s  and o b j e c t i v e s  
e s t ab l i shed ,  t he  l o c a l  s o i l  Conservation Serv ice  s t a f f  a s s i s t s  
i nd iv idua l  landokners,  ope ra to r s ,  o r  groups t o  develop a conser-  
va t ion  p lan  t h a t  con ta ins :  (1) a signed agreement between t h e  



landowner o r  operator  and the  d i s t r i c t  board; (2) s o i l s  maps w i t h  
legend and i n t e r p r e t a t i o n s ;  (3) a land use and conservation plan 
nap; and (4) farmer's conservation decis ions .  

For an i r r i g a t i o n  fam., the  Soil Conservation Service provides 
engineering and o the r  technica l  a s s i s t ance  f o r  iqirovement o f  
i r r i g a t i o n  systems and an i r r i g a t i o n  system design might be 
developed. m e  i r r i g a t i o n  system design would vary w i t h  the  
complexity o f  the  system. In simple s y s t e m ,  i t  may j u s t  be 
shown on the  conservation plan map. The more complex s y s t e m  
w i l l  u sua l ly  cons i s t  of a plan sheet  with topographic f ea tu res ,  
s o i l s  information, e x i s t i n g  f a c i l i t i e s  and s t r u c t u r e s  t o  be 
i n s t a l l e d ,  and it usually shows cropping systerts. The i r r i g a t i o n  
system design i s  developed with the  farmer, considering his 
d e s i r e s ,  the  a l t e r n a t i v e s  t h a t  could be used, and the  mininun 
requirements f o r  a conservation system. In a l l  of this, t h e  
farmer 's  p a r t i c i p a t i o n  is voluntary,  but e s s e n t i a l .  

The So i l  Conservation Service a l s o  provides techincal  a s s i s t ance  
to  individual  landowners and opera tors ,  as well a s  groups, in 
developing conservation p lans  and applying resource management 
systems on p r iva te  woodlands, rangelands, croplands and w i l d l i f e  
lands. The Department o f  Agriculture can a l s o  pmvide  technica l  
and f i n a n c i a l  a s s i s t ance  f o r  l a t e r a l s  and group water nanagement 
systems through: ( I )  P.L. 83-566, Water Protect ion and F l o d  
Prevention Act (SCS); (2) Resource Conservation and Development 
Projec ts  (SCS) ; and (3) through the  Agriculture Conservation 
Prograrn (ASCS) . Accelerated technica l  a s s i s t ance  f o r  onfann 
s o i l  and water resource management systems is a l s o  a v a i l a b l e  f o r  
P.L. 83-566 and Resource Conservation and Developmint Projec t  a reas .  

The Bureau o f  Land Management (BW) is studying d i f f u s e  s a l i n i t y  
sources am lands under B131: contro l .  The Environmental Protect ion 
Agency (EPA) in  administrat ing P.L. 92-500, works a c t i v e l y  with 
S t a t e  programs t o  r egu la te  s a l i n e  discharges t o  the  Colorado 
River Systems. Mn-Federal programs inc lude  t h e  con t ro l  o f  s a l i n e  
e f f l u e n t s  from energy development and the  use of s a l i n e  drainage 
water f o r  paverplant cooling. Many o t h e r  research programs 
conducted by t h e  EPA, Agr icul tura l  Research Service,  Off ice  of 
Water Research and Technology, S t a t e  agencies and research  
i n s t i t u t i o n s  are continuing e f f o r t s  t o  cont ro l  s a l i n i t y  from 
na tu ra l  and manmade sources with e i t h e r  point  o r  d i f f u s e  f l w  
c h a r a c t e r i s t i c s .  

2. S a l i n i t y  Cantrol  and Water Quali ty Standards 

Increases in the  s a l i n i t y  l eve l s  of western r i v e r s  is not a new 
o r  unique s i t u a t i o n .  Water q u a l i t y  problems i n  t h e  Colorado 



River were recognized a s  ea r ly  a s  1303. Although other  r i v e r s  
such a s  the  Rio G m d e  and the  Arkansas a r e  a l s o  a f fec ted  by 
incre.asing s a l i n i t y  l e v e l s ,  t3e overa l l  ixpacts  on the  Colorado 
Xiver have received the nos t  a t t e n t i o n  i ron  nat ional  and i n t e r -  
na t ional  i n t e r e s t s .  

Thc s a l i c i t y  ~ r o b l e m  in  the Colorado River has %en the  ob jec t  of  
severa l  pas t  s tud ies  and inves t iga t ions .  Nunemus surveys of 
s a l i n i t y  sources aad contro l  neasures have been pursued over the  
years  by the  U.S. Bureau o f  Reclamtion,  U.S. Geological Survey, 
Environcental Protect ion Agency and its predecessors, Water 
Resources Council, Colorado River Board of  Ca l i fo rn ia ,  Basin 
S t a t e s ,  and severa l  u n i v e r s i t i e s . [ 2 ,  3, 4 ,  51 

In 1972, a jo in t  Federal-State enforcenent conference on the  
matter  of  pol lu t ion  of i n t e r s t a t e  waters o f  the  Colorado River 
and i t s  t r i b u t a r i e s  i n i t i a t e d  formal e f f o r t s  t o  e s t a b l i s h  an 
overa l l  s a l i n i t y  con t ro l  pol icy  f o r  the  r i v e r .  The seven Basin 
S t a t e  conferees and Federal agency representa t ives  concluded t h a t  
such a pol icy  m u l d  have as i ts  ob jec t ive  the  maintenance of 
s a l i n i t y  concentrat ions a t  o r  below leve l s  present ly  found in  t h e  
lower nain stem. The conferees recognized the  r i g h t s  of  the  
S t a t e s  t o  continue development of t h e i r  compact-apportioned waters 
and t h a t  temporary rises in  s a l i n i t y  n ight  occur u n t i l  the  con t ro l  
program becane e f fec t ive .  Under the  guidance of  the  r ecen t ly  
es tabl i shed Colorado River S a l i n i t y  Control Forum, the S t a t e s  of 
Arizona, Ca l i fo rn ia ,  Colorado, Sevada, New Mexico, Utah, and 
Wyoming were required t o  adopt and submit f o r  approval t o  the 
Environmental Protect ion Agency on October 18, 1975: 

a .  Water qua l i ty  standards f o r  s a l i n i t y  including numeric 
. c r i t e r i a  f o r  appropriate points  in  the  Colorado River Systcn. 

b. -.A plan t o  achieve compliance with these  standards as 
expedit iously a s  p rac t i cab le  providing t h a t :  

(1) The plan s h a l l  iden t i fy  Federal and S t a t e  regulatory 
a u t h o r i t i e s  and programs necessary t o  achieve compliance 
with the plan. 

(2) The s a l i n i t y  problem s h a l l  be t r ea ted  a s  a basinwide 
problem t h a t  needs t o  be solved t o  maintain lower main stem 
s a l i n i t y  a t  o r  below 1972 l eve l s  while the  Basin S t a t e s  
continue t o  develop t h e i r  coqact -appor t ioned waters.  

(3) Tie goal of the plan s h a l l  be t o  achieve conpliance 
with the  adopted standards by J u l y  1 ,  1983. m e  d a t e  of  



conp l imce  wit5 adopted sta?dards s h a l l  take i n t o  account 
the  necess i ty  f o r  Federal s a l i n i t y  con t ro l  a c t i o n s  s e t  fo r th  
in the 2lan.  S a l i n i t y  abatecent rnezsures within cont ro l  of 
the  S t a t e s  s h a l l  be L-plenented a s  soon a s  przc t icable .  

Nith primary emphasis on a noadegradation pol icy ,  3.L. 92-500 
provides f o r  e f f luen t  l i e i t a t i o n s  on q u a n t i t i e s ,  r a t e s ,  o r  
c o x e n t r a t i o n s  f r o r  point  sources by appl ica t ion  of  the  bes t  
avai  l a 5 l e  control  technology. :4oreover, the  law c a l l s  f o r  
comprehensive areawide w a t e r  q u a l i t y  cont ro l  planning and adequate 
f icancing of those f a c i l i t i e s  aecessary t o  e l i c i n a t e  the  discharge 
of  mnnaae po l lu tan t s  i n t o  navigable water by 1985. 

3. I n s i i t u t i o n a l  Considerations 

The Colorado River is one of the  mst ?hysica l ly  developed and 
i n s t i t u t i o n a l l y  regulated r i v e r s  in  the  Nation. The CRNQIP i s  
only a p a r t  o f  tne  basinwide water mnagenent progran: which must 
take  i n t o  account not only s a l i n i t y  cont ro l  but a l s o  f u t u r e  water 
supply and i n s t i t u t i o n a l  cons idera t ions .  

The Secretary of the  I n t e r i o r  nas broad r e s p o n s i b i l i t i e s  under 
appl icable  laws regarding the  t o t a l  water resources o f  the  Colorado 
River Basin i n  accordance with:  

a. The Colorado River Compact of 1922. 

b. Commitments t o  Mexico under t h e  In te rna t iona l  Water Treaty 
o f  1944 and m u t e  So. 242 of  the  In ternat ional  Boundary and 
Water Commission. 

c. The Upper Colorado River Basin Compact of  1948. 

d. Requirements of the  Supreme Court Decree o f  1964. 

e. Spec i f i c  cont rac tual  obl iga t ions  with water use r s  i n  the  
United S ta tes .  

f .  Developing and managing water resources a s  d i rec ted  by 
s p e c i f i c  authorized l e g i s l a t i o n  sad i n  the  public  i n t e r e s t .  

g. Mems of p ro tec t ing  t h e  r ec rea t ion ,  f i s h  and w i l d l i f e ,  
and env i romenta l  values o f  the  r i v e r  system. 

Within the  context  o f  these r e s p o n s i b i l i t i e s  and l ega l  requirements, 
c e r t a i n  cons idera t ions  a r e  paramount. There w i l l  be f luc tua t ions  
i n  t h e  concentrat ion of d issolved s o l i d s  i n  the  r i v e r  a s  a r e s u l t  



o f  annual va r i a t ions  i n  p r e c i p i t a t i o n  and the  nanagenent o f  the  
ava i l ab le  water resources. bbreover, the  t o t a l  ava i l ab le  water 
resources of  the  r i v e r  a r e  a l located  by i n t e r s t a t e  compacts and 
the  in te rna t iona l  t r e a t y .  The t r e a t i e s  and decrees apportioned 
water quant i ty  but did not d i r e c t l y  address u a t e r  q u a l i t y  consid- 
e ra t ions .  In addi t ion ,  the  Departnent of the  I n t e r i o r ,  the  
S n v i r o n ~ e n t a l  Protect ion Agency, the  Colorado River Board o f  
Cal i fornia ,  and the  Water Zesorrrces Council have a l l  2rojected 
increases  i n  s a l i n i t y  l eve l s  unless  con t ro l  measures a r e  taken 
concurrently with the  continued developinent of water resources i n  
the  basin. 

A recognized concern within the  CRKQIP is the  a l loca t ion  o f  the  
an t i c ipa ted  maxixiurn annual deple t ion  of 116,370 ac re - fee t .  This 
i s s u e  has been an item of in tense  discussion amng the  seven Basin 
S ta tes .  A t  tne  present  time, *ere is  no mit igat ion plan t o  
address t h i s  deple t ion  e i t h e r  by r i v e r  augmentation o r  a l loca t ion .  
The seven Basin S t a t e s  i n  conjunction with the  Bureau of  Reclanation 
v i l l  need t o  resolve  t h i s  i s s u e  through continuing coordinat ion.  

S a l i n i t y  con t ro l  ac t ions  in  the  f u t u r e  must be designed t o  be 
compatible with a l l  tile e x i s t i n g  i n s t i t u t i o n a l  considerat ions and 
the  so-cal led ''Law of the  River." 

4. S a l i n i t y  Impacts 

The Colorado River Flows f o r  mst of i t s  length through a r i d  and 
semiarid regions of the United S t a t e s  and Mexico. The g r e a t  r i v e r  
and i t s  t r i b u t a r i e s  accumulate the  so lu t ion  products o f  (1) erosion 
and weathering, (2 )  i r r i g a t i o n  re tu rn  flows, (3) municipal and 
i n d u s t r i a l  wastes, and (4) various point  sources such a s  spr ings  and 
wells. F r o a  headwaters t o  mouth, a d i s t ance  of near ly  1,400 miles,  
the s a l i n i t y  of  the  r i v e r  progressively increases.  

The u a t e r s  of the  Colorado River System serve the  common d a i l y  
needs o f  n i l l i o n s  of people i n  many ways. The r i v e r  i s  a v i t a l  
l ink  i n  sus ta in ing areas  of g rea t  e s t h e t i c  value t o  t h e  Nation. 
The water is  used f o r  producing energy, providing rec rea t ion ,  
sus ta in ing l ives tock and w i l d l i f e ,  and supporting indust ry ,  The 
r i v e r  i s  the  source of water f o r  c i t i e s  within the  Basin and 
l a rge r  metropolitan a r e a s  outs ide  the  Basin. A la rge  v a r i e t y  of  
crops,  providing a needed d i v e r s i t y  t o  the  na t ional  d i e t ,  i s  
i r r i g a t e d  by i t s  waters both within and outs ide  the  Basin. But  
t he  concentrat ion of dissolved s o l i d s  i n  the  r i v e r ,  now among t h e  
highest  o f  the  g rea t  r i v e r s  of  Sorth America, i s  increasing.  The 
increase  w i l l  f u r t h e r  impair the  usefulness of  the  water. 



In the  United S t a t e s ,  the  t o t a l  damages a t t r i b u t a b l e  t o  s a l i n i t y  
i n  the  Colorado River System f o r  1973 are about $53 mil l ion per  
year.  By the  year  2000, these  damages w i l l  amount t o  $124 mi l l ion  
per  year  i f  cont ro l  measures are not  applied.  These economic 
impacts a r e  based on recent  s tud ies  by t h e  Ehmau o f  Reclanation,[6] 
which estimated t o t a l  d i r e c t  and i n d i r e c t  losses  o f  about $230,000 
per mg/l (a lso  defined a s  ppm) increase  i n  s a l i n i t y  a t  Imperial 
Dam. The est imates of damage do not include e f f e c t s  below 500 
mg/l f o r  municipal and i n d u s t r i a l  water suppl ies  and 750 mg/l 
f o r  a g r i c u l t u r a l  use. The damages a r i s e  i n  ag r i cu l tu re  from 
decreased crop y i e l d s ,  increased leaching requirements, increased 
nanagerent c o s t s ,  and appl ica t ion  o f  various adaptive p rac t i ces .  
In the  municipal and i n d u s t r i a l  sec to r ,  t h e  detr iments a r i s e  
pr imar i ly  f r o m  increased water treatment c o s t s ,  accelera ted  pipe 
corrosion and appliance wear, increased use o f  soap and detergents ,  
and decreased p o t a b i l i t y  o f  drinking water. 

5. Costs and Schedule 

The Authorized expenditure f o r  cons t ruct ion  o f  t h e  four i n i t i a l  
s a l i n i t y  con t ro l  u n i t s  authorized under P.L. 93-320 i s  $125,100,000, 
based on 1973 p r i ces .  In recognit ion o f  Federal r e s p o n s i b i l i t y  f o r  
the  Colorado River as an i n t e r s t a t e  stream, in te rna t iona l  coni ty  
with Mexico, and pol icy  embodied i n  the  Federal Water Pol lu t ion  Con- 
trol Act h e n d a e n t s  o f  1972, t h e  author iz ing  l e g i s l a t i o n  provides 
that 75 percent  of  t h e  u n i t ' s  t o t a l  c o s t s  w i l l  he nomeinbursable. 
The remaining 25 percent of t h e  u n i t ' s  t o t a l  costs w i l l  be a l loca ted  
betxecn t h e  Upper Colorado River Basin Fund es tabl i shed by t h e  Colo- 
rado River Storage Projec t  Act P.L. 84-485 (70 S t a t .  107) and The 
Lower Colorado River Basin Development Fund es tabl i shed by t h e  Colo- 
rado River Basin Projec t  Act P.L. 90-537 (82 S t a t .  895). For f u r t h e r  
d e t a i l s ,  s e e  appendix E. 

Cost a l l o c a t i o n s  f o r  o the r  con t ro l  u n i t s  under CRhQIP have not 
been i d e n t i f i e d  and s t u d i e s  a r e  underway t o  determine equi table ,  
cost-sharing arrangements. 

I n i t i a l  cons t ruct ion  o f  the  four cont ro l  u n i t s  s p c i f i e d  under 
T i t l e  I1  o f  P.L. 93-320 i s  scheduled a f t e r  completion o f  1976 
Advance Planning Studies .  Approxinately 10 years  w i l l  be 
required t o  complete a l l  four u n i t s  with the  Grand Valley U n i t  
requi r ing  the  longest cons t ruct ion  time. Figure 1-2 shows t h e  
proposed const ruct ion  times and i nves t iga t ion  schedules f o r  the  
nore advanced u n i t s  and s t u d i e s  under ;he t o t a l  progran. This 
schedule is coordinated with o the r  Federal agencies. 
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For cont ro l  o f  i r r i g a t i o n  sources, emphasis is  placed on th ree  
programs : f 1) Onfam I r r i g a t i o n  Sys tems and Yanagement Improve- 
ment, (2) scheduling i r r i g a t i o n  through an I r r i g a t i o n  Management 
Services (IMS) program, and (3) improved conveyance systems through 
a Water System Improvement (WSI) program. Therefore, t h e  inves t i -  
ga t ion  schedule shown i n  f igure  1-2 w i l l  u l t imate ly  r e f l e c t  Onfam 
I r r i g a t i o n  Systems and lanagement Improvement and inves t iga t ions  
o f  t o t a l  watershed area  under I r r i g a t i o n  Source Control,  and 
inves t iga t ions  o f  t h e  i r r i g a t e d  areas  under Diffuse Source Control.  
Inves t iga t ions  and planning a c t i v i t i e s  f o r  s a l i n i t y  cont ro l  w i l l  
continue through 1981 a t  a t o t a l  expenditure o f  about $18 mi l l ion  
by the  Bureau o f  Reclamation and about $2 mil l ion  by t n e  So i l  
Conservation Service. 

6 .  Future Water Resources Development and Water Quali ty 

The overa l l  s a l i n i t y  probleu cannot be divorced from planned 
f u t u r e  development of  the  Basin's water resources and t h e  r e s u l t i n g  
water demands that are expected t o  exceed the  r i v e r ' s  dependable 
na tu ra l  supply by about 1990-95. Thus, t h e  overriding i s sue  of 
the  Colorado River Basin involves t h e  i n t e r r e l a t i o n s h i p  between 
fu tu re  water  deple t ions  and d e t e r i o r a t i n g  water q u a l i t y .  Moreover, 
t h e  rapid onset of t h e  energy crisis i s  expected t o  r e s u l t  i n  
accelera ted  consumption o f  Colorado River water t o  support o i l  
sna le  development, e l e c t r i c  power generat ion,  and coal  development 
and conversion. Subsequent energy development i n  t h e  basin w i l l  
d i r e c t l y  a f f e c t  water q u a l i t y  and emphasizes the  need f o r  an 
e f f e c t i v e  and comprehensive s a l i n i t y  cont ro l  program. 

S a l i n i t y  cont ro l  adds another  diuension t o  River Basin planning 
and resources development and must be viewed i n  broad context  
with o the r  programs such as weather m d i f i c a t i o n ,  geothermal 
resources,  vegetat ion management, water conservation, and 
desa l t ing  . 
The long-term 1941-1972 h i s t o r i c  average annual s a l i n i t y  concen- 
t r a t i o n  o f  t h e  Colorado River a t  i t s  headwaters is  l e s s  than 50 
1 A t  Imperial Dam,  t he  last major d ivers ion  point  i n  the  
United S t a t e s ,  the  concentrat ion i s  762 n g l l .  Modifying this 
h i s t o r i c  condition t o  r e f l e c t  a l l  upstream e x i s t i n g  p r o j e c t s  
assumed to be i n  operat ion f o r  t h e  f u l l  period 1941-1972 would 
again show a concentrat ion o f  less than 50 mg/l at headwaters 
and a value o f  847 mg/l at Imperial D a n .  Values f o r  se lec ted  
locat ions  in the  r i v e r  a r e  shown i n  the  following tabula t ion:  



iiISTORIC AND PRESEXT IdCIDIFIED QliALITY OF UATER 
Colorado River - Average Values 1941-1972 

Concentration (sg/l] 
h b d i  f ied  

Location (see f igure  1-3) His tor ic  condit ions 

Glenwood Springs, Colorado 2?0 301 
Cameo, Colorado 403 4 39 
Cisco, Utah 61 2 659 
Lees Ferry, Arizona 558 . 607 
Grand Canyon, Arizona 618 567 
Hoover Dam, Arizona-Sevada 69 3 749 
Imperial Dam, Arizona-California 762 847 

I t  should be emphasized t h a t  when t i n e  i n t e r v a l s  a r e  reduced t o  a 
monthly bas i s ,  wide f luc tua t ions  can be expected. Under h i s t o r i c  
condit ions a t  Imperial Dam, the  s a l i n i t y  concentrat ion f o r  January 
1957 was 1,000 m g / l  and f o r  December 1967, i t  w a s  992 m g / l .  Six 
o the r  montiis in  the  period 1941-1970 nave nad average concentra- 
t ions  above 960 ng/ l .  Yoreover, under present  condit ions o f  
deple t ion ,  the  mean monthly concentrat ion o f  1,000 mg/l a t  Imperial 
Dam would have been exceeded i n  40 months during t h e  p e r i d  1941-70. 
Such inonthly s a l i n i t y  values have g rea te r  s igni f icance  than long- 
t e r n  means i n  r e l a t i o n  t o  impacts on land and crops, water q u a l i t y  
s tandards,  and water treatment. 

The s a l i n i t y  i n  the  Colorado River has been the  ob jec t  o f  long- 
s tanding concern and study. Studies by various agencies converge 
t o  one simple f a c t  - s a l i n i t y  w i l l  increase  with continued use 
and development of  the  ava i l ab le  water supply unless comprehensive, 
basinwide water q u a l i t y  management planning is  inpleiaented and 
supported by t h e  i n s t a l l a t i o n  o f  e f f e c t i v e  cont ro l  measures. 
Projected est imates by various e n t i t i e s  a r e  presented i n  t ab le  1-1. 
These est imates assume t h a t  no xeasures a r e  undertaken t o  cont ro l  
s a l i n i t y .  

I t  i s  s i g n i f i c a n t  t h a t  the  r e s u l t s  of  s tud ies  by the  various 
agencies a l l  predicted t h a t  proposed developments w i l l  cause a 
considerable increase in  the  fu tu re  s a l i n i t y  of the  r i v e r .  Even 
under current  s a l i n i t y  condi t ions ,  many i r r i g a t o r s  a r e  r e s o r t i n g  
t o  spec ia l  p rac t i ces  i n  using the  water t o  grow s a l t - s e n s i t i v e  
cmps .  Some areas  have adverse drainage condit ions which would 
be magnified i f  higher s a l i n i t y  water were used. Municipal and 
i n d u s t r i a l  users  a r e  faced with considerable expense due t o  water 
qua l i ty .  Allowing the  s a l i n i t y  o f  t h e  r i v e r  t o  increase  w i l l  
r e s u l t  i n  add i t iona l  economic impacts. 
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Table 1-1 

PROJECTED CONCENTR4TI OSS CF TOTAL DISSOLVED SOL1 3s 
(mg/l) a t  Iaper ia l  3an 
(Average annual values) 

Source Year 
1980 1990 2C)Xl 

C RBC 1070 1200 1340 

€PA: Environmental Protection Agency, 1972 
CRBC: Colorado River Board o f  Cal i fornia ,  

1970 
URC: 'n'ater Resources Council (Lower Colorado 

Region Compre3exive Framework Study), 
1971 

USBR: Bureau of Reclamation, 1977 (range shom 
for  0 and 2 tons per acre pickup of 
s a l t s  from new lands) 

Cl4 : Committee of Fourteen, 1974 

f i e  d i f ferences  in the values reported by the various agencies 
a r i s e  f r o m  assumptions made regarding completion <ates  f o r  ua te r  
development projects ,  estimates of the amount of  s a l t  loading o r  
concentration e f f ec t s  produced by these projects ,  the period of 
analys is  wed ,  and estimates of  the  time involved fo r  the e f f ec t s  
t o  emerge a t  h p e r i a l  Dam. 

0. Overview of tAe Colorado itiver Water Quality Improvenent Program 

1. Sources of  Sa l i n i t y  

In any r i ve r  system, s a l i n i t y  concentrations a r i s e  fron a s a l t  
loading e f f e c t  and a s a l t  concentrat ing e f f ec t .  The s a l t  loading 
m y  be regarded as the pickup of s a l t  due t o  n inera l  weathering 



and d i s so lu t ion  o f  t h e  so luble  s a l t s  r e s id ing  i n  s o i l  and subs t ra t a .  
The s a l t  concentrat ing is due t o  the  evapotranspirat ion o f  t h e  
water car ry ing a f i n i t e  s a l t  load o r  the  export o f  high qua l i ty  
water out o f  the  Basin. Generally, the  appl ica t ion  o f  i r r i g a t i o n  
water r e s u l t s  i n  increased s a l t  concentrat ions because o f  both 
loading and concentrat ing.  The evaporated o r  t r ansp i red  water is 
f r e e  of s a l t ;  hence, the  ground-water r e tu rn  flows carry  t h e  t o t a l  
s a l t  burden. Under some condi t ions ,  however, s a l t s  may be precip- 
i t a t e d  and s tored  i n  the s o i l .  These processes operate through 
the  geochemical cycle  depicted i n  f igure  1-4. A s  water i s  evap- 
ora ted  from the  ocean o r  o the r  f r e e  water surfaces ,  a l t e r a t i o n s  
i n  t h e  coaposi t ion and concentrat ion of  t h e  dissolved cons t i tuen t s  
begin t o  occur and continue a s  the  concentrat ion progressively 
increases  during movement through the  cycle.  

m i l e  t h i s  process adds a l a rge  va r i e ty  o f  d issolved matter  t o  the  
water, only 10 elements make up about 99 percent o f  t h e  dissolved 
cons t i tuen t s .  These a r e  hydrogen, sodium, magnesium, potassium, 
calcium, s i l i c o n ,  chlor ine ,  oxygen, carbon, and s u l f i r .  The 
elements occur i n  so lu t ion  as various ions ,  molecules, o r  r a d i c a l s .  
The major p a r t  o f  the  dissolved cons t i tuen t s  i n  Colorado River 
water is made up of the  ca t ions :  calcium, magnesiun, and sodium; 
and the  anions: s u l f a t e ,  chlor ide ,  and bicarbonate. These, p lus  
minor amounts o f  o the r  d issolved cons t i tuen t s ,  a r e  commonly re fe r red  
t o  a s  s a l i n i t y ,  s a l t ,  dissolved s o l i d s ,  o r  dissolved mineral content .  

Studies o f  the  operat ion of the  geochemical cycle suggest t h a t  the  
s a l i n i t y  concentrat ion i n  the  waters of the  Colorado River can be 
d i s t r i b u t e d  as  shown i n  f i g u r e  1-5. This f igure  [2] represents  t h e  
e n t i r e  254,000-square-nile drainage of the  Colorado River i n  t h e  
United S t a t e s .  An addi t ional  2,000 square miles a r e  i n  Mexico. 
The basin includes p a r t s  o f  seven s t a t e s  - southwestern kloming, 
western Colorado, p a r t s  of  Utah, Nevada, Sen .Mexico, nearly a l l  o f  
Arizona, and a small sec t ion  of Cal i fornia .  F rom t h i s  a r e a ,  t h e  
Colorado River c a r r i e s  a s a l i n i t y  burden t h a t  has h i s t o r i c a l l y  
averaged about 10 mi l l ion  tons  annually. The Environmntal  Protec- 
t i o n  Agency has estimated t h a t  i r r i g a t e d  agr i cu l tu re  i n  t h e  upper 
basin cont r ibutes  about 37 percent  o f  the  average s a l t  load of  the  
upper basin and appears t o  o f f e r  s i g n i f i c a n t  po ten t i a l  f o r  s a l i n i t y  
con t ro l .  

2. Economic Detriments 

Economic detr iments can be computed using the  projec ted  increases  
i n  s a l i n i t y  assuming t h a t  a cont ro l  program would not be i n s t a l l e d .  
The adverse e f f e c t s  would be expressed p r b a r i l y  i n  the  a g r i c u l t u r a l ,  
municipal, and i n d u s t r i a l  uses with respect  to projected s a l i n i t y  
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increases.  Little o r  no adverse economic impacts on instream uses 
such a s  recrea t ion ,  hydroelec t r ic  power generation, and propagation 
o f  aquat ic  l i f e  would be expected from p r ~ j e c t e d ~ i n c r e a s e s .  

The detr iments i n  ag r i cu l tu re  would a r i s e  from one o r  a combination 
of the  following: decreased crop y ie lds ,  increased leaching requi re-  
ments, increased management cos t s ,  and appl ica t ion  o f  various adap- 
t i v e  p rac t i ces  such as changes i n  crop pa t t e rns ,  inproved drainage 
systems, and plantings on sloping beds. In t h e  municipal and indus- 
t r i a l  uses, the  detr iments a r i s e  primari ly from increased u a t e r  
treatment c o s t s ,  accelera ted  pipe corrosion and appliance wear, 
increased use o f  soap and detergents ,  and decreased p a l a t a b i l i t y  of 
drinking water. 

Based on the  foregoing kinds o f  inpacts ,  the  damages nou being 
experienced and those contemplated i f  no s a l i n i t y  con t ro l  measures 
were i n s t a l l e d  have been determined and the  f indings a r e  presented 
i n  the  tabula t ion  belaw. These f igures  are the  re levant  damages, 
i .e . ,  those caused by s a l i n i t y  l eve l s  i n  excess o f  threshold 
values. The damages a r e  based on the  range o f  s a l i n i t y  increases 
shown i n  t a b l e  1-1. The threshold values used f o r  MGI and agr i cu l -  
t u r e  a r e  500 mg/l f o r  M&I a s  recommended by the  U.S. Public Health 
Service,* and an a r b i t r a r y  f i g u r e  o f  750 n g l l  which represents  the  
point  a t  wnich de le te r ious  e f f e c t s  t o  a g r i c u l t u r e  can begin t o  be 
measured. 

Flange of  Danages At t r ibu tab le  on an Annual Basis 
To S a l i n i t y  i n  the Colorado River System 

Year - Ixm - Hi gh 

The &amages r e f l e c t  the  impact on the  e n t i r e  regional  economy. 
Damages t o  water users  i n  Nexico and rec rea t ion  and f i s h i n g  users  
i n  the  Salton Sea have not been es t ina ted .  

Applying present  s o r t h  f a c t o r s  a t  6-l /8 percent t o  the  values from 
t h e  tabula t ion  above ind ica tes  t h e  economic magnitude o f  the  s a l i n -  
i t y  problem on t!!e Colorado River. The present  value o f  fu tu re  
damages through the year  2000 range from about $1 b i l l i o n  t o  $1.5 
b i l l i o n .  

"Drinking Water Standards,'' U.S. Dept. o f  Health, Education and 
Welfare, Public  Health Service,  Publicat ion No. 956, 1962. 



3. Program Inves t iga t ions  

The 10-year inves t iga t ion  e n t i t l e d  "Colorado iliver Water Quali ty 
Improvement Program" was i n i t i a t e d  i n  1971 with the  s p e c i f i c  
ob jec t ive  of  iden t i fy ing  measures t h a t  would maintain s a l i n i t y  
concentrat ions a t  o r  below l e v e l s  present ly  found i n  the  lower 
main stem. 

The inves t iga t ion  schedule is  shown i n  f igure  1-2. The inves t iga-  
t ions  a r e  in tegra ted  with o the r  programs involving weather modifi- 
c a t i o n ,  geothermal resources,  and desa l t ing .  Concurrent f e a s i b i l -  
i t y  inves t iga t ions  a r e  undernay on various i r r i g a t i o n ,  po in t ,  and 
d i f f u s e  sources. The f e a s i b i l i t y  o f  c o l l e c t i n g  s a l i n e  r e tu rn  flows 
and convert ing then t o  benef i c i a l  consumptive use within t h e  Basin 
i s  a l s o  being studied.  Related basinwide s tud ies  a r e  scheduled t o  
consider  r e l a t ionsh ips  among individual  cont ro l  u n i t s ,  a s sess  
implicat ions of new technology, and provide guidance to t h e  se lec t ion  
o f  implementation neasures. Cost-sharing and r e p a p e n t  f o m l a s  
a r e  a l s o  under study. 

The measures cu r ren t ly  ava i l ab le  f o r  c o n t r o l l i n g  s a l i n i t y  may be 
categorized as follows : 

a. Point source cont ro l  involves s a l t  removal from a local ized  
a r e a  con t r ibu t ing  an inordinate ly  high s a l t  load t o  the system. 

Point sources a r e  genera l ly  spr ings ,  we l l s ,  geysers, or mine 
drainages. Several con t ro l  techniques a r e  ava i l ab le ,  including 
desa l t ing ,  d ivers ion  and evaporation, d ivers ion  f o r  spec ia l  
use, plugging of wells, and deep-well injection..  

b. Diffuse s o m e  con t ro l  involves land treatment,  c o l l e c t i o n  
and desa l t ing ,  c o l l e c t i o n  and specia l  use,  watershed management, 
and phreatophyte con t ro l .  Basic d a t a  a r e  l imited f o r  some o f  
these  techniques, so ,  only t e n t a t i v e  plans a r e  ava i l ab le  for 
con t ro l l ing  s a l i n i t y  from these  sources. However, t h e r e  a r e  
a number of Federal programs t h a t  can be used t o  reduce soil 
erosion,  sedimentation, and the  associa ted  s a l t  load. These 
include technica l  cost-sharing and c r e d i t  a s s i s t ance  programs 
o f  the Department o f  Agriculture f o r  i n d i v i h l  landowners, 
opera tors ,  o r  gruups, These programs a r e  being c a r r i e d  out  
cooperat ively with s t a t e  and 1-1 organizat ions such a s  s o i l  
and water conservation d i s t r i c t s  through the e f f o r t s  o f  land- 
owners and operators .  The Bureau o f  Indian Af fa i r s  provides 
s imi la r  a s s i s t ance  f o r  t r i b a l  lands. Erosion and sediment 
cont ro l  m a s u r e s  a r e  a l s o  p a r t  of  multipurpose water and land 
resource p ro jec t s  of  the  Corps o f  Engineers, Bureau o f  
Reclamation, and the  So i l  Conservation Service,  and mul t ip le  



land use plans of tne  C.S. Forest Service and Bureau o f  Land 
Management . 
c .  I r r iga t ion  source cont ro l  involves reductions i n  the  s a l t  
loading and concentrat ing e f f e c t  caused by d i s so lu t ion  of s a l t s  
i n  t h e - s o i l  and subs t ra ta  and t h e  consumptive use of water.  The 
techniques appl icable  t o  i r r i g a t i o n  source cont ro l  a r e  onfarm 
i r r i g a t i o n  s y s t e m  and water mcagenent ,  inproved water 
conveyance systems, ground-water management, and re turn  flow 
management. 

Beginning i n  FY 1974, increased emphasis was placed upon such 
measures as inproving i r r i g a t i o n  e f f i c i e n c i e s ,  improving 
managemnt of the r i v e r  and water conveyance systems, u t i l i z i n g  
s a l i n e  flows, managing Federal lands f a r  s a l i n i t y  con t ro l ,  
reformulating the  plans f o r  water resource developments t o  
ainiinize s l a t  loading, examining salt p r e c i p i t a t i o n  2henomena 
i n  la rge  re se rvo i r s ,  and reducing evapotranspirat ion through 
treatment and management of vegetat ion.  Some of t h e  measures, 
such as inproving i r r i g a t i o n  e f f i c i e n c i e s ,  a r e  being conducted 
d i r e c t l y  within the CRWQIP, while o the r s ,  such as t he  research 
on s a l t  p r e c i p i t a t i o n  phenomena i n  r e se rvo i r s  and the  u t i l i z a t i o n  
o f  s a l i n e  flaws, a r e  being implemented by s t a t e  o r  p r i v a t e  
e n t i t i e s .  

Major program emphasis f o r  cont ro l  of  i r r i g a t i o n  sources is 
placed on the  Onfann I r r i g a t i o n  Sys tem and Management Improve- 
ment program, scheduling i r r i g a t i o n  through an 1% progran, 
and i v r o v e d  contro l  of waterflow i n  canals ,  l a t e r a l s ,  and 
drainage systems through a WSI program. 

For e f f i c i e n t  s a l i n i t y  cont ro l  t o  be e f f e c t i v e  over a wide 
range of local  condi t ions ,  the Improved Onfam I r r i g a t i o n  
Systens and Management Improvement, the  1%. and WSI programs 
=st kt considered under an in teg ra ted  progran. I t  is d i f f i c u l t  
t o  separa te  t!!e r e l a t i v e  e f f e c t s  of  each progran. Consequently, 
t h e  th ree  program a r e  considered a s  operat ing together  f o r  
f i e l d  evaluat ion and f e a s i b i l i t y  s tud ies .  Closely r e l a t e d  to  
the  progr- a r e  s t r u c t u r a l  fea tures  t o  c o l l e c t  and s t o r e  
i r r i g a t i o n  re tu rn  flaws of  degraded q u a l i t y  f o r  energy develop- 
ment. 

The Onfarm I r r i g a t i o n  Systens and !danagenent Inprovement program 
includes  inventorying, evaluat ing,  and implenenting the  s t r u c t u r a l ,  
c u l t u r a l ,  and management p rac t i ces  needed t o  achieve e f f i c i e n t  
i r r i g a t i o n  and reduce s a l t  loading. 

Su i t ab le  methods of i r r i g a t i o n  w i l l  be se lec ted  based on the  
c h a r a c t e r i s t i c s  o f  the  s o i l s ,  topography, and crops t o  be 



grown. S t r u c t u r a l  needs f o r  o n f a m  water measurement, convey- 
ance, and c o n t r o l  w i l l  be d e t e m i n e d  t o  achieve e f f i c i e n t  
u a t e r  d e l i v e r y  t o  each f i e l d .  F i e ld  water  d e l i v e r y  w i l l  be 
based on flow r a t e s  and a p p l i c a t i o n  times requi red  f o r  t h e  
site, the  method of  i r r i g a t i o n ,  and the  depth of  water t o  be 
appl ieb .  F i e ld  dimensions a r e  d e t e m i n e d  c o n s i s t e n t  w i t h  
s o i l s ,  topography, method of  i r r i g a t i o n ,  and proper ty  
boundaries.  The needs f o r  land forming o r  l eve l ing  a r e  
assessed .  The need fo r  and l t x a t i o n  of  subsur face  and su r f ace  
drainage f a c i l i t i e s  w i  11 be examined. Yajor b e n e f i t s  der ived 
from t h e  Onfarm I r r i g a t i o n  Systens and Management Improvement 
program would inc lude  increased  crop y i e l d s ,  reduced water 
a p p l i c a t i o n ,  reduced deep pe rco la t ion  and seepage looses 
i n t o  underlying s t r a t a s  and s a l i n e  a q u i f e r s ,  reduced leaching,  
and a smal le r  p o l l u t a n t  load in t h e  r e t w n  flows of  salts, 
n i t rogen ,  phosphorous compounds, p e s t i c i d e ,  and oxygens 
consuming organic  cumpounds. 

The IMS program i s  a nons t ruc tu ra l  management technique f o r  
inproving i r r i g a t i o n  water  e f f i c i e n c y  and reducing salt  
loading through proper  t i a i n g  of i r r i g a t i o n  and r e c o m n d a t i o n s  
a s  t o  depth of  water t o  be app l i ed  each i r r i g a t i o n .  This  is 
a demonstration t G e  program based on the  concept t h a t  t h e  
u a t e r  u s e r  w i l l  t ake  over and ope ra t e  t he  program. Under 
p rov i s ions  of  P.L. 92-500, this p r a c t i c e  i s  expected t o  spread 
t o  o the r  i r r i g a t e d  a r e a s  i n  t h e  Basin. Major b e n e f i t s  de r ived  
from 1% i r r i g a t i o n  scheduling could  inc lude  increased  c rop  
y i e l d s ,  water sav ings ,  reduced leaching o f  s a l t s ,  and reduced 
dra inage  requirements .  

The M I  7rogran inc ludes  s t r u c t u r a l  water management f e a t u r e s  
f o r  inproving water d e l i v e r y  and conveyance, thus  reducing 
seepage looses and s a l i n e  dra inage  water.  The l i n i n g  o f  
cana l s  and l a t e r a l s  would r e s u l t  i n  decreased deep pe rco la t ion  
looses ,  t hus  reducing water c o n t a c t  with h ighly  s a l i n e  s o i l s ,  
sha l e s ,  and s a l i n e  ground waters .  

Concurrently,  t h e  e f f e c t  o f  t hese  programs can be expected t o  
i nc rease  the  s a l i n i t y  concent ra t ion  i n  a l e s s e r  volwne o f  
r e t w n  flows; however, t h e  t o t a l  salt  loading w i l l  be  reduced. 

Considerable  s a l i n i t y  research  has been s t imula ted  by t h e  
CRWQIP. This  research  i s  providing inpu t s  t o  t h e  program bu t  
i s  being funded through o t h e r  sources.  The Western Direc tors  
o f  t h e  Agr i cu l tu ra l  Experiment S t a t i o n s  have e s t a b l i s h e d  a 
r eg iona l  research  p ro j ec t  e n t i t l e d  "Sa l in i ty  Management i n  
t h e  Colorado River Basin." This  w i l l  involve  cooperat ion with 



t he  U.S. Department of  Agriculture. The research is  aimed a t  
developing and evaluat ing methods f o r  understanding and managing 
s a l i n i t y  from a g r i c u l t u r a l  and d i f f u s e  na tu ra l  sources i n  t5e  
Colorado River Basin. 

In addi t ion ,  the Office of Hater Research and Technology (OWRT) 
is a l s o  sponsoring a regional  research p ro jec t  on s a l i n i t y .  
Through OKRT, severa l  S t a t e  Water Resources Research I n s t i t u t e s  
a r e  inves t iga t ing  the  economic aspects  o f  s a l i n i t y  con t ro l .  
The research is d i rec ted  toward evaluat ing damages caused by 
s a l i n i t y .  The Bureau of  Reclamation is p a r t i c i p a t i n g  and 
cooperating i n  the research e f f o r t .  

Present S ta tus  of  Inves t iga t ions  

A t  t he  i n i t i a t i o n  of the  CR)SQI Frogran, previous s tud ies  [1],[2], 
[3],[4] of the Environmental Protect ion Agency, Colorado River 
Board of Ca l i fo rn ia ,  and the  Bureau of Reclamation were reviewed 
t o  s e l e c t  a reas  f o r  ea r ly  study. These included Paradox Valley, 
Colorado; Grand Valley, Colorado; Crys ta l  Geyser, Utah; Las Vegas 
Wash, Sevada; and LaVerkin Springs, Utah. Currently,  inves t iga-  
t i o n s  on these  u n i t s  a r e  e i t h e r  completed, nearing completion, o r  
a r e  highly advanced. From these  advanced s t u d i e s ,  four cont ro l  
u n i t s  were se lec ted  f o r  i n i t i a l  cons t ruct ion  under T i t l e  11 of  
P.L. 93-320. 

F e a s i b i l i t y  inves t iga t ions  a r e  nearing completion on LaVerkin 
Springs. Defini te  plan repor t s  a r e  s ~ 3 e d u l e d  t o  be completed 
i n  FY 77 f o r  the Las Vegas Wash Mt, Crystal  Geyser Unit, 
Paradox Valley Unit, and Grand Valley Systems Improvement Unit. 

The estimated reduction i n  s a l t  content  o f  t h e  Colorado River, 
by const ruct ing  the  four i n i t i a l  u n i t s ,  should approach 
460,000 tons per  year w i t h  a corresponding decrease i n  s a l i n i t y  
concentrat ion a t  Imperial Dam of 43.6 mg/l. Table 1-2 contains 
a sumnary of the  po ten t i a l  e f f e c t s ,  estimated c o s t s ,  and e s t i -  
rrated benef i t s  t h a t  can be expected f o r  each of the  u n i t s .  The 
annual benef i t s  Rave h e n  ca lcula ted  on the  bas i s  o f  $230,000 
per  mg/l s a l i n i t y  improvement a t  Inper id  Dam. Estimated i n t e r -  
e s t  c o s t s  &ing const ruct ion  are ava i l ab le  and a r e  r e f l e c t e d  i n  
the  Total  Annual Equivalent Cost f o r  a l l  u n i t s .  

The o ther  continuing inves t iga t ions  under the  CRk'QIP a r e  not  
enough advanced t o  y ie ld  camparable da ta  t o  the  authorized 
const ruct ion  un i t s .  Under P.L. 93-320, the  Secretary o f  the  
I n t e r i o r  is authorized and d i rec ted  t o  expedite  conplet ion o f  
the  remaining 12 planning repor ts  and submit each repor t  naned 



Tahlo 1-2 

h n u a  1 
Impact a t  listlllalal Invos tmont eq~r lvs lmt  

Project Y-r in  Impwrlal construction cost1 Annual va1uo a t  Ann~rr 1 
lmits  ger*rlon nm cost [TC + 1lK) OCll R S-S/B dis -  t~enef l t  * 

(w/ 1) count r a t s  
(f ($1 If I ( $ 3  ($1 

Crystal Geyser 1978 -0.5 2,690.MO 2,841,000 20,000 254 ,000 69,000 
Utah (July 1975) 

hredox Valley 
Color& 

Grand Val leyk 1976-1987 19.0 81,700,OM) lD(,37R,O00 370, Ll00 6,766,000 4,370,000 
( I S 1 1  ( k t .  1975) 
Colorado 

La$ Ycgus Yhsh, Nev. 19R2 -4.0 
(Firs t  stnge) 

[ total  project) 2000 -8.0 56,IS6,000 65.965.000 5,n2R,nOn 3,674 , ~ V O ~  1 .W40.000 
(July 1976) 

' Cmstruc t i m  cost p l w  Interest  during: eenrt rue tlom . 
I h h g  total  l m n e f l t ~  of $230,000 pr q / 1  h p m v a a n t s  a t  Imperial Ilu a8 se t  for th i n  tho January 1974 status  rtporl (Culurado 

Mvsr Water Qrallty Iqrov-t Program). lWr row l a  tho to ta l  impact of s a l l n l t y  m t  $250,0011 per mg/l per year wlth I r u m n .  
able range of $194,000 t o  $395,000 JNW -11 par year. S t u d i e ~  by a c ~ t l u m  of  f lve  western water rerearch Inr t l tu te r  and the 
b~rcur Of R s c l w t l o n  is naaring completion. This ahould n a r r o w  the range wlth perlmpr a r h l f t  tomnl the higher value. 

Cmplctsrl wlth 30.ye.r dwfernnt a sectlnd stage a t  6-118 -sot. . 
' Tke Sol l Conrunat Ion Sorrlce i r  dweloplng IHI M a n  Irr igat ion System and k n n g a s n l  p n r m  that will be Lqlemmtul concrw 
m t l y  v i th  the Burem of Usc l lu t ions  IN. m d  WS1 pmgrrur. The constnactlon cost e s t l u t d  i n  Fob. 1975, fo r  tho tmfazm system 
lmpw-ont I s  $50 r i l l i o n .  The impact a t  Imperial Don is a I4-q/l rd ru t lon .  



below promptly t o  the  Colorado River Basin S ta tes  and o the r  
appropr ia te  p a r t i e s  f o r  review and coment :  I t  should be 
noted t h a t  o the r  cont ro l  u n i t s  such aj the  San Juan Col lec tor  
System a r e  not s p e c i f i c a l l y  i d e n t i f i e d  under P.L.  93-320, but 
a r e  under a c t i v e  inves t iga t ion  under the  CRWQIP. 

Other s a l t  source areas which have a s i g n i f i c a n t  s a l t  cont r ibut ion  
a r e  being inves t iga ted  t o  deternine the  need f o r  addi t ional  
de ta i l ed  study. These seven areas  involve an i r r i g a t e d  cropland 
base o f  530,000 acres  and a s i g n i f i c a n t  watershed a rea .  

a .  Point Source con t ro l :  (see B.3.a. f o r  category d e f i n i t i o n )  

Laverkin Springs 
L i t t  l e f i e l d  Springs 
Glenwood-Dotsero Springs 

b. I r r i g a t i o n  Source con t ro l :  (see B.3.c. f o r  ca te to ry  
d e f i n i t i o n )  

Louer Gtlnnison 
Uinta Basin 
Colorado River Indian Reservation 
Palo Verde I r r i g a t i o n  District 

c. Diffuse Source cont ro l  : (see B.5.b. f o r  category d e f i n i t i o n )  

Pr ice  River 
San Rafael River 
Dir ty  Devil River 
McElm Creek 
Big Sandy River 

Implementation of  a l l  16 s a l i n i t y  cont ro l  u n i t s  out l ined here in  
a r e  an t i c ipa ted  to reduce the  s a l i n i t y  of t h e  Colorado River by 
a b u t  150 ng/l  a t  Inper ia l  Dam. The following tabula t ion  shows 
the  cumulative s a l t  removal e f f e c t s  f o r  each general program 
category. 

Cumulative CRWQIP S a l t  Removal Effec ts  

Removed by - Tons mg/ 1 

I n i t i a l  Units 460,000 43.6 
Point S w r c e s  258,100 27.0 
I r r i g a t i o n  Sources 430,000 40.0 
 iffu use Sources 380,000 

Total  1,528,100 



This t o t a l  does not include B l u e  Springs,  a s  inves t iga t ions  have 
been t e rn ina ted ,  due t o  se r ious  environmental and c u l t u r a l  (Indian) - 

inpacts ,  which reraoves f m m  considerat ion about 400,000 tons  of  
s a l t  and a 26-xg/l e f f e c t  a t  Imperial Dam. Also not  included i n  
the  t o t a l  is the  po ten t i a l  impact o f  SCS onfarm improveaents 
w h i ~ ! ,  when in tegra ted  n t h  IFS inprovements i n  Grand Valley, 
w i l l  provide an estimated 14 mg/l reduction a t  Imperial Dam. 
Other u n i t s  such a s  t h e  San Juan and Grand Valley re tu rn  flow 
c o l l e c t o r  systems and >teeker Dome a r e  not included a t  t h i s  time. 

C. Tota l  Water ?.hnagement 

The longtime average s a l t  burden of  the  Colorado River a t  Hoover Dam 
has been about 10 mi l l ion  tons. However, the  average over t h e  p a s t  
15 years  has been 8 mi l l ion  tons a t  Hoover Dan and 7 mi l l ion  tons a t  
Imperial Dan. I f  the  s a l i n i t y  is t o  be kept a t  o r  below present  
l eve l s  i n  the  lower main stem, a s  recommended by the  1972 EPA Enforce- 
ment Conference[B], then about 2.5 mi l l ion  tons w i l l  need to  be removed 
f r w  the  system each year. This may be regarded a s  a statement o f  the  
physical  objec t ive  of a s a l i n i t y  con t ro l  plan. However, con t ro l  o f  
the  p i n t ,  d i f f u s e ,  and i r r i g a t i o n  sources under program study would 
only provide a naxinum reduction of about 1.6 mi l l ion  tons annually. 
This l eve l  represents  a concentrat ion reduction o f  about 150 m g / l  a t  
Imperial Dan under condi t ions  o f  development an t i c ipa ted  by a b u t  t h e  
year  1990. 

The adoption o f  numeric s a l i n i t y  c r i t e r i a  a s  proposed by t h e  Basin 
S t a t e s  under P.L. 92-500 requirements and EPA regula t ions  w i l l  pro- 
vide even more s p e c i f i c  program objec t ives .  The Seven-State Colorado 
River Basin S a l i n i t y  Control Form has proposed the  following flow- 
weighted average annual numeric s a l i n i t y  c r i t e r i a  f o r  th ree  1ocation.s 
i n  t h e  lower main stem of  t h e  River system a s  fol lows:  

S a l i n i t y  i n  ng/l 

Below Hoover Dam 

Below Parker D a n  

Imperial Dan 

A general  plan o f  implementation includes con t ro l  u n i t s  under t3e  
CRUQIP a s  well as o the r  add i t iona l  Federal and non-Federal p ro jec t s  
and measures t o  maintain the  flow-weighted average annual s a l i n i t y  
in the  lower main stem a t  o r  below the  recommended n m e r i c  c r i t e r i a  
through 1990. Under varying assumptions o f  hydrologic condi t ions ,  
fu tu re  water dep le t ions ,  and f u l l  implementation of  needed s a l i n i t y  



control  measures, the  Forum has concluded t h a t  the  average s a l i n i t y  
can be maintained a t  o r  below 1972 l eve l s  during the  next 15-year 
period. 

Obviously, addi t ional  control  e f f o r t s  w i l l  be needed t o  meet the  
;>rogram goals suggested from e a r l i e r  enforcement e f f o r t s  and the  
proposed numeric s a l i n i t y  c r i t e r i a .  

A s a l i n i t y  control  program should be regarded as one face t  o f  a com- 
prehensive plan for  management o f  the  t o t a l  water resources o f  the  
Colorado River Basin. Total water nanagement may o f f e r  the  bes t  way 
to plan and contro l  the  i n t e r r e l a t e d  s t r a c t u r e s  and the  nonstn tc tura l  
measures t o  o p t i a i z e  the  use and development o f  the  water resources 
f o r  the  good o f  the  people. Cnder such management, the  e f f e c t s  of 
s a l i n i t y  would be cont ro l led  a t  l eve l s  s u i t a b l e  f o r  the  many uses t o  
which t h e  water is placed. A program t o  accomplish t h i s  ob jec t ive  
would e n t a i l  evaluat ion and se lec t ion  of  the  s a l i n i t y  cont ro l  meas- 
ures t h a t  bes t  f i t  within the  t o t a l  water management concept. The 
bas ic  concept underlying t o t a l  water management involves: 

In tegra t ing  water resources management and land use planning, 
0 Planning and con t ro l l ing  of i n t e r r e l a t e d  s t r u c t u r e s  and 

physical fea tures ,  
0 Examining and evaluat ing the  e x i s t i n g  systems, i n s t i t u t i o n s ,  

and l ega l  requirements, 
Displaying a l t e r n a t i v e  plans t o  e x m i n e  q u a l i t y  and quant i ty  

impacts within a r i v e r  bas in ,  and 
Deriving e f f i c i e n t  opera t ional  and mnagement d e s  f o r  the  

r i v e r  system. 

Under t h i s  approach, more planning e f f o r t ,  i n  pa r t i cu la r ,  w i l l  be 
placed on the  evaluat ion of e x i s t i n g  systems, i n s t i t u t i o n s  and 
legal  frameworks to determine whether opera t ions  and f a c i l i t i e s  
could o r  should be modified t o  achieve b e t t e r  management i n  l i g h t  
of new goals and values.  

The s p e c i f i c  a reas  i n  s a l i n i t y  cont ro l  representing the  broad spec- 
t run  of  the  t o t a l  water management concept include: 

1. Mathematical Models o f  t h e  River System 

Due t o  the  complexity o f  the  physical ,  l e g a l ,  and opera t ional  
r e l a t ionsh ips  wit3in t h e  Colorado River Basin, a computerized 
nodel was needed t o  mathematically describe the  behavior and 
improve the understanding o f  such a la rge  water resource system. 
Through the  w e  of such models, t h e  physical fea tures  and pm-  
cesses  can be adequately defined by mathematical formulas which 
simulate the  cont ro l  and flow of  water through the  Basin. 



Tnree mathematical r i v e r  models have been developed by the  Bureau 
of  Reclanation. The f i r s t  is i d e n t i f i e d  a s  the  "Colorado River 
s a l t  rout ing  model" which uses s impl i f ied  t r i b u t a r y  inflow assump- 
t i o n s  and permits ea r ly  evaluat ion o f  t h e  s a l i n i t y  inpacts  r e s u l t i n g  
from water developments and s a l i n i t y  cont ro l  works. I t  e s s e n t i a l l y  
provided d i r e c t i o n  f o r  the  development o f  t h e  more encompassing and 
complex d e l  known a s  "Colorado River s imulat ion m d e l  (CRSY) . I t  

This second m d e l  includes da ta  ana lys i s  c a p a b i l i t y  along with 
simulat ion and spec i f i c  opera t ing  c r i t e r i a .  I t  i s  a highly sophis- 
t i c a t e d  representa t ion  o f  t h e  Colorado River System and is set up 
t o  analyze impacts o f  changes i n  opera t ing  c r i t e r i a ,  e f f e c t s  o f  
fu ture  developments, augmentation and o the r  influences on t h e  flow, 
including s t o c n a s t i c  hydrology, and s a l i n i t y  con t ro l  measures. 
khen a l l  parameters o f  t h e  Basin a r e  analyzed, dissolved s o l i d s  
a r e  routed through all reaches and rese rvo i r s ,  and a r e  monitored 
f o r  tfie time s t r u c t u r e  of  t h e  flow and q u a l i t y  a t  17 gaging s t a -  
t i o n s  i n  the  -lorado River Basin. The t h i r d  program is  known as 
t he  "Colorado River Storage Project." This m d e l  was developed 
pr imar i ly  t o  incorporate d e t a i l e d  opera t ing  c r i t e r i a  and was l a t e r  
expanded t o  account f o r  development schedule v a r i a t i o n s  and water 
qua l i ty .  

Other d e l s  such a s  the simulat ion d e l  ''CORSIW developed by 
the  Colorado River Water Conservation District axe used by local  
agencies f o r  planning purposes. 

Computerized models not only a i d  i n  d e t s t l i n i n g  the aast e f f e c t i v e  
measures f o r  s a l i n i t y  con t ro l ,  but a l s o  provide a monitoring tml 
f o r  continued evaluat ion of completed p r o j e c t s .  

2. I n s t i t u t i o n a l  and Legal Analysis 

Present water laws encourage over i r r iga t ion ,  p a r t i c u l a r l y  by those 
having s e n i o r i t y ,  t o  p ro tec t  t h e  p r i o r i t y  o f  t h e i r  r i g h t s .  These 
laws a r e  i n f l e x i b l e  and tend t o  discourage s y s t e m  improvements, 
improved management, and e f f i c i e n t  use of water. 

E f f o r t s  .are being made t o  analyze t h e  e x i s t i n g  and p o t e n t i a l  
i n s t i t u t i o n a l  and l ega l  means ava i l ab le  t o  cont ro l  the  var ious  
sources of po l lu t ion ,  in t r abas in  t r a n s f e r ,  desa l t ing ,  and water 
management and i r r i g a t i o n  p rac t i ces .  

I t  i s  expected t h a t  t h e  s tud ies  w i l l  r e s u l t  i n  conclusions and 
reconmendations r e l a t e d  t o  e x i s t i n g  l e g i s l a t i o n ,  water -we prac- 
t i c e s ,  and contrac tual  arrangements. The most e f f i c i e n t  use o f  
Colorado River water nay requ i re  a basinwide plan o f  operat ion 
with s t r i c t  con t ro l s  on d ivers ion  and use,  co r rec t ive  aeasures 



provided a t  c r i t i c a l  po in t s  in  the  system, economic incentives 
t o  encourage e f f i c i e n t  water use, and equi table  m a n s  of financ- 
ing the  q u a l i t y  enhancement program. 

3. Economic Evaluation o f  Xater Quali ty 

Current research is intended t o  complement the  parameters estab- 
l i shed by EPX. Exist ing in?ut-output nodels a r e  being improved 
through the  use of op t in iza t ion  procedures, and l i n e a r  prograning, 
which i n t e r n a l l y  s e l e c t s  the  bes t  acreage, crops, and i r r i g a t i o n  
p rac t i ces  in  response t o  s a l i n i t y  changes. The da ta  generated 
w i l l  be used t o  der ive  damage functions t o  be a t tached t o  the  
Colorado River s inu la t ion  model. I t  w i l l  then be g o s s i b l e  t o  
more accura te ly  a sce r t a in  the  econonic impact of various manage- 
ment a l t e r n a t i v e s ,  s a l i n i t y  con t ro l  schemes, water resource 
development p ro jec t s ,  se lec ted  fu tu re  condit ions,  and o the r  
c u l t u r a l  p r a c t i c e  modifications. 

4. Desaltinn Processes 

Current technology has made severa l  comerc ia1  processes ava i l ab le  
f o r  use i n  the  treatment o f  s a l i n e  water such as reverse  osmosis, 
e l e c t r o d i a l y s i s ,  and ion exchange. Process s e l e c t i o n  depends upon 
the  q u a l i t y  of the  s a l i n e  water, volume, and the  major econoaic 
f a c t o r s  of  energy c o s t s  and b r ine  d isposal .  

One a l t e r n a t i v e  t o  con t ro l l ing  the  s a l i n i t y  i n  the  Colorado River 
would be t o  d e s a l t  the  water a t  the  po in t s  o f  diversion.  For 
i r r i g a t i o n  purposes, t h i s  would involve large  d e s a l t i n g  p lan t s .  
For o the r  3161 purposes, smaller  capacity p lan t s  might be u t i l i z e d .  
Such a program could t a i l o r  the  q u a l i t y  of water to meet user  
spec i f i ca t ions .  In some divers ion  cases ,  the  des i red  s a l i n i t y  
concentrat ion might involve a reduction of only 200 t o  400 ng/l 
but a l s o  p s e  desa l t ing  p lant  capac i t i e s  o f  500 t o  2,000 mi l l ion  
gal lons  per  day. Ion exchange i s  a d e s a l t i n g  method t h a t  shows 
promise in  t h i s  range of appl ica t ion .  

In a cooperative e f f o r t  w i t h  t h e  Off ice  o f  Water Research and 
Technology, a preliminary study on the  f e a s i b i l i t y  o f  applying 
ion  exchange technology was completed i n  1972. The study indi-  
ca ted  that the re  i s  a p o s s i b i l i t y  of  achieving large-sca le  
r i v e r  q u a l i t y  cont ro l  a t  l5e  500-ng/l l eve l .  Product water 
recovery could be expected t o  range between 89 and 95 percent .  

The study was supported by a 6-week ion exchange d e s a l t i n g  p i l o t  
p lan t  operat ion on the  Colorado River below Davis Dan. Tine 5,300- 
gallon-per-day p lant  successful ly  operated on 750 m g / l  water t o  



y ie ld  a product water of 500 mg/l. Several r e s i n s  and process 
conf igura t ions  were examined. For tne  various processes,  recorn- 
mended regenerate chemicals a r e  s u l f u r i c  ac id  and a m n i a .  

These chemicals a r e  tire most important s i n g l e  c o s t  element i n  the  
economic s t r u c t u r e  o f  :he e n t i r e  process. I t  is conceivable t h a t  
these  c o s t s  could be reduced considerably by using i n d u s t r i a l  
waste products from new energy development f a c i l i t i e s  and o t h e r  
sources u i t h i n  the  basin. 

Considerable problems can be foreseen f o r  applying ion exchange 
processes on a very large s c a l e .  Therefore, i n  t h e  fu tu re ,  
a t t e n t i o n  u i l l  be d i rec ted  toward developing d e s a l t i n g  p l a n t  
designs k-itn increased capacity t o  t r e a t  the  major d ivers ions  
an t i c ipa ted  i n  fu tu re  years. 

I r r i g a t i o n  Efficiency Studies  

Water losses  can be reduced by improving farm i r r i g a t i o n  e f f i c i e n -  
c i e s  and a t i n h i z i n g  losses  from conveyance systems. Minimi zing 
losses  from conveyance systems is a straightforward matter  o f  
economics and opera t ing  e f f i c i ency .  Available technology includes 
systems completely enclosed i n  p ipes ,  l ined  channels of  various 
ma te r i a l s ,  o r  the  use of chemical sea lan t s .  Yaximizing i r r i g a t i o n  
e f f i c i e n c i e s  is a much s o r e  d i f f i c u l t  mat ter  enconpassing complex 
so i l -ua te r -p lan t  r e l a t ionsh ips ,  farm economics, and individual  
preferences.  Elimination o r  reduction o f  water l o s s  mt be 
accomplished i n  a manner and under condit ions t h a t  w i l l  a s su re  
sus ta ined product iv i ty .  To increase  present  average onfana irri- 
gat ion  e f f i c i e n c i e s  of 30 t o  40 percent  t o  60 t o  70 percent u i l l  
requi re  c a p i t a l  investments o f  $300 o r  more per  ac re .  In add i t ion ,  
the  program w i l l  r equi re  s u b s t a n t i a l  Federal incent ives ,  increased 
engineering and technica l  a s s i s t ance ,  research and demonstration 
o f  new technology, education and information programs, and accep- 
tance of  the  program by near ly  a l l  the  i r r i g a t o r s .  

An agreement was executed on April  24, 1973, between the  Bureau 
of Reclamation Department o f  the  I n t e r i o r ,  and the  Agr icul tura l  
Research Service (M) , Department o f  Agriculture , t o  conduct 
research on i r r i g a t i o n  app l i ca t ion  r a t e s  i n  r e l a t i o n  t o  s a l i n i t y  
output ,  from lands i n  the  Grand Valley, Mesa County, Colorado. 
The reserach program w i l l  continue t o  June 30, 1977, a t  an e s t i -  
mated t o t a l  cos t  o f  $1,294,000. The Bureau o f  Reclamation agreed 
t o  fund a t o t a l  o f  $584,000 o f  the  program, and the  ilRS the  
remaining $710,000. 



Aesearch in cooperation u i t n  t5e  Agr icul tura l  Research Service 
is  aimed a t  evalaa t ing  the po ten t i a l  o f  increas ing i r r i g a t i o n  
e f f i c i ency  through use of  high-frequency, low-volune i r r i g a t i o n  
sp r ink le r  appl ica t ions  and advance g rav i ty  appl ica t ion  methods 
and r e l a t i n g  the  r e s u l t s  of these appl ica t ions  t o  the  s a l i n i t y  
output from the  i r r i g a t e d  areas .  This w i l l  involve q u a n t i t a t i v e  
s tud ies  of the  n ine ra l  weathering and s a l t  p rec ip i t a t ion  a s  a 
function of i r r i g a t i o n  managezent on the  s o i l s  of  t h e  Grand Valley 

d area.  ~ n e  research w i l l  a l s o  attempt t o  de ternine  Frocedures 
needed fo r  predic t ing  mineral weathering and s a l t  ? rec ip i t a t ion  
f o r  r ep resen ta t ive  soils and waters i n  o the r  locat ions o f  L\e 
Colorado River Basin. 

Preliminary review of the  experimental procedure by aureau and 
ARS personnel r e su l t ed  i n  agreement t o  conduct addi t ional  p r io r -  
i t y  inves t iga t ions  t o :  (1) loca te  major gaps i n  t h e  knowledge o f  
s a l t  r e tu rn  flow processes i n  Grand Valley, and (2) determine t h e  
volumes of water enter ing  the  ground-water system as deep percola- 
t ion  from f i e l d s  i r r i g a t e d  under p reva i l ing  methods. Uther  s tud ies  
w i l l  be undertaken to est imate r a t e s  of flow and s a l t  concentra- 
t i o n  of  water exchanged between ground-water bodies and open 
drainages and to determine whetner aqu i fe r  c h a r a c t e r i s t i c s  a r e  
amenable t o  pumping s u f f i c i e n t  s a l i n e  ua te r  from them so a s  t o  
in te rcep t  a s i g n i f i c a n t  amount of  water now flowing t o  t h e  Colo- 
rado River. 

A t  the  time of  t h i s  publ ica t ion ,  part of t h i s  researcn has been 
completed. In the  spring of 1973, ARS leased a 42-acre f i e l d  
near  F m i t a ,  Colorado, f o r  s t u d i e s  of  s o i l  s a l i n i t y  under high- 
frequency, uniform spr ink le r  i r r i g a t i o n s ,  and comparable s tud ies  
of  furrow i r r i g a t i o n .  A center-pivot  sp r ink le r  system, modified 
t o  apply th ree  d i f f e r e n t  leaching f r a c t i o n s ,  and ins t runenta t ion  
t o  measure s o i l  s a l i n i t y ,  s o i l  moisture l e v e l s ,  water app l i ca t ions ,  
and deep percolat ion amounts were i n s t a l l e d  soon a f t e r .  A farm 
d i t c h  was d i f i e d  t o  allow use of  gated pi?e t o  supply i r r i g a t i o n  
water t o  the  furrowed sec t ion  o f  the  f i e l d .  S a l i n i t y  sensors and 
runoff flumes were a l s o  used on the  furrow study area.  A precis ion  
weighing lysimeter was i n s t a l l e d  on one o f  the  sprinkled p l o t s .  

In the  f a l l  of  1973, s i x  vacuum ex t rac to r s  were i n s t a l l e d  under 
furrow p l o t s ,  allowing d i r e c t  measurement o f  deep percola t ion .  
Also, i n  the  spring o f  1974, a p l a s t i c  p ipel ine  was i n s t a l l e d  t o  
serve  the  furrow i r r i g a t e d  port ion of  the  study area.  

Subsequent to 1973, add i t iona l  ex t rac to r s  have been i n s t a l l e d  and 
maintained, seepage measurements taken along the  Government High- 
l i n e  canal ,  sur face  and ground-water saaples taken and analyzed, 



water t a b l e  observation wells naintained,  s a l t  washes mpped by 
inf rared  equipment, several  l y s i n e t e r s  i n s t a l l e d ,  flow aeasuring 
devices i n s t a l l e d ,  and geological  inves t iga t ions  xade. Monitoring 
of a l l  the  equipment is  being continued. h u a l  progress r epor t s  
of t h e  inves t iga t ions  a r e  submitted t o  the  Bureau of  Reclanation 
and seni-annual repor ts  t o  the  EPA. 

X nunber of  o the r  researcii programs and a c t i v i t i e s  which have a 
d i r e c t  bearing on the \%I and I?!S program a r e  being conducted 
i n  the  va l ley .  Included a r e  research on automated systems by the  
Colorado h a t e r  Conservation Board, cos t  sharing of conservation 
p rac t i ces  by the  Agr icul tura l  S t a b i l i z a t i o n  and Conservation 
Service, and tec:3mical a s s i s t ance  t o  farmers by the  SCS. The SCS 
is naking a d i l i g e n t  e f f o r t  i n  contac t ing  t h e  individual  f a r n  
u n i t s  f o r  p a r t i c i p a t i o n  in the  INS program and f o r  c o l l e c t i n g  
information on present  fana  e f f i c i e n c i e s  as well  a s  po ten t i a l  
e f f i c i e n c i e s .  The SCS suppl ies  technica l  a s s i s t ance  t o  various 
f a r n  u n i t s  i n  the  cont ro l  of sediments and s a l t s ,  a s  well a s  
information on water conservation through proper i r r i g a t i o n  prac- 
t i c e s  and maintenance of f a c i l i t i e s .  The Agr icul tura l  Engineering 
Department, Colorado S t a t e  Universi ty (CSU), is a l s o  conducting 
s a l i n i t y  research  f o r  the  EPA. The Department is c u r r e n t l y  moni- 
t o r i n g  the  s a l i n i t y  o f  the  water before and a f t e r  its use f o r  
i r r i g a t i o n .  

The Colorado Water Conservation Bosrdls research on automated 
systems includes a p i l o t  d e m n s t r a t i o n  p ro jec t  f o r  automated 
i r r i g a t i o n  systems i n  the  va l l ey .  The primary ob jec t ive  is t o  
test various modern onfarm i r r i g a t i o n  systems and develop those 
showing the  mst promise f o r  use i n  t h i s  a rea .  The systems 
include an automated border i r r i g a t i o n  system, an a u t m a t e d  
pump-back system and d r i p  i r r i g a t i o n  systems. 

liSDA a c t i v i t i e s  and programs provide technica l  a s s i s t ance  t o  
f a m e r s  f o r  accomplishing onfann i r r i g a t i o n  systems and manage- 
ment improvements and inproving watershed condit ions t o  reduce 
erosion.  

Since the  middle 1930rsJ  the  S o i l  Conservation Service has been 
a s s i s t i n g  landowners i n  con t ro l l ing  s o i l  erosion and managing 
t h e i r  water resources. This a s s i s t ance  includes conservation 
planning and appl ica t ion  o f  conservation Frac t i ces ,  including 
i r r i g a t i o n  p rac t i ces  t o  improve onfarm i r r i g a t i o n  e f f i c i e n c i e s .  
In recent  years ,  0nfa.m i r r i g a t i o n  improvenents have been empha- 
s ized  a s  an important method of r.&ucing s a l t  cont r ibut ion  t o  
the  r i v e r  f ron  i r r i g a t e d  land. The Agr icul tura l  S t a b i l i z a t i o n  



a ~ d  Conservation Service i n  cooperation witn SCS has been invol- 
ved i n  c o s t  sharing o f  conservation p rac t i ces  such a s  d i t c h  
l in ing ,  p ipe l ines ,  land level ing ,  drainage, and ua te r  cont ro l  
s t ruc tu res .  

6.  Sys tem Operations Studies  

Systems operat ions s tud ies  a r e  schedcled f o r  the  lower Colorado 
River. T3ese s tud ies  v i l l  seek t o  develop improved mcagement 
procedures t h a t  w i l l  permit opera t ian  of  the  r e se rvo i r s  i n  such 
a manner a s  t o  i ~ p r o v e  overa l l  ua te r  q u a l i t y .  These s tud ies  
v i l l  a s e  matnenatical s inu la t ion  m d e l s  t o  evaluate tne  r eac t ion  
o f  water q u a l i t y  i n  the  r e se rvo i r s  and the  r i v e r  t o  chaages i n  
operat ion cri:eria. The motels w i l l  s i m l a t e  the  s torage  of  Later  
provided by Lakes !4eaci, Mohave, and ihvasu, and the  Senator Wash 
Reservoir and the  t ranspor t  of  water and dissolved s a l t s  i n  the  
r i v e r  sec t ions  connecting these  r e se rvo i r s .  Po ten t i a l  revis ions  
i n  operat ion procedures t h a t  w i l l  be t e s t ed  include s h i f t i n g  
s to rage  between rese rvo i r s  and increas ing rese rvo i r  r e l eases  
f o r  the  d i l u t i o n  of r e tu rn  flows during t n e  lw- f low periods.  

7. Reservoir Water Ouali tv Studies  

The Lake Powell Research Project  (LPRP) , o f f i c i a l l y  e n t i t l e d  
"Collaborative Research on Assessrcent o f  Man's A c t i v i t i e s  i n  the  
Lake Powell Region," is beiag conducted by a consortium of academic 
i n s t i t u t i o n s  under the  sponsorship of  the  Research Applied t o  
National Needs ( W X )  progrm of  t h e  National Science Foundation. 
The Project  f o m l l y  caine i n t o  exis tence  i n  1971. The WIreau of  
Reclamation has cooperated with t h e  Projec t  by exchanging d a t a ,  
a s s i s t i n g  i n  f i e l d  work, and providing l imited f i n a n c i a l  support 
f o r  those subprojects  t h a t  have d i r e c t  appl ica t ion  t o  opera t ional  
programs of tire r e se rvo i r .  The LPRP cons i s t s  of  16 subprojects  
coveri-ng a wide range of d i s c i p l i n e s ,  four of wnich deal  with some 
aspect  of Lake Powell water qua l i ty .  Tnese a r e :  ( I )  Cul tura l  
Eutrophication, (2 )  Heavy Metals, (3) Geochemistry, and (4) Phys- 
i c a l  E b o l o g y .  

The goals of  the  Cul tura l  Eutrophication subproject a r e  t o  develop 
indices of euthrphicat ion,  measures of primary p r d u c t i v i t y ,  and 
t o  understand the  impact of man on rese rvo i r  aquat ic  ecology. Lake 
water samples a r e  being analyzed t o  de ternine  parameters f o r  measur- 
ing phytoplankton, zooplankton, b ioaass ,  r a t e  of  carbon f i x a t i o n ,  
and c o l i f o r a  and o ther  i n t e s t i n a l  bac te r i a .  The inves t iga to r s  
have t e n t a t i v e l y  concluGed t h a t  Lake Powell is "mildly" eutrophic.  



The general  goal of the Heavy Metals subproject  i s  t o  e s t a b l i s h  
base l ine  levels  of concentrat ion f o r  c e r t a i n  ca t ions  i n  a  va r i -  
e t y  of kinds o f  material  of  the  aquat ic  ecosysten including water,  
s o i l s ,  sediments, p l an t s ,  and f i s i .  The ana lys i s  program includes 
i ron ,  calcium, lead ,  copper, zinc,  chromium, magnesium, cadmium, 
and mercury. 

The Geochemistry subproject is d i rec ted  toward (1) e m i n i n g  t h e  
tine-dependent d i s t r i b u t i o n  of  chemical elements i n  the  lake  and 
(2) quantifying the  ions added t o  the  lake by so la t ion  and/or 
chemical p r e c i p i t a t i o n .  A c t i v i t i e s  have included: (1) s a i p l i n g  
and analyzing main channel and bay waters,  (2) recent  inplenen- 
t a t i o n  of  the  sampling progras t o  include input  and output waters 
of the  lake system, (3) developnent of a  hypsonetr ic  computer 
model of the  lake,  and (4) laboratory s tud ies  o f  calcium carbon- 
a t e  p r e c i p i t a t i o n  in Lake P m e l l  water samples. 

Field and laboratory s t u d i e s  of  take Powell by the  Projec t  i n v e s t i -  
ga to r s  suggest t h a t  p r e c i p i t a t i o n  o f  calcium carbonate is the  s o s t  
q u a n t i t a t i v e l y  i apor tan t  chemical process t h a t  a l t e r s  water q u a l i t y  
a s  a  r e s u l t  of  inpoundment. The p r inc ipa l  inves t iga to r s  es t imate  
t h a t  the  t o t a l  reduction of s a l i n i t y  i n  the  lake due to  t h i s  process 
could reach a l eve l  of 7 t o  8 percent  a t  f u l l  r e s e r v o i r  capaci ty .  

TRe goals  of t h e  Physical Li,mology subproject  a r e :  (1) t o  f ind  
and understand the  chemical and physical matrix provided by t h e  
lake and its subsequent e f f e c t  on water q u a l i t y  and b io log ica l  
p o t e n t i a l ,  and (2) t o  provide basel ine d a t a  on c i r c u l a t i o n  and 
cur ren t s  within the  lake as it approaches f u l l  volume. Samples 
a r e  being obtained t o  determine the  synoptic  d i s t r i b u t i o n  o f  
temperature, conductivi ty ( s a l i n i t y ) ,  oxygen, chemistry, and 
t u r b i d i t y .  

8. Vegetation and Watershed Management 

A program has been developed with Arizona S t a t e  Universi ty t o  
determine t h e  e f f e c t  o f  phreatophyte removal upon w i l d l i f e  popu- 
l a t i o n s  with emphasis upon s e l e c t i v e  c l ea r ing  and vegetat ion 
management. The e f f e c t  of  phreatophyte r e m v a l  on w i l d l i f e  
populations w i l l  be s tudied using d i f f e r e n t  c l e a r i n g  p a t t e r n s  
along with vegetat ion management techniques, including revege- 
t a t i o n ,  p a r t i a l  d e f o l i a t i o n ,  and suppression of  e x i s t i n g  vege- 
t a t i o n .  The study program i s  being conducted along t h e  281-mile 
reach o f  the  Colorado Xiver from Davis Dam t o  the  in te rna t iona l  
boundary, and i s  designed t o  e s t a b l i s h  a record of e x i s t i n g  con- 
d i t i o n s  and t o  determine the  changes of w i l d l i f e  occupants and 



use following the  vegetation wanipulation p rac t i ces .  Tine s tud ies  
w i  11 provide the  following information : 

a. Plant  species composition and dens i ty  along wi th  obtaining 
phenological da ta  i n  c l i m x  and successional c o m u n i t i e s ,  

5. Macro and microclimatic condit ions i n  addi t ion  t o  the  
pnysical  and & m i c a 1  c h a r a c t e r i s t i c s  of  the  s o i l  i n  both 
c l inax and successional communities, 

c .  The r e l a t i v e  dens i ty  and product iv i ty  of b i rds ,  rarmpals, 
r e p t i l e s ,  and amphibians throughout t h e  year ,  

d. Wt types of h a b i t a t  d i f i c a t i o n s  a r e  benef i ca i l  o r  
de t r imenta l  to  the  various f o m  of w i l d l i f e  u t i l i z i n g  the  
p lan t  c o ~ i t i e s ,  and 

e. Data t o  cons t ruct  models so t h a t  confident  predic t ions  
can be made regarding: (1) species composition and dens i ty  
of w i l d l i f e  u t i l i z i n g  various p lan t  communities, (2)  what 
w i l d l i f e  cnanges w i l l  occur with cont ro l led  modifications 
of  the  p lan t  comrrunities, and (31 what e f f e c t s  present  and 
fu tu re  land-use pa t t e rns  m y  have on species  canposi t ion 
and population d e n s i t i e s .  

Approxinately 1,700 acres  of Colorado River flood p la in  below 
' Laguna Dam north of Y m a ,  Arizona, a r e  being pe r iod ica l ly  mowed 

w i t h  an 84-inch ro tary  mower t o  suppress sa l t cedar ,  mesquite, 
willows, and arrokweed. About 150 acres  i n  the  flood p la in  a r e  
being p$riodically sprayed w i t h  herbicides.  Emergent weeds must 
be removed from the  o?en channel t o  provide capacity f o r  i r r i g a -  
t i o n  r e t u r n  flow and s t o m  runoff following the  infrequent  storms. 
Mowing is accomplished on a s e l e c t i v e  b a s i s  whereby designated 
t r e e s  along with clumps of bnrsh a r e  l e f t  undistrubed t o  provide 
h a b i t a t  f o r  a l l  types of w i l d l i f e .  Vegetation is  not  renoved 
along the  edge of  the  r i v e r  channel, on slopes of  the  levee,  and 
i n  mars3 a reas .  P lants  growing i n  these  areas  s t a b i l i z e  the  
s o i l  and provide cover f o r  w i l d l i f e .  

P r io r  t o  the  mowing program, the  maintenance p rac t i ce  had been 
disking,  chopping, and c lea r ing  with a roo t  plow. Tinese prac- 
t i c e s  were ' e f fec t ive  but r e su l t ed  i n  destroying a l l  t h e  vege- 
t a t i o n  and d id  not allow the  annual p lants  t o  s t a b i l i z e  the  
s o i l .  Mowing, which is required a s  a rout ine  maintenance prac- 
t i c e ,  encourages establishment o f  vegetat ion and does not  k i l l  
a l l  e x i s t i n g  p lan t s  a s  wind erosion i s  reduced and daaage t o  
adjacent  farmlands and crops is  minimized. 



In addi t ion  t o  the  current  research on phreatophyte con t ro l ,  such 
as t he  use of a n t i - t r a n s p i r a n t s ,  o ther  ecologica l ly  sound vegeta- 
t i o n  and watershed management techniques could reduce the amount 
of sediment and dissolved mineral matter from some areas ,  and a l s o  
increase  the water y ie ld  from o the r  a reas .  The research ,  evalua- 
t i o n ,  and implementation of this method of s a l i n i t y  cont ro l  w i l l  
probably involve m y  years .  

9. Return Flow U t i l i z a t i o n  

The concept involves the capture  of c o l l e c t i o n  o f  poor q u a l i t y  
i r r i g a t i o n  re tu rn  flows, then conveying and poss ib ly  t r e a t i n g  
t h i s  water f o r  spec ia l i zed  nonagricultural  uses.  These specia l -  
ized  uses could range from cooling water o f  e l e c t r i c  generat ing 
p l a n t s  t o  the  recharging of geothermal wells  o r  o t h e r  i n d u s t r i a l  
processes. Although the  use of these r e tu rns  f l w s  r e s u l t s  i n  a 
n e t  deple t ion  t o  the  r i v e r ,  s a l i n i t y  is a l s o  reduced by preventing 
t h e  poor q u a l i t y  r e tu rn  flows from en te r ing  the  r i v e r .  

Under present  condi t ions ,  the  bes t  prospects  f o r  applying d e s a l t i n g  
t o  r e tu rn  flows involves minimizing the  volume, i s o l a t i n g ,  and co l -  
l ec t ing .  Thus, p r a c t i c a l  desa l t ing  o f  r e tu rn  flows depends upon 
higher i r r i g a t i o n  e f f i c i e n c i e s  and the  economic environment of the  
i r r i g a t e d  area.  

Current e f f o r t s  have been primari ly t o  review po ten t i a l  indus t r i e s ,  
poss ib le  s i t i n g  f a c i l i t i e s ,  and preliminary design of c o l l e c t i o n  
systems. 

10. Weather Modification 

By 1980, weather lwdi f i ca t ion  research now i n  progress is expected 
t o  develop a r e l i a b l e  and workable system f o r  increasing prec ip i -  
t a t i o n .  .. In the  Colorado River Basin 1 t o  2 mi l l ion  ac re - fee t  p e r  
year  could be made ava i l ab le  t o  cont r ibute  toward s a l i n i t y  improve- 
ment. The favorable n e t  benef i t s ,  the  f l e x i b i l i t y  of use, and t h e  
opportunity f o r  obtaining even g r e a t e r  new water f i e l d s  w i th  
advanced techniques p i n t  t o  weather modification a s  a des i rab le  
too l  f o r  water resources management. A desc r ip t ion  of  this p i l o t  
research program and i ts  environmental impacts a r e  being prepared 
by Division o f  A m s p h e r i c  Water Resources ZJanagement, Bureau o f  
Reclamation. A b r i e f  program desc r ip t ion  is found i n  Chapter VIII.  

11. Seawater Desalting 

The coas t  of southern Ca l i fo rn ia  has been under in tens ive  study 
t o  s i t e  large-scale seawater d e s a l t i n g  7 l a n t s .  Recent reconnias- 
sance s tud ies  have evaluated desa l t ing  p l a n t s  a t  Diablo Canyon 



(40 ni 1 l ion  gal  lons per  day [Ygal/d] ) , Encino-San Diego (40 Hgal/d), 
San Diego Refuse Incinerator  Project  (32 Mgal/d), and Orange County 
Xater Factory 21 (3 >lgal/d). Ult i i lately,  large-scale,  dual-purpose 
desa l t ing  p l a n t s  may not only augment local  municipal and i n d u s t r i a l  
suppl ies  but a l s o  export or exchange water t o  neet  inland desands 
such a s  augmenting the  flow of the  Colorado River. A s  a consequence, 
d e s a l t i n g  i s  s t i l l  expected t o  have a r o l e  i n  providing fu tu re  water 
suppl ies  f o r  augmentation purposes. A s  such, the  po ten t i a l  impacts 
o f  seawater desa l t ing  f o r  exchange water and water q u a l i t y  improve- 
ment i n  the  Colorado River should be recognized and monitored. 

12. Control o f  Effluent  from Powerplants 

Since 1970, ac t ion  has been taken with respect  t o  the  e f f e c t s  o f  
cooling tower blowdown water from thermal-e lec t r ic  powerplants 
on the  s a l i n i t y  of  the Colorado River. Cooling water i n  the  towers 
evaporates, a d  s a l t  i n  the  remaining water becomes increas ingly  
concentrated. The cooling water must be maintained a t  o r  below 
s p e c i f i c  l eve l s  o f  concentrat ion;  t h i s  is accomplished by d i s -  
charging, o r  "blouing down'' a por t ion  of the  water, and replacing 
it with f r e sh  water. A t  the ?resent  time, the re  a r e  f i v e  la rge  
coa l - f i r ed  thermal-e lec t r ic  generat ing p l a n t s  e i t h e r  i n  operat ion 
o r  under cons t ruct ion  within the  Colorado River Basin, and o thers  
a r e  planned. A s  a consequence o f  disposing of t h e i r  blowdown 
water, the cooling water a s  well as i t s  dissolved s a l t s ,  w i l l  be 
removed from the  r i v e r .  The ne t  e f f e c t ,  however, of water deple- 
t i o n  alone w i l l  r e s u l t  i n  increases i n  r i v e r  s a l i n i t y  downstrean. 

13. Other Indus t r i a l  Uses 

Coal g a s i f i c a t i o n  p lan t s  a r e  being planned for const ruct ion  i n  
New Yexico on the  Savajo Indian Reservation. Under t h e  1985 
goal of "zero dischargew of po l lu tan t s  spec i f i ed  f o r  P.L. 92-500, 
any cooling water o r  o the r  degraded i n d u s t r i a l  water would not be 
returned t o  the  r i v e r  system. A s  w i t h  t he  thermal-e lec t r ic  p lan t s ,  
some dissolved s a l t s  would be removed; however, the re  would s t i l l  
be some increase i n  s a l i n i t y  d o n s t r e a n  due to the  consumptive use 
of  water by the  g a s i f i c a t i o n  p lan t s .  The s a l i n i t y  impact o f  this 
deple t ion  w i l l  depend on the nunber o f  p l a n t s  and use pa t t e rns .  

The S a t i o n f s  increasing d e a n d  f o r  o i l  has caused both indust ry  
and Government t o  proceed with plans f o r  the  mining o f  the  tremen- 
dous o i l  sha le  reserves  of  t;?e Upper Colorado River Basin and t h e  
ex t rac t ion  of  o i l  from the  shales .  A f i n a l  Environmental Inpact 
Statenent  of the  Government's o i l  sha le  leas ing p rogrm was recen t ly  
conpleted.[7] The statement recommends severa l  measures preventing 
t h e  r e tu rn  of processing water with d issolved s a l t s  t o  the  r i v e r  
sys tern. 



In the Lower Colorado River Basin, the San Diego Gas and Electric 
Company has been working on plans to construct a large nuclear 
powerplant in the Colorado desert near Blythe, California, using 
the saline Palo Verde Irrigation District drain water for cooling. 

I t  is estimated that up to 100,000 acre-feet of drain water a 
year could be used by electr ic  u t i l i t i e s  in southern California 
for proposed electr ic  generating faci l i t ies .  

14. Reappraisal of Authorized Bureau of Reclamation Water 
Develo~ment Proiects 

The Office of Management and Budget has directed that a reappraisal 
be made by the Bureau of Reclamation of presently authorized but  
unconstructed projects within the Upper Colorado River Basin to  
identify the sal ini ty impact of such projects. In making this  
appraisal, the Bureau of Recla.mtion nay change some features of 
the projects so that the salinity impacts w i l l  be minimized. 
This !nay be accomplished by carefully analyzing lands scheduled 
to receive irrigation water to assure that lands overlying saline 
formations w i l l  be excluded, planning onfarm fac i l i t i e s  to  reduce 
excess applications of water by farmers, changing use of the 
project water from irrigation to  mnicipal and industrial uses 
which are expected to  add less sa l t  to the system, and other 
possible alternatives. 

15. Blending of Colorado River Water 

The Yetropolitan Water District (MTD) of Southern California 
iziports over 1 million acre-feet a year of Colorado River water 
into the southern California coastal plain, where over 10 million 
persons reside. Upon the 1972 completion of the f i r s t  stage of 
the California State Water Project, the District had available to 
it added quanties of Northern California water containing only 
about one-third the sal ini ty of Colorado River water. To reduce 
the sal ini ty of the water delivered to i t s  service area, the D i s -  
t i r c t  recently announced a program involving significant expendi- 
tures which would allou distribution of a 50-50 blend of the two 
waters to 75 percent of i t s  service area. By such a blending 
operation, WD can deliver better quality water to its customers 
and reduce Colorado River Water diversions. Reduced diversions 
from the river, i n  t u r n ,  may reduce the sa l t  concentration effect 
and provide improved water quality for downstrean water users. 

16. Geothermal Hater 

Funding for geothemal research i n  the Imperial Val ley, California, 
area began in 1968. This research led to the identification of 



severa l  geothermal anoml ies .  Data obtained from t e s t  holes and 
t e s t  desa l t ing  plaiits have iadica ted  the  po ten t i a l  f o r  econozic 
production of geothermal water. Large-scale development could 
provide an a t t r a c t i v e  source f o r  augmenting the  flow of the  
h w e r  Colorado River. 

The q u a l i t y  of  geothemal water saypled from wells a t  the East 
Xesa Test  F a c i l i c i t y  in  the  I n ~ e r i a l  Valley o f  Southern Ca l i fo rn ia  
ranges f r o 3  1,803 t o  20,300 ng/l  t o t a l  dissolved so l ids .  Both 
d i s t i l l a t i o n  and membrane desa l t ing  technology can be applied t o  
water i n  the  range of chemical qua l i ty  t o  produce product water 
o f  a j o u t  50 ng/l .  

D. Authorized Prograv Units Under P.L. 93-320, T i t l e  I 1  

The following sec t ions  descr ibe  tne s a l i n i t y  cont ro l  u n i t s  t h a t  have 
been authorized f o r  construct ion,  f e a s i b i l i t y  inves t iga t ion ,  o r  con- 
t inuing study. 

1. I n i t i a l  Control Gnits f o r  Construction 

hihen i n s t a l l e d ,  a l l  four i n i t i a l  u n i t s  w i l l  be monitored t o  t e s t  
t h e i r  e f fec t iveness  i n  s a l i n i t y  cont ro l  and w i l l  provide needed 
data  f o r  o the r  inves t iga t ions .  These i n i t i a l  un i t s  w i l l  reduce 
the  s a l i n i t y  of the  Colorado River a t  Imperial Dam by about 43.6 
mg/l, r e s u l t i n g  in aa annual average benef i t  of about $10,028,000 
t o  water users  i n  the Lower Basin S t a t e s  based on USER s a l i n i t y  
inpact  s tudies  c i t e d  previously i n  t h i s  chapter .  

The Las Vegas Hash and Crystal  Geyser Units a r e  addressed below 
in mre d e t a i l  s ince  environmental da ta  was made ava i l ab le  i n  
advance of the o ther  authorized u n i t s .  

a.  Las Vegas Wash Unit,  Nevada. - 
(1) Introduction and locat ion.  - Las Vegas Wash is a na tu ra l  
channel located i n  Clark County i n  southern Nevada. The uash 
d ra ins  the  entire Las Vegas Valley watershed area  of  2,200 
square miles and CisLiarges i n t o  the  Colorado River a t  Las 
Vegas Bay of Lake Head. The va l l ey  f l o o r  i s  approximately 
50 miles long and from 3 t o  25 n i l e s  wide and contains the  
l a rges t  population c e n t e r  i n  the  S t a t e .  Tine wash flows 
through the  va l l ey  i n  a genera l ly  southeast  d i r e c t i o n  and 
provides drainage f o r  the  p r inc ipa l  c i t i e s  of  North Las Vegas, 
Las Vegas and Henderson (see f i g .  1-61. An a e r i a l  view of 
the  wash leaving Las Vegas Valley is shown on f i g u r e  1-7. 
For purposes of t h i s  lmit, however, the  uash is considered a s  
being the  lower 11-nile  ?ort ion letween Las Vegas and Lake 
Mead, cons is t ing  of about 2,000 acres of dense r a r s h  and 
phreatophyte v e g e t a t i m  in a s t r i ?  one-half a i l e  vide i n  the  







upper port ion decreasicg t o  a narrow gorge i n  t h e  lower por- 
t i o n .  Continaal ly incrcas ing discharges f r o r  m i c i p a l  
waste-water t r ea txen t  p!ants conbined with i n d u s t r i a l  wastes, 
sur fac ing ground-water r e tu rns  from a g r i c u l t u r a l  i r r i g a t i o n ,  
d o m s t i c  i r r i g a t i o n ,  and s e p t i c  tanks cont r ibute  la rge  amounts 
o f  r e s i a m l  nut r ient -bear iag  and s a l i x e  water t o  t h e  Lover 
Colorado Aiver v i a  Las Vegas Wash a ~ d  Lake ?.lead. The average 
outflow f o r  Las Yegas Ifash during t h e  6-year ?eriod 1370-1975 
is  43,500 acre- fee t  m u a l l y .  These flows have discharged an 
annual average o f  near ly  292,000 tons of  s a l t  i n t o  Lake !lead 
and the  Colorado River. Figure 1-8 is a view of the  wash as 
it  en te r s  Las Vegas Bay of take Wad. The e f f e c t  o f  p ro jec t  
f a c i l i t i e s  described i n  t h i s  docunent would be  a s  noted i n  
the  following tabula t ion .  Adjustnents i n  t3ese  f igures  
r e f l e c t  t h e  influence of  o t h e r  Federal programs t h a t  are 
f u r t h e r  described herein.  

S a l t  removed S a l i n i t y  reduction 
Unit s t age  (tons) - Hoover - Dam Imperial 3am 

F i r s t  s t age  46,000 4 ng/l 4 ng/l 
Second s t age  76,400 ' 8 mg/l 8 mg/l 

2 History. - P r i o r  t o  man's advent,  Las Vegas Wash was 
dry  except f o r  some small loca l  spr ings .  The wash would 
discharge i n t o  tho  Colorado River only during periods o f  
high r a i n f a l l  and runoff.  Xith t h e  development o f  communi- 
t i e s  around the  tu rn  o f  t h e  century accompanied by l i n i t e d  
farming and mining, the  charac ter  o f  t b e  wash changed. Pump- 
i n g  from the  underground aquifers  began and waste waters were 
discharged t o  Las Vegas Wash. Some o f  t h e  water used within 
t h e  va l l ey  percola ted  through the  s o i l  and i n t o  t h e  near  sur-  
face aqu i fe r  and seeped i n t o  t h e  wasn as  ground-water r e tu rn  
flows. 

The construct ion of  Hoover Dan i n  t h e  1930's brought about 
the  first major i n f l u x  o f  people i n t o  t h e  a rea .  This proc- 
ess was accelera ted  i n  t h e  1940's with t h e  cons t ruct ion  o f  
the  i n d u s t r i a l  coinplex (BMI) i n  Henderson, Sevada, which 
s t a r t e d  the  first i p o r t  o f  wator f r o n  Lake !.Lad i n t o  t h e  
va l ley .  Indus t r i a l  waste waters from t h e  unlined evap- 
o r a t i o n  ponds have seeped i n t o  the near  surface  aqu i fe r  over 
t h e  years  cont r ibut ing  s i g n i f i c a n t l y  t o  t h e  ground water 
which discharges i n t o  Las Vegas Hash. Waste water from t h e  
nunicipal  sewage treatment p l a n t s  i n  the  va l l ey  has been 
continously discharged i n t o  the  wash s ince  t h e  1930's and 
1940's. 

In  December 1971, t h e  EPA i n i t i a t e d  enforcement ac t ion  
through Nationa.1 Pol lu tant  Discharge E l in ina t ion  System 
(!PLIES) permits agains t  t h e  major po l lu t ing  e n t i t i e s  i n  



Las Vegas Wash at  Lake Mead. 

Figure 1-8 



Las Vegas Valley. A s  a r e s u l t  o f  t h e i r  ac t ion ,  the  various 
e n t i t i e s  responded w i t h  plans t o  provide workable so lu t ions  
to  the  pol lu t ion  problem. 

In 1973, the  Sevada Legislature empowered Clark County t o  
assume the  resgcmsibi l i ty  f o r  the  co l l ec t ion ,  d i sposa l ,  and 
treatment of sewage and wastewater i n  the  va l ley .  The 1973 
l e g i s l a t i v e  a c t  a l s o  assigned t o  the  County t:?e responsib i l -  
i t y  f o r  the  development and implementation of a po l lu t ion  
abatement plan f o r  the  Las Vegas k s h  and Bay area .  

Clark County's wastewater is a unique chemical and biolog- 
i c a l  blend o f  C o l o r a h  River water,  water from the  Las Vegas 
ground-water basin and the  water-carr ied waste mater ia ls  from 
a highly tour i s t -o r i en ted  d e s e r t  corrrmunity. The unique char- 
a c t e r  of the  water and the  very high water q u a l i t y  s tandards 
s e t  f o r  discharges from Las Vegas Wash requ i re  implementation 
of some of the  l a t e s t  and most advanced wastewater treatment 
(AM') technology ava i l ab le .  The Clark County Sani ta t ion  Dis- 
t r ic t  *has been assigned the  r e s p o n s i b i l i t y  f o r  planning an 
AWT p lan t  which w i l l  t r e a t  the  sewage flows from Las Vegas 
and the  County t o  meet S t a t e  and Federal discharge standards 
f o r  las Vegas Wash, The s a n i t a t i o n  d i s t r i c t  through t h e i r  
Waste Treatment F a c i l i t i e s  Development Section and Nevada 
Environmental Consultants developed a "Design Ver i f ica t ion  
Project"  to evaluate  on a s n a l l  sca le  t h e  innovative design 

. fea tures  to be included i n  the  cons t ruct ion  and operat ion 
of  the  proposed AbT plant .  The test f a c i l i t i e s  have proven 
q u i t e  successful ,  r e s u l t i n g  i n  changes and inaprovements t o  
the p l a n t ' s  f i n a l  design which w i l l  have the  capaci ty  t o  
t r e a t  up t o  90 mi l l ion  ga l lons  p e r  day. The tabula t ion  on 
the  following page d i sp lays  the  r e s u l t s  o f  various s tages  o f  
AWT on the  q u a l i t y  of  the va l l ey ' s  wastewater with r e spec t  
t o  the  water q u a l i t y  s tandards f o r  Las Vegas Wash discharges 
t o  Lake Mead. (491 

The Ci ty  of Henderson w i l l  t r e a t  i ts  own sewage t o  nee t  the  
required standards. The various i n d u s t r i e s  a t  Basic Manage- 
ment Incorporated (MI) and t3e  two Nevada Power Company 
powerplants have developed plans  to be implemented i n  the  
near  fu tu re  t o  prevent f u r t h e r  po l lu t ion  of  the  wash and 
Lake Yead. 

The remaining flows i n  t h e  wash a r e  s a l i n e  ground waters 
which i n  conjunction with surface  r e t u r n  flovis se rve  to 
m i n t a i n  a greenbelt  of phreatophytic  vegetat ion unique 
t o  the  surrounding d e s e r t  environxent. Maintenance of  t h i s  
greenbelt  is paramount t o  the  county 's  e f f o r t s  t o  develop a 
regional  na tu ra l  park i n  the  wash area .  



Design vcri  f i c a t l o n  pru joc t  I491 
everaga t e s t  r e s u l t s  u i t h  mininun 

limo foed t o  tho roac tur  . c l a r l f l c r m  

Biochemicnl Chemical Suspendad Total  Dirqolvcd 
Sampling oxygen osyl;m a o l l d ~  Turbidi ty phosphorus u x y ~ o n  yll 

point  demand [IJOL&) d e m d  (COD) (SS J (J'I'U) (p) (Nl) u n i t s  Remarks 

brat  ad 25.6 ng/l 10S.l w / I  19.2 m u 1  13.4 u n i t s  9-10 mg/1 
rurao pond 
i n f l u ~ r ~ t  

Aorntad 20.9 mg/l 9Y.9 ngfl 18.9 mg/l 9.2 u n i t s  Sos roma.rks 
surga pond 
e f f l u e n t  

b a c r o r  8.0 mg/l 61.5 a g / l  11.1 4 1  7.0 w ~ l t s  0.6 mg/l 
clarifier 
e f f l u e n t  

Dual m d l a  4.0 mn/1 55.3 mg/1 0.3 ~ / l  0 . 5  u n i t s  0.6 mg/l 
f i l r o r  
e f f l u e n t  

Mixad madla 5.7 mg/l 52 ,8  ng/ l  0.1 m g l l  0.4  u n i t s  0.6 mg/l 
I l l t e r  
e f f l u e n t  

'1.7 u n i t s  Phnrphor~5 moarured 
a t  seconrlaly WTP 
discharge 

8.n u n i t s  Rarly t e s t s  showod 
no reduction 
across  pond 
measurownts 
dlswntinr led 

mg/L = milligrams 
pcr  l i t o r  

8.1 urllts (8.34 lhs/mil l inn 
pal luna) 

c moans l e s s  than - 
8.1 innits o r  q u a 1  t u  

, means prpa t s r  - 
than o r  q u a 1  t o  

Weter q u a l i t y  510.0 mg/1 cPO.0 mg/l 9 . 0  mg/l 5S.U u d t s  c 0 . 5  mg/l ,5.0 a g / l  6.5- 
standards 8.5 uni t s  
Laa Yegu 
Wash dlrehargc 

- -  - 

* Liar, feed r a t e  t o  tho mactur-clarifier for  thcso t c s t s  w a s  200 ro 250 m ~ / l  a3 CaO 



I l i s to r i ca l  da ta  analys is .  - Operation o f  w m z t e r  simula- 
t i o n  d e l s  developed t o r  Lns- Vegas Wash ind ica te  t h a t  
bypassing AIVT flows i n  conjunction with t h e  r m v a l  of 
i n d u s t r i a l  wastes under EPA' s  WDES p e r n i t s  nay, i n  e f f e c t ,  
dep le te  mst of the  flows i n  the  upper wash. This would 
cause a probable l o s s  i n  vegetat ion and w i l d l i f e  h a b i t a t  
which i s  i n  d i r e c t  opposi t ion t o  Clark County's e f f o r t s  t o  
develop a regional  natural /educational  park in  t h e  wash 
area.  The l o s s  i n  vegetat ion w u l d  increase  the  p t e n t i a l  
f o r  severe erosion i n  the  wash which would cont r ibute  l a r g e  
s i l t  loads t o  Las Vegas Bay of Lake Yead. h c o n t r o l l d  
eros ional  head-cutting could eventual ly endanger t h e  wash 
cross ing of the  Southern Nevada Water P r o j e c t ' s  e x i s t i n g  
L a s  Vegas Valley Latera l .  This l a t e r a l  is t h e  main ua te r  
l i n e  serving East Las Vegas, North Las Vegas, and !;ellis 
A i r  Force Base. 

With t h i s  concern a l s o  in  mind, an  ana lys i s  o f  t h e  water 
requirements of  the  wash vegetat ion uas performed. Data 
provided through a 5-year study on t h e  consmpt ive  use of  
water by phreatophytes and hydrophytes by t h e  U.S. Geologi- 
c a l  Survey (Professional  Paper 486-F, 1968) was used t o  
develop m n t h l y  ua te r  use curves using t h e  Blaney-Cirddle 
method. Results  were then used i n  t h e  computer s i m l a t i o n  
ana lys i s  t o  obta in  a minimm flow t h a t  uould provide t h e  
required maintenance f o r  t h e  wash greenbel t  and serve  t h e  
aims of  s a l i n i t y  con t ro l .  Such flows would requi re  t h e  
r e l e a s e  of ART e f f l u e n t  in s u f f i c i e n t  anuunts t o  maintain 
an average flow of a b u t  300 acre- fee t  per  month a t  t h e  
USGS gage near Henderson and about 600 ac re - fee t  per  month 
a t  t h e  proposed in te rcep t ion  s i t e  described below. These 
flows requ i re  a modification of t h e  p ro jec t  plan described 
i n  t h e  Draft  €IS. This  m d i f i c a t i o n  c o n s i s t s  of s taging 
t h e  cons t ruct ion  schedule. Thus, t h e  recamended plan w i l l  
begin with a t o t a l  evaporation scheme and l a t e r  expand by 
adding a desa l t ing  p lant .  This  planned f l e x i b i l i t y  is 
needed due t o  t h e  lack  of ava i l ab le  da ta  t o  accura te ly  
fo recas t  t h e  quant i ty  and q u a l i t y  o f  f u t u r e  ground-water 
flows in t h e  wash. Rased on cur ren t  t rends  and d a t a ,  it 
is assumed t h a t  second-stage f a c i l i t i e s  m l d  not  be 
required before t h e  year  2000. 

(3) Description of  u n i t  f ea tu res .  - The first s t age  o f  t h e  
recornended plan w i l l  c o n s i s t  of  f i v e  bas ic  s y s t e m ;  i.e., 
(1) a m n i t o r i n g  system, (2) an in tercept ion  system, (3) a 
de l ive ry  system, (4) a treatment system, and (5) a surface  
f l o u  b p a s s  system. Each system i s  planned f o r  nraxirnun e f f i -  
ciency under known condi t ions  while providing t h e  needed 



f l e x i b i l i t y  t o  accornmcdate any d i f i c a t i o n  o r  expansion 
t ;mt  may be required under an t i c i2a ted  fu tu re  condit ions.  
The bas ic  systems a r e  described below, and w i t h  the  excep- 
t i o n  of the  monitoring sys tea  a r e  shown on f igure  1-9 .  

blurtitoring System. - A nonitoring sys ten  w i l l  be con- 
s t r u c t e d  a s  par t  of tiie preconstruct ion a c t i v i t i e s  t o  
es tab  1 i sh  an- accura te  record of  condit ions p r i o r  t o  
p ro jec t  operat ion,  and t o  provide the  d a t a  needed f o r  
f i n a l  s i z i n g  of  f i r s t - s t a g e  f a c i l i t i e s .  'line system w i l l  
be m i n t a i n e d  on a penranent bas is  t o  provide a continu- 
ing record f o r  l o n g - t e n  trend ana lys i s  t o  de ternine  time 
and s i z e  requirenents  f o r  fu tu re  second-stage f a c i l i t i e s .  
Af ter  second-stage f a c i l i t i e s  a r e  i n  operat ion,  mainte- 
nance of the  system w i l l  p o v i d e  t h e  da ta  needed to  estao- 
l i s h  operat ing c r i t e r i a  and na in ta in  f l e x i b i l i t y  t o  accom- 
modate changes t o  t h a t  c r i t e r i a  t h a t  m y  be required i n  
response t o  f luc tua t ions  o r  changes i n  t rend of  incoming 
flows. In add i t ion ,  Cte system w i l l  monitor t h e  e f fec -  
t iveness  of the  p ro jec t  as well a s  provide a means o f  
de tec t ing  leaks from any p o t e n t i a l  d e t e r i o r a t i o n  of 
e v a p r a t i o n  pond l in ings .  The monitoring system w i l l  
i n i t i a l l y  cons i s t  of about 10 surface-flow gaging 
s t a t i o n s ,  water-quali ty s t a t i o n s ,  and a network of  
e x i s t i n g  observation wells  and p i e z m e t e r s .  Planned 
f l e x i b i l i t y  i n  the  number and locat ion  o f  s t a t i o n s  w i l l  
ensure a s e n s i t i v e  system capable o f  supplying highly 
accurate and r e l a t i v e  da ta  needed f o r  operat ion o f  the  
Las Vegas Wash Unit. 

Inrerception System. - The in te rcep t ion  s y s t e s  b a s i c a l l y  
w i l l  c o n s i s t  of [ l )  a trench excavated t o  bedrock across  
t h e  wash and then backf i l l ed  with impervious mater ia l  t o  
form a subsurface dam t o  block the  downstream aovenent 
of  ground water, (2)  a c o l l e c t o r  sys ten  composed o f  a 
la rge  subsurface d r a i n  i n s t a l l e d  a s  p a r t  o f  the  upstrean 
por t ion  of  t h e  subsurface dam, and (3) a surface  c o l l e c t o r  
d r a i n  i n s t a l l e d  p a r a l l e l  t o  t h e  dam a x i s  t o  e f f e c t i v e l y  
c o l l e c t  a l l  flows i n  the  wash and convey them t o  t h e  
de l ive ry  system. A more d e t a i l e d  desc r ip t ion  o f  these  
f ea tu res  is discussed below. 

The north s i d e  of the  trench a x i s  i s  p r i r a r i l y  under la in  
with s i l t y  sand and c l a y  with lenses of  carbonized organic 





material  and some gravel lenses .  The south s ide  i s  p r i -  
marily underlain with more sand, gravel ,  and cobble fill .  
The proposed excavation would average about 50 f e e t  i n  
depth with a 'bttom width o f  20 f e e t  and a maximun top  
width of about 185 fee t .  The top width would vary with 
respect  t o  depth i n  o rde r  t o  accommodate a 1-1/2:1 s i d e  
slope. The t o t a l  length requi r ing  coxpacted S a c k f i l l  
would be about 1,133 f e e t .  The t o t a l  estimated volune 
of n a t e r i a l  t o  be excavated would be about 120,000 cubic 
yards fyd3].  Deta i l s  o f  the  trench a r e  shown i n  f i g -  
ure 1-10. Also shown is a cement grout ''curtain" t h a t  
would be forced i n t o  cracks o r  f r a c t u r e s  o f  the  bedrock 
beneath the  trench t o  s e a l  the  formation aga ins t  any 
poss ib le  underflow. 

A t o t a l  o f  107,000 yd3 o f  impervious b a c k f i l l  has been 
computed f o r  the  subsurface dam. I t  i s  expected t h a t  
severa l  thousand cubic yards o f  material  excavated from 
the  north s i d e  o f  t h e  wash would be s u i t a b l e  f o r  t h i s  
purpose when blended w i t h  add i t iona l  impervious c l ay .  

The neares t  known source f o r  impervious mater ia ls  is 
located on p r iva te  land i n  the v i c i n i t y  o f  e x i s t i n g  
source mater ia l  excavations about 2-1/2 miles west o f  
Pittman, Nevada. This source would requi re  hauling 
over about 2 miles of e x i s t i n g  d i r t  roads and 7 miles 
o f  e x i s t i n g  paved highways. 

A computed t o t a l  of about 35,000 yd3 o f  permeable na te-  
r i a l  would be required f o r  the  pervious zones o f  t h e  
subsurface dam a s  shown on f igure  1-10. I t  is expected 
that much of  the  material  excavated from the  south s i d e  
of  the trench would be s u i t a b l e  f o r  t h i s  purpose although 
some blending with mater ia l  purchased from commercial 
sources may be required.  

Unused excavated n a t e r i a l  would supply the  f i l l  and t o p  
s o i l  requirenents  f o r  the  desa l t ing  complex s i t e .  

Cumputations ind ica te  t h a t  3,000 yd3 o f  r i p r a p  would 
be required t o  p ro tec t  the  su r face  of  the  backf i l l ed  
trench from erosion and floodflous. A source is 
ava i l ab le  a b u t  1 mile southeas t  of t h e  subsurface 
dam in an a r e a  of former mining a c t i v i t y .  Exist ing 
d i r t  roads connect the  two a reas .  





Collection System 

The col lect ion system consis ts  of a surface drainage 
sump fo r  col lect ing streaaflows, a subsurface drain fo r  
col lect ing ground water, and a col lect ion gal lery  f o r  
conveying a l l  collected flows t o  the col lect ion sump 
which is located near the r ight  abutnent. The surface 
drainage sump wil l  be a concrete s t ructure  120 f e e t  long 
located i n  the upstrean s ide  of the floodway channel. A 
cover with adjustable openings would prohibit  floodflows 
from entering the system, Tne subsurface drain u i l l  con- 
sist of 12-inch-diameter t i l e  with a sand f i l t e r  buried 
i n  the pervious f i l l  upstream and para l le l  t o  the  bar r ie r  
axis .  Drain ou t l e t s  w i l l  convey flcms in to  the 3.5- by 
5.5-foot, 1,250-foot-long concrete col lect ion gal lery  
located upstream and pa ra l l e l  t o  the  ba r r i e r  axis .  
Details  of the col lect ion system are  shown on f igure  1-10, 
uh i le  the location of the e n t i r e  interception f a c i l i t y  
is shown on f igure  1-11. 

Delivery System. - An intake pumping plant  w i l l  be located 
a t  the col lect ion sump and w i l l  l i f t  the collected flows 
t o  a regulating tank located on the  desal t ing plant s i t e .  
This s t e e l  storage tank w i l l  be used t o  supply water t o  a 
r e j ec t  pumping plant  fo r  the  f i r s t  stage, and t o  supply 
water t o  the  desal t ing plant  f o r  the second stage. An 
18-inch buried pipel ine  approximately 3.5 miles i n  length 
w i l l  de l iver  a maxim of 10 f t J / s  of ua te r  from the tank 
t o  the  evaporation ponds fo r  stage I. For stage 11, waste 
brine from the desal t ing plant u i l l  be conveyed through 
the same pipe t o  the  evaporation ponds. 

Treatment System. - Under the  f i r s t  stage,  treatment w i l l  
consis t  of t o t a l  evawrat ion of a l l  col lected flaws. For 
stage 11, it is ant ic ipated tha t  treatment would consist  
of processing collected flows through a desal t ing plant 
h-ith the product water being remrned t o  the wash below 
the interception f a c i l i t y  and the waste br ine  being e v a p  
orated. For the  second-stage, a product water pipeline 
18-inches i n  diameter and about 1,500 fee t  long would be 
required t o  convey flows back to  the  wash where they 
m l d  be discharged in to  a s t i l l i n g  basin located on the  
south s ide  of the wash. 



Las Vegas Wash near interception fac i l i ty  s i t e .  

Figure 1-11 



Evaporation Ponds 

The maximum pond s i z e  t h a t  w i l l  be required under s t age  I 
is  62: acres .  This w i l l  cons i s t  of  a s e r i e s  of  ponds 
connected by regula t ing  s t ruc tu res .  Tne ponds w i l l  be 
located near the  e x i s t i n g  t a i l i n g  pond arcas  of  the  B31I 
i n d u s t r i a l  complex. The ponds w i l l  5e l ined wit:? ?oly- 
vinyl c3lor ide  sheets  t o  prevent seepage back i n t o  the  
wash.  This sheet ing  w i l l  be covered with a p ro tec t ive  
layer  of  sand and gravel .  The ponds a r e  designed t o  
provide f o r  100 years of s a l t  accumla t ions .  I t  is 
p o s s i j i e  t h a t  tne  s a l t  accu?nulatians may have economic 
i n p o r t a x e  worthy o f  salvage. However, i f  such a market 
were not ava i l ab le  a t  the  end of  the  p ro jec t  l i f e ,  t he  
ponds could be covered with several  f e e t  of  e a r t h  and 
the  land used f o r  some benef ic ia l  purpose. The proposed 
design f o r  the  evaporation ponds is shown i n  f igure  I- l lA.  

Construction o f  the ponds would be a balanced cut-and- 
f i l l  operat ion with no d isposal  s i t e s  o r  borrow material  
required.  

To assure the  s a f e t y  o f  both tLe public  and w i l d l i f e ,  
the  e n t i r e  evaporation pond area  w i l l  be enclosed 
wit5in a secur i ty  fence. 

Desalting Plant  - Second Stage 

The desa l t ing  p lant  would be located on Federal land on 
the  south s ide  of Las Vegas Wash adjacent t o  the  i n t e r -  
cept ion  area  a s  shown on t h e  p ro jec t  map, f i g u r e  1-9. 
Although a nodular reverse-osmosis (RO) desa l t ing  system 
appears t o  be the most v iab le  a t  present ,  the  t i n e  frame 
i n  which the need f o r  the  plant  is an t i c ipa ted  may show 
such technological advancements a s  t o  warrant some o the r  
method. For purposes of  est imating c o s t s  and po ten t i a l  
impacts, however, a conceptual RO p lan t  is considered. 

Due t o  the  chenical  c h a r a c t e r i s t i c s  o f  the  water i n  t h e  
wash, pretreatment would be required.  Based on present  
analyses i t  appears t h a t  a l ine-soda ash pretreatment 
process w u l d  provide the  most s a t i s f a c t o r y  r e s u l t s .  
Pretreatment f a c i l i t i e s  would include calcium reduction 
and f i l t r a t i o n .  X rece iv ing o r  feed tank, c l a r i f i e r s ,  
and a series of  g rav i ty  f i l t e r s  would be located out-  
doors adjacent  t o  t h e  p l a n t .  A chenical  s torage  building 
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would a l s o  be required.  X conceptual layout f o r  the  
treatment f a c i l i t y  is shown on f igure  1-12. Xpproxi- 
mately 7.5 acres  of  land would be needed f o r  the  d e s a l t -  
ing plant  and at tendant  f a c i l i t i e s .  

Surface Flow Bypass System. - To more e f f e c t i v e l y  c o l l e c t  
and i s o l a t e  the s a l i n e  flows in  the  wash, i t  w i l l  be nec- 
cessary t o  bypass most s-irrface flows (mainly municipal 
wastewater). To acconplish t h i s ,  a buried S-nile-long 
bypass p ipel ine  w i l :  be constructed t o  convey municipal 
kastewater along the  nor t3  s i d e  of  t h e  wash from the 
County's forthcoming A\uT p lan t  t o  a point  i m e d i a t e l y  
below the  p r o j e c t ' s  f a c i l i t i e s .  A t  t h i s  point  the  waste- 
water, which the  County w i l l  have t r e a t e d  t o  meet Soth 
S t a t e  and Federal s tandards,  w i l l  be discharged back 
i n t o  the  wash. A t  60 inches i n  diameter,  the  p ipe l ine  
u i l l  handle any increase  in flow due t o  fu ture  population 
growt'n. 

An energy d i s s ipa t iuu  s t ruc tu re ,  such a s  a s t i l l i n g  basin,  
u i l l  be s i t u a t e d  a t  the  end.of the p ipe l ine  just below the  
in tercept ion  area .  This d i s s ipa t ion  s t r u c t u r e  w i l l  be 
required t o  prevent undue erosion a s  the  bypassed flows 
a r e  discharged back i n t o  t h e  wash. 

I t  is an t i c ipa ted  t h a t  the  County wi 11 re lease  t r ea ted  
e f f l u e n t  i n t o  the  upper reach o f  t h e  wash f o r  maintenance 
of  the  wash ecosystem a s  recommended by t h e  Las Vegas 
Uash development Committee.(SO] Clark County recent ly  
contracted with Nevada Power Company t o  supply up t o  
50 Mgal/d of AWT e f f l u e n t  from t h e i r  proposed p lan t .  
This water would be used outs ide  the  tas Vegas Valley 
f o r  cooling water purposes a t  the  proposed Allen Pwer- 
p lan t .  Other in-val ley uses o f  AhT e f f l u e n t  have been 
proposed, such as the  "In-Valley I r r i g a t i o n  System." 
A 1 1  sewage e f f luen t  not  required f o r  maintenance o f  t h e  
wash o r  for  o ther  benef i c i a l  uses w i l l  be bypassed. 

( 4 )  Attendant f a c i l i t i e s .  - Attendant f a c i l i t i e s  f o r  t h i s  
p ro jec t  include access roads f o r  b t h  cons t ruct ion  and oper- 
a t ion ,  and puwerlines t o  provide e l e c t r i c  service  t o  proj -  
e c t  f a c i l i t i e s .  The access roads required a r e  discussed 
under sect ion (6). E l e c t r i c  energy w i l l  be required loca l ly  
t o  operate the  desa l t ing  complex and in take  pumping p l a n t .  

A transmission l i n e  is cur ren t ly  being designed f o r  t h e  p ro j -  
e c t .  The l i n e  would begin a s  a t a p  on an ex i s t ing  69-kV l i n e  
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supplying power t o  Lincoln County through Nevada Power Com- 
pany's Reid Gardener Power Plant .  The proposed t ap  would be 
located where the  ex i s t ing  l i n e  crosses Lake Mead Drive (Sta te  
Highway 41) about 6,600 f e e t  west of the  in te r sec t ion  of the  
proposed access road and Lake Mead Drive. This tapped energy 
would be ca r r i ed  on s i n g l e  p l e s  approximately 60 f e e t  high 
and w u l d  be located within e x i s t i n g  right-of-way. From Lake 
 ad Drive the  l i n e  w i l l  paral- lel  the  access m a d  a d i s t ance  
of  about 6,600 f e e t  t o  the  p ro jec t  f a c i l i t i e s .  A subs ta t ion  
would be located a t  the  s i t e  t o  convert the  69-kV source t o  
a more useable 13.2 kV. From the  subs ta t ion ,  an addi t ional  
l i n e  about 1,000 f e e t  long would convey e l e c t r i c  energy t o  
the  in take  pumping p lan t .  I t  is estimated t h a t  l e s s  than 
2-1/2 miles of powerline w i l l  be needed t o  se rv ice  t h i s  
p ro jec t .  

(3) Construction schedule. - Detailed planning documents 
a r e  e s s e n t i a l l y  completed, and Congress has appropriated 
funds t o  begin cons t ruct ion  o f  the  Las Vegas Wash Project  
during f i s c a l  year 1977. Follouing approval o f  t h i s  EIS, 
i t  i s  an t i c ipa ted  t h a t  the  awarding of  con t rac t s  and the 
physical  construct ion of  the  u n i t ' s  f a c i l i t i e s  w i l l  begin. 
These processes a r e  cu r ren t ly  scheduled t o  take  place over 
a 5-year t i n e  period f o r  f i r s t  s t age  f a c i l i t i e s  a t  a cos t  
o f  about $32 mi l l ion  (April 1976 p r i ces ) .  Maximum expendi- 
t u r e s  during any one year  are not expected t o  exceed 30 per- 
cent  of  t h i s  t o t a l  amount. 

A t  such time a s  second s t age  f a c i l i t i e s  a r e  requi red ,  an 
add i t iona l  3 years o f  cons t ruct ion  i s  an t i c ipa ted .  Tota l  
expenditures f o r  second s t age  f a c i l i t i e s  a r e  cu r ren t ly  
estimated a t  about $25 mi l l ion  (April 1976 p r i c e s ) .  

(6) Rights-of-way. - Unit f a c i l i t i e s  w i l l  requi re  a com- 
bined t o t a l  of about 826 acres  of p r iva te ,  county, and 
Federal lands f o r  rights-of-way. About 6 o f  t h i s  
acreage is c lassed  a s  f e d e r a l l y  withdrawn reclamation land. 
The remaining 94 percent is p r i v a t e  and county land. 

The s i n g l e  l a r g e s t  c-tnent is  land f o r  t h e  evaporation 
ponds. These a r e  necessar i ly  la rge  to provide f o r  the  
standard 100-year l i f e  designed i n t o  Bureau o f  Reclamation 
p ro jec t s .  

Rights-of-way acquired f o r  p ipe l ines  w i l l  include s u f f i c i e n t  
a rea  t o  accommodate temporary const ruct ion  access roads. 
Only one road w i l l  remain as a permanent f i x t u r e  following 



project  completion. This road w i l l  be a paved or  graded 
access from Lake Mead Drive t o  the  interception area. This 
road w i l l  be about 1-114 miles long. The required power- 
l ine  w i l l  pa ra l le l  t h i s  access. The combined right-of-way 
w i l l  require about 15 acres of Federal land. 

A temporary storage area for  material excavated from the 
cutoff  trench w i l l  be required. An 8-acre area iglediate ly  
downstream of the trench s i t e  on the south s ide  of the 
exis t ing channel could be u t i l i z ed ,  I f  necessary, the area 
would IM sui table  f o r  permanent disposal of some of the 
excavated material .  

Rights-of-way w i l l  be acquired e i t he r  through an easement 
procedure or  through f e e - t i t l e  purchase. The following 
tabulation shows the quanti ty and type of land required 
f o r  each of the projects f a c i l i t i e s .  

(7) Operation and maintenance. - Both the operation and 
maintenance of the completed project  will be a c c m l i s h e d  
by personnel of the  ~ & e r  colbraho Regional off ice-of  the 
b e a u  of Reclamation. A summary of the  general operation 
i s  presented below: 

"First  Stage" 

The operation of t he  project  has been designed with a s  
nuch automation a s  possible. The water level i n  the 
col lect ion ga l le ry  w i l l  be rclsed to control  the  pumps i n  
the intake pumping plant. Other automatic mnitoring 
instruments w i l l  be used i n  the evaporation ponds area.  
Only mu t ine  inspection w i l l  be required u n t i l  the sa l in -  
i t y  i n  the ponds reaches a concentration t ha t  would prove 
harmful t o  waterfowl tha t  might use the  pcmds. W i t h  
proper pond management, this condition may not occur f o r  
several years. Houever, a t  such time as pond s a l i n i t y  
reaches t h i s  l eve l ,  dai ly  inspection of the ponds during 
the c r i t i c a l  migration season m y  be required t o  prevent 
undue loss of waterfowl. The average service l i f e  of 



Rights-of-Way Requirements 
Las Vegas Wash Unit, Nevada 

Feature Land - (acres)' 
Private County Federal Total 

Monitoring system 't tt 

Interception and 
col lect ion system 2 78 

Delivery systen 2 - - 
Treatment system 650 - - 
Bypass pipeline 2 - - 

Subtotal 656 7 8 

"Second-stage features" 

Desalting complex 1 39 5 4 5 

Total 65 7 117 5 2 8 26 

Includes areas required for  access roads, transmission l i ne s ,  
and materials storage and disposal .  ALSO, includes an excess 
of land not affected by the project  but acquired due t o  re la -  
t ive  posi t  ion. 

** A l l  rights-of-way consis t  of very small areas located u i t h in  
exis t ing rights-of-way. Total area is  less  than one-fourth- 
acre. 



so= items used i n  the  design f o r  replacement reserve  
a r e  snom below: 

Average 
l i f e  

w a r s  

lfeters, valves, c o n t r o l s ,  
and metalwork 20 

Pumps and motors 25 

Accessory e l e c t r i c a l  
equipment, e t c  . 

The estimated energy required f o r  f i r s t  s t age  opera t ion  
i s  3,575,000 kilowatthours per  year  (kWh/yr) and w i l l  be 
supplied by the  Nevada P w e r  Company. 

Various operat ing m d e s  can be applied t o  increase the  
e f f i c i ency  of  the  u n i t ,  and na in ta in  f l e x i b i l i t y  t o  accom- 
modate annual and seasonal va r i a t ions  i n  consumptive use 
of  water by vegetat ion i n  the  wash. An ana lys i s  t o  i l l u -  
s t r a t e  t h e  e f f e c t  o f  v a r i a b l e  opera t ing  m d e s  is shown 
below : 

S a l t  
Operst ing  remva  l 

made (tons) 

12 months d ive r s ion  
300 acre-ft/month 31,000 

, 
6 months d ivers ion  

(May-October) 
600 a c r e - f t / m n t h  46,000 

River S a l i n i t y  reduction 
deple t ion  Hoover Imperial 

Varying types o f  AWT re l eases ;  i . e . ,  cons tant ,  i n t e r -  
d t t e n t ,  and s l u g  w i l l  be inves t iga ted  t o  bes t  preserve 
t h e  present  vegeta t ive  growth i n  t h e  wash and maxinize 
t h e  r e m v a l  of  salt. 



"Second Stageu 

The second-stage operat ion w i l l  be d i f i e d  with the  
addi t ion  of the  d e s a l t i n g  and pretreatment p lant .  Second- 
s t age  pretreatment p lant  operat ing procedures would be 
suppleaented by the  m u f a c t u r e r s '  operation ins t ruc t ions .  
Tnese operat ing ins t ruc t ions  would be cons tant ly  improved 
on the  job by tLe operat ing personnel t o  obtain the  des i red  
pre t rea ted  water q u a l i t y  f o r  the  menbrane desa l t ing  u n i t s .  
The amount of  cnemicals t o  be s tored  f o r  the pretreatment 
process w i l l  be dependent on the  fu tu re  q u a l i t y  and r a t e  
of  flow t o  be u l t imate ly  t r ea ted .  In general ,  the types 
o f  chemicals required f o r  t h i s  operat ion,  and the  recom- 
 ended days of s torage  supply f o r  p lant  operat ion a r e  a s  
follows : 

Chenical Days of supply 

90% hydrated l i n e  10 
Soda asn 7 
Chlorine 35 
Sul fu r i c  acid 30 
Sodium hexametaphospnate 30 

Automated con t ro l s  monitored by computer would feed the  
chemicals t o  the  pretreatment f a c i l i t i e s  a s  required.  
Sludge produced by the  pretreatment process would be 
co l l ec ted  and pumped t o  the  evaporation ponds. 

The second-stage d e s a l t i n g  p lan t  would be manned 24 hours 
per  day, 7 days a week. The p lant  cont ro l  system would 
be operated by computer. m e  computer would u t i l i z e  
preprogram4 programs and a sophis t ica ted  monitoring 
system. Under the  second s tage ,  proper maintenance of  
p lan t  equipment and instrumentation t o  assure  good p l a n t  
performance and economy of operat ion w i l l  be enhanced 
through color-coded system t o  f a c i l i t a t e  t r ac ing  ind i -  
vidual pipes through the  maze of p ipe l ines  and conduits .  
Periodical  checks of a l l  measuring devices used to  measure 
waterflow and chemical feed i n  the  pretreatment p lan t  
would be perforned t o  ensure proper operat ion.  For 
second-stage f a c i l i t i e s ,  the  major replacement of  p a p s  
i s  expected on a 15- t o  20-year bas i s .  hhen the  pre- 
treatment p lant  i s  operated and x i n t a i n e d  properly,  
i t  is expected t h a t  the equipment w i l l  have a l i f e  cycle  
of 20 years including the major equipment i n  t h e  s o l i d s  
contac t  r eac to r s ,  th ickener ,  dual-media g rav i ty  f i l t e r s ,  



and various chemical feed systems. The f i l t e r  media i s  
expected t o  l a s t  a p p r o x i ~ a t e l y  10 t o  15 yea r s ,  Replace- 
aen t  l i f e  of tiie desa l t ing  p lan t  RO membranes i s  expected 
t o  be approximately 5 years .  

Energy r e q u i r e ~ e n t s  f o r  second-stage operat ion is  e s t i -  
mated a t  68,155,000 kiWyr .  

h e  t o  tbe  nature of membrane desa l t ing  p lan t s ,  i t  is nec- 
essary  t o  maintain a constant  flow of a t  l e a s t  0.5 f t 3 / s  
through the  p lant  t o  keep the  membranes moist and cool .  
A minimum flow of  about 2.5 f t 3 / s  i s  needed t o  e f f i c i e n t l y  
operate tne pretreatment f a c i l i t i e s .  Because o f  these  
requirements, it is an t i c ipa ted  t h a t  the  d e s a l t i n g  p lan t  
would be i n  a continuous q e r a t i n g  mode throughout the  
year. Since the  need f o r  d e s a l t i n g  is projected t o  be 
a f t e r  tne  year  2000, the fu tu re  e f f e c t  o f  t h i s  second 
s t age  was analyzed f o r  t h a t  year  based on the  projec t ions  
noted i n  the  Department o f  I n t e r i o r ' s  publ ica t ion  "Quality 
of Water, Colorado River Basin - Progress Report No. 7" 
dated January 1975. Under these  condit ions the  desa l t ing  
p lan t  would remove an e s t i a a t e d  76,400 tons o f  s a l t  and 
would reduce the  f u t u r e  s a l i n i t y  a t  both Hoover and Impe- 
r i a l  Dams by about 8 mg/l. 

(8) In te r re la t ionsn ip  with o t h e r  p ro jec t s  o r  proposals.  - 
The i n t e r r e l a t i o n s h i p  o f  the Las Vegas Wash Unit i s  d i s -  
cussed belaw under four general headings, i .e., Federal,  
S t a t e ,  h c a l ,  and Pr iva te .  

Federal Projects 

Preconstmct ion  planning i s  cur ren t ly  underway cm t he  
second s t age  of the  Southern Sevada Water Projec t .  
This p ro jec t  was i n i t i a l l y  planned f o r  staged construc- 
t i o n  t o  provide municipal and i n d u s t r i a l  water f o r  the  
pawing  communities i n  southern Sevada. The f irst  s tage  
was completed i n  1971 and has the c a p a b i l i t y  o f  d i v e r t -  
ing  up t o  132,000 ac re - fee t  per  year f r m  Lake Mead. 
The second s t age  w i l l  i n t e r f a c e  with c e r t a i n  f ea tu res  
o f  the  first s t age  which were i n i t i a l l y  constructed t o  
u l t imate  capacity.  Other f i r s t - s t a g e  fea tu res  w i l l  be 
modified. Hen f ea tu res  w i l l  c o n s i s t  o f  a p a r a l l e l  main 
aqueduct about 4 miles long, 30 miles o f  addi t ional  
p ipel ine  l a t e r a l s  and f i v e  new w i n g  p lan t s .  



The second s tage ,  a s  current ly  planned, will develop 
Nevada's remaining enti t lement t o  the  waters o f  the  
Colorado River f o r  municipal and i n d u s t r i a l  purposes. 
Scheduled completion is  the  ea r ly  1980's. 

This projec t  i n t e r r e l a t e s  witn the  Las Vegas Wash U n i t  
i n  two ways: First, Nevada's ent i t lement  t o  Colorado 
River water is  300,000 acre- fee t  per  year .  This i s  a 
net  d ivers ion  which means t h a t  c r e d i t  f o r  re turn  flows 
can be allowed so a s  t o  e f f e c t u a l l y  give Nevada the  
r i g h t  t o  i n i t i a l l y  d i v e r t  more tiran 3OO,OOO acre - fee t  . 
Since a l l  re turn  flows a r e  conveyed through Las Vegas 
Wash, the  desa l in iza t ion  projec t  may have a bearing on 
the  quan t i ty  and q u a l i t y  of those r e t u r n  flaws; Secondly, 
t h e  increased municipal and i n d u s t r i a l  water de l ivered  
t o  Las Vegas Valley consuners w i l l  increase  the  amount 
of r e tu rn  flow water t o  be e i t h e r  t r e a t e d  o r  bypassed. 

S t a t e  Projec ts  

The S t a t e  of Kevada, through its Division of  Colorado 
River Resources, is cur ren t ly  planning the  second-stage 
expansion of the  e x i s t i n g  Alfred Mer r i t t  Smith Water 
Treatment F a c i l i t y .  This f a c i l i t y  provides the  t r e a t -  
ment required f o r  Lake Mead water de l ivered  t o  Las Vegas 
Valley consumers through the  Sureau of Reclamation's 
Southern Nevada Water Project  f a c i l i t i e s .  The S t a t e ' s  
second s t age  expansion i s  being planned i n  tandem w i t ? ?  
t he  second s t age  of  the  S w t h e r n  Nevada Kater Projec t .  

h a 1  Government Projec ts  

(a)  The Clark County San i t a t ion  District is cur ren t ly  
conducting preconstruct ion planning o f  an advanced waste- 
water treatment p lan t .  The p lant  is being designed t o  
provide addi t ional  treatment f o r  sewage wastes from a l l  
the  urban areas  of  Las Vegas Valley except Henderson i n  
order  t o  meet EPA requirements f o r  the  q u a l i t y  of surface 
waters discharged through Las Vegas Wash t o  Lake Mead. 

To e f f e c t i v e l y  c o l l e c t  the  s a l i n e  ground waters,  the  Las 
Vegas Wash Unit w i l l  have t o  bypass t h e  e f f l u e n t  from the  
A8iT p l a n t ,  with the exception o f  a given quant i ty  o f  e f f l u -  
en t  t h a t  w i l l  be used by the  County t o  maintain t h e  ecology 
of  the  wash, and an amount up t o  50 Mgal/d which has been 



contracted f o r  by Nevada Power Co3pany f o r  c w l i n g  purposes 
a t  a proposed powerplant north of  Las Vegas. A t  some f u t u r e  
da te  ticrere may be some of t h i s  e f f l u e n t  a l loca ted  f o r  
in-val ley  i r r i g a t i o n  o r  f o r  some o t h e r  benef ic ia l  use. Such 
a l loca t ions  would reduce the amount of  e f f l u e n t  t h a t  would 
have t o  be bypassed. 

(b) The Las Vegas Wash Development Committee, appointed 
by the  Clark County Board of  County Commissioners has 
published a report[50] i n  which it reconmends developmnt 
and preservat ion o f  Las Vegas Kash a s  an open space 
resource f o r  r ec rea t iona l  and educational purposes. I t  
has a l s o  s t a t e d  i n  the  r epor t  t 5 a t  the  Las Vegas Wash 
desa l in iza t ion  p ro jec t  would be compatible with the  com- 
mi t t ee ' s  proposals .  

(c) Under the  d i r e c t i o n  o f  the  Clark County Board of  
County Comnissioners, preparat ion of the  Clark County 
208 Xreawide Waste Treatment Management Plan is cur ren t ly  
being conducted. S a l i n i t y  con t ro l  a c t i v i t i e s  o f  the  
Bureau o f  Reclamation i n  southern Nevada a r e  being cmr- 
dinated w i t 3  the  208 planning process. 

Pr iva te  Projec ts  

bunst ream from the  u n i t ' s  f a c i l i t i e s  i s  an a r e a  t h a t  
has been recen t ly  annexed by the  c i t y  of Henderson. 
P r iva te  development of a plannsG catnmunity c a l l e d  "Lake 
Adair" hiis been proposed f o r  this a rea .  

Xecent correspondence from the  Nevada S t a t e  Off i c e  o f  Plan- 
ning Coordination indica ted  t h a t  the re  would be no c o n f l i c t  
between t h e  L a s  Vegas Wash Unit and any o t h e r  ?roposals t h a t  
have 'wen processed through t h a t  o f f i c e .  

b. Crys ta l  Geyser Unit,  Utah. - 
(1) Intruduction.  - Crystal  Geyser is a p r iva te ly  owned 
abandoned o i l  t e s t  well located 3.5 miles south o f  the  town 
o f  Green River, Utah, as shown i n  f i g u r e  1-13. The geyser 
is s i t u a t e d  about 200 f e e t  from the  edge o f  the  Green River, 
a major t r i b u t a r y  of the Colorado River. In addi t ion  t o  the  
.=in geyser,  the re  a r e  two o the r  openings which e j e c t  water 
during an eruption.  One of the  holes is re fe r red  t o  a s  the  
north spring and is located about 100 f e e t  north of t h e  well ;  
t h e  o ther  is  re fe r red  t o  a s  the  e a s t  spr ing  and is located 





about 50 f e e t  e a s t  o f  the  well. In 1968, water from the gey- 
s e r  discharged to the Green River a t  the  r a t e  o f  200 acre-  
f e e t  per  year. By 1972, the amount had decreased t o  about 
150 ac re - fee t  per year.  Figure 1-14 shows measurements being 
nade during an eruption.  The water is sa tu ra ted  w i t h  carbon 
dioxide and contains from 11-,900 t o  over 14,000 mg/l o f  t o t a l  
dissolved so l ids .  This r e s u l t s  i n  an annual cont r ibut ion  o f  
3,000 tons of  s a l t  t o  the  Colorado River System based on 1972 
measurements. Table 1-3 shows the  t o t a l  dissolved s o l i d s  of  
water samples taken during 1968 and 1972 and a d e t a i l e d  analy- 
sis of  the  water 's  cons t i tuen t s .  

(2) Location and desc r ip t ion  o f  u n i t  fea tures .  - Developaent 
plans t o  prevent tire geyser flows from enter ing  tne  Green 
River include a pond t o  c o l l e c t  water during geyser erupt ion ,  
and a p ipe l ine  extending t o  evaporation ponds located about 
3 miles downstream. 

The co l l ec t ion  pond would be formed by a compacted ea r th  embank- 
ment 340 f e e t  i n  length with a maxim height  of 12 f e e t ,  a top  
width of 8 f e e t  and would be l ined  with a p l a s t i c  nembrane t o  
prevent seepage t o  the  Green River. B o r m  material  would 
cone f ron  t h e  proposed evaporation pond a rea .  X concrete out- 
l e t  s t r u c t u r e  wwld allow water s to red  i n  the  pond t o  e n t e r  the  
p ipe l ine  t o  the  evaporation ponds. The c o l l e c t i o n  pond would 
a l s o  have s u f f i c i e n t  capaci ty  to  s t o r e  t h e  volume of water from 
severa l  eruptions.  Flws from t h e  e a s t  sp r ing  would e n t e r  t h e  
pond i n  a channel excavated through an e x i s t i n g  d ike  and t u f a  
deposi t s .  X bypass channel i s  planned i n  a small drainage a r e a  
e a s t  of  the  geyser,  which would ca r ry  runoff around t h e  co l l ec -  
t i o n  pond t o  t h e  Green River. This  channel would prevent s t o r n  
runoff f ron  en te r ing  t h e  pond and damaging the  ea r th  embankment. 

A buried 10-inch PVC pipel ine  would extend f ron  the  geyser 
c o l l e c t i o n  pond to the  evaporation ponds, a dis tance  of about 
3 miles. The p i p l i n e  would be located i n  secs. 34 and 35, 
T. 21  A., R. 16E., and secs.  2, 3, and 4 ,  T. 22S., R .  16 E. 
The pipe trench would have a minimum width of 2 f e e t  and a min- 
imum cover of  3 f e e t  over the  pipe. The p ipe l ine  would have 
s u f f i c i e n t  capaci ty  t o  empty the  c o l l e c t i o n  pond i n  the  i n t e r v a l  
between eruptions.  

S tudies  i n d i c a t e  t h a t  four  evaporation ponds would be required 
t o  handle the  an t i c ipa ted  flow from the  geyser. The construc- 
t i o n  of  these  four ponds including dikes would requi re  an a rea  
o f  approximately 160 acres  located i n  secs. 4 and 5, T. 22 S . ,  
R .  16 E. The water  su r face  a rea  within the ponds would be 



h'ater masurerent during eru?tion, Crystal Gcyser ' h i t .  

Figure 1-14 



Table 1-3 

QUALITY CF THE WATER FR[M THE POOL 
AROUND THE MAIN GEYSER 

Electrical conductivity 
pH 
Total dissolved solids 
Sodim adsorption rat io 
CATIONS 
Calcium (Ca) 
Magnesiua (4Ig) 
Sodium (Ya) 
Potassium (K) 

ANIONS 
Carbonate (C03) 
Bicarbonate (WOg) 
Chloride (Cl) 
Sulfate (SO4) 

Total alkalinity 

Suspended material 

15,130 micrmhos per cm 8 25 C 
6.9 
14,550 ng per liter 
30 

49.53 milliequivalents per liter 
19.33 milliequivalents per liter 
177.00 mi lliequivalents per liter 
9.30 milliequivalents per liter 

none 
75.80 milliequivalents per liter 
122.43 milliequivalents per liter 
48.00 milliequivalents per liter 

75.80 milliequivalents par liter 
CaCOj per liter 
or 3,790 mg/l as CaC03. 



approximately 100 ac res ,  which would provide about 150 acre-  
f e e t  of evaporation per  year. An annual evaporation r a t e  o f  
approxinately 18 inches is  based on the  ne t  evaporation r a t e  
f o r  Green River Airway adjusted f o r  expected s a l i n e  condi- 
t i o n s  o f  t h e  ponds. 

The ponds would be formed by compacted ea r th  embankments with 
a top  width o f  12 f e e t  and a height o f  5.7 f e e t .  Borrow f o r  
the  enbanknent would come from the  evaporation pond a rea .  
Based on f i e l d  i n f i l t r a t i o n  t e s t s ,  the  ponds requi re  l i n i n g  
t o  prevent s e q a g e  of  the  geyser water t o  the  Green River. 
A f l e x i b l e  polyvinyl chlor ide  l i n i n g  w i t h  a sand and gravel  
cover on the embankments and ea r th  cover on the  pond bottoms 
i s  planned. The ponds would be fenced t o  prevent access t o  
w i l d l i f e  and l ives tock.  

The ponds have been designed t o  be operated with a water 
depth o f  1.5 f e e t .  A depth of 2.2 f e e t  has been allowed 
i n  the  b o t t m  of the  ponds f o r  eventual s a l t  accumulation. 
The p ipel ine  from the  geyser p a r a l l e l s  t h e  south edge o f  
the  ponds. Each pond would have an in take  s t ruc tu re  which 
allows water f r m  the  p ipe l ine  t o  e n t e r  one o r  m r e  ponds. 
Mater could be allowed t o  flow t o  an adjacent  pond through 
regula t ing  s t r u c t u r e .  In add i t ion ,  monitoring of ground 
water near  the  b r ine  ponds may be required.  

About 160 ac res  o f  land a t  the  evaporation ponds s i t e  w i l l  
be purchased. Approximately 11 acres  o f  land i n  the  v ic in-  
i t y  o f  t h e  geyser w i l l  be obtained through a right-of-way 
easement o r  purchased, i n  order  t o  cons t ruct  the  f ea tu res  
of  the  c o l l e c t i o n  pond. Easements required f o r  cons t ruct ion  
and maintenance of  the  p ipe l ine  w i l l  c o n s i s t  o f  4 ac res  of 
Utah S t a t e  land, 5 acres of p r iva te  land and 2.5 acres  of  
vacant publ ic  land. 

Figure 1-15 shows the  locat ion  o f  the  p ipel ine  and evapo- 
r a t i n g  ponds. Table 1-4 shows a sumnary o f  the  physical  
f ea tu res  of the  geyser and const ruct ion  works. Completion 
of tire p ro jec t  w i l l  reduce the  s a l i n i t y  o f  the  Colorado 
River a t  Imperial D a m  by 0.3 m g / l .  

2. Other Control Units f o r  Construction 

The two con t ro l  u n i t s  i n  t h i s  category have been authorized f o r  
cons t ruct ion  but s p e c i f i c  planning data  and accompanying environ- 
mental inpact  information a r e  considered t o  be incomplete. Indi- 
vidual  Environmental Impact Statements o r  a s s e s s m n t s  w i l l  be 
nade ava i l ab le  f o r  these u n i t s  before i n i t i a t i o n  o f  cons t ruct ion  
a c t i v i t y .  





Table 1-4 

SUMMARY DISPLAY OF PHYSICAL FACMRS 
Crystal Geyser 

I. Water 
Water erupted annually 

based on 1972 
nea sur wen t s 

Capacity of retention 
F'nd 

Capacity of evapo- 
ra t ion ponds - 
a l l  water 
evaporated 

Total dissolved so l id s  

laxintum flow during 
erupt ion 

Duration of eruption 

Time in te rva l  between 
erupt ions 

XI. Structural  measures 
Retention pond dike 

Pipeline t o  evaporating 
ponds 

Pipeline distance t o  
evaporating pond 

Evaporation pond dikes 

I I n i t i a l  

After 100 yr. 

250 ac - f t  

.7 ac- f t  

3?0 ac-St 

150 ac - f t  

11,000 t o  14,000 mg/l 

15 f t V s  

6-8 nin. 

5-6 hrs  . 
Conpacted e a r t h f i l l  with 

p l a s t i c  nembrane 

10" dia. PVC 

3.0 m i .  

Compacted e a r t h f i l l  with 
p l a s t i c  nembrane 



a .  Paradox Valley Unit, Colorado. - 
(1) Introduction.  - Paradox Valley, as shown on f i g u r e  1-16. 
i s  a major na tura l  source of s a l i n i t y ,  cont r ibut ing  an esti-  
mated 200,000 tons of s a l t  each year  t o  the  Dolores River a s  
it crosses  Cqe va l l ey  enroute t o  i ts  confluence with the  
Colorado River i n  southeastern Utah. 

Inves t iga t ions  were i n i t i a t e d  i n  FY 1972, when stream gaging 
and water q u a l i t y  s t a t i o n s  were es tabl i shed a t  th ree  s i t e s :  
on t h e  r i v e r  a t  Bedrock (as i t  entered the  va l l ey ) ,  on West 
Paradox Creek (a t r i b u t a r y  i n  the  va l l ey ) ,  and on the  r i v e r  
as i t  leaves the  va l ley .  Three years o f  continuous flow 
measurements and weekly water q u a l i t y  samplings have indi -  
ca ted  a s a l t  pickup of  200,000 tons annually. During t h i s  
p e r i d ,  the s a l t  concentrat ion of the  r i v e r  has tanged from 
140 t o  3,7QO mg/l a t  the  entrance t o  the  va l l ey  and frm 
170 t o  166,000 mg/l a t  the  e x i t .  The h ighes t  reading occur- 
red during a period of  no r iverf low, when t h e  water i n  the  
channel was composed e n t i r e l y  o f  surfac ing ground water and 
i r r i g a t i o n  re tu rn  flows. 

To deternine  the  depth and a r e a l  ex ten t  o f  the  s a l i n e  ground- 
water body, a r e s i s t i v i t y  survey w a s  conducted along the r i v e r  
l a t e  i n  M 1972. Based on information obtained from t h i s  t e s t ,  
exploratory and observation wel ls  were d r i l l e d  t o  acquire  
add i t iona l  da ta  concerning subsurface water  condit ions.  In 
FY 1973, 12 exploratory wells were d r i l l e d  along both s i d e s  
of  the  r i v e r  i n  unconsoli&ted r i v e r f i l l  mater ia l .  Perforated 
casings were i n s t a l l e d  so  t h a t  water  q u a l i t y  samples could 
be obtained and the water- table e levat ion  and b r ine  i n t e r f a c e  
observed &ring a subsequent well pmping program. Also 
dur ing FY 1973, f i v e  locat ions  an t h e  e a s t  s i d e  o f  the  r i v e r  
were core d r i l l e d  i n t o  t h e  consoli&ted res idua l  rocks of 
the  va l l ey  f l o o r  a t  depths ranging from 74 t o  200 f e e t .  

Data obtained during the  s t u d i e s  ind ica te  t h a t  the  shallow 
overburden o f  a l l u v i a l  depos i t s  along t h e  f lood p l a i n  o f  
the  r i v e r  covers a brecciated gypsiferous formation, r i c h  
i n  d m  ch lo r ide  s a l t .  This formation is  believed t o  
be the  r e s idua l  cap of a col laps ing s a l t  a n t i c l i n e ,  o r  
dome, which under l ies  the  va l ley .  Saturated b r ine  l i e s  
within a few f e e t  of t h e  surface  along the e a s t  s ide  of 
the  r i v e r  and extends d m  t o  a depth of about 100 f e e t  
within a mile west o f  the  r i v e r  ( f ig .  1-17). A shallow 
layer  of r e l a t i v e l y  f r e s h  ground water o v e r l i e s  the  b r ine  
on the  west s i d e  of t h e  stream. Figure 1-18 shows a view 



PARADOX V A L L E Y .  COLORADO 4- 

RADIUM 

RADIUM RESERVOIR ._-_ 

I 
Figure 1-16 



EAST -- 

Stream Deposits 
Silt, sand gravel €4 cobbles Gypsum hi l ls  
in lenses €i bed having 
random cemented layers DOLORES (Reslduo I outcr . . 

H Arravs indicate 
qrarndwater movement 

OD from west paradon. 
Grarndwoter from 
upstreom Oolores 
Rlver gravel is 
p r w n t  krt not shown, 

S C H E W C  SECTiON ALONG PARADOX VALLEY 
( UXUCING DOWNSTREAM) 

Cdorado River Water Quality Impravemen f Pmgmm 
mradtx Valley Unit, Colora& 

Figure 1-17 



Aerial view of Paradox Valley. 

Figure 1-18 



looking upstream (southwest) across the  va l ley ,  with the  
salt f l a t s  l e f t  by evaporating br ine  along t h e  r i v e r  
channel. 

The a l l u v i a l  mater ia ls  a r e  shallow on t h e  sides of t h e  
va l l ey  and increase  t o  a depth of 100 feet near  the middle. 
Consist ing of sand and si l t  near  the surface  grading to 
coarser  gravel  near t h e  bottom, these  deposi t s  have replaced 
s a l t s  which have been leached from t h e  underlying b recc ia ,  
probably by ground water s u ~ f a c i n g  i n t o  t h e  r iver .  Fig- 
ure  Id19 shWs t h a  a r e a  .along t h e  s t r e a a  where b r l n s  is 
found near  the  surface.  The western rrrasgin of t h e  a r e a  rep- 
r e s e n t s  t h e  surfac ing l i n e  of t h e  brfne,  a d  the rsmainder 
is e s s e n t i a f l y  a s t a b l e  impoundmeat. Data on tha hydraulic  
c h a r a c t e r i s t i c s  of the brine-producing aqu i fe r s  were obtained 
f r o m  pump tests conducted during FY 1974. 

The plan of  s a l i n i t y  eantrd spec i f i ed  under item (2)  below 
w i l l  reduce the s a l t  cont r ibut ion  of the val ley by about 
180,000 tons, thus reducing the  s a l i n i t y  of the CoIorada 
River at Tmperail Dam by about 16.3 n g l l .  

(2) Wation and desc r ip t ion  of mit features. - 'Ihs influx 
of malt i n t o  the  Dolores River w i l l  be s u b s t a n t i a l l y  reduced 
by d r i l l i n g  w113 along both s i d e s  of tho stream and w i n g  
from t h e  brine-producing , zones t o  h e r  the i n t e r f a c e  between 
the Ioyer of f resh  ground water and t h e  underlying br ine .  
This could require as many as 18 uells, 10 along t h e  west s i d e  
of the river and 8 along the aaat s i d e ,  with a w&iaed pump- 
ing r a t e  of up to 5 cubic f e e t  per second (ft3/s). The proj -  
e c t  is to be constructed and t e s t e d  i n  th ree  s tages  t o  de te r -  
n ine  t h e  exact number o f  wells needed, t h e  nns t  e f f e c t i v e  
locat ions ,  and r a t e s  of pumping f o r  the  individual  wells.  

4s) FPrst stage. - In the sdvmca-planning s t a g e ,  a moni- 
t o r i n g  system h& bo*en es tabl i shed,  cons is t fng  o f  mul t ip le  
l i n e s  of piezometer c l u s t e r s  i n  the southern p a r t  of t he  
w e l l  f i e l d  ( f ig .  1-20), The l i n e s  would extend outward 
f n w  sach s ide  of the  r ive r .  The e l u s t e r s  would t o t a l  
about 26, each consisting o f  3 p i a s m e t e r s  t o  gage a 
shallow zone a t  0 t o  20 f e e t  and br ine  zones a t  80 t o  
100 f e e t  and 200 t o  220 f e e t .  In add i t ion  t o  t h e  
26 observation holes ,  th ree  explora tory  wells w i l l  be 
d r i l l e d  with each containing a piezometer and a ground- 
water Qbservation pipe. 
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[b) Second s tage .  - During t h i s  s tage ,  approximately 
18 wells w i l l  be d r i l l e d  i n t o  the  r i v e r  g rave l s  and each 
w i l l  be t e s t ed  a s  it i s  conpleted. When a l l  the  wells a r e  
conpleted, the  wells w i l l  be t e s t ed  by y p i n g  a l l  o r  p a r t  
of the  wells  i n  d i f f e r e n t  conbinations. The br ine  pumped 
during t h i s  t e s t i n g  p e r i d  w u l d  be s tored  i n  a temporary 
~ n d  located b l o w  t h e  well f i e l d .  Data obtained during 
t h i s  s t age  k i l l  be used i n  f i n a l  s i z ing  and design o f  t h e  
br ine  well f i e l d ,  s t r ipp ing  p l a n t ,  p ipe l ine  and punping 
p lants ,  and Radium Evaporation Pond. 

(c) Third s tage .  - During t h i s  cons t ruct ion  s t age ,  t h e  
r a i n i n g  w r t i o n  o f  the  rnon i to r in~  system w i l l  be con- 
s tructed,  any add i t iona l  wel ls  w i l i  5e d r i l l e d ,  t h e  b r ine  
p ipe l ine  l a i d ,  and the  evaporation pond completed. The 
an t i c ipa ted  d i s t r i b u t i o n  o f  the  wells  and monitoring 
sys ten  [?iezometers) i s  shom i n  f i g u r e  1-20. Each well 
will be about 80 f e e t  deep and l ined  with a corrosion- 
r e s i s t a n t  mater ia l .  The wells  w i l l  be perforated adjacent  
t o  t h e  production zone a t  40 t o  80 f e e t .  A probable nax- 
imw of  about 150 gal lons  per  minute (gal/m) would be 
pumped a t  each locat ion .  

The b r ine  i s  t o  be piped from t h e  wells t o  a c e n t r a l  co l -  
l e c t i o n  po in t ,  where hydrogen s u l f i d e  gas w i l l  be converted 
t o  elemental s u l f u r  and ua te r  i n  an oxidat ion process. 
This  could requi re  a i r  s t r ipp ing  towers, punps, chemical 
s to rage  f a c i l i t i e s ,  sand f i l t e r s ,  and appurtenant f a c i l i -  
ties. The converted s u l f u r  w i l l  then be piped t o  t h e  evap- 
o ra t ion  pond with t h e  brine,  o r  used c o m e r c i a l l y .  

A buried p ipe l ine  o f  re inforced p l a s t i c  mortar w i l l  c a r r y  
t h e  br ine  from t h e  well f i e l d  to the  Radium Evaporation 
Pond. The p ipe l ine  will be about 20.5 n i l e s  lang, extend- 
ing t o  t h e  southeast  along S t a t e  Highway M. 90, then 
cross ing t h e  d iv ide  betueen Paradox Valley and Dry Creek 
0asin and t e m i n a t i n g  a t  t h e  evaporation pond. Eight 
punping p l a n t s  and regu la t ing  tanks k i l l  be required t o  
achieve t h e  t o t a l  dynanic l i f t  of about 2,300 f e e t  between 
t h e  well f i e l d  and t h e  top of t h e  d iv ide ,  with t h e  f i r s t  
p l an t  located adjacent  t o  t h e  hydrogen s u l f i d e  treatment 
f a c i l i t i e s .  

Access roads w i l l  be constructed along both s i d e s  o f  t h e  
r i v e r  and along each l i n e  o f  piezoneter  c l u s t e r s .  The 



t h r e e  b r ine  r e l i f t  pr t~ping ? lan t s  adjacent  t o  S t a t e  High- 
way No. 90 i n  t h e  va l l ey    ill be access ib le  by shor t  spurs 
constructed f ron  t h e  highway, while t h e  p l a n t s  located on 
t h e  slope of  t h e  d iv ide  w i l l  r equ i re  new roads. 

The pmps required f o r  t h e  p ro jec t  w i l l  have a power demand 
o f  2,230 ki lowat ts  and w i l l  consune about 18.8 mi l l ion  k i l -  
owatt hours o f  e l e c t r i c a l  pouer each year. This energy can 
be del ivered  from ex i s t ing  transmission l i n e s  along t h e  
a x i s  of  the  va l ley .  Power f o r  t h e  well f i e l d ,  t h e  hydrogen 
s u l f i d e  treatment f a c i l i t i e s ,  and the  f i r s t  r e l i f t  punping 
p lan t  p ill be supplied through a connection with the  pres-  
ent  l i n e  near  t h e  i n t e r s e c t i o n  o f  Highway So. 90 and t h e  
Dolores River. The t h r e e  pumping p l a n t s  along t h e  highway 
w i l l  be served by t h r e e  shor t  l i n e s ,  while a longer t r ans -  
mission l i n e  along t h e  a l inenent  t o  t h e  t o p  o f  t h e  d iv ide  
w i l l  be required f o r  the  l a s t  four p lan t s .  

The evaporation pond w i l l  be located on t h e  West Fork o f  
Dry Creek, a normally d ry  channel which d r a i n s  i n t o  t h e  San 
hliguel River, approximately 8 mi les  southwest o f  t i a tu r i t a ,  
Colorado. A shallow na tu ra l  bas in  a t  t h e  s i te  w i l l  be 
enclosed by t h e  cons t ruct ion  of two dams across stream chan- 
n e l s  on t h e  northern edge o f  t h e  a rea  and four d ikes  across  
low saddles on t h e  eas te rn  edge. The dams w i l l  be r o l l e d  
e a r t h f i l l  s t r u c t u r e s  founded on firm Dakota Sandstone, one 
r i s i n g  a b u t  92 f e e t  and the  o t h e r  71 f e e t  above t h e  stream- 
beds. One dam would have a length o f  6,200 f e e t  and a c r e s t  
width o f  30 f e e t ,  while the  o the r  w i l l  have a length  o f  
800 f e e t  and a c r e s t  width o f  30 f e e t .  The d i k e  w i l l  con- 
sist o f  two r o l l e d  e a r t h f i l l  s ec t ions  with c r e s t  widths o f  
20 feet. The northern sec t ion  w i l l  tm 26 f e e t  high and 
2,500 f e e t  long, while the  southeastern sec t ion  w i l l  be 
13a.feet high and 950 feet long. A concrete overflow stmc- 
t u r e  on t h e  d i k e  will serve a s  an emergency sp i l luay .  

The evaporation pond w i l l  have a maximum surface  area  o f  
3,375 a c r e s  with a capaci ty  o f  99,300 acre- fee t .  A volume 
o f  66,700 ac re - fee t  with a surface  o f  3,200 ac res  w i l l  be 
a l loca ted  f o r  t h e  evaporation of  br ine  and na tu ra l  inflow 
and t h e  accumulation of p rec ip i t a t ed  s a l t s .  



About 12,600 ac re - fee t  o f  the  r e m i n i n g  capacity is t o  
be reserved f o r  flood i n f l m .  The pond w i l l  grow q u i t e  
r ap id ly  during the  i n i t i a l  years of  projec t  operat ions,  
reaching a capacity o f  about 32,000 acre- fee t  with a 
surface  of  about 2,200 acres  a f t e r  approximately 10 years .  
The maximum s a l i n i t y  of 312,000 ng/l  w i l l  be reached 
a f t e r  about 13 years .  The r a t e  o f  f i l l i n g  w i l l  gradually 
decrease over the  years ,  s ince  the  surface  a r e a  w i l l  
increase nore r ap id ly  than the  volume, thus increasing 
the  r a t i o  of evaporation t o  inflow. A t  the  end o f  the  
50tn year, the pond and s a l t  depos i t s  w i l l  cover an a r e a  
o f  approxinately 2,900 acres with a volume o f  about 
58,000 acre- fee t  . An equ i l ib r iun  between average annual 
inflow and evaporation w i l l  be reached s h o r t l y  a f t e r  
60 years. The ac tua l  growth of the  pond w i l l  a l s o  f luc-  
t u a t e  in  response t o  va r i a t ions  from the  average clima- 
to log ica l  condit ions and the  average annual r a t e  of 
evaporation. Seasonal f luc tua t ions  a r e  expected each 
year, s ince  evaporation is much g rea te r  i n  the  summer 
than in the  winter .  This could produce extensive s a l t  
f l a t s  on the edge of  the  pond during the  s m e r  months 
i n  the  l a t t e r  por t ion  of  the  100-year period of  projec t  
operat ions.  

b. Grand Valley Unit ,  Colorado. - 
(1) Introduction.  - There a r e  about 71,000 acres  o f  i r r i g a -  
b le  land i n  the Grand Valley, o f  which 57,300 a r e  present ly  
being i r r i g a t e d .  These i r r i g a t e d  lands of  the  va l l ey ,  a s  
shown on the  Grand Valley Basin Unit map, f i g u r e  1-21, a r e  
one of the major con t r ibu to r s  o f  s a l t  loading t o  the  Colorado 
River. A l l  sources in the  Grand Valley a r e  estimated t o  
con t r ibu te  an annual average of  about 600,000 tons of  s a l t  
t o  the  Colorado River. (See t a b l e  I-4a.) Most o f  these 
s a l t s  are leached from the v a l l e y ' s  s o i l  and 3 ighly  s a l i n e  
sha le  formations and ca r r i ed  i n t o  the  r i v e r  by deep perco- 
l a t i o n .  Water losses  f ron  conveyance systems and excess 
appl ica t ion  of i r r i g a t i o n  water a r e  primari ly responsible 
f o r  t h i s  deep percola t ion .  High water t ab les  and s a l t  
buildup have reduced the  a g r i c a l t u r a l  product iv i ty  i n  the 
va l ley .  Erosion along canals ,  l a t e r a l s ,  washes, d ra ins ,  
a d  from i r r i g a t e d  f i e l d s  is  a l s o  a problem associa ted  with 
the  ex i s t ing  i r r i g a t i o n  s y s t e m  i n  the  va l l ey .  

To contro l  the  s a l i n i t y ,  three  in tegra ted  plans o f  ac t ion  
have "ken considered, a l l  of which requi re  the  cooperation 
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of  the  i r r i g a t o r s .  The f i r s t  i s  a U t e r  Systems hprove-  
nent (WSI) progranr ; second, an I r r i g a t i o n  Wanagemnt Ser- 
v ices  (134s) program; and t h i r d ,  an O n f m  I r r i g a t i o n  Sys- 
tem and Management Improvenent program. Invest igat ions 
o f  a fourth plan o f  a c t i o n ,  t h a t  of u t i l i z a t i o n  of p m r  
q u a l i t y  r e tu rn  flow a r e  scheduled f o r  FY 1977. 

(2) Water Systems Improvement Program (WSI). - There a r e  
approximately 213 miles of canals  and 503 miles o f  l a t e r a l s  
i n  the va l ley  (see f i g .  1-21) with only a few of the  l a t -  
e r a l s  and p a r t s  of some canals  present ly  concrete o r  gunite  
l ined.  Figures 1-22 and 1-23 a r e  views o f  an  unlined l a t e r a l  
and canal  t4tic.h a r e  typ ica l  o f  t h o  condit ion o f  the  present  
water de l ive ry  systems. 

Some o f  the concrete- and gunite- l ined sec t ions  o f  canals  
and l a t e r a l s  would be r e h a b i l i t a t e d  i n  t h e  WSI program. I t  
is an t i c ipa ted  t h a t  the  first 6.3 iniles of  t h e  Government 
Highline Canal and 1.7 miles o f  the  Redlnnds Power Canal 
would be l e f t  i n  open, unlined sec t ions  because seepage from 
e i t h e r  of  the  two canals  i n  these. reaches r e tu rns  d i r e c t l y  
t o  the  r i v e r .  S t ructures  i n  these  reaches of canals  would 
s i m i l a r l y  not be r e h a b i l i t a t e d  i n  connection w i t h  the  WSI 
program. 

The designs f o r  the  KSI program a r e  based on using the  pres-  
ent alinements f o r  the  canals  and l a t e r a l s ,  using cur ren t  
Bureau o f  Reclamation design standards f o r  l i n i n g  and struc- 
t u r e s ,  and using present  water de l ive ry  e levat ions .  Fig- 
u r e  1-24 is a view of a l a t e r a l  which has recen t ly  been l ined 
with concrete by a group o f  farmers with engineering a s s i s -  
tance from the  So i l  Conservation Service and c o s t  sharing 
under the  Agr icul tura l  Conservation Program. This construc- 
t i o n  is an example of the type o f  cons t ruct ion  an t i c ipa ted  
under 6 1 .  For purposes o f  preparing a f e a s i b i l i t y  c o s t  
es t imate ,  the Grand Valley Unit was divided i n t o  12 sub- 
a reas .  Each subarea includes a major canal  o r  sec t ion  o f  
major canal  and a l l  l a t e r a l s  under t h a t  canal .  Figure 1-21 
shows the  major i r r i g a t e d  land a reas  of the  va l l ey .  

Table 1-5 shows the i n i t i a l  c a p a c i t i e s ,  lengths,  and number 
of  st-tures a s  they would be reconstructed i n  each of the  
12 subareas under the  h'S1 program. In  addi t ion  t o  t h e  s t r u c -  
t u r e s  shown on t a b l e  1-5, 21 cross-drainage c u l v e r t s  would 
lx replaced,  300 f e e t  of  elevated flume constructed across 
drainages,  1,040 f e e t  of pipe sec t ions  constructed along 
canals ,  and 76,095 f e e t  of p ipel ines  c o n s t w t e d  t o  replace  





Grand Va d l e y  Basin Unit, unlined cana 

Figure 1-23 



Grand Valley Basin Unit, concrete-lined lateral. 

Figure 1-24 



Tabla I -L  -- 
CANAL AND LATERAL DATA - GRAND VALLEY BASIN UNIT 

l n i t l a l  Concrete Drops 
System name capaci ty,  Lenp.th Rand canal Tun-  Moasurin~ and Checks I r r i p a r i o n  

f t 3 / a  d l o a  e m s s l n ~ s  brldgos ou ts  davlcas chutos crosglr~gs 

Canals 
ravenwent  High1 i n e  
Grand Valloy 
(;rand Valley Mainllne 
Grand Vallq.  111ghllne2 
Mosa County 
lndepmdent Rmdrasns 
Pr ice  
Stubb 
Orchard Hcsa Power 
Orchard Mesa No. 1 
Orchard Mesa No. 2 
Redlands : 

Redlands P w e r  
Rodlands Sorvlce 

Covernr~cnt Hlghllne 
Grand Valloy 
Grand Valloy Mslnline 
Cirand Valley Highline 
Hcse County 
Indupenden t Rlnchwnr 
Pr ice  
Stubb 
Orchard Moss Povor 
UrcharJ Hcna No. 1 
Orcharrl Mesa No. 2 
Redlands: 

Rodlands Power 
Redlands Service 

Total 503.3 1,512 2,829 3,081 874 935 65 

' Length i r  from o u c h t  of  'lunnol No. 3 t o  end o f  canal .  Total lanpth o f  canal 1s  53.2 n i l a s .  
lncirnien Keifer Extension. 
Longth t o  be Iinod. Total  l a n ~ c h  is 5.5 mlles. ' h g t h  t o  be l ined ,  Total  length is 3.5 milss. 



e x i s t i n g  unlined l a t e r a l s .  The road cross ings  and pipe sec- 
t ions  would be buried concrete pi?e s e c t i o ~ s ,  and the  i ~ i -  
gation crossings would cons i s t  of s t e e l  and cormgated-metal 
pipe spanning across the  canals  and l a t e r a l s .  Some ex i s t ing  
s t r u c t u r e s  on canals  would not need replacing under the  M I .  

Table 1-6 snows the lengths,  i n i t i a l  diuensions, and t e r n i n a l  
dimensions f o r  canals  and l a t e r a l  systems a t  they would be 
r e c o n s t n c t e d  i n  each of  the  12 subareas. There a r e  a number 
o f  l a t e r a l s  under each canal systein wit;?  varying i n i t i a l  capac- 
i t i e s .  The f igures  shown i n  t a b l e  1-6 i n  the  column " i n i t i a l  
dimensions" a r e  f o r  the l a rges t  l a t e r a l  under the sys tea .  The 
i n i t i a l  ca2ac i t i e s  of the  l a t e r a l s  range from the f igures  
shown, down t o  a capaci ty  of 2 f t  3/s. 

There a r e  a very l i a i t e d  number of  l e a s w i n g  devices on e i t n e r  
the  turnouts  t o  the  l a t e r a l s  from the  canals ,  o r  t h e  turnouts  
t o  the individual  farms from the  l a t e r a l s .  The WSI program 
includes cons t ruct ion  of  measuring devices a t  a l l  turnouts  
from canals  and l a t e r a l s .  

Design flow c a p a c i t i e s  of the  canals  and l a t e r a l s  were con- 
puted, based on crop consunptive use,  cropping pa t t e rns ,  
c l i n a t i c  da ta  f o r  the  va l ley ,  and an i r r i g a t i o n  e f f i c i e n t y  
o f  60 percent (obtainable under con t ro l l ed  i ~ i g a t i o n  man- 
agement]. These coaputed capac i t i e s  shown i n  t ab les  1-5 
and 1-6 f o r  the canal compare q u i t e  c l o s e l y  with the  present  
d ivers ion  capac i t i e s .  Cross sec t ions  of t h e  ex i s t ing  canals  
and l a t e r a l s  a r e  l a r g e r  than those required f o r  the  proposed 
concrete-lined sec t ions .  Very l i t t l e  excavation would be 
required during const ruct ion .  In areas  where two o r  more 
l a t e r a l s  c lose ly  p a r a l l e l  each o ther ,  considerat ion w i l l  be 
given t o  combining these l a t e r a l s .  

!$laterial required f o r  enbankmnt would be obtained as c l o s e  
t o  the point  of  u t i l i z a t i o n  a s  p r a c t i c a l  from a geological ,  
econmica l ,  and environmental s tandpoint .  Potent ia l  a reas  
a r e  located north of the  Government Highline Canal, south 
of Orchard Mesa Canal So. 2, along the  Colorado River, and 
along the  alinements of the  ex i s t ing  canals  and l a t e r a l s .  
Access roads would have t o  be constructed t o  the  areas  north 
of  the  Governaent Highline Canal and south of Orchard Wsa  
Canal KO. 2. Sand and gravel  f o r  concrete aggregate would 
be obtained f r o m  e x i s t i n g  p i t s  i n  the  Grand Junction,  F r u i t a ,  
and Whitewater a reas .  Cenent, s t e e l ,  pipe,  and o the r  pre- 
pared const ruct ion  mate r i a l s  would be imported. 



'!F!!t!!s-td!Og) I n i t i a l  d imenl ions  T m  h a 1  d iensions 
Wator Water Lining ~ a t c r  ~ a t m  &1n;lr' 

System name To ta l  Upan Concroto I n l i n e  Caprc'i t y  dep th ,  width ,  I ~ e l e h r ,  Capaci ty  dep th ,  w id th ,  hnip.ht,  
l eng th  u n l i n e d  l ined s t n l c t u r t s  f t3/?r f t .  f t .  ft .  f t3 / s  f t .  f t .  I t .  

I 

Canals 
r n v e r n m n t  High1 lns 46.9' 45.8 1 .1  600 6 .65 36.49 8 .0  25 2.07 7.14 2 . 5  
Grmd Va l l ey  12.3 12.3 650 5.12 31.36 7.0 500 5.33 20.0 6.14 
Graad Va l l ey  Mainl ine  13.8 13 .5  Cl.3 250 4.14 18.42 5.25 2 S 1.9B 6 .96 2.5 
Grand Val loy ~ i ~ h l i n e ~  38.7  38.3 0 .1  0.3 300 4.44 19.32 5.5 25 1 . M  6 .72  ? , 5  
Mela k u n t y  4.2 1.5 1 . 3  0.4 40  2.00 9 .0  2.1 2 .72 2.44 1 . 3  
Indopondont Ranchmns 11.7  10.8  , 6  0.3 70 2.9 14.7 5 .5  2.22 9 . 7  2 . 7 4  
P r i c e  9.0 5 . 9  3 .0  0.1 100 4.0 17.0 4.5 10 1.32 4.d4 2 . 0  
Stubb 10.2 7.0 3.1 . I  30 1.8t H.5 2 .5  4 1 .0  3.0 1 . 7  
Orchard Mesa Power 2.43 2.4 R50 8.R 38.3 10.21 850 8.8 38 .3  lU.2b 
Orchard Mass No. 1 16.3 15.0 1 .3  110 3.6 15.B 4 .O 6 1.2 4 .4  1 .75 
Orchard Mesa No. 2 17.3 16.2 1 .1  70  ' 3.0 13.0 3.5 b 1.0 4 . 0  1 . 5  
Rod 1 ands : 

Redlands Power 1 . 8 ~  1 .8  RSO 7.4  38.2 9 .0  85 U 7.4 38.2 9 . U  
Redlands S e r v l c e  19.5 6.1 g A 5  1.3 60 2 .5  9.9 3.2 2 -72 , .,- 2.44 1 .  J 

T o t a l  
- - - - ' - -  

204.1 178.2 19.b 6 . 3  
I L a t e r a l s  
u 

5/ - 
P h v a r r u o n t  l l i gh l ino  160.0 152.1 3.2 4 . 7  50 2.2 9.6 3 .0  2 .72 2.44 1 . 5  

Grand Va l l ey  29.2 19.2 4 . 1  5.9 R 1.1 4.2 1.67 2 .72 2.44 1 . 5  
Grand Val ley  k l n l l n e  62.1 31.4 28.7 2.0 3 0  1.64 7.9 2.5 1 .72 2.44 1 . 3  
Grand Val ley  l l i gh l ine  98.0 81.7 13.2 3.1 ZU 1.5 5.0 2.3 2 .72 2.44 1 . 3 
Mesa County 14.1 13.2  0.2 .7 R 1 .1  4.2 1.67 2 .72 2.44 1 . 3  
Indopmndmn hu~chmrms 28 .O 15.6 5.0 7.4 1 S 1.32 4.64 2.16 2 .72 2.44 1 . 5  
P r l c e  40.1 26.4 4 .6  9 .1  8 1.1 4.2 1 .d7 2 .72 2.44 1 . 3 
Stubb 6 .6  2.8 0 .1  3.7 6 1 .2  3.4 1.8 2 -72 2.44 1 .  Y 
Orchard Mass Povs r  4 . 0  .S 1.7  1 .8 2 .72 2.44 1 . 3  2 .72 2.44 1 .  .4 
Orchard Mesa NO. 1 2S.2 18.8 2.5 3 .9  30 1.64 7.9 2.5 2 ,72 2.44 1 . 3  
Orchard tQsa No. 2 l 0 , l  5.4 1.1 11.6 6 1.2 3.4 2-16 2 .72 2.44 1.3 
h d l m d s  : 

Radlands Fowar 0.5 0.5 2 .72 2.44 1 . 3  2 .72 2.44 I . . i  
Redlandn S e r v i c e  17.4 9.9 i-! =:. ' 2 -72 2.44 1 . 3  2 .72 2.44 1 . 5  

T o t a l  503.3 377.5 66.2 59.6 

I Length is from o u t l e t  o f  I\rrtnol No. 3 t o  end of cansl. To ta l  canal  l eng th  l a  53.2 miles. 
Includos  Ko l fa r  Extens ion.  
Longith t o  bo l i n e d .  To ta l  l eng th  is 3 .5  m l l e r .  
k g t h  t o  he  I l ned .  T o t a l  l ang th  is 3.5 mi los .  
The l a t e r a l  i n i t i a l  c a p a c i t y  g lveu Is f o r  t h e  l a r g e a t  l iarera1 m d o r  t h o  system. 



Small amomts of  r i p r a p  would be needed on wasteways and 
on small drops along p a r t s  of  the  a l inenents  of the  M e -  
pendent Ranc*mens Ditch and the  Mesa County Ditch where 
these  canals  f o l l w  na tu ra l  drainage channels. I t  i s  
planned t o  use broken ccmcrete from replaced s t r u c t u r e s  
along the  canals  and l a t e r a l s  as much a s  poss ib le  f o r  t h i s  
r ip rap .  

(a) Xights-of-way. - The rights-of-way along t h e  e x i s t -  
ing canals ,  l a t e r a l s ,  and d ra ins  c o n s i s t  of reserve 
right-of-way and deeded o r  dedicated rights-of-way. In 
a reas  where the So i l  Conservation Service has l ined 
e x i s t i n g  l a t e r a l s ,  the  l a t e r a l  owners have o j ta ined con- 
s t m c t i o n  rights-of-way by easements. Under WSI, where 
e x i s t i n g  canals  and l a t e r a l s  a r e  t o  be l ined,  the  i r r i g a -  
t i o n  e n t i t i e s  would obta in  the  required rights-of-way 
f o r  cons t m c t i o n .  

(b] C m s t m c t i o n  program. - A d e t a i l e d  construct ion pro- 
gran :?as not h e n  prepared f o r  the  Grand Valley WSI pro- - - 

gram. Most construct ion work w i l l  have t o  be S r f o G e d  
during the  nonir r iga t ion  season i n  the  spr ing  and f a l l  of  
t h e  year. 

(3) Grand Valley I r r i g a t i o n  Management Services ( I M ) .  - 
The angoing Grand Valley IMS program complements the  Systens 
hprovenent  2rogra:l and the  Onfarn I r r i g a t i o n  Systems and 
Ylanagetnent Improvemnt program. In the  Grand Valley, IMS is 
expected t o  improve the  e f f i c i ency  of water use and thereby 
reduce the  salt loading f ron  i r r i g a t e d  lands. 

The LstS program focuses on advising the  i r r i g a t o r  of when 
t o  i r r i g a t e  and the  amaunt of  s o i l  moisture needed t o  be 
replaced. Computer p r in tou t s  showing d a i l y  s o i l  moisture, 
recornended optimum i r r i g a t i o n  date ,  and the  amount o f  
s o i l  moisture t o  be replaced a t  t h e  next  i r r i g a t i o n  a r e  
given t o  i r r i g a t o r s .  Then t h e  i r r i g a t o r s  folloar t h e  pre- 
d i c t i o n s  a s  c lose ly  a s  workloads and ava i l ab le  water p e n i t .  

The i n i t i a t i o n  of the  i r r i g a t i o n  scheduling a c t i v i t i e s  
required the  assenbly of  considerable imput d a t a  and the 
adjustment of the  computer prograq t o  f i t  Grand Valley 
condit ions.  Enphasis was placed on proper cha rac te r i za t ion  
o f  the  s o i l  p roper t i e s  r e l a t e d  t o  m i s t u r e  r e t en t ion  and 
aovement. Climatic da ta  were obtained f ron the  National 
Leather Service Office a t  the  Grand Junction a i r p o r t ;  how- 
ever,  condi t ions  there  a r e  not representa t ive  of  those i n  



the  i r r i g a t e d  f i e l d s .  A complete weather s t a t i o n  was there-  
f o r e  es tabl i shed within the  i r r i g a t e d  a r e a  t o  obta in  da ta  
f o r  the  scheduling prograiu (see f i g  . 1-25). 

Each f i e l d  is v i s i t e d  weekly by a f i e l d  representa t ive  t o  
conpare the  computer output predic t ion  w i t ; ?  a c t u a l  f i e l d  
condit ions.  During a f a n  v i s i t ,  such i t e n s  a s  crop con- 
d i t i o n ,  root  zone, wa te r  t a b l e ,  s o i l  moist-me, i r r i g a t i o n  
app l i ca t ions ,  and e f f i c i e n c i e s  a r e  observed. Pa r t i c ipa t ing  
farmers a r e  given ass i s t ance  on ways t o  improve e f f i c i e n c i e s  
through adjustment i n  the  i r r i g a t i o n  schedule and a m u n t s  
of  s o i l  moisture t o  replace.  

In associa t ion  with the  IS6  program, pound-water observation 
wells  b v e  been i n s t a l l e d  i n  many f i e l d s  t o  determine the 
e f f e c t s  of high water t ab les  on crop consumptive use and t o  
determine whether these water t a b l e s  a r e  caused by over- 
i r r i g a t i o n  and/or canal  seepage. Additional wells  w i l l  be 
i n s t a l l e d  j o i n t l y  f o r  the I>E and HSI programs a s  they 
continue . 
One hundred twenty farms pa r t i c ipa ted  i n  scheduled i r r i g a t i o n  
operat ions during the  1973 i r r i g a t i o n  season. These included 
4 3  p a r t i c i p a n t s  c a r r i e d  over from the  1972 season. 411 re turn-  
ing p a r t i c i p a n t s  increased the  acreage t o  be scheduled, w i t h  
some including t h e i r  e n t i r e  farm operat ion.  During the  1973 
and 1974 seasons, about 7,000 ac res  were scheduled, comprising 
approximately 10 percent of the  Grand Valley area.  The 1973 
l eve l  of p a r t i c i p a t i o n  was maintained i n  1974 with the  goal o f  
increas ing onfarm water management and i r r i g a t o r  cooperation. 

Federal pa r t i c ipa t ion  i s  t o  be concluded i n  1977, a t  wnich 
t i n e  most o f  the  i r r i g a b l e  land i n  Grand Valley w i l l  be 
covered by an It6 program, administered and financed loca l ly .  

(4) Onfann I r r i g a t i o n  Systems and Hanagement Improvement. - 
The Grand Valley onfarm inves t iga t ions  have involved a review 
and ana lys i s  o f  ava i l ab le  da ta  on water de l ive ry ,  i r r i g a t i o n  
methods and c h a r a c t e r i s t i c s ,  i r r i g a t i o n  aanagement, i r r i g a t i o n  
systems, crops grown, and the a g r i c u l t u r a l  economy i n  the  
va l l ey .  Available da ta  was supplemented by f i e l d  invest iga-  
t ions .  The onfarm inventory of present  i r r i g a t i o n  p rac t i ces ,  
needed systems improvement and o t h e r  conservation needs i s  
near ly  complete. 

Data has been gathered on near ly  a l l  f i e l d s  u t i l i z i n g  s o i l  
surveys, a e r i a l  photos, conservation farm plans and f i e l d  



Grand Valley Basin Unit, weather station. 

Figure 1-25 



s tud ies .  Contacts with individual  f a rnc r s  have t o t a l e d  
2,210 and represents  an inventory on 125,000 ac res  including 
M,750 ac res  of i r r i g a t e d  cmpland.  Data co l l ec ted  included: 
soil series and phases i n  each f i e l d ;  f i e l d  layouts; l i n e a r  
feet of l ined and unlined f a m  d i t ches ;  f i e l d  slopes; s i z e ,  
type and number of onfara water con t ro l  s t ruc tu res ;  and 
e x i s t i n g  drainage, and occurrence of  f i e l d s  ~ i t h  high water 
t ab les .  

The present  seasonal i r r i g a t i o n  e f f i c i ency  f o r  each f i e l d  
and the  amount of t a i l w a t e r  and deep percolat ion has been 
computed, using the f i e l d  inventory da ta .  System improve- 
ments needed t o  reach a reasonably high l eve l  of i r r i g a t i o n  
e f f i c i ency  have been iden t i f i ed .  

Projec t ions  have a l s o  been sade o f  the  seasonal i r r i g a t i o n  
e f f i c i ency  and the  r e s u l t i n g  t a i l w a t e r  and deep percola t ion  

.volumes under i q r o v e d  condi t ions ,  t o  provide a camparison 
with e x i s t i n g  candi t ions .  

{5 ]  Effects. - I n  Grand Valley, the t m b i n e d  e f f e c t s  of 
these  program i s  expected ta improve the s f f k i e n e y  of 
water conveyance m d  onfarm use. 

Ondam irrlgatbi applfca t ion  e f f i c l t n c f e s  clarently average 
about 33 percent.  With a f u l l  implemntat ion o f  o n f a m  sys- 
tem improvements, use af eutback heads, punp back facilities, 
a high Ievel of I r r i g a t i o n  management, and f u l l  p a r t i c i p a t i o n  
o f  the i r r i g a t o r s  i n  the  IMS program, it is poss ib le  t h a t  t h e  
average onfarm appl ica t ion  e f f i c i ency  could b e  increased t o  
about 60 percent.  

Conveyance e f f i c i e n c i e s  Ifi the onfarn  f i e l d  d i t c h  systems 
and main canal and l a t e r a l  systems a r e  also expected t o  be 
improved with implementation o f  the pmgrans, r e s u l t i n g  i n  
a reduction i n  seepage losses  and management s p i l l s .  , 

I t  is expected t h a t  the  combined WSI and IPS programs w i l l  
reaove 200,000 tons of s a l t  from the  Colorado River System 
and thus reduce the  s a l i n i t y  a t  Imperial Dam by 19 ng/ l .  

I t  is expected t h a t  the  combined program w i l l  reduce the  
s a l t  load pickup by 340,000 tons from t h e  Grand Valley irri- 
gated area  and reduce the  s a l i n i t y  concentrat ion a t  Imperial 
D a m  by 33 ng/l .  



3. Authorized F e a s i b i l i t y  Studies  

?ursuant t o  P.L. 93-324, L:?e Secretary has undertaken a program t o  
expedite the c o ~ p l e t i o z  of asy adc i t ioca l  s a l i ~ i t y  coc t ro l  wit 
s tudies  t3a t  3ave cot regressed t o  the s t a t e  of qualifying f o r  
construct ion.  3 e s e  add i t ioca l  co:trol u n i t s  tave  been c l a s s i f i e d  
i n t o  three  general ca tegor ies :  

Poist  source conzrol s t a d i e s .  - These a r e  u n i t s  where tLe 
discharges o f  s a l i n e  waters a r e  concentrated i n  a r e l a t i v e l y  
m a l l  a rea .  

I r r i g a t i o n  sources. - Those areas  where the implementation 
of  iGI,  1143, Cnfarn I r r i z a t i o n  Systen and !+fanagocent I q r o v e -  
x n t  Progran and return-flow u t i l i z a t i o n  program can reduce 
tne  volume of s a l i n e  i r r i g a t i o n  re tu rn  flows t o  the  r i v e r  
systezt. These a l s o  include adjacent  watershed areas  t 3 a t  
cont r ibute  s a l t  t o  t i e  Colorado River Systea. 

3 i f fuse  source con t ro l .  - These have Seen i d e n t i f i e d  p r i m r i l y  
a s  t r i b u t a r y  subbasins whose r i v e r s  o r  streams accumulated 
excessive s a l t s  a s  a r e s u l t  of ~ i c k u p  of dissolved s o l i d s  
f ron  sa l t -s roduciag  geologic fornat ions  and associa ted  s o i l s  
in  the  watershed a r e a ,  s a l i n e  seeps,  and i r r i g a t i o n  re tu rn  
flows. 

a .  Point source s tud ies .  - The following t3 ree  u n i t s  have been 
i d e n t i f i e d  as  point  source cont r ibutors  o f  s a l t  t o  the  Colorado 
River. pley cbns i s t  p r i c a r i l y  of  thermal springs containing a 
l a rge  concentration o f  dissolved s a l t s .  Control o f  these  th ree  
sources of  s a l i n i t y  would r e s u l t  i n  a combined reeuction of 
319,703 tons of  s a l t  t o  the  Colorado River, which would rezuce 
zne s a l i n i t y  a t  Znperiai Dam by 32 ng/ l .  

(1) La'ierkin Sprirlgs Unit, Utah. - 
(a) Introduction.  - Several spr ings ,  sonetines r e fe r red  
t o  a s  Dixie Hot Springs, a r e  sca t t e red  along a 2,080-foot 
reach of the  Virgin River between ifurricane and Laverkin 
near  the lower end o f  Tin~oweap Canyon. During the l a t e  
sumner and f a l l ,  these springs c o n s t i t u t e  near ly  a l l  o f  
the  r iverf low domst rean  fro= the discharge points .  
1.ieasurernents ind ica te  t h a t  i n  the  springl  the c a x i m n  f lou 
is 12 f t 3 / s .  An average flow of 11.5 f t w / s  was adopted 
f o r  evaluat ing the  e f f e c t s  of t h e  p ro jec t  on water quan- 
t i t y  and q u a l i t y .  



Chemical analyses of 17 s i t e s  ( f ig .  1-28) indicated a 
m a x i m  probable s a l i n i t y  o f  10,CQO ng/ l ,  and an average 
value of 9,630 ng/l .  Based on an average flow of 11.5 
f t  3/s a t  9,650 ng / l ,  t he  s a l t  cont r ibut ion  t o  the  Virgin 
River averages 109,000 tons per  year.  Water temperatures 
of  the  spr ings  range from 100' t o  10gO F. The Environ- 
m x a l  Protect ion Agency has indica ted  ',:?at t h e  spr ing  
f l w s  contain,  i n  addi t ion  t o  s a l t s ,  t he  radioact ive  
element radiwn-226 i n  average concentrat ions of about 
37 p icocur ies  per  l i t e r  (?c/ l) .  [13] 

The developiuent o f  the  proposed u n i t  would cons i s t  of 
f a c i l i t i e s  f o r  removing approximately 94 percent  o f  t h e  
dissolved s a l t s  from the  spring f l w s .  A bypass system 
would be constructed t o  route  the  Virgin River around 
tne  spr ings ,  and the  spr ing  flows would be c o l l e c t e d  and 
desa l ted .  The product water would be returned t o  the  
r i v e r ,  and the  br ine  r e s u l t i n g  from t h e  treatment would 
be pumped t o  an evaporation pond. The p r o j e c t  a rea  i s  
shown i n  f igures  1-24 and 1-27, The LaVerkin Springs 
Unit would remove about 103,000 -tons o f  s a l t  per  year  
from the Lower Colorado River system which would ul t i -  
mately r e s u l t  i n  a  decrease o f  11 mg/l i n  the  q u a l i t y  
o f  water a t  Imperial Dam. Muever,  i t  is  recognized 
t h a t  benef i t s  a c t u a l l y  observed downstroan depend t o  a  
l a rge  extent  on ccmiplex chemical and hydrologic i n t e r -  
ac t ions  associa ted  w i t h  intervening p r o j e c t s  and n a t u r a l  
condit ions.  

Use of the  high q u a l i t y  p d u c t  water would p a r t i c u l a r l y  
enhance loca l  a g r i c u l t u r e  and reduce farm labor  on those 
lands served by i r r i g a t i o n  d ivers ions  below tire spr ings .  
b k h  o f  t h i s  would r e s u l t  from the  reduced need f o r  o f f -  
season leaching o f  accumulated s a l t s  from i r r i g a t e d  lands. 

@) b a t i o n  and desc r ip t ion  o f  u n i t  f ea tu res .  - 
Bypass system. - The proposed bypass system would 
c o n s i s t  of  a concrete upper d ivers ion  d m  and a by- 
pass p ipel ine .  The d ivers ion  dam would be located 
above the  springs.  This would be about 2,400 f e e t  
above the  mouth of Tinpweap Canyon. The system is 
designed t o  handle a  100-year f l d  o f  23,500 f t 3 / s .  
An i n l e t  s t r u c t u r e  protected by an appropr ia te  t r a sh -  
rack w i l l  be incorporated i n  t h e  r i g h t  abutment. A 
96-inch re inforced concrete pipe w i l l  begin a t  this 
point  and carry t he  d iver ted  flak's around the  springs.  





LaVerkin Sprinzs Unit. 

Figure 1-27 
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Access i s  provided along an e x i s t i n g  d i r t  road. The 
bypass p ipe l ine  w i l l  be buried along t h e  same r i g h t -  
of-way as the  access road. Figure 1-29 shows the 
general  a rea  of the  d ivers ion  dam. 

Collect ion systen.  - A lower con t ro l  dam, pumping 
p l a n t ,  and discharge p ipe l ine  f o m  the  co l l ec t ion  
system. The proposed lower cont ro l  dam would bc 
located on the r i v e r  below LaVerkin Springs and just 
upstream from the  old lwer bridge, about 2,300 f e e t  
d m s t r c a m  from the  upper d ivers ion  damsite. I t  
would c o n s i s t  o f  a f i b e r - f a b r i c  rubber i n f l a t a b l e  
tube a f f ixed  t o  a concre te  apron and cu to f f  wall i n  
the  excavated streambed. m e  dam would be f i l l e d  
( in f l a t ed ]  w i t h  e i t h e r  r i v e r  water o r  cul inary  water 
from tha d e s a l t i n g  p lan t .  Tlle spr ing  d ischarges  
would then be ponded, forning s forcbay f o r  the  ?ump- 
ing  p lant .  

During periods o f  high floodflow when t h e  upper dam 
is s p i l l i n g ,  the  lower dam would be de f l a t ed  t o  allow 
t h e  flows t o  pass buns t ream withour ponding above 
present  water l eve l s .  This ac t ion  would a l s o  c l e a r  
the  pond area  of  debr i s  and sediment deposi t ion.  
Figure 1-50 s h m s  t h i s  damsite. 

To l i f t  t h e  ponded spr ing  discharges t o  the  t r ea tnen t  
f a c i l i t i e s ,  a pumping p lan t  would be located on the  
north bank of  the  ponded a rea  upstream from the  i n f l a t -  
a b l e  lower con t ro l  dam. Spring discharges would be 
conveyed t o  the  proposed d e s a l t i n g  p l a n t  thmugn a 
buried 21-inch-diameter discharge p ipe l ine .  

Treatment and d isposal  system. - Treatment o f  the  
sp r ing  water would be accomplished through a d e s a l t i n g  
piant- located on a low above t h e - r i v e r  i n  the-  
town o f  LaVerkin, Utah. Access t o  the  p lan t  would be 
along e x i s t i n g  roads. The p l a n t  would u t i l i z e  a 
reverse-osmosis (RO) process and would include pre- 
treatment i n  the  form of calcium reduction,  cooling,  
and f i l t r a t i o n .  Tne design ca  a c i t i e s  a r e  based on 5 a naaxi~lum spr ing  flow of  12 f t  /s with a s a l i n i t y  o f  
10,000 mg/l of  dissolved s o l i d s .  

Following pretreatment and d e s a l t i n g  i n  the  RO p lan t  
the  t r ea ted  product water,  containing about 500 mg/l, 







would be returned t o  the  r i v e r  through an 18-inch- 
diameter, 1,600-foot-long Suriea p ipel ine .  The pipe 
would have a baff led o u t l e t .  A 12-inch-diameter pipe- 
l i n e  would convey the  br ine  wastes t o  the  Toauervil le  
Evaporation Pond. T"is p ipe l ine  would cons i s t  o f  
about 18,120 f e e t  o f  b w i e d  reinforced concrete pres-  
sure pipe and a b w t  800 f e e t  o f  spec ia l ly  t r ea ted  
s t e e l  pipe as  required for  bridge crossings.  Other 
types of pipe such as p l a s t i c  reinforced nor ta r  pipe 
w i l l  5e evaluated. 

The T o q x r v i l l e  Evaporation Pond would cons i s t  o f  a 
pond area o f  340 acres  located i n  a na tura l  depression 
southwest o f  Toquerville,  iltah. Four ro l l ed  e a r t h f i l l  
dikes would be required.  Seepage vould be prevented 
through the  i n s t a l l a t i o n  o f  10-mil polyvinyl chlor ide  
(PVC] sheeting protected with an ea r th  covering. An 
addi t ional  210 acres  would be required a s  a buffer  
zone for  operat ion and saintenance purposes. 

( c ]  Rights-of-way. - The lands required f o r  surface  
s t r . c t a r e s  and f o r  rights-of-way would t o t a l  about 
681.1 ac res .  This voi ld  include about 11.9 acres  f o r  
the  co l l ec t ion  system, 2 acres fo r  the  feeder p ipe l ine ,  
17.2 acres f o r  the  desa l t ing  p lan t ,  product water, and 
b r ine  p ipel ines ,  and 650 acres  fo r  tne  evaporation pond. 

(dl Construction mater ia is .  - There a r e  s u f f i c i e n t  quan- 
t i t ies  o f  impervious mater ia ls  and concrete aggregate 
for  construct ion p r p o s e s  within the immediate area o f  
the  p ro jec t  fea tures .  Some o f  tnese x a t e r i a l s  a r e  ava i l -  
able  from commercial sources. A t  t3e  Toquerville Evapor- 
a t ion  Pond s i t e ,  q u a n t i t i e s  of  impervious, semipervious, 
and r i p r a p  mater ia ls  a r e  ava i l ab le  i n  the  r e se rvo i r  a rea  
and along tne  surrounding r idges .  

(2) L i t t l e f i e l d  Springs Unit, Arizona. - 
(a] Introduction.  - The L i t t l e f i c l d  Springs a r e  a widely 
sca t t e red  group o f  springs located along the  south s i d e  o f  
the  virgin-River a b o k  1 mile upstream fro= L i t t l e f i e l d ,  
Yohave County, Arizona (see f i g .  1-31]. The spr ings  a r e  
c l a s s i f i e d  a s  a point  source of  s a l i n i t y .  Feas ib i l i ty  
inves t iga t ions  were s t a r t e d  i n  Fisca l  Year 1973 and a r e  
scheduled t o  be completed i n  Fiscal Year 1976. 





The area  being studied includes the  reach of  tile Virgin 
River where it en te r s  t3e  F i r s t  Sarrows Canyon above t h e  
Arizona-Utah S t a t e  l i n e  t o  the  v i c i n i t y  of L i t t l e i i e l d  
(see f i g .  1-32]. The re l a t ionsh ip  between the  Virgin 
Ri t e r  and s a l i n e  spr ing  f loxs  i n  t h e  L i t t l e f i e l a ,  Arizona, 
a r e a  is  complex and not f u l l y  understood a t  t h i s  t i n e .  
Hrrwever, t h i s  much is  knwn: A s  t h e  r i v e r  en te r s  the  
rugged canyon near tho s t a t e  p u n d a r y  jetween Utah and 
Arizona, i t  loses up t o  70 f t - / s  o f  i ts  flow t o  the  a l l u -  
v i m  of the bed. During periods o f  low f l o u ,  from May t o  
October, the  Virgin River flows underground through t h e  
upper p a r t  of me Narrows. Surface flow begins t o  reappear 
about 1 ~ i l e  above the  m u t h  of  Tie Sarrows i n  the  forn  
of  springs discharging from the  r iverbed and from the  
adjacent  banks. Flows of  20 f t 3 / s  a t  an average s a l i n i t y  
of 2,915 sg/l were measured a t  the  mouth of  the  canyon 
i n  1973. A t  a point  2 s i l e s  downstream, t h e  flow increased 
t o  43 f t 3 / s  with an average s a l i n i t y  of 2,900 mg/l. The 
stream continues t o  gain i n  volume, and a t  t h e  Geological 
Survey's gaging s t a t i o n  a t  L i t t l e f i e l d ,  t3e  flow was 
70 f t 3 / s  and the  s a l i n i t y  decreased t o  2,470 ng / l .  m e  
s a l i n i t y  isprovement i s  a t t r i j u t e d ,  i n  p a r t ,  t o  an i n f l w  
of about 3 f t 3 / s  o f  high q u a l i t y  water from Beaver Dam 
Wash and from springs on t h e  north bank o f  t h e  r i v e r  above 
the  gage. These upwelling springs i n  tile L i t t l e f i e l d  a rea  
appear t o  have , t h e i r  o r i g i n  i n  the flows l o s t  by t h e  r i v e r  
a t  the  upper end o f  the  canyon. However, the  flows have 
been modified i n  t h a t  the  springs have a near ly  uniform -. 

year-round s a l t  concentrat ion and a r e  t h e m a l  i n  na ture  
with a temperature of about 78' F. 

A group of these  spr ings  located about 1 mile upstream 
from L i t t l e f i e l d ,  Arizona, along the  b l u f f s  on the  e a s t  
s ide  of the r i v e r ,  near  the  e a s t  end of  the  bridge from 
I n t e r s t a t e  Highway No. 15, a r e  c o m n l y  re fe r red  t o  a s  t h e  
L i t t l e f i e l d  Springs (see f i g .  1-33). A closeup view of  
a typ ica l  spr ing  in the  L i t t l e f i e l d  area  i s  shorn on f ig -  
u re  1-34. Two f a i r l y  la rge  springs flow i n t o  the  s i d e  
d i t ches  of the i n t e r s t a t e  highway on top  of the  b l u f f s .  
Tna l a r g e s t  spring of  the  group rises along the  base o f  
the  b l u f f s  about 1,000 f e e t  south of t h e  bridge.  

A s p e c i f i c  program f o r  s ~ m p l i n g  the  flow of the  spr ings  
near  L i t t l e f i e l d  w a s  s t a r t e d  i n  August 1973. Water sam- 
p l e s  and measurements ind ica te  an average combined flow 
of 5.7 f t 3 / s  and an average s a l i n i t y  of  2,960 mg/l. Flow 
r a t e s  were found t o  be f a i r l y  cons tant  wnile the  amount 



Aerial view of the Littlefield Springs area. 

Figure 1 -32  



L i t t l e f i e l d  Springs i ssuing  i n t o  Virgin River. 

Figure 1-53 



V i e m  of L i t t l e f i e l d  Springs typ ica l  spring.  

Figure 1-34 



o f  dissolved s o i i d s  razged f r m  2,533 t o  3,050 mg/l. 
Eased on t h i s ,  t k e  s a l t  c m t r i b u t i o n  from these  s p r i n g s  
t o  t h e  lower Colorado River averages 16,700 tons  per  year .  
The n i ~ c r a l  s a l t s  i n  t h e  sp r ing  d i scha rges  a r e  c h i e f l y  
cart.o:ates, s u l f a t e s ,  and c:-,!orides o f  calcium and sodium. 
The sp r ings  a r e  w s a t i s f a c t o r y  f o r  Gonest ic  use ,  but they  
a r e  3seG t o  i r r i g a t e  s a l t - t o l e r a n t  c rops .  F e a s i b i l i t y  
s t u d i e s  a r e  not s a f f i c i e ~ i l y  advmced t o  Cerernige a  rec- 
o;nr=.endcd ?lan f o r  s a l i n i t y  c a n t r o l .  However, basee on 
meas3reEen:s of t he  l a r g e r  s? r ings  ar.Z e s t i a a t e s  o f  t h e  
s a a l l e r  ones,  i z  appears  t h a t  t h e  s p r i n g  f i ~ s  could be  
eo l l eczed  and a l t e r n a t i v e  x t : i o c s  f o r  c o l l e c t i n g  and 
d ispos ing  o f  the  s p r i ~ g  d isc5argcs  a r e  under s tudy .  

(3) 3 e s c r i p t i o n  o f  u n i t  f e a t u r e s .  - One o f  t h e  more 
f avo rab l e  proposals  is t o  c o l l e c t  t h e  s ? r ing  f l o w ,  
convey tnen t o  a s u i t a b l e  l oca t ion  sflere t h e  water  would 
5e evaporated,  and tile remaining s a l t s  s t o r e d .  This  
would r e s u l t  i n  t3e  removal of  about  16,703 tons  o f  s a l t  
pe r  yea r  f ro=  t h e  lower Colorado 2 i v e r  Systen and would 
ixprove t h e  s a i i n i t y  a t  Imperial  Dam by ahout 2 mg./ l .  
The f e a t a r e s  of  t h i s  proposal w i l l  inc lude  c o l l e c t i o n  
f a c i l i t i e s ,  d e l i v e r y  tank and p i p e l i n e s ,  and evaporat ion 
?ends. The c o l l e c t i o n  f a c i l i t i e s  would c o n s i s t  o f  con- 
c r e t e  tanks  t o  c o l l e c t  t 3 e  flaw and t o  provide bas in s  
f o r  the  c o l l e c t i o n  p m p s .  The flow from ssall sp r ings  
and seep a r e a s  would 3e  c o l l e c t e d  by d i t c h e s  and conveyed 
by g r a v i t y  Flow t o  t h e  c e n t r a l i z e d  tanks .  The s i z e  o f  
t he se  c o l l e c t i o n  tanks  w i l l  vary according t o  t h e  amount 
o f  flow they  c o l l e c t ,  but gene ra l l y  t5ey would be snall 
and would be buried undergromd.  S ince  t b e  flows a r e  
coapa ra t i ve ly  sma l l ,  t h e  pumps used t o  d e l i v e r  t h e  c o l -  
l e c t ed  water t o  Cqe d e l i v e r y  tank woald a l s o . b e  s n a l l  and 
can be i n s t a l l e d  i n  underground p i t s  bes ide  t 3 e  tar.ks. 

From t h e  c o l l e c t i o n  % a s i n s ,  t h e  s p r i n g  f l o ~ s  would be 
?umpeC t o  a  conc re t e  d e l i v e r y  tank about 20 f e e t  i n  
diameter  and 10 f e e t  deep loca ted  on top  of the b l ~ f f s  
south o f  t h e  highway. This  tank could be e n t i r e l y  bur ied .  
X s i n g l e  p i p e l i n e  would then c o w e y  t h e  c o l l e c t e d  flow 
t o  t h e  evaporat ion ponds. 

The evaporat ion ponds could be loca ted  on t 3 e  outwash 
p l a i n s  from the Virg in  Mountains t o  t h e  e a s t  of  t h e  
b l u f f s  and south o f  t h e  nighway. To ?revent  seepage, 
t h e  ponds would be l i ned .  They ~ o u l d  be designed t o  
fol low the contour  o f  t h e  land and would have a  m a x i m  



- depth o f  about 5 f e e t  x i t h  a t o t a l  surface  area  o f  about 
680 a c r e s .  'I?lis surface  area  is  t h e  aaount required t o  
evaporate tne  springs discharge of  4,100 ac re - fee t  per  
year  u i t n  t h e  estimated average annual evaporation o f  
6,4 f e e t  per  year  a t  t h i s  locat ion .  To p ro tec t  the  
evaporation ponds from occasional f l a sh  f loads  caused 
by heavy thunderstom r a i n f a l l ,  a system of  in tercept ion  
channels would be required t o  c o l l e c t  and t ranspor t  the  
floodflow around the  ponds. This t o t a l  evaporation pro- 
posal would deple te  t h e  Virgin River by about 4,100 acre-  
f e e t  annually. 

Design requirements have not been completely formulated; 
tnerefore ,  s p e c i f i c  d a t a  on power sources and capac i t i e s ,  
transmission l i n e s ,  construct ion t i n e ,  t o t a l  cost, opera- 
t i o n  and iuaintenance and o t h e r  f ac to r s  a r e  not f u l l y  
known. This information and a t h e r  s i g n i f i c a n t  da ta  per- 
t i n e n t  t o  t h i s  p ro jec t  w i l l  be included i n  t h e  i n v e s t i -  
ga t ions  report. 

(c) Rights-of -way. - Approximately 750 acres ,  cons i s t ing  
primari ly o f  p r iva te ly  owned d e s e r t  rangeland, would be 
kequired- f o r  i h e  p ro jec t .  O f  t h i s  amount, about 680 ac res  
would be required f o r  the  evaporation pond, and 70 acres 
would be required f o r  p ipe l ines ,  s torage  tanks,  pumping 
p lan t s ,  and access roads. 

fd) Construction mater ia ls .  - Materials  f o r  concrete 
aggregate would be r e a d i l y  ava i l ab le  by reopening p i t s  
developed f o r  the recent  cons t ruct ion  of  I n t e r s t a t e  High- 
way So. 15. Other ma te r i a l s ,  such a s  impervious f i l l  
and r i p r a p  as would be required f o r  d ikes ,  a r e  a l s o  
loca l ly  ava i l ab le .  

(3) Glenwood-Dotsero Springs Unit,  Colorado. - 
(a) Introduction.  - The l a r g e s t  point  source contr ibu- 
t o r s  of d issolved s o l i d s  t o  the  Upper Colorado River a r e  
i n  t h e  reach of the  Colorado ~ i v e i - b e t v e e n  the  m u t h  o f  
t h e  Eagle River near  Dotsem and t h e  mouth o f  the  Roaring 
Fork River a t  Glenwood Springs. These dissolved s o l i d s  
cont r ibut ions  a r e  from thermal spr ings  r i s i n g  i n  and near  
the  r iverbed and from ground water en te r ing  t h i s  reacn o f  
t h e  r i v e r .  The springs a re  located i n  Eagle and Garf ie ld  
Counties of  west-central  Colorado. Figure 1-35 shows t h e  
loca t ions  of the  spr ings .  Within t n i s  reach of t h e  Colo- 
rado River, measurements ind ica te  t h a t  t h e  spr ings  con- 
t r i b u t e  about 25,000 ac re - fee t  o f  v a t e r  containing over 
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500,000 tons  of  d i sso lved  s o l i d s  annual ly .  Of t h e  s p r i n g s  
t h a t  could be i d e n t i f i e d  and measured, a 1-year per iod o f  
d a t a  c o l l e c t i o n  ind ica t ed  a combined flow o f  16 f t 3 / s  and 
an average d isso lved  a i n e r a l  conten t  o f  approximately 
14,200 ng/ l  ( t a b l e  1-71, These flows c a r r y  abaut 225,000 
tons  of d i sso lved  s o l i d s  i n t o  t h e  Colorado River annual ly .  
Hater temperature o f  t h e  Glenwood Springs averages about 
120' F while  t h e  temperature o f  t h e  Dotsero Springs aver- 
ages about 90' F. Some o f  t he  sp r ings  have been developed 
f o r  commercial swimming pools whi le  o t h e r s  have been modi- 
f i e d  by highway and o t h e r  cons t ruc t ion  a c t i v i t i e s .  These 
flows a r e  gene ra l ly  piped i n t o  t h e  r i v e r  as shown i n  f i g -  
u r e  1-36. Those sp r ings  whose flows a r e  considered c o l -  
l e c t i b l e  by convent ional  methods a r e  c l u s t e r e d  near  t h e  
t o m  of Glenwood Springs and a l s o  a t  a po in t  about 
2.5 miles dovnstream from Dotsero, a small  rural commr- 
n i t y  a t  t h e  mouth a f  t h e  Eagle River.  Approximately 
16 miles sepa ra t e  t h e  two s p r i n g  a r e a s .  Figure 1-37 
shows one of  t h e  s p r i n g s  n e a r  Dotsem. 

(b) Location and d e s c r i p t i o n  o f  u n i t  f ea tu re s .  - Due to  
t h e  e x i s t i n g  cond i t i ons  and q u a l i t y  o f  t h e  Glenwood and 
a t s e m  ~ ~ r i n ~ s ,  a d e s a l t i n g  ' p l a n t  us ing  a mul t i s t age  f l a s h  
d i s t i l l a t i o n  process  appears  t o  be t h e  most f e a s i b l e  method 
o f  t r e a t i n g  t h e  s p r i n g  d ischarges .  The s p r i n g  flows would 
be c o l l e c t e d  by convent ional  methods such as impounding and 
c o l l e c t i n g ,  or p ip ing  d ischarge  o u t l e t s  o f  c o m e r c i a l  opera- 
t i o n s .  The s p e c i f i c  nethod used on ind iv idua l  o r  group 
sp r ings  w i l l  be evaluated dur ing  t h e  f e a s i b i l i t y  i nves t iga -  
t i o n s .  These flows could then  be conveyed t o  e i t h e r  one 
d e s a l t i n g  p l a n t  ta t r e a t  t h e  combined flows o f  both s p r i n g  
areas, ar t o  two d e s a l t i n g  p l a n t s  - one loca ted  nea r  Dotsero 
and t h e  o t h e r  l oca t ed  downstream from Glenwad Springs.  
The l o c a t i o n  o f  t hese  f a c i l i t i e s  is shown i n  f i g u r e  1-38. 
The r e s u l t i n g  product  water could be re turned  t o  t h e  Colo- 
rado River o r  d i s t r i b u t e d  f o r  o t h e r  uses .  The waste 
b r i n e  would be conveyed t o  l i n e d  evaporat ion ponds f o r  
d i  sposa 1. 

Implementation o f  this pre l iminary  p lan  would reduce 
t h e  sal t  con t r ibu t ion  t o - t h e  Colorado River  by about  
200,000 tons  p e r  year ,  r e s u l t i n g  i n  a s a l i n i t y  reduc- 
t i o n  at Imperial  Oam o f  19 mg/l. 

b. I r r i g a t i o n  source c o n t r o l .  - This  s e c t i o n  r ep re sen t s  a 
d e s c r i p t i o n  o f  the  a c t i o n  being taken on f i v e  a r e a s  t h a t  con- 
t r i b u t e  s a l t  t o  t h e  Colorado River System througn s a l i n e  irri- 
ga t ion  r e t u r n  flows. The technique f o r  c o n t r o l l i n g  these  s a l i n e  



Date - 

Table 1-7 

SIIbP4ARY OF POIST SOURCE SALINITY DATA 
GLENWOOD-DOTSERO SPRINGS 

Q 
( f t  3/sl 

TDS Load (tons) 
(mg/l) Daily Annual 

Dotsero Area 

3.0~ 9,533 
2. 32 9,738 
2.22 9,369 
6.1 9,088 
6.7 8,926 
6.7 9,346 
6.2 9,217 
5.8 9,128 
6.7 9,339 
7.4 9,255 

Xve rage 6.5 9,174 161 58,974 

Glenwood S ~ r i n m  Area 

Xve rage 9.3 18,080 454 165,600 

Weighted Average 
These values do not reflect the  t o t a l  flow o f  all the Dotsem S ~ r i n g s  



Hot mineral springs i n  the  Glemood Springs area. 

Figure 1-36 



V i m  of the hot springs i ssg ing iqto the Colorado River .  

Figure 1-37 
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flows involves the  cooperation of the i r r i g a t o r s .  These tecn- 
niques include (1) water systems improvenent (lu'SI), (2) i r r i g a -  
t ion  managenent services (IMS) , (3) Onfarm I r r iga t ion  Systems 
and !.ianagenent Improvement and (4) re turn  flow u t i l i z a t i o n .  

In general tne XSI, NS, and Onfarm I r r iga t ion  Systems and 
Nanagement Isprovenent programs include determination of s o i l  
cna r ac t e r i s t i c s ;  cropping pa t t e rns ,  local  c l i n a t i c  data ;  crop 
water requireaents;  surface and ground water qua l i ty ,  and 
drainage requireaents;  frequency and amount of  applied irri- 
gation water; onfarn i r r i ga t i on  system and nanagement needs; 
iarm del ivery  flow r a t e  requireaents;  and l a t e r a l  and canal 
s i z ing  and location deternins t ions .  

Spec i f i ca l ly ,  the M I  program is  one of r e>ab i l i t a t i on ,  and 
involves the l in ing  or piping of canals t o  reduce conveyance 
o r  seepage losses;  the  construction of measuring devices, 
turnouts,  and other s t ruc tu res  t h a t  w i l l  improve t5e efficiency 
of water de l ive r ies  and, subsequently, reduce the volume of 
s a l i ne  re turn  flows. 

The USDA estimates t h a t  there  a re  705,000 acres of i r r i ga t ed  
land upon which onfarn i r r i ga t i on  eff ic iency improvement pro- 
grams could be applied. In the  estimated acreage, there  i s  
a potent ia l  t o  increase i r r i g a t i o n  eff ic iency i f  systems a re  
improved and water supplies a r e  assured. 

The I!& program is a nonstructural  demns t ra t ion  program 
designed t o  increase tAe qua l i ty  and quant i ty  of crop yie lds  
by scheduling tne time and amount of applied i r r i g a t i o n  water 
t o  the actual  needs of the crop. Efficiency i n  the use of 
i r r i ga t i on  water can be g rea t ly  increased through :his pro- 
gram, and t h i s  is  expected t o  reduce the amunt  of sa l ine  
re turn  flows. 

Some problems were encountered i n  implementing the IMS program. 
Houever, solut ions  a r e  3eing found f o r  these problems a s  the 
program expands. Sane of the i n i t i a l  problems are :  

1. Lack of adequate water measurenent devices, which l i n i t s  
the accuracy of detcrnining the amount o f  water used by the  
individual users. 

2 .  Water use t ha t  is on a ro ta t ion  bas is  r a t he r  than on a 
need bas is ,  which makes i t  d i f f i c u l t  f o r  the farmer t o  
schedule water when ca l l ed  f o r  by the computer. 



3. Lack o f  adequate water s torage  t o  assure  t h e  use r  a 
firm l a t e  season supply o f  i r r i g a t i o n  water. 

4.  Scheduling the  i r r i g a t i o n  o f  small i r r e g u l a r l y  shaped 
f i e l d s ,  whicn requires mre time t o  v i s i t  than i f  sched- 
u l ing  were done only on l a rge  f i e l d s .  

5. Dif f i cu l ty  in obtaining accura te  s o i l  moisture measure- 
mmts  t h a t  would ba representa t ive  f o r  an e n t i r e  f i e l d .  

6. 7he necess i ty  of  i n s t a l l i n g  observation wells on f i e l d s  
where ground water contr ibuted t o  a high-water t a b l e .  

The Onfarn I r r i g a t i o n  System and hlanagement Improvement progran 
involves inventorying, evaluat ing,  and implementing t h e  struc- 
t u r a l ,  c u l t u r a l ,  and m a g e m e n t  p r a c t i c e s  needed on t h e  i r r i g a t i o n  
farms t o  achieve e f f i c i e n t  i r r i g a t i o n  and reduce s a l t  loading. 

Despite improved e f f i c i e n c i e s  gained f r o m  the  programs men- 
t ioned a b v e ,  there sti l l  will be a considerable amount o f  
s a l i n e  i r r i g a t i o n  re tu rn  f l a v s  t h a t  a r e  returned t o  parent  
streams. A few specia l ized  i n d u s t r i e s  can use water o f  poor 
q u a l i t y  f o r  cooling o r  o the r  specia l ized  use. With t h e  advent 
o f  increased need f o r  e l e c t r i c  generating and f u e l  producing 
e n t i t i e s ,  these  r e tu rn  flows have assumed new importance. The 
re tu rn  flow u t i l i z a t i o n  program is designed to i d e n t i f y  these  
r e tu rn  flows and t o  a s s e s s  t h e i r  p o t e n t i a l  f o r  benef i c i a l  
i n d u s t r i a l  use o r  o f  treatment t o  improve t h e  q u a l i t y  of  
e x i s t i n g  streams. 

Although the  cont ro l  u n i t s  l i s t e d  herein a r e  i n  a continuing 
inves t iga t ions  s t a t u s ,  the  problems and solu t ions  a r e  s i m i l a r  
t o  those discussed f o r  the  Grand Valley Unit, Colorado. I t  i s  
esqimated t h a t  t h e  combined reduction i n  s a l t  loading of  the  
Colorado River r e s u l t i n g  from the  f u l l  development o f  these  
four u n i t s  would b 430,000 tons  annually,  which is equivalent  
t o  40 mg/l at I l p e r i a l  Dam. 

(1) Palo Verde I r r i g a t i o n  District Unit,  Ca l i fo rn ia .  - 
(a) Introduction.  - The Palo Verde I r r i g a t i o n  D i s t r i c t  
is a p r iva te ly  developed d i s t r i c t  located downstream from 
Parker Dm, adjacent  t o  the  Colorado River i n  Riverside 
and Imperial count ies ,  Cal i fornia .  The u n i t  a r e a  is 
shown in f i g u r e  1-39, In 1972, 886,220 acre- fee t  o f  water 
was d ive r t ed  f o r  i r r i g a t i o n  from t h e  Colorado River a t  
Palo Verde Diversion Dam. This water  was conveyed through 
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295 miles of unlined main canal  and l a t e r a l s  t o  serve 
approx imte ly  91,400 ac res  of i r r i g a t e d  land within the  
District. Of the amount d iver ted ,  439,640 ac re - fee t  were 
considered as being consumptively used. A 153-mile drab- 
age system co l l ec ted  446,580 ac re - fee t  o f  i r r i g a t i o n  
r e t u r n  flows during 1972 t h a t  were returned t o  t h e  Colo- 
rado River (see f i g s .  1-40 and I-41). 

@) I r r i g a t i o n  knagernent Services .  - The IMS progran 
i n  the  Losier Colorado Region was implemented i n  t h e  Palo 
Verde I r r i g a t i o n  D i s t r i c t  during F Y  1973. Under t h e  pro- 
gram, the  Bureau and the  D i s t r i c t  a r e  cooperat ively work- 
ing to  Faprove crop y i e l d s  and use i r r i g a t i o n  water more 
e f f i c i e n t l y .  The demonstration phase o f  t h i s  cooperat ive 
program is scheduled t o  be completed during FY 1977. Af ter  
t n i s  period,  the  District has agreed t o  assume its opera- 
t i o n  and expansion. 

fc) Water Systems Iaprovement Program fWSI). - Inves t i -  
ga t ions  of t h e  improvements needed i n  i r r i n a t i o n  systems 
began during FY 1575. Improvements such a; use o f  l ined  
canals  and buried pipe w i l l  reduce conveyance losses  and, 
subsequently, r e tu rn  flaus, -The inves t iga t ions  of t h e  
u n i t  w i l l  evaluate t h e  condit ion o f  the  e x i s t i n g  d i s t r i -  
bution system and deternine  a p o t e n t i a l  f o r  reducing 
losses  f r o m  the  system. A f i n a l  repor t  on t h e  recomaen- 
ded improvements is scheduled during FY 1978. I t  is 
estimated t h a t  when the  r e h a b i l i t a t i o n  of t h e  i r r i g a t i o n  
system has been completed and i n  conjunction with t h e  
i r r i g a t i o n  scheduling program, t h e  s a l t  loading i n  t h e  
Colorado River would be reduced by 23,000 tons  annually. 
This would lower the  s a l i n i t y  a t  Imperial Dam by about 
3 mg/l. 

(d) Onfann i r r i g a t i o n  s y s t e m  and managenent improvement. 
- .  . . 

I r r i g a t i o n  systems and management improvement a r e  needed 
throughout t h e  e x i s t i n g  conveyance, d i s t r i b u t i o n ,  applica-  
t i o n ,  and re tu rn  system. Because the  source of  t h e  s a l t  
pickup i s  from the  underlying s a l i n e  a l l w i a l  aqu i fe r s ,  
t h e  overa l l  emphasis w i l l  be placed on reducing l a t e r a l  
and d i t c h  seepage losses  and onfatm deep percolat ion.  

Working with the  local  farmers and the  i r r i g a t i o n  d i s t r i c t ,  
t h e  SCS w i l l  determine the  f e a s i b i l i t y  of (1) l i n i n g  l a t -  
e r a l s  and i n s t a l l a t i o n  o f  measuring devices,  (2) l i n i n g  o r  
piping f i e l d  d i t ches  (about one-third a r e  present ly  l ined  
or piped),  (3) i n s t a l l i n g  measuring devices on turnouts  t o  



Pala Verde Diversion Dan. 
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Palo Vcrde irr igat ion.  

Figure 1-41 



t 3 e  f i e l d s  and (4) inproving f i e l d  i r r i g a t i o n  system lay- 
outs  t o  provide f o r  proper leagths of  run, appl ica t ion  
tirces and a2pl ica t ion  flow r a t e s  f o r  the method o f  irri- 
ga t ion ,  t5e  s o i l  types,  and the  crops grown. 

O p ~ o r t t m i t i e s  f o r  technological inproverents , suc5 a s  
aatonated sp r ink le r ,  bu jb le r  o r  d r i p  i r r i g a t i o n  s y s t e m ,  
and automated t a rnoa t s  to level  Sas ins ,  xi11 be explored 
as  a m a n s  o f  reducing deep percolat ion and t a i l w a t e r  
r e tu rn  flow. 3rainage r e y i r e c e n t s  an6 inpacts  w i l l  be 
evaluated a s  one of  the  s p e c i f i c  inprovemnt programs. 
The i r r i g a t i o n  guide u i l l  be updated to r e f l e c t  SCS 
c r i t e r i a  on graded and l eve l  borders. 

The study o f  onfarm i r r i g a t i o n  systens aiid water nanage- 
ment inprovement needs  ill provide in fomat ion  inputs  
f o r  use i n  the  water and s a l t  budgets, determination o f  
s p e c i f i c  program needs, cos t  and re turn  evaluat ions,  and 
form t3e  base f o r  developnent of  conservation i r r i g a t i o n  
p lans  on the  individual  farms. The study of onfam irri- 
gation system a d  water management improvement needs w i l l  
be coordinated kith the  USBR 1 3 s  progran f o r  scheduling 
i r r i g a t i o n  f o r  s p e c i f i c  crops and f i e l d s .  

(e) Diffuse area  watershed managesent inprovenent needs. - 
Evaluation of d i f f u s e  source a rea  groblens w i l l  concentrate 
on land treatment t o  reduce erosion,  sediment, and flood- 
flows from high y ie ld  a reas .  Ongoing o r  completed feas i -  
b i l i t y  s tud ies  w i l l  be used t o  complete t h i s  study. The 
t r ea tnen t  oppor tuni t ies  and progran w i l l  be coordinated 
~ i t h  the  Bureau of Land Management t o  achieve the  most 
e f f e c t i v e  program on p r iva te  and Federal lands. 

(2) Colorado River Indian Reservation Unit, Arizona. - 
(a) Introduction.  - The Colorado River Indian Reservation 
is located along the  Colorado River i n  northern Yuma County, 
Arizona, and San.Bernardir.o and Riverside Counties, Cal i -  
fornia .  Although the  reservat ion  contains approximately 
268,850 acres - 225,914 ac res  i n  Arizona and 42,936 acres  
in Cal i fornia  - i r r i g a t i o n  is  l i d t e d  t o  a m a x i m  develop- 
ment of 107,588 acres .  The water r i g h t  i s  e i t h e r  the  quan- 
t i t y  required t o  i r r i g a t e  107,388 acres  o r  a d ivers ion  of  
717,148 ac re - fee t  per year ,  uhichever o f  t h e  tuo q u a n t i t i e s  
i s  l e s s . [ l 4 ]  (See f igures  1-42 and 1-43,) 
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Colorado River Indian Reservation - irrigation sc3eduling. 
Figure 1-43 



I r r i g a t i o n  water f o r  the  Arizona port ion is diver ted  from 
the  Colorado River a t  Headgate Rock D a m  i n  the  northern 
p a r t  of  the reservat ion .  The divers ion  dam i s  located 
170 miles below Hmver Dam and 15 a i l e s  below Parker Dam 
on the  main channel of the  Colorado River. The d ivers ion  
dan is  owned by the  United S t a t e s  and is  operated by the  
Department of  the  I n t e r i o r ,  b r e a u  of Indian Af fa i r s .  
Lake > b v a l y a ,  formed by Headgate Rock Dam, i s  used f o r  
r ec rea t iona l  purposes. 

The main canal f o r  the  Arizona p a r t  of the  reservat ion  
has i t s  headworks a t  Headgate Rock Dam and proceeds south- 
westerly, enter ing  the  va l l ey  j u s t  west of Parker, Arizona. 
I t s  t o t a l  length i s  approximately 17 miles and i t  has a 
capaci ty  of 2,100 f t 3 / s  a t  the  headworks. The canal ,  which 
i s  p a r t i a l l y  l ined,  ends i n  a wasteway. The depth o f  the  
water  i n  the  canal  in take  i s  l e s s  than the  depth o f  t h e  
r i v e r  so t h a t  only the  top water flows i n t o  the  d ivers ion  
works, thus minimizing t h e  s i l t  problem. Water i s  del iv-  
ered through a complex, and, l a rge ly  unlined, d i s t r i b u t i o n  
sys tern. 

The p ro jec t  is a major a g r i c u l t u r a l  a r e a  i n  the  Lower Colo- 
rado River Basin, enjoying a year-round growing season. 
I r r i g a t i o n  re tu rn  flows a r e  co l l ec ted  i n  a 100-mile dra in-  
age system and returned to the  r i v e r .  I t  i s  estimated t h a t  
the  r e tu rn  flows from the  reservat ion  cont r ibute  t o  t h e  
s a l t  load t o  the Colorado River by 30,000 tons annually. 

(b] I r r i g a t i o n  Management Services (IMS). - An IMS pro- 
gram was s t a r t e d  i n  FY 1973. Under this program, the 
Ehireau o f  Reclanation, the  Bureau of  Indian Af fa i r s ,  and 
the  Colorado River Indian Tribes a r e  cooperat ively con- 
ducting the  program. Af te r  completion o f  the  demonstra- 
t i o n  period i n  FY 1977 the  Bureau o f  Indian Af fa i r s  and 
the  Colorado River Indian Tribes w i l l  take over implemen- 
t a t i o n  of the program. 

(c) Water Systems Improvement (XSI). - In  1972, about 
240 d l e s  of canals  and l a t e r a l s  were used t o  convey water  
t o  i r r i g a t e  about 57,400 ac res .  Another 2,600 acres  a r e  
i r r i g a t e d  by water pumped from t h e  r i v e r .  I t  i s  projected 
t h a t  within the  next 9 t o  10 years t h i s  i r r i g a t i o n  system 
w i l l  be expanded t o  supply water t o  i r r i g a t e  93,046 ac res  
i n  the  va l l ey  and 6,329 acres  on the  mesa i n  Arizona. 



(d) Onfarm i r r i g a t i o n  systems and management iniprove- 
ments. - Using an updated i r r i g a t i o n  guide, s o i l  i n t e r -  
p re ta t ions ,  present  system and i r r i g a t i o n  ef f ic iency 
inventor ies  ,- and f i e l d  evaluat ions ,  - p o t e n t i a l  i r r i g a t i o n  
iraprovements w i l l  be de temined.  To achieve a high l eve l  
o f  i r r i g a t i o n  e f f i c i ency  and reduce seepage and deep 
percolat ion w i l l  involve iriprovenents i n  both systems 
and water nanagement. 

The overa l l  enphasis,  because the  source o f  the  s a l t  
pickup is  from the underlying s a l i a e  aqu i fe r ,  w i l l  be 
placed on (1) reducing the  estimated 20 t o  30 percent  
seepage and s p i l l  losses  i n  o f f  f a n  canals  and l a t e r a l s ,  
and (2) improving t h e  present  40 t o  45 percent appl ica t ion  
e f f i c i ency  t o  reduce onfarn l o s s  from d i t c h  seepage, deep 
percola t ion ,  and t a i lwa te r .  Increasing onfann e f f i c i ency  
and reducing seepage losses  t o  a  xininrm w i l l  r equ i re  
s tud ies  t o  determine the  need f o r  (1) i n s t a l l a t i o n  of  
l ined d i t ches  and p ipel ines ;  (2) i n s t a l l a t i o n  o f  measur- 
ing devices on turnouts  t o  the  f i e l d ;  (3) improved design 
and layout of i r r i g a t i o n  and drainage systems; (4) adap- 
t a t i o n  of the  i r r i g a t i o n  system t o  the s o i l  and crops 
grown; and (5) i n i t i a t i n g  i r r i g a t i o n  water nanagement 
p r i n c i p l e s  i n  the  f i e l d  t o  meet crop consumptive use 
requirements. 

Studies were s t a r t e d  during FY 1973 t o  i d e n t i f y  the  
improvements needed i n  the  i r r i g a t i o n  d i s t r i b u t i o n  sys-  
t e n  t o  reduce seepage losses .  As determined by these  
s tud ies ,  various s t r u c t u r a l  improvements w i l l  be recom- 
mended i n  a  r epor t  scheduled f o r  FY 1979. These m y  
include l in ing  of canals  and l a t e r a l s ;  i n s t a l l i n g  pipe- 
l i n e s ;  and realinement and s i z i n g  of  canals  and l a t e r a l s .  

Concrete-lined canals  a r e  p resen t ly  being i n s t a l l e d  t o  
serve  newly developed lands,  but the re  is a need t o  reha- 
b i l i t a t e  much of the  e x i s t i n g  d i s t r i b u t i o n  system t o  reduce 
seepage losses and r e s t o r e  t:?e capaci ty  i n  t h e  sys tea .  I t  
i s  proposed t o  serve lands t h a t  a r e  now i r r i g a t e d  with 
water pumped from the  r i v e r  from the  r e h a b i l i t a t e d  and 
expanded d i s t r i b u t i o n  system. 

Tie combined programs w i l l  reduce t??e s a l t  loading of 
the  Colorado River by about 7,000 tons annually. This 
w i l l  lower the  s a l t  concentrat ion a t  Imperial Daa by 
a'wut 1 mg/l. 



(e)  Return flow u t i l i z a t i o n .  - As ye t ,  t he re  have been 
no pmposais  t o  use the  re turn  flows f ron  t h i s  p ro jec t .  - - - - 
Reuse of t h i s  water involves problems i n  t h a t  the re  i s  
not a  presently ava i l ab le  source of replacement water 
t o  exchange f o r  deple t ions  to the  f l m  of t h e  Colorado 
River. Unti l  sone type of  Colorado River a u p e n t a t i o n  
becomes avai lable ,  these  r e tu rn  flows could be depleted 
only i f  Arizona accepts  t5e  use a s  a  charge agains t  i t s  
e n t i t l e x n t  t o  Colorado giver  water. 

(3) Linta Basin Unit, Utah. - 
(a)  Introduction. - The q u a l i t y  of water enter ing  the  
Uinta Basin from the  Uinta F4ountain.s is  exce l l en t ,  
because it o r ig ina tes  f r o a  snows t h a t  accuntulate during 
t h e  winter  months and from s m e r  thundershowers. In 
t h e  ;nountains, t h e  water flows over sands and gravel  
usual ly  coaposea o f  q u a r t z i t e ,  thus the  mineral content  
of  the  water remains low, as q u a r t z i t e  (Si02) does not 
d i s so lve  read i ly  i n  water. However, once t h e  water is 
used for i r r i g a t i o n ,  there  i s . a  sharp increase i n  the  
mineral content  of the  water. This i s  e spec ia l ly  t r u e  
where the  Uinta Formation i s  exposed because the  forma- 
t ion  conta ins  m y  beds o f  gypsiferous s a l t s  and beds 
of  marine sha le  t h a t  r ead i ly  d i s so lve  i n  water. 

S t r e w  or ig ina t ing  from the  southern p a r t  o f  the  bas in  
(Badland C l i f f s  region) cons i s t en t ly  ca r ry  a sodium 
s u l f a t e  (Sa2S04) type of  water, and they flow wholly 
upon the  Uinta Formation. hbch of the  land surface  
along the f loodplain of the  Duchesne River conta ins  
white e f f lo rescen t  deposi t s  of a l k a l i  - mostly sodium 
s u l f a t e  s a l t s  - t h a t  were leached from the  subsurface. 
Much of t h i s  i s  due t o  water t h a t  remained standing on 
the  f i e l d s  f o r  prolonged periods of  time. This problem 
probably could be a l l e v i a t e d  by drainage o f  the  s o i l s  
and by con t ro l l ing  the  frequency and quant i ty  of water 
applied &ring i r r i g a t i o n .  

The Uinta Basin con t r ibu tes  a b u t  450,000 tons of s a l t  
annually t o  the  Colorado iliver. System. Much of  t h i s  
cont r ibut ion  i s  f r o m  the  r e t u r n  flows o f  170,000 acres 
o f  i r r i g a t e d  land. (See loca t ion  map, f i g .  1-44.) 

Tnese lands occur pr imar i ly  i n  va l l eys  adjacent  t o  per- 
ennia l  streams and on higher benchlands. The bench areas  





a r e  about 1,3W f e e t  h igher  i n  e l eva t ion  than o t h e r  irri- 
gated a r e a s ,  which s i g n i f i c a n t l y  sho r t ens  t h e  growing sea-  
son. Mucn of  t hese  i r r i g a t e u  a r e a s  (shaded i n  f i g .  1-44) 
c o n s i s t  of pas tu re  and g r a s s  hay. 

(b) I r r i g a t i o n  Management Serv ices  (Im). - An IbS pro- 
gram was begun ia t h e  Uinta Basin i n  t h e  sp r ing  of  1973, 
when Bureau o f  Reclamation personnel  met wi th  t h e  Moon 
Lake Water Users Associat ion and explained the  proposa l .  
F r o m  t he se  i n i t i a l  c o n t a c t s ,  1,312 a c r e s  were scheduled 
fo r  i nc lus ion  i n  t he  program. 

The 1973 program drew a t t e n t i o n  t o  t h e  techniques a v a i l -  
a b l e  f o r  improved i r r i g a t i o n  management. Sone favorable  
c m e n t s  made by cooperators  demonstrated t h e i r  confi-  
dence i n  t h e  b e n e f i t s  a t t a i n a b l e  by p a r t i c i p a t i o n  i n  t h e  
progran. However, many caape ra to r s  concluded t h a t  a 
b e t t e r  test f o r  d e s i r a b i l i t y  would be t o  schedule a l a r g e r  
po r t ion  of  t h e i r  f a m s  f o r  i nc lus ion  i n  t h e  program. 
.%st farms cannot be scheduled completely due t o  water 
d e l i v e r i e s  m a r o t a t i o n a l  b a s i s  and t h e  l a r g e  amount o f  
p a s t u r e  and hay crops.  The program was expanded i n  1974 
t o  5,000 ac re s .  The 1974 program includes n o s t  o f  t h e  
farmers o f  t h e  Korth Wyton Bench. This  concent ra t ion  o f  
coopera tors  lends i t s e l f  t o  s p e c i a l  s t u d i e s  and a d d i t i o n a l  
research .  Samples of  water e n t e r i n g  and leaving  t h e  North 
Wyton Bench area w i l l  be c o l l e c t e d  dur ing  t h e  i r r i g a t i o n  
seasons i n  an at tempt  t o  monitor t he  p o s s i b l e  reduct ion  
in salt loading due to t h e  IbE program. 

I t  is  planned t o  schedule an a d d i t i o n a l  10,000 a c r e s  each 
year  u n t i l  reaching about 40,000 a c r e s  i n  1978. Both non- 
Indian and Indian lands w i l l  be  scheduled. 

The r e s u l t i n g  progran is  planned t o  be developed s o  it 
can be administered by t r a i n e d  personnel working f o r  t h e  
water  u se r s .  I t  i s  planned 
f u l l  c o s t  o f  t h e  program by 
goal  would be f o r  t h e  water  
i r r i g a t i o n  a p p l i c a t i o n ,  but  
t r i b u t i o n  systems. 

t o  have t h e  water users a s s m e  
FY 1978. The u l t ima te  h r e a u  
u s e r s  t o  schedule not  on ly  
water d e l i v e r i e s  through d i s -  

(c) Water System Improvement [ISSI) . - A Water Systems 
Improvement program is being planned i n  t h e  Uinta Unit  
t o  supplement t h e  I r r i g a t i o n  Yanagement Services  program. 

These p l ans ,  however, a r e  not  s u f f i c i e n t l y  advanced t o  
i d e n t i f y  d e f i n i t e  cons t ruc t ion  f e a t u r e s .  A s tudy w a s  



i n i t i a t e d  by the  Bureau of  Zeclanation i a  June 1973 i a  
cooperation with the  Bureau of Indian Af fa i r s  on Indian 
canals  located on the  Quchesne River flood ? la in  near 
Roosevelt, Myton, and Fort  Duchesne, Utai.  During the  
1973 season, seepage loss  aeasurenents were aade on Dry 
Gulc3, South Fork Dry Gulch, acd !4yton Townsite Canals; 
and q u a l i t y  of  water s m p l e s  were taken a t  17 s t a t i o a s  
located on canals ,  na tu ra i  dra ins ,  and s t r e a m  i n  the  
study area.  Figure 1-35 shows an a r e a  of seepage loss  
belor a canal while f igure  1-46 shows typica l  weed 
in fes ta t io r .  along a d i t c h .  Both of  these  condit ions 
w i l l  je inproved w i t h  implementation of the  IS1 progrm.. 

Suring the  1974 season, a study reacn on the  Payne Canal 
was added t o  the  program which should be typ ica l  f o r  
canals  located i n  t h e  cobble mater ia l  found on the  south 
f lank of the  Uinta Mountains. Quali ty of water samples 
a r e  cu r ren t ly  being co l l ec ted  a t  28 sampling s i t e s  t o  
b e t t e r  def ine  the  movement and sources of  s a l t s  within 
t h e  Uinta Basin. 

Data co l l ec t ion  f o r  the  h31 program i n  the  Uinta Basin 
w i l l  continue through FY 1976, w i t h  emphasis on canals  
which bave not been previously studied.  The SCS, by 
con t rac t ,  is studying seepage losses on s i x  canal  sys- 
tems during the  1976 season t o  i d e n t i f y  s p e c i f i c  reaches 
of canals  and l a t e r a l s  where excessive seepage occurs. 

(d) Onfann i r r i g a t i o n  systems and management improve- 
ment. - The i r r i g a t i o n  systems i n  the  Uinta Basin a r e  - 
dependent on spring snobmelt f o r  a major por t ion  of t h e i r  
water  supply. Ssasonal s torage  f a c i l i t i e s  a r e  inadequate 
throughout most of  the area.  This dependency leads t o  

, the p rac t i ce  of i r r i g a t i n g  a s  much land a s  poss ib le  with 
t h e  e a r l y  sp r ing  runoff .  A s  t he  water supply d in in ishes .  
i t  is used only on high p r i o r i t y  crops such a s  c o n  and 
t o  e s t a b l i s h  new plant ings  o f  a l f a l f a  and pasture.  

The onfam improvement needs w i l l  be evaluated under ?re- 
s e n t  systems of  de l ive ry .  The s t o r a g e , f a c i l i t i e s  proposed 
i n  the  USBR1s c e n t r a l  Utah p ro jec t  w i l l  be included i n  
the  plan. 

Soi l  surveys a r e  being conducted i n  por t ions  o f  t h e  Ashley 
Valley and h c h e s n e  River a reas  where information on t h e  
c h a r a c t e r i s t i c s  of  the  s o i l s  i s  lacking. 



Soeped area below one of t!w canals - Uinta Basin. 

Figure 1-45 



Diversion structurc infested with weeds - Uinta Basin. 

Figure 1-46 



Inventories a s  t o  e x i s t i n g  condit ions and inves t iga t ions  
on the  need f o r  s p e c i f i c  o n f a n  i q r o v e n e n t s  t o  secure 
high onfarm i r r i g a t i o n  e f f i c i ency  w i l l  be conducted on 
a sampling basis. Included w i l l  be the  needs f o r  u a t e r  
conveyance, con t ro l ,  and measuring s t ruc tu res ;  drainage;  
i r r i g a t i o n  methods su i t ed  t o  the  s o i l s ,  crops, a ~ d  topo- 
graphy; f i e l u  rea l inenent ,  shaping, and level ing;  manage- 
ment of i r r i g a t i o n  u a t e r  appl ica t ions ;  and c u l t u r a l  prac- 
t i c e  requirements. 

I t  i s  expected t h a t  f u l l  inplementation of  tne  . I K ,  % I ,  
and onfarn program w i l l  recove 100,000 tons of s a l t  f r o s  
the  Colorado River and inprove the s a l i n i t y  - ?  Imperial 
3an by 9 mg/l. 

(e) Return flow u t i l i z a t i o n .  - Because o f  t?.. wide s c a t -  
t e r i n g  of  farm u n i t s ,  the  magnitude of i r r i g z r i o n  r e t u r n  
flow is  not concentrated. A feu  evaporation ponds could 
be used t o  in te rcep t  some o f  t h e  poore r  q u a l i t y  water 
from badland a reas  and some drainage wasteways. This i s  
being inves t iga ted  i n  conjunction with t h e  k'SI s tud ies .  

The Uinta Basin i s  rapid ly  expanding i n t o  a major o i l -  
producing area  i n  the  S t a t e  of Utah. Producing o i l  wells  
and o i l  sha le  resources hold much p o t e n t i a l  f o r  i n d u s t r i a l  
development. Within local  a reas ,  i r r i g a t i o n  re tu rn  flows 
nay assume added importance a s  r e in jec t ion  water f o r  sec- 
ondary o i l  recovery o r  some o the r  specia l ized  use. 

( f )  Diffuse a r e a ,  land t r ea tnen t ,  and management improve- 
ment. - Preliminary s tud ies  ind ica te  t h a t  the  National - 
Forest lands within the  Uinta Basin do not  i n  general con- 
t r i b u t e  an appreciable amount o f  s a l t  t o  t h e  Colorado River 
System. There a r e  local ized  a reas ,  however, which c o n t r i -  
bute l a rge  q u a n t i t i e s  of s a l t .  For example, water q u a l i t y  
rwasuremants show a weighted average TUS o f  2,754 pp. on 
Antelope Creek a t  Highway ho. 40. Land t reatment improve- 
ments should be  considered in  these areas.  

The conservation needs inventory ind ica tes  t h e r e  a r e  about 
350,000 acres  of  p r iva te  rangelands i n  t h e  basin which 
need brush contro l  and/or revegeta t ion .  These a reas  p lus  
some of the National Forest lands i n  t h e  pinyon-juniper 
a rea  y ie ld  a s  much a s  3,500,000 tons o f  sediment from 
sheet  and r i l l  erosion and 455,000 tons of  sediment from 
gu l ly  and streambank erosion each year. With an estimated 
three-four ths  o f  1 percent  by weight o f  so luble  s a l t  



contained i n  the  seciinent, the  a rea  could cont r ibute  an 
es t ina ted  30,000 tons of s a l t  annually t o  the Colorado 
River Systen. 

These areas  w i l l  be inves t iga ted  and analyzed t o  de ternine  
s p e c i f i c  d i f fuse  areas  needing improvenent within the  
Sasia.  The s a l i n i t y  reduction benef i t s  of such p rac t i ces  
need to be i d e n t i f i e d .  

(4) Lower Gunnison aas in  Unit,  Colorado. - 
(a) Introduction. - The lower Gunnison Basin Unit encon- 
passes the Gunnison River drainage a r e a  below the  Black 
Canyon. The u n i t  includes por t ions  of Ouray, Nontrose, 
and Delta Cwnt ies .  Within t h i s  a r e a  the re  a r e  a number 
of p r iva te  and Federal p ro jec t s  present ly  i r r i g a t i n g  
approximately 158,000 acres.  Also included i n  the  a r e a  
is an addi t ional  21,000 ac res  of present ly  nonir r iga ted  
land t h a t  would be i r r i g a t e d  under authorized p ro jec t s .  
Figure 1-47 shows the locat ion  of  the  u n i t  and t a b l e  1-8 
shows the  a l loca t ion  by p ro jec t s  o f  the  separa te  acreages.  

The lower Gunnison a rea  cont r ibutes  an e s t i a a t e d  1,100,000 
tons of s a l t  t o  the  Colorado River annually. A s  i n  the  
Grand Valley area ,  it is believed t h a t  s a l t s  washed from 
the  area  by excessive i r r i g a t i o n  appl ica t ions  and sys ten  
losses  cont r ibute  s i g n i f i c a n t l y  t o  t h i s  t o t a l .  

(b) I r r i g a t i o n  Management Services ( I?S) .  - The I?S  pro- 
gram conducted by the  Bureau o f  Reclanation, Western Colo- 
rado Projec ts  Office, began ea r ly  i n  1974. This program 
is  conducted i n  conjunction with the  program already i n  
operat ion i n  the  Grand Valley Unit. The program began 
with approximtely  1,500 ac res  on 15 farms. A t  present  
a l l  i r r i g a t i o n  scheduling is  within the  Unconpahgre Proj- 
e c t .  Se lec t ion  o f  t h e  i n i t i a l  p a r t i c i p a n t s  for  i r r i g a t i o n  
scheduling was Rade by the  Unqmpahgre Valley Water Users 
Association. X con t rac t  has a l s o  been negotiated by the  
Water Users organizat ion t o  fu rn i sh  a f i e l d  representa t ive  
t o  work with the  I ?S  program. 

(c) Nater Systems Improvements (WSI). - In FY 1973, a 
f e a s i b i l i t y  study was begun t o  determine the bes t  method 
o f  increas ing water de l ivery  ef f ic iency i n  t h e  lower 
Gunnison area with t h e  purpose o f  e l iminat ing  a p a r t  of 
those re turn  flws containing high concentrat ions o f  s a l t ,  
thereby reducing the  s a l i n i t y  o f  the Colorado River. X 





Tab10 1-8 
PARTICIPATING PRWECTS AND ACREAWS 

bwor Gunnison Basin Unit 

Project 
Acres Addi t ionnl acres 

presently t o  be i r r iga ted  Total acres 
i r r iga ted  by potantial  projects 

Uncompahgre Project (C;ovemcnt) 83,800 83, HO[) 

Fruitgrowers Dam Project (Government) 

Paoni a Project (Government) 
W 

Smith Fork Project (Government) 
P 
r 

Rostwick Park Pmject (Covernnmnt) 

Grmd b s a  Project (Potential) 

Dallas Creek Project (Authorized) 

Fruitland Mcsa Pmject (Authorized) 

Other Private Lands 

Total 



f e a s i b i l i t y  report  i s  scheduled f o r  completion by June 1977. 
No cost  estimates have been made fo r  the  Lower Gunnison Sys- 
tens  Improvement Program. 

A l l  canals and l a t e r a l s  which a r e  i n  areas of highly sa l ine  
soils and shales  could 9 concrete lined or  replaced by pipe 
sections.  Rehabil i tat ion of s t ructures  on the  canals and 
l a t e r a l s  a re  being investigated; surface- and ground-water 
sources and qual i ty ,  and drainage requirements w i l l  be 
studied. 

(d) Onfarm i r r i ga t i on  systens and managenent improvement. - 
m e  SCS has established a study team t o  make interanency - - 
coordinated investigations for'  improving i r r i ga t i on  water 
use t o  reduce s a l t  loading from the Lower Gmnison Basin. 
The average 1941 t o  1973 s a l t  load of the  Gunnison River t o  
t he  Colorado River is 1.4 million tons of salt. A reduc- 
t ion  i n  i r r i ga t i on  re turn  flow w i l l  have a s ign i f ican t  
impact on t h e  estimated 840,000 tons of salt added annually 
i n  the  i r r iga ted  area. 

Federal Reclamat ion proj e c t s  are providing water fo r  abuut 
128,000 acres o r  81 percent of the i r r iga ted  cropland in 
the Lower Gunnison Unit. The Fruitgrowers Dan, Paonia Proj- 
ec t ,  and Snith Fork Project were designed t o  provide sup- 
plemental i r r i ga t i on  water supplies, while t he  Uncompahgre 
Project  is  a fu l l - se rv ice  system. 

Because t he  source of a large portion of the  s a l t  pickup is 
from the  underlying bfancos Shale Formation and sa l ine  a l l u -  
v ia l  aquifers,  t he  overal l  enphasis w i l l  be placed on reduc- 
ing canal and l a t e r a l  seepage losses, deep percolation, and 
i n  maintaining posi t ive  control over re turn flows t o  elimi- 
nate,.erosion from f i e l d s  and drains .  Rased on the SCS f i e l d  
inventory in 1973, the  following needs were ident i f ied.  The 
consolidation, realinement, l in ing  and piping of 500 miles 
of canals and l a t e r a l s ,  plus the  addition of 5,500 control  
s t ruc tures  and 29 miles of main drainage canals a re  needed 
off  f a m .  Onfarn opportunit ies include i n s t a l l a t i on  of 
738 miles of f i e ld  d i t ch  l in ing o r  pipeline,  146,000 acres  
land leveling or smoothing, 21,100 control  s turctures ,  
33,000 acres  of drainage systems, and change i n  i r r i ga t i on  
methods and extensive improvement i n  water management on 
ll9,OOO acres.  



(e) Diffuse area  land mea tnen t  and m a g e n e n t  inprove- 
ment needs. - C r i t i c a l  erosion and sediment problems e x i s t  
on the  shale  badlands o r  shale-derived a l luviun entrenched 
by g u l l i e s .  >fast of  these c r i t i c a l  a reas  a r e  a l s o  associ -  
a t ed  with i r r i g a t i o n  canal waste o r  f i e l d  t a i l w a t e r  r e t u r n  
systems. High sedinent  y ie lds  a r e  general ly associa ted  
with s o i l s  underlain a t  s h a l l o s  d e p t h  by s3ales  of the  
! k ~ ~ c o s  Formation. These areas  general ly conta in  s o i l s  
with a s a l i n e  subs t ra tun  and through the  erosion process 
a r e  responsible f o r  a la rge  p a r t  o f  the  s a l t  pickup by 
i r r i g a t i o n  re tu rn  flows. The very high sed ines t  y ie ld  
suppl ies  a suspended load of c lay  and s i l t  p a r t i c l e s ,  and 
a s a l t  loacing of ca lc iun ,  sulphate,  sodiua, and chlor ides .  
i-lign sedinent y ie lds  on 584,300 ac res  account f o r  48 p r -  
cent  o f  the  3as ins  2.7-million-ton annual y ie ld .  

Also, ser ious  streambank erosion occurs on about 180 s t rean-  
bank n i i e s  and xoderate erosion on about 170 streambank 
miles i n  the  Lower Gunnison Basin Unit. 'Finis r e s u l t s  i n  
an estimated 405,000 tons of s o i l  lo s s  annually.  

Fu l l  i m ~ l e n e n t a t i o n  of  both t h e  1145 and #SI prograzs could 
r e s u l t  i n  a reduction i n  t o t a l  salts of  300,000 tons per  
year.  This is  equivalent  t o  approximately 27 mg/l i ~ p r o v e -  - 
nent in s a l t  concentrat ion a t  Imperial Dan. Additional 
reductions in s a l t  load can be expected from the  SCS 
on farm program. 

c .  Diffuse source cont ro l .  - Five t r i b u t a r i e s  of  the  Colorado 
River accmula te  la rge  q u a n t i t i e s  o f  s a l t s  from i r r i g a t i o n  
re tu rn  flows, s a l i n e  seeps, and salt-producing geologic foma-  
t ions .  E-rese t r i b u t a r i e s  (Big Sandy River, Wyoming; Pr ice ,  
San Rafael, and Dirty Oevil Rivers, Utah; McElm Creek, Colo- 
rado) con t r ibu te  a combined t o t a l  o f  963,000 tons o f  s a l t  t o  
the  Colorado River Systen. I t  is est imated t h a t  con t ro l  meas- 
ures  could remve  as much a s  580,000 tons of  t h i s  s a l t  from 
the  Colorado River, r e s u l t i n g  i n  a s a l i n i t y  reduction a t  Irqe- 
r i a l  Jam of 34 mg/l. 

(1) Big Sandy River h i t ,  I'iyorning. - The Big Sandy Ziver 
i n  ifyoming acc'mulates s a l t s  from i r r i g a t i o n  re tu rn  flows of  
the  Eden Project  and f r o 3  s a l i n e  seeps sca t t e red  along the  
channel. No s ing le  point  source con t r ibu tes  a l a rge  amount 
o f  s a l t .  tiowever, the  r i v e r  annually discharges about 
180,000 tons of s a l t  t o  the  Colorado River Systen. I t  is  



estimated t h a t  about 80,300 tons could be renoved by t r e a t -  
nent ,  which would reduce the  s a l i n i t y  a t  In?rial  Dan by 
about 7 mg/ 1. 

Plans a r e  not ye t  d e f i n i t e  on the  nethod of  el iminating the  
s a l t s  fron the  Big Sandy Xiver. A f reez ing zethod t o  d e s a l t  
the  water by taking advantage o f  l a w  winter temperatures 
appears t o  be an a l t e r n a t i v e  which is  one o f  tne  nore prom 
i s i n g .  Sza l l - sca le  expericents  nave been conducted by Pro- 
fessor  h n a l  t. Stinson of t3e  University o f  Piyoning i n  wnich 
sp r ink le r s  were used t o  s?ray tne  water i n t o  the  a i r  wnere it 
p a r t i a l l y  f reezes  and f a l l s  and with f a r t h e r  freezing forms 
an i c e  p i l e .  The i c e  c r y s t a l s  which separa te  out  a r e  a l m s t  
pure water and the  anfrozen 3 r i c e  conta ins  nearly a l l  t 3e  
s a l t .  The experiments were successful  i n  producing a very 
low s a l i n i t y  concentrat ion i z  the  product water; The Bureau 
is a l s o  inves t iga t ing  a well r e l i e f  sys tee  t o  decrease a r t e -  
s i a n  ground-water pressures  and ?revent s a l t  seeps from 
enter ing  the r i v e r .  

To determine the  f e a s i b i l i t y  o f  the  f reez ing nethod, a 
research con t rac t  was negotiated with t h e  Univeristy o f  
Wyoming f o r  Professor Stinson t o  conduct a p i l o t  demonstra- 
t i o n  during the  winter o f  1973-74 i n  the  v i c i n i t y  o f  Gasson 
Bridge, wnich is  halfway between Farson and Fontenelle and 
36 miles northwest of  Rock Springs, ivyoming ( f i g .  1-48). 
The necessary ponds and p ipe l ines  f o r  conducting t h e  t e s t  
vere  constructed 5ut various delays were encountered. 
Test ing was i n i t i a t e d  during February 1974. Hater was 
pumped f ron the Big Sandy River, sprinkled t o  produce i c e  
p i l e s ,  and then the  b r ine  and product water were separa ted  
by natura l  aging and t h a i n g . '  4 scheaa t i c  layout o f  t h e  
system is shown on f i g u r e  1-49. Tne p i l o t  operat ion was 
expected to provide needed i n f o m a t i o n  regarding: (1) the  
c a p a b i l i t y  of f reez ing,  (2) e f fec t iveness  o f  the  s p r i n k l e r  
equipment, (3) configurat ion f o r  the  b e s t  i c e  formation, 
(4) the amount o f  s a l t  t h a t  can be removed, ( 5 )  c o s t  per  
ton of s a l t  remved,  (6) q u a l i t y  o f  tne  p r d u c t  'water, and 
(7) environmental impact of the  process. 

Due t o  the  l a t e  s t a r t  caused by various problems i n  obtain-  
ing and i n s t a l l i n g  e q u i p e n t ,  a complete and s a t i s f a c t o r y  
p i l o t  demonstration coula not be made. Some information, 
however, was obtained whic3 would be valuable i n  a contin-  
ua t ion  o f  the demonstration. Problem encountered were: 
(1) determining the proper type of nozzles and o t h e r  f i t -  
t i a g s ,  (2) permeable s o i l  ander t i e  i c e  ?ack absorbed the  
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water r a t n e r  thaq allowing i t  t o  f l m ,  (3) i n a b i l i t y  t o  
nake the  sp r ink le r s  work p-operly under varying f reez ing 
temperatures, (4)  loss  of p r i ~ e  on p q  due t o  r i v e r  f luc-  
tua t ions  and, (5) delays i n  obtaining r e p a i r  p a r t s .  

Inves t iga t ions  have not advanced s u f f i c i e n t l y  t o  estircate 
the  cos t  of a proposed ?lan. The p i l o t  study w i l l  provide 
nuch of t3e needed da ta  f o r  the  f reez ing plan.  Other plans 
w i l l  a l s o  be evaluated and cos t s  e s t ina ted  Sefore f i n a l  
se lec t ion  i s  m a e .  

?bst of t h e  Big Sandy water sup?ly, which averages 
96,000 ac re - fee t  annually, o r i g i n a t e s  a t  high e levat ions  
i n  the Xind River Range and is of excel lent  q u a l i t y  ( l e s s  
than 100 ng/ l )  as i t  flows i n t o  the  Eden Valley I r r i g a t e d  
p ro jec t  area.  The 15,000-acre Eden Valley I r r i g a t i o n  Proj- 
e c t  is t y p i c a l  o f  many areas  developed i n  the  a r i d  west over 
s a l i n e  t e r t i a r y  lakebed a a t e r i a l s .  An unlimited supply of 
s a l t  i s  ava i l ab le  f o r  pickup by the  69,000 ac re - fee t  o f  deep 
percola t ing  i r r i g a t i o n  water. Return flows have t o t a l  d i s -  
solved s a l t  concentrat ions of 2,500 t o  4,300 a g / l  averaging 
about 3,200 mg/l. Based upon the  estimated re tu rn  flow and 
average s a l t  concentrat ion,  about 250,000 tons of s a l t  a r e  
picked up in  the  i r r i g a t e d  reach o r  enroute t o  the  conflu- 
ence with the  Green River. SCS s tud ies  w i l l  be oriented t o  
improving the  present  e s t i i i t e d  20 percent i r r i g a t i o n  system 
e f f i c i ency ,  t o  reduce, seepage and deep percolat ion i n t o  
underlying s a l i n e  aqu i fe r s .  

(a)  Onfarn i r r i g a t i o n  systems and managenent improvement. - 
Improved water nmagement i s  needed throughout t3e  convey- 
ance, d i s t r i b u t i o n ,  onfarm appl ica t ion ,  and r e t u r n  s y s t e m .  
Emphasis rill be d i rec ted  toward d i v e r t i n g  the  c o r r e c t  
amount of water f o r  p lan t  requirenents  and avoiding seepage 
and s p i l l a g e  losses .  Because the  s a l t  pickup t o  the  Big 
Sandy River nay be from the  ground-water aqu i fe r s ,  t he  
o v e r a l l  system ana lys i s  f o r  improvement should be geared 
t o  e f f o r t s  of reducing deep percola t ion  and re tu rn  flow 
t o  the  stream systen. 

The degree of cont ro l  over seepage losses  from o f f - f a m  
conveyance and re tu rn  f lou  systems ana from onfarm irri- 
gation systems w i l l  3e analyzed. t ined canal  aqd surface 
drainage d i tches  could be u t i l i z e d  throughout the  off-fann 
sys ten ,  whereas onfam,  the  water has t o  be appl ied  t o  the  
land, thereby providing o p ~ o r t u n i t y  f o r  some deep percola- 
t i o n  and s a l t  pickup even under nigh nanagesent p rac t i ces .  



The p r inc ip les  t h a t  must be agplied i n  securing a high 
farm i r r i g a t i o n  ef f ic iency involve (1) i n s t a l l i n g  l ined  
d i t ches  o r  p ipe l ines ;  (2) using t h e  i r r i g a t i o n  methods 
bes t  adapted t o  the  s o i l  and crops grown; (3) u t i l i z i n g  
soils information i n  design and layout of i r r i g a t i o n  and 
drainage s y s t e m ;  (4) applying the  proper anount o f  water 
a t  the  proper time, t o  meet crop concumptive use p lus  
c u l t u r a l  p rac t i ce  requirements. Consideration should 
a l s o  be given t o  the  e f f e c t  o f  s h i f t i n g  approximately 
1,500 acres  of  sub i r r iga ted  cropland t o  another  method 
o f  i r r i g a t i o n  t o  reduce the ground-water recharge i n  t h i s  
a r e a ;  and (5) reduce the  water losses  from phreatophytes 
and o the r  inc iden ta l  a reas .  

(b) Diffused area  land treatment and managenent iinprove- 
ment needs. - X ~ r e l i m i n a n  evaluat ion ind ica tes  t h a t  con- 
t r i b u t i o n  o f  s a l i  t o  the  colorado River System by c the 
watershed areas  above t h e  i r r i g a t e d  cropland is genera l ly  
low. The g r e a t e s t  benef i t  from improving t h e  upper water- 
sned condit ions would be addi t ional  production o f  range 
forage. 

Much o f  the  Eden Projec t  a r e a  not under c u l t i v a t i o n ,  and 
a r e a s  below the  Eden Projec t ,  a r e  located on some o f  the 
higher sediment and sal t-producing drainages;  however, 
the  annual p r e c i p i t a t i o n  and sediaent  and s a l t  y i e lds  
a r e  law. 

Several problems of resource use e x i s t  i n  the  m a g e m e n t  
o f  the  range and f o r e s t  lands.  Prominent among these  
are; (1) lack of adequately dispersed l ives tock water; 
(2) lack of fencing for  the contro l  of  l ives tock grazing;  
(3) overgrazing along the  same perennial  streams; (4) wild 
o r  loose horses, increas ing a t  an annual r a t e  o f  about 
25 percent,  f o r  which no rangeland feed is l e g a l l y  ava i l -  
able ;  and (5) successive public  use i n  the  Bridger Wil&r- 
ness Area. 

The study w i l l  i n v e s t i g a t e  and analyze these  a reas  t o  
determine the  s p e c i f i c  d i f fused  areas  needing improvement 
within the  Big Sandy River Watershed. Management prac- 
t i c e s  w i l l  be i d e n t i f i e d  which need t o  be es tabl i shed.  
The s a l i n i t y  reduction benef i t s  o f  such p rac t i ces  w i l l  
a l s o  be iden t i f i ed .  Close cooperation i n  the  ? l a m i n g  
and implementation process w i l l  be needed b t u e e n  the  
W e a u  o f  Land Management and Department o f  Agriculture 
t o  develop cons i s t en t  recommendations f o r  treatment o f  
both public  and p r iva te  lands. 



(2) Pricc Xiver, San 2afacl  3 iver  and Dirty Devil 2 iver  
Units. Utah. - Thc e s t i s a t e d  t o t a l  dissolved s o l i d s  con- - .  - - - - . . - - - - - . - - -. - 
t r ibu ted  by t3e  Price,  San Rafael,  and Dirty Devil Rivers 
a r e  240,0@0, 190,303, -and 200,000- t o m ,  respect ive ly .  The 
geological Eona t ions  i n  these r i v e r  basins cons i s t  p r i m r -  
i l y  of s e d i ~ e n t a r y  rock. About 60 ?ercent  of the  Dirty 
Devil drainage and 75 percent of the Pr ice  and Sara !lafael 
drainages a r e  cornposed of a d s t o n e s ,  c lays tones ,  and shales  
which a r e  the w i n  source o f  s a l t  loading i n  these r i v e r s  
[see f i g .  1-50). ! t ~ h  of  :he i r r i g a t e d  lands a r e  located 
on salt-producing formations p a r t i c a l a r l y  i n  the  q p e r  
por t ions  of the  Pr ice  and San 2afael  drainages.  (See loca- 
t i o n  map, f ig .  1-51,) 

Inves t iga t ions  thus f a r  have iccluded review of  previous 
s tud ies  and inves t iga t ions ,  f i e l d  surveys, and data  gather- 
ing. Streamflow and water q u a l i t y  d a t a  a r e  cu r ren t ly  being 
obtained a t  several  locat ions  on each of  the  r i v e r s .  The 
water q u a l i t y  sampling points  a r e  shown on the  general  loca- 
t i o n  nap, f igure  1-52. Locations of these po in t s  depend 
on i d e n t i f i c a t i o n  of geologic fornat ions which appear t o  
be s a l t  producing and u a t e r  samples taken during f i e l d  
inves t iga t ions .  

The Price River Basin has a drainage area  of  about 1,900 square 
miles and the  runoff from the  upper watershed is degraded i n  
chemical water q u a l i t y  a s  it makes i t s  way over marine shales  
of Cretaceous Age t o  the  Green River. The dissolved s o l i d s  . 
content  of water in the  headwaters is usual ly  l e s s  than 
200 ng/ l ,  but i n  the  lower reaches t h e  weighted average d i s -  
solved s o l i d s  concentrat ion is genera l ly  h tween  2,000 and 
4,000 mg/l. About 240,000 tons  o f  s a l t  a r e  cont r ibuted  t o  
the  Green River annually. Much of the a rea  is i n  poor water- 
shed condit ion and suspended sediment discharge t o  t h e  Green 
River is estimated a t  over 1 mil l ion  tons per  year. Opportu- 
n i t i e s  e x i s t  f o r  improving i r r i g a t i o n  e f f i c i ency  on 
23,000 acres  of i r r i g a t e d  land and erosion con t ro l  on the  
watershed lands t o  reduce the contr ibut ion  of s a l t s .  

The San Rafael River Basin encoapasses 1,670 square n i l e s  
o f  semiarid t o  a r i d  watershed underlain w i t h  sedimentary 
mcks  composed o f  d s t o n e s ,  c lays tones ,  and shales  which 
a r e  the  source of s a l t  loading i n  this r i v e r .  Weignted 
average TDS concentrat ion o f  the  San Rafael River flow t o  
the  Green River is about 2,300 mg/l, and about 190,000 tons  
o f  salt a r e  contr ibuted annually. !4uch of the a rea  nas 
high s o i l  l o s s  and sediment and s a l t  production is  g rea t .  



Topography through the San Rafael Swell.  

Figure 1-50 





Figure 1-52 



A watershed t r e a t m n t  program t o  cont ro l  erosion can reduce 
s a l t  and sedimemt loading. Inves t iga t ions  w i l l  include an 
assess len t  on the  po ten t i a l  t o  in?rove i r r i g a t i o n  u a t e r  
management and s y s t e m  on 41,000 i r r i g a t e d  acres  t o  reduce 
s a l t  pickup in  drainage re tu rn  flows. 

The i l i r ty  Devil drainage of 4,410 square n i l e s  of a r i d  t o  
semiarid watershed contr ibutes  about 200,000 tons of s a l t  
and a la rge  sedinent load t o  Lake Powell on t h e  Colorado 
Xiver. Much of the  a r e a  is subjec t  t o  hign erosion and a 
watershed treatment program w i l l  be analyzed t o  determine 
f e a s i b i l i t y .  The s a l t  load may 5e reduced by con t ro l l ing  
erosion of t h e  watershed and improving i r r i g a t i o n  e f f i c i -  
c i e s  on 26,000 i r r i g a t e d  ac res .  

Inves t iga t ions  have not ye t  progressed s u f f i c i e n t l y  t o  
determine s p e c i f i c  a reas  f o r  con t ro l  o r  to develop a gen- 
e r a l  plan f o r  con t ro l ;  although evaporation, desa l t ing ,  
i r r i g a t i o n  management, water systems improvement, onfann 
i r r i g a t i o n  systems and management improvement, s e l e c t i v e  
ui thdrawal,  and vegeta t ive  and range management t o  con t ro l  
erosion could a l l  be used s ing ly  o r  i n  combination t o  
achieve the  estimated p o t e n t i a l  renoval o f  100,000 tons 
o f  s a l t  from t h e  Pr ice  River and 80,000 tons each f o r  the  
San Rafael and Dirty Devil g ivers .  S a l i n i t y  concentrat ions 
a t  Imperial 3am could be reduced by 9 mg/l f o r  the  Pr ice  
River and 7 mg/l each f o r  the  San Rafael and Dirty Devil 
Rivers. 

Data gathering w i l l  continue through FY 1978 and a f e a s i -  
b i l i t y  r epor t  i s  scheduled fo r  completion i n  FY 1980. Addi- 
t i o n a l  sampling s t a t i o n s  w i l l  oe es tabl ished a s  required 
i n  conjunction with the  geologic inves t iga t ions  i n  each 
basin . 
(3) YcElmo Creek Unit, Colorado. - McElno Creek o r ig ina tes  
i n  bbntezwaa County i n  southwestern Colorado and flows i n t o  
the  San Juan ~ i v e ;  i n  the  southeastern corner  o f  Utah 
(f ig.  1-53). The creek d ra ins  550 square miles, including 
a l a rge  a rea  i n  Colorado's Montesum Valley which is  irri- 
gated u i t h  water d ive r t ed  from tne  Dolores River. Data 
co l l ec ted  over a 3-1/2-year period ind ica te  t h a t  t;?e stream 
c a r r i e s  an average annual s a l t  load of  about 150,000 tons 
near  the  Colorado-Utah S t a t e  l i n e .  Concentrations have 
ranged from 1,500 t o  3,700 mg/l, with an average of 
2,650 mg/l. 





I r r i g a t i o n  re turn  flows f r m  Montez*aa Valley cont r ibute  a 
subs tan t i a l  molmt of s a l t  t o  !!cElm Creek and !4ud Creek, 
a t r i b u t a r y  of bkElno Creek which drains t3e southern p a r t  
of  t3e va l ley .  The land is eerlved from and underlain by 
fhncos Sra le ,  a brackish,  inpervious formation. 3ased on 
1 year o f  da ta ,  the  a n n u l  s a l t  pickup from ?4ontczum Valley 
is approxiaately 135,000 tons. 

Several mthods  of renoving sai: frorn blz2lno Creek a r e  being 
s tud ies  by :he Bureau. Onc p o s s i b i l i t y  would be t o  se iec -  
t i v e l y  wittdraw a d  eva?orate :be f l a v s  of u??er FlcEho Creek 
and Xed Creek d w i n g  periods of high s a l i n i t y  and low floh-. 
A second would be t o  d e s a l t  these flows. A s i t e  on :4ud Creek 
couia je used to evaporzte e i t h e r  t h e  s a l i n e  f?ows o r  the  
brine discharge from a d e s a l t i n g  p lan t .  A t 3 i r d  2 o s s i b i l i t y  
would be t o  combix  e i t > e r  of  the  above methods w i t 5  a pro- 
gran of  increased i r r i g a t i o n  e f f i z i e x y  i n  Flontezuma Val ley.  
This would requi re  tne  agreement of  the  i r r i g a t o r s  i n  the  
area .  I t  i s  estimated t 3 a t  any one se lec ted  cont ro l  Eeasure 
could resove about 40,030 tons of s a l t  per  year and reduce 
the  s a l i n i t y  a t  Imperial Dam by 4 ng/ l .  

The SCS ?lans t o  cooperate In the  interagency s tuay on t h e  
320-sq'~are-mile drainage of ?!cElmo Creek. Inves t iga t ions  
w i l l  i den t i fy  the  po ten t i a l  t o  reduce deep percolat ion and 
seepage from the  44,000 acres  of  i r r i g a t e d  land and the  
oppor tuni t ies  t o  reduce erosion whic3 puts  s a l t s  i n t o  solu-  
t ion .  Concentrations o f  s a l t  i n  t h e  i r r i g a t i o n  water supply 
imported annually f ron  t h e  Dolores River average about 140 ng/l .  
Residual i r r i g a t i o n  re turn  flows coupled with a small anount o f  
local  n m o f f  in WcElm Creek a t  t h e  Colorado-Utah S t a t e  l i n e  
average about 2,650 m g / l  o f  dissolved minerals.  

Gaging s t a t i o n s  were i n s t a l l e d  and water sampling i n i t i a t e d  
in FY 1972. Data co l l ec t ion  w i l l  continue and a f e a s i b i l i t y  
report is scheduled f o r  FY 1978. 

I f  a d e s a l t i n g  p l a n t  were used t o  remove s a l t ,  t h e  product 
water a u l d  be.used f o r  municipal o r  i n d u s t r i a l  purposes. 
The annual deplet ion o f  water would anount t o  approxinately 
6,200 ac re - fee t  f o r  complete evaporation o f  the  flows and 
3,700 acre- fee t  f o r  the  e v a p r a t i o n  o f  b r ine  from a d e s a l t -  
ing p lant .  



E. Other Authorized Studies Under the  CRNQIP 

1. Introduction 

The s a l i n i t y  cont ro l  f a c i l i t i e s  and measures considered below were 
not authorized per  s e  mmder P.L. 95-520 but a r e  under present  con- 
s ide ra t ion  and continuing inves t iga t ion  under the  CKhQIP. 3ue t o  
l i a i t e d  planning in fomat ion  and envi tonmnta l  da ta ,  only prelim- 
inary planning concepts a r e  discussed i n  t h i s  s t a t enen t .  Associ- 
a t ed  inpacts  u i l l  not be discussed f u r t h e r .  

2.  Return Flow U t i l i z a t i o n  

This concept involves the capture  o r  c o l l e c t i o n  o f  s a l i n e  i r r i g a -  
t i o n  r e t u r n  flows, then conveying and possibly t r e a t i n g  t h i s  water 
f o r  specia l ized  nonagriculturaZ uses. These spec ia l i zed  uses 
could range f ron cooling water of e l e c t r i c  generat ing p l a n t s  t o  
the  recharging of g e o t h e n a l  we115 or o t h e r  i n d u s t r i a l  processes. 

a .  San Juan CotPector Systea, Sm 5kxica. - Inves t iga t ions  f o r  
the  San Juan Col lec tor  Systen were begun by FY 1974, Studies 
a r e  cu r ren t ly  undemay t o  evaluate the  various l ega l  and i n s t i -  
t u t i o n a l  c o n s t r a i n t s  involved. 

I t  is estimated t h a t  when the  Xavaja Indian I r r i g a t i o n  Projec t  
is completed, the re  w i l l  be a  combined wastewater Source of  
about 104,000 acre- fee t  per  year.  Uses of  t h i s  water vary, 
and s tud ies  a r e  undernay t o  de te rn ine  those t h a t  would be t h e  
most f eas ib le .  Reclaimed Mastewatem a r e  considered t o  be o f  
acceptable qua l i ty ,  t h a t  would be of value t o  indus t r i e s  such 
a s  coal  g a s i f i c a t i o n  and power generat ion p lan t s .  Figure 1-54 
shows t h e  general  a r e a  served by the  propased c o l l e c t o r  system. 
Inves t iga t ions  have not progressed s u f f i c i e n t l y  t o  determine- 
the  p o t e n t i a l  q u a l i t y  of these  r e tu rn  flows or of the  u l t imate  
e f f e c t  t h a t  t h e i r  u t i l i z a t i o n  would have on t h e  Colorado River. 

b. Return flow u t i l i z a t i o n  i n  Grand Valley, Colorado. - Inves- 
t i g a t i o n s  a r e  t o  commence i n  f i s c a l  year  1976 t o  evaluate plans 
f o r  c o l l e c t i n g  ~e highly s a l i n e  flows from i n i g a t i o n  re tu rn  
water from the  Grand Valley p r i o r  ta t h e i r  t n t r y  i n t o  t h e  Colo- 
rado, and t o  e i t h e r  t r e a t  these  flows by evaporation, desa l t ing ,  
o r  t o  u t i l i z e  the  water f o r  some benef ic i a l  purpose. 

The drainage leading t o  the  Colorado River present ly  c a r r i e s  
surface  =off ,  i r r i g a t i u n  wastewater, and water from subsurface 
drainage. The flows f ron  ground water a r e  highly s a l i n e ,  while 
the  o the r  flows contain m c h  l e s s  dissolved s o l i d s .  Studies may 





show that s e l e c t i v e  c o l l e c t i o n  of  t he  water nay be d e s i r a b l e ,  
with t he  s a l i n e  water  being processed and t h e  l e s s  s a l i n e  f lows 
being re turned  d i r e c t l y  t o  t he  r i v e r .  

One method of  s e l e c t i v e  c o l l e c t i o n  o f  water i s  by cons t ruc t ing  
t i l e  d r a i n s  i n  t h e  bottom of p re sen t  open dra inages  t o  c o l l e c t  
t n e  s a l i n e  water,  and cons t ruc t  an open concre te - l ined  channel 
near  t h e  ground su r f ace  t o  c o l l e c t  t h e  su r f ace  runoff  and wasto- 
water.  Anot5er nethod of c o l l e c t i o n  is by pumping t h e  s a l i n e  
ground water.  The s a l i n e  water could be s to red  a t  a site i n  
t h e  lower end of  the v a l l e y ,  be p a r t i a l l y  desa l t ed ,  o r  poss ib ly  
ba used f o r  i n d u s t r i a l  p q o s e s .  No c o s t s  have been es t imated  
f o r  t h e  Grand Valley C o l l e c t o r  System. 

c. Return flow u t i l i z a t i o n  on Pa10 Verds Drain. - The a c t i v i -  
ties under t h i s  i n v e s t i g a t i o n  w i l l  be d i r e c t a d  toward ob ta in ing  

- ~ - 

b a s i c  data f o r  t he  deveioprnent of  p lans  t o  remove t h e  salt  con: 
t r i b u t e d  to t h e  Colorado River by t h e  d ischarge  from the  Pa lo  
Verde Out fa l l  S ra in ,  C a l i f o r n i a .  The d ischarge  o f  t h e  o u t f a l l  
d r a i n  ranges from 447 f t 3 / s  t o  648 f t 3 / s  w i t h  a salt  concentra-  
t i o n  averaging about 1,827 ng/ l .  Computations o f  t h e  t o t a l  
salt  load r e tu rned  t o  t h e  r i v e r ,  inc luding  t h e  r i v e r  above Tay- 
l o r ~  Ferry,  i n d i c a t e  that the sal t  pickup from t h e  Pa lo  Verde 
I r r i g a t i o n  District wtls about 148,000 tons (see f i g .  1-55). 

One nethod o f  renoving some o f  this salt  from t h e  r i v e r  i t  t o  
d i v e r t  p a r t  o f  tho r e t u r n  flows f o r  cool ing  water  i n  nuc lear -  
f i r e d  e l e c t r i c  p w e r p l a n t  opera t ions .  The cool ing  water  would 
be disposed o f  by evaporat ion a f t e r  use .  

Metropol i tan Water District has agreed, i n  p r i n c i p l e ,  t o  f u r n i s h  
up t o  a t o t a l  o f  100,000 a c r e - f e e t  of  Colorado River Water each 
yea r  t o  s i t e s  in t h e  W j a v e  Desert  a r e a  f o r  powerplant coo l ing  
and r e l a t e d  purposes.  The water is t o  be d i s t r i b u t e d  as fol lows:  
San Diego Gas and E l e c t r i c  Company - 17,000 ac re - f ee t ;  Los Ange- 
l e s  Department of  Water and Power - 33,000 a c r e - f e e t ;  and South- 
e r n  C a l i f o r n i a  Edison Company - 50,000 a c r e - f e e t .  Metropolitan 
and the a f f e c t e d  p a r t i e s  have executed l e t t e r s  o f  i n t e n t  forma- 
lizing such a l l o c a t i o n ,  and the terms and condi t ions  under wnich 
Metropol i tan would f u r n i s h  t h i s  water. In  t h e  f u t u r e ,  it is 
a n t i c i p a t e d  t h a t  these  letters w i l l  be  executed as c o n t r a c t s .  
I f  these nuc lea r  powerplants were t o  be loca t ed  i n  t h e  d e s e r t  
a r e a  nea r  t h e  Colorado River,  the  a v a i l a b i l i t y  of  coo l ing  water  
would be of prime importance. The x a t e r  r equ i r eaen t  could  be  
met by s i t i n g  the powerplants s o  t h a t  a p a r t  o f  t he  r e n u n  flows 
conveyed t o  the Colorado River  by the  Pa lo  Verde d r a i n  could  Se 
used f o r  coo l ing  ;zurposes. Such a ? lan  would r e q u i r e  t h a t  t h e  



Return flow utilization - view of Palo Verde outfall drain. 

Figure 1-55 



cooling water be reused u n t i l  it becaqe too s a l t y  f o r  recycling,  
a t  which t i n e  it woald be discharged to evaporation ponds f o r  
f i n a l  d isposal .  However, s ince  a l l  of L\c waters of  the  Colo- 
rado River, including t h i s  r e tu rn  flow, arc committed t o  present  
water uses ,  a plan which deple tes  t h e  r e tu rn  flow can be used 
only i f  :he water can be replaced from another  source. I t  is 
physica l ly  poss ib le  t o  replace  Colorado River r e tu rn  flows used 
i n  Ca l i fo rn ia  with w a t e r  suaal ied  f r o m  t he  Ca l i fo rn ia  S t a t e  
Eater  Project  through an excnange agteeaent with the Metropol- 
i t a n  Xater D i s t r i c t .  Such an exchange agreement would requi re  
r a t i f i c a t i o n  by present  users  of Colorado River water.  

Assuming t h a t  the  above exchange were made, the  r e s u l t  would 
k t o  replace  water with an averzge s a l i n i t y  s f  1,527 mg/l w i t h  
Netropolitan Water District Colorado River r e l eases  averaging 
7 1  1 I f  each powerplant u n i t  were t o  u s e  20,060 ac re - fee t  
o f  return flow the  annual s a l t  reduction to the r ive r  rould 
average 29,000 tons and t h e  s a l i n i t y  a t  Imperial Dam would be 
reduced by 4 mg/l. 

3. Blue S ~ r i n n s  Unit. Arizona 

Preliminary inves t iga t ions  o f  s a l t  conr f ibu ta r s  t o  the Colorado 
River have led t o  the  designation of m e  u n i t s  for  i n i t i a l  con- 
s t r u c t i o n  and o thers  f o r  continued inves t iga t ions .  During these  
prel iminary s t u d i e s ,  it was found t h a t  the  f e a s i b i l i t y  and/or 
environmental impacts of  some u n i t s  were of such a nature as  t o  
pretluds the development o f  a p r o j e c t .  A t  some f u t u r e  d a t e  cco- 
ncmic, environmental and s o c i a l  valueg m y  change and the p ro jec t  
may be reevaluated.  As a consequence of cur ren t  f indings ,  fu r the r  
s tud ies  have k e n  tern inated .  Due t o  t h i s  te rn inat ion ,  only a 
b r i e f  summary is presented i n  t h i s  sect ion.  A d e t a i l e d  desc r ip t ion  
of  e n v i m n m n t a l  impacts w i l l  not be prepared u n t i l  such  ti^ a s  
the  p ro jec t  demonstrates f e a s i b i l i t y .  

Introduction 

The Blue Springs a r e a  i s  located on the  Xavajo Indian Reserva- 
t i o n  i n  Coconino County, Arizona, about 25 lniles northwest o f  
Cameron and about 65 miles north of  Flags taf f .  The springs a r e  
located i n  a near ly  inaccess ib le  gorge of the  Little Colorado 
River and appear i n  the  f i r s t  14 n i l e s  upstream from its con- 
f luence with the  Colorado River a t  the northeastern boundary 
of Grand Canyon National Park (see f i g .  1-56}. 

In the  Blue Springs area ,  tne  L i t t l e  Colorado a i v e r  flows through 
a half-nile-deep, nile-wide neandering gorge carved i n  saniircone, 





limestone, and shale .  Precipi tous canyon walls are separated by 
s t eep  slopes o r  benches i n  snale ,  s i l t s t o n s ,  o r  thin-bedded sand- 
s tone [see f i g s .  1-57 and 1-33). A narrow inner gorge occurs 
where t h e  Redwall limestone f o m s  the lwwer canyon walIs.  The 
canyon r i m  above the spr ings  can be reached by v e h k l e  over  
t r a i l s  from Cameron and S t a t e  Highway No. 64. The canyon bottom 
can be reacned only by rugged foot  t r a i l ,  o r  by hel icopter .  

me spr ings  a r e  the  l a r g e s t  salt con t r ibu to r  to the [X)OPtr Colo- 
rado River Basin. Their s a l t  content  averages 2,500 ng / l  while 
average flak. is about 160,000 ac re - fee t  pe r  year ,  which y i e l d s  
550,000 tons o f  sal t  annually. 

The purpose of the  Blue Springs Unlt invesrigatian was t o  assess  
the  f e a s i b i l i t y  o f  reducing the  inflow of s a l t s  from the springs 
t o  the  Colorado River, thereby i q n o v i n g  the  q u a l i t y  o f  water  
de l ivered  a t  Imperial Dam. Four a l t e r n a t i v e  d e s a l t i n g  f a c i l i t i e s  
were evaluated (Plans 1 through 4) .  With one exception, a l l  
f a c i l i t i e s  would remove about 400,000 tons  o f  s a l t  from the  h e u s  
o f  Blue Springs. This would r e s u l t  i n  a reduction of dissolved 
s o l i d s  a t  Imperial D a m  equivalent  t o  about 26 ng/l. The i n v e s t i -  
ga t ions  d id  not include a s p e c i f i c  s tudy of vegetat ion and wild- 
l i f e  i n  the  u n i t  area.  

Description of  f ea tu res  

A l l  a l t e r n a t i v e  plan9 considered would require thm construetian 
af a low concre te  dam t o  provide the forebay for  extensive pump- 
l i f t  facilities. The dans i t e  locat ion is about 6 milts upstream 
f m n  the  confluence of  t h e  L i t t l e  Colorado and Colorado Rivers. 
Transmission l i n e s  f o r  electric power and possibly f u e l  pipe- 
lines-.would a l s o  be required. These may be ava i l ab le  f r o m  e i t h e r  
e x i s t i n g  or pmpased f a c i l i t i e s  i n  the  a rea .  Brine d isposal  
p rob lem,  though not unique, r equ i re  more d e t a i l e d  tonsideraZi6n 
because o f  the need f o r  la rge  d isposal  a reas  amounting t o  about 
5,000 acres. In addi t ion  t o  the  dam and punping f a c i l i t i e s ,  the 
four a l t e r n a t i v e s  would include the  f6Ilowing: 

Desal t ing plant near BIus Spring (Plan 11. - fhis glm would 
w o s p r l n g ' s a d t h c  River approxi- 
mately 1,000 f & t  t o  an intermediate bench where a 140-MgalJd 
o r  220-ft3/s e l e c t r o d i a I y s i s  desa l t ing  p l a n t  would d e s a l t  and 
re tu rn  the t r ea ted  water t o  t h e  Colorado River. Concentrated 
br ine  from the d e s a l t i n g  process would be pumped t o  the  upper 
p la teau  f o r  d isposal .  



Little Colorado River confluence w i t h  Colorado River. 

Figure 1-57 



Vicinity of Gold Hill - canyon area. 
Figure 1-58 



Savajo desa l t ing  scheme (Plan 2) .  - Sa te r  from the  Blue 
Springs would be l i f t e d  and conveyed about 55 n i l e s  nort5- 
east t o  the  Navajo Generating S t a t i m  now under construct ion.  
About 50 f t 3 / s  of the  water w u l d  be consuned by t h e  generat- 
ing s t a t i o n  for  cooling purposes. The reeaining water would 
be conveyed t o  a 126-Mgai/d v e r t i c a l  tube eva2orator-ml t i s t a g e  
f l a s h  (LTE-MSF) desa l t ing  ? lant  which would u t i l i z e  waste heat 
f r o 1  the  generating s t a t i o n  a s  a ?or t ion  o f  i t s  heat energy 
requirenent .  .+proximately 103 >!gal/d o f  desa l ted  water would 
be piped jack i n t o  the  Colorado River. Brice waste would be 
purrped about 15 e l e s  t o  a brine d isposal  r e se rvo i r .  

Navajo thernal  cooling ?lan (Plan 35. - 75s plan would l i f t  
and convey a b u t  50 f t 2 / s  of  the  Blue Springs f lov  t o  the  
Navajo Generation Plant f o r  use a s  cooling. Plan 3 is  a 
s impl i f ied  m d i f i c a t i o n  of  Plan 2. By physical ly removing 
about 11 percent of  the  L i t t l e  Colorado River 's  average 
annual flow of 310,000 ac re - fee t ,  a 14-percent reduction 
i n  s a l t  cont r ibut ion  can be rea l ized .  l"7is concept could 
be used f o r  the  cooling requirement o f  any o ther  generat ing 
s t a t i o n  within ecoaonical conveyance d i s t ance .  

Power-pump s torage  d e s a l t i n g  plan (Plan 4) .  - Tnis 7la.n repre-  
s e n t s  tire in tegra ted  operat ions of a pu-ped-storage generation 
conplex and a 140-Mgal/d e l e c t r o d i a l y s i s  desa l t ing  p lan t .  
Features would include a combination purrp-generation p lan t  
t o  l i f t  tile springs flow t o  the  d e s a l t i n g  p lan t .  Treated 
7roduct water w u l d  then be conveyed t o  a s torage  rese rvo i r  
f o r  l a t e r  r e l ease  t o  t h e  generat ing p lan t .  Brine waste would 
be conveyed 16 miles t o  an evaporation rese rvo i r .  

General 

Although the  Blue Springs a rea  lies within the  Navajo Indian 
Reservation, tire lands are c la ined t o  have been o r i g i n a l l y  
s e t t l e d  by Hopi ancestors .  The Hopi people regard t h e  Blue 
spr ings  a rea  as a sacred place.  More than hal f  of the  Hopi's 
be l ieve  t h e i r  ances tors  entered t h i s  world through a hole i n  
the  sky o f  a ' ' lower world." Although most agree t h a t  the  
locat ion of the  "sipapuni" o r  "sipapu," a s  t h i s  opening i s  
c a l l e d ,  nas long been forgot ten ,  sone of the  c lans  place the  
physical  point  a t  a mineral spr ing  mouad located a t  !4ile 4.7 
i n  the  L i t t l e  Colorado River gorge. The mound is  about 10 f e e t  
high and approxinatsly 30 f e e t  i n  d i m e t e r ,  and is  conposed of 
p rec ip i t a t ed  carbonates. 

His to r i ca l ly ,  the  Hopi's have gathered s a l t  from ledges on 
the  l e f t  bank of the  Colorauo River and about 2 miles below 



the  confluence of t.?e L i t t l e  Colorado River. To reach t h i s  
remote a rea ,  the  Indians general ly t raversed a pe r i lous  t r a i l  
from 1Jloenkopi t o  the  north s i d e  o f  the  L i t t l e  Colorado River, 
thence descending nearly 3,000 f e e t  through S a l t  T r a i l  Canyon 
t o  the  L i t t l e  Colorado River gorge and the  region o f  the  Blue 
Springs. They then t raveled  through the  gorge t o  the  Colorado 
iZiver, general ly re turning by the  s a l e  route .  These s a l t  
ga t3er ing  expedit ions were p i lgrasages  w i t h  r e l i g i o u s  r i t e s  
performed enroute; c lan  s@ols were inscr ibed on the  rocks 
and o f fe r ings  were placed a t  various wayside shr ines .  Many 
Hopi 's s t i l l  maice these r e l i g i o u s  p i lg r i aages  . 
The extensive f a c i l i t i e s  required,  along with high i n i t i a l  
cons t ruct ion  and operat ing c o s t  f a c t o r s ,  br ine  d isposal  prob- 
lens ,  and sediment loads i n  the Little Colorado River t h a t  
would l i n i t  p ro jec t  operat ion t o  those t i n e s  when the  r i v e r -  
flows do not exceed 700 f t 3 / s ,  r e s u l t  i n  severe negative 
economic f a c t o r s .  The p o s s i b i l i t y  of combining a d e s a l t i n g  
f a c i l i t y  with a pumped-storage generat ing cmplex  would have 
zerit only i f  the  environnental impedinents would be negoti- 
a ted  and s u f f i c i e n t  f u t u r e  offpeak capaci ty  obtained. 

The p ro jec t  would have a major e s t e t i c  impact on a very scenic  
port ion of  the  Grand Canyon country. 

The p ro jec t  would g r e a t l y  i n t e r f e r e  with a h i s t o r i c a l  r e l i g i o u s  
observance of  the  Hopi Indians. 

These f a c t o r s  combined with the  p o t e n t i a l  deple t ion  o f  water 
t h a t  would be ava i l ab le  f o r  downstream users  has e f f e c t i v e l y  
remved t h i s  u n i t  from f u r t h e r  program inves t iga t ion  at t h i s  
t i s m .  

4 .  Meeker Dane Inves t iga t ion  

The Meeker Dome is  an a n t i c l i n e  mound located about 3 d l e s  e a s t  
of Meeker, Colorado. An o i l  test w e l l  d r i l l e d  i n  1915 on the  ' 

south s ide  o f  the done produced about 3 f t 3 / s  of s a l i n e  water 
which flowed i n t o  the  adjacent  Khite River. The well was plugged 
by the  Bureau of Reclanation and c!!e Federal Hater Pollut ion 
Control Adninistrat ion i n  1968 i n  hopes of con t ro l l ing  t h i s  f l w .  
I t  now appears t h a t  m c h  of the  s a l i n e  water which had been flow- 
ing from the  w e l l ,  escapes through o the r  f r a c t u r e s  and pathways 
and seeps i n t o  the  White River both upstream and downstream from 
t n e  plugged well. An a l t o r n a t i v e  f ea tu re  f o r  poss ib le  addi t ion  
t o  the  CRhrQIP would k t o  prevent the  s a l t s  o f  this done from 
enter ing  the  White River. I t  is e s t i n a t e d  t h a t  the  br ine  flow 



a t  a concentrat ion of about 19,000 s g / l  cont r ibutes  about 
57,000 tons of s a l t  t o  the  r i v e r  each year. Plans have not yet  
been formulated a s  t o  the  method of  cont ro l  f o r  t h i s  source of 
s a l t  although i t  is recognized a s  an area  of heavy contr ibut ion  
t o  the  Colorado River system. Since the  flows could possibly 
be co l l ec ted  in  a ~ o i n t  source by reopening tne  Meeker well o r  
d r i l l i n g  an a l t e r n a t e  well, evaporation i n  a pond or  processing 
through a desa l t ing  plant  appear to  have proaise a t  t h i s  t i n e .  
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CHAPTER I1  - ENVIWS~EhTAL SETTIKG 

Introduction 

The Colorado River is  s i t u a t e d  i n  the  Southwestern United S t a t e s  and 
e.utends 1,400 n i l e s  fron the  Continental Divide i n  the  Rocky !buntains 
of nor th-cent ra l  Colorado t o  t h e  Gulf of Cal i fornia  (f ig.  11-1). The 
r i v e r  is a water and power resource t h a t  supports the  needs of  17 nil- 
l i o n  people. The Colorado River Basin covers an area o f  254,000 square 
miles, approximately one-tk'elfth of the  cont inenta l  United S t a t e s .  The 
Colorado River Basin includes p a r t s  o f  seven s t a t e s :  Arizona, Cali-  
fo rn ia ,  Colorado, Kevada, New Idexico, Wah, and biyorning. 

The Colorado River Compact of  Kovember 1922 div ides  the  e n t i r e  Colorado 
Biver Sasin i n t o  two p a r t s ,  t h e  Upper Basin and the  Louer Basin. These 
bas ins  a r e  separated at a po in t  on the r i v e r  i n  northern Arizona known 
as Lee Ferry, which is located l r i v e r  mile below the  confluence of 
the  Par ia  and the  Colorado Xivers and is approximtcly  17 miles down- 
stream from Glen Canyon Darn ( f ig .  11-1). The p u q o s e  of the  Compact 
is t o  provide f o r  equi table  d iv i s ion  and apportionment o f  the  use o f  
the waters o f  the  Colorado River Systen and fo r  l e g a l ,  p o l i t i c a l ,  
i n s t i t u t i o n a l ,  and hydrological purposes. 

The Colorado River Conpact def ines  t h e  Upper Basin as  the  p a r t  o f  the  
Colorado iliver Basin within and from whicn water na tu ra l ly  d ra ins  t o  
the  Colorado River Systen above Lee Ferry and the  Lower Basin as  t h a t  
p a r t  o f  the  Basin within and from which waters na tu ra l ly  d ra in  i n t o  
the  Colorado River Systen below Lee F e w .  The Upper Colorado River 
Basin and the  Lower Colorado Aiver Basin a r e  a l s o  re fe r red  t o  i n  t h i s  
environmental statement a s  the  Upper Colorado Region and the  Lower 
Colorado Region, respect ive ly  (see f i g .  11-1). The Upper Colorado 
Region enconpasses about 45 percent  o f  the  drainage area of the  Colorado 
Xiver Basin. The Upper Colorado Region i s  re2resented by the  dra in-  
age basin of the  Colorado River above Lee Ferry, j u s t  below Glen Can- 
yon Dam. The region is on tho west s i d e  o f  the  Continental Divide and 
includes p a r t s  o f  Arizona, Colorado, Sew Ikxico,  Utah, and 1Jyoming. 
I t  emampasses an area  o f  113,496 square n i l e s ,  including 109,580 square 
n i l e s  i n  the  Upper Colorado River drainage. The region is bounded on 
t??e e a s t  and north by nountains foming  t h e  Continental Divide and on 
the  west by the  Wasatch Ikunta ins .  3n the  south i t  opens t o  the  Louer 
Colorado Region a t  Lee Ferry i n  northern Arizona. 

The Louer Colorado Region, with a t o t a l  a r e a  o f  141,137 square miles,  
enbraces 106,982 square z i l e s  of Arizona, 13,355 square n i l e s  of Nes 
Mexico, 17,310 sqnare miles o f  Nevada, and 3,490 square miles of Utah. 
Excluding a port ion i n  southern Cal i fornia ,  the  Region i s  hydrologi- 
c a l l y  defixed by the  drainage area  of  the  Colorado g ive r  i n  the  United 
S t a t e s  below L e e  Ferry, In  addi t ion ,  i t  includes severa l  closed 





basins i n  Arizona, New I@xico, and Nevada, and some areas  i n  Arizona 
and New !.bxico t h a t  d r a i n  i n t o  ?kxico. In =ea, the  lower Region 
re2resents  about 4.8 percent o f  the  contiguous United S t a t e s  and 
about 7.1 percent of the  area  west o f  the  Mississippi  River. 

Ceneral Environment of  the  a l o r a d o  River Basin 

The Colorado River r i s e s  high on t h e  Continental Divide a t  a l t i t u d e s  
of  over 14,000 f e e t ,  and flows general ly southwestward, leaving the  
United S t a t e s  a t  an e levat ion  of  about 75 f e e t  above sea  l eve l .  The 
Colorado 3 ive r  Basin is conposed of  a conplex o f  mgged mountains, 
high p la teaus ,  deep canyons, dese r t s ,  and ? l a i n s .  Pr inc ipal  p5ysical  
c h a r a c t e r i s t i c s  of  the  region a re  i t s  v a r i e t y  of  landform,  to?ography, 
a?d geology. 

1. His tory  

The prehis tory  o f  the  region spans about 11,000 years  and it is 
a n t i c i p a t e d  t h a t  s t i l l  e a r l i e r  evidences of t h e  presence of  man 
may be found. The L i t h i c  Stage comenced about 9,000 B.C. and is  
charac ter ized  by f i n e l y  chipped Clovis  Fluted p r o j e c t i l e  po in t s ,  
t he  well-known Folson points ,  and tfie d e l i c a t e l y  f laked l e a f -  
shaped Eden and Angostura po in t s .  Man sabs i s t ed  by b ig  gane hunt- 
ing  during t h i s  period.  The Archaic Stage, which da tes  from about 
2,000 B.C., followed. A r t i f a c t s  ind ica te  man had adapted t o  a 
hunting and p lant -gather ing  subs is tence  i n  a harsh d e s e r t  and semi- 
a r i d  environment. During t h e  Archaic Stage,  nan began t o  spec ia l -  
i z e  i n t o  regional ly  id , en t i f i ab le  cult-ma1 groupings ou t  of which 
the  l a t e r  period and better-known Anasazi and Fremnt  cu l tu res  
emrged.  The Anasazi cu l tu re ,  which ranges f m n  the  5th t o  t h e  
14th century,  A.D., i s  knom f o r  inpress ive  achievements i n  a rch i -  
t e c t u r e ,  ceramics, hor t i cu l tu re ,  and a highly developed r e l i g i o u s  
system. 

There is a d i scon t inu i ty  between t h e  p r e h i s t o r i c  c u l t u r e s  and t h e  
Indian populations e x i s t i n g  a t  t h e  t i n e  t h e  f i r s t  European explorers  
entered the  Region. Navajos, s i t u a t e d  i n  t h e  southern por t ion  of 
t h e  Region, are latecomers who a r r ived  during t h e  l a s t  500 years .  

I n  1869, Major John Wesley Powell explored 500 miles o f  t h e  Colo- 
rado River System i r o n  Green River, Xyoming, t o  t h e  m u t h  of t h e  
Virgin River within t h e  present  area  o f  Lake Wead. Powell's 
studies and recommendations were t h e  f i r s t  s c i e n t i f i c  explora t ions  
and f o r  many years Mere the mst s i g n i f i c a n t  i n  shaping pol icy  and 
l e g i s l a t i o n  f o r  adapting t h e  a r i d  lands o f  t h e  Xest t o  ag r i cu l tu re .  

One o f  the f i r s t  pem.anent s e t t l e ~ c n t s  w a s  t h e  f o r t  b u i l t  by Antoine 
b b i d o u x  i n  1832 near  t!!e confluence o f  t h e  Uinta and h c h e s n e  



!livers i n  the  Green River drainage area.  John Robertson es tabl i shed 
a t r ad ing  post on Blacks Fork about 1834 and induced J i m  ilridger t o  
s e t t l e  nearby along the  inmigrant t r a i l  t o  Oregon and l a t e r  t o  
Ca l i fo rn ia .  Fort  Bridger becane an irrrportant resupply p i n t  fo r  
the  3brmn pioneers i n  1847 and succeeding years  and f o r  Cal i fornia-  
bound t r a v e l e r s  following the  gold discovery o f  1849. 

Gold a t t r a c t e d  e a r l y  prospectors and s i n e r s  t o  t h e  Region. I t  was 
discovered near  Breckenridge, Colorado, ia 1839, and nuEerous 
p lace r  f i n e s  q ~ i c k l y  f lourished.  Other gold and s i l v e r  s t r i k e s  
followed. During the  next few years there  was considerable devel- 
opnent throughout the  Colorado p a r t  of the  4egion and t h e  popula- 
t i o n  increased rapid ly .  

Mining a c t i v i t y  and c o m e r c i a l  reqsrirenents o f  t h e  booming popula- 
t i o n s  associa ted  with the  industry a t t r a c t e d  t h e  e a r l y  r a i l r o a d  
developnent. Even the  construct ion o f  t h c  Union P a c i f i c  was par-  
t i a l l y  based on the  influences o f  gold and s i l v e r  d iscover ies  i n  
Ca l i fo rn ia  and ?levala i n  t h e  mid-1800's. S i n i l a r  d iscover ies  i n  
t h c  Colorado Rockies and t h e  desperate need for  t r ans -p r t a t ion  t o  
t h e  nining camps led t o  C:le cons tmct ion  of  a grea t  network o f  
r a i l r o a d s ,  m s t l y  05 narrow gage d e s i p  t o  cope with t h e  mountain 
condit ions.  These, i n  t u r n ,  produced a denand f o r  \mod f o r  rail- 
road t i e s  and bridge tidmrs and f o r  f u e l .  Coal replaced wood as 
a domestic and i c d u s t r i a l  fue l  source and led t o  t h e  expanding coal 
nining i n d u s t r i e s  of Colorado, Utah, and Wyozing. 

Early s e t t l e n c n t s  wcre confined a t  f i r s t  t o  mining camps i n  t h e  
**per reaches o f  t h e  r i v e r s  and t o  l imited a g r i c u l t u r a l  a reas  t h a t  
developed t o  scpply the  nearby canps and t h e  t r a v e l e r s  on t h e  over- 
land t r a i l s  t o  the  West. Kith the  dec l ine  of nining en te rp r i ses ,  
ag r i cu l tu re  became the  bas ic  industry o f  the Region. !.!any miners, 
disappointed in t 5 e i r  search fo r  gold and s i l v e r ,  turned t o  stock- 
r a i s i n g  and the  gruwing o f  crops as  a means o f  l i v e l i h w d .  Towns 
and c i t i e s  were developed mainly near farms and m i m s  and a t  i q o r -  
t a n t  r a i l r o a d  points .  Statehood w a s  achieved by Colorado i n  1876, 
Vyoning i n  1890. Utah i n  1896, and New Mexico and Arizona i n  1912. 

2. Econoaics 

The economics o f  the  Basin have var ied  widely s ince  the  beginning 
o f  recorded t i n e .  I l i s tor ians  and archeologis ts  e s t i n a t o  t h a t  p r i o r  
t o  the  b i r t h  o f  Chr i s t ,  the  Gila and S a l t  River Valleys i n  c e n t r a l  
Arizona had a t h r i v i n g  Indian population o r i en ted  around agr i cu l -  
t u r e  t h a t  may have i r r i g a t e d  i n  excess o f  100,000 ac res ,  Exactly 
how many people wcre here is conjec tura l ,  bu t  c e r t a i n l y  severa l  



tens  o f  thoxands  m s t  haye l ived and worked i n  t h i s  economy. IIow- 
ever ,  by the  tine Spanish e>;?lorcrs ec tered  the  area  i n  the  niddl'e- 
1Gth century, t h i s  p r i o r  c i v i l i z a t i o n  was gone a;ld only small 
s e t t l e r e a t s  o f  Indians recaiaed,  b a t  the  econonic base was s t i l l  
ag r i cu l tu re .  

S e t r l e ~ e n t  of  Hmmm pioneers esia5lisherl  the  p a t t e r n  o f  small 
a g r i c u l t ~ r a l  c o m n i t i e s  along r i q ~ e r  va:leys where more favora j l e  
f a m i n g  laxd cocld 5e m l t i v a t e d  and i r r i g a t e d  and where l ivestock 
could 3e  grazod on nearby f o r e s t  and rangelands. T?re l ivestock 
indust ry  soon becane an in?ortant  s e c t o r  o f  t h e  agricrr l tural  
ecoxony . 
I t  w a s  sooa found t h a t  i r r i g a t i o n  was e s s e n t i a l  t o  successful  crop 
?mduct ioa  i n  mst ? a r t s  of t h e  Basin. The r a t e  o f  i r r i g a t i o n  
d e v e l o ~ n e n t  w a s  slow, however, because o f  d i f f i c u l t  construct ion 
nethods and general ly low crop values.  By 1900, mst of the  r e a d i l y  
a s a i l a b l e  sources o f  i r r i g a t i o n  water had been developed by p r i v a t e  
individuals  and m a l l  i r r i g a t i o n  c o ~ a n i e s .  Shor t ly  a f t e r  t!le t u r n  
o f  the  century, t h e  f i r s t  Federal r ec la ra t ion  p r o j e c t s  were under- 
taken i n  the  Basin and these have been t h e  nucle i  around which 
today's  l a r g e r  i r r i g a t e d  farming w x w n i t i e s  and t rading cen te r s  
have evolved. There a r e  now numerous Federal and S t a t e  p ro jec t s  
throughout t!!e Sasin, nany o f  which provide s t a 5 i l i t y  t o  fo rne r  
p r i v a t e  developments J y  7roviding sup?lerncntal water and e l i n i -  
na t ing  water-supply shortages during ?eriods o f  d e f i c i e n t  
strearaf lows. 

In the  l a t e  1900's and e a r l y  1900's t h e  growing populat ions,  both 
within the  Colorado River Basin and i n  the  adjacent  metropolitan 
a reas ,  provided an expanding coal market f o r  heat ing and i n d u s t r i a l  
ases. For a time, coal production w a s  o f  na jo r  econonic importance. 
hYth the  war, s a b s t i t u t i o n  of gas f o r  coal as a fue l  and tho adop- 
t ion-.of  d i e s e l  wwer on the  r a i l r o a d s  r e su l t ed  i n  major decl ine  i n  
coal mining. Also, a t  t h i s  time a more d i v e r s i f i e d  and expanding 
economy 5egan t o  evolve. I h v e r  Dam's Powerplant produced an ab-m- 
dant new source o f  e l e c t r i c i t y  f o r  municipal and is ldustr ial  growt:? 
i n  t h e  Southwest. C l i ~ a t e  was favorable f o r  m i l i t a r y  t r a i n i n g  
a c t i v i t i e s  and the  a r r i v a l  of air condit ioning tempered t h e  3arsh- 
ness o f  hot s m e r  months. Ganbling and r e l a t e d  enter ta innent  
indust ry  s t a r t e d  i n  Las Vegas, Nevada. Lake &ad, Lake Havasu, and 
t h e  Lake 3bhave on t h e  Colorado River a s  well as those lakes f o m d  
behind the  d a m  on the  S a l t ,  Verde, and Gi la  Rivers i n  c e n t r a l  
Arizona evolved i n t o  g rea t  a t t r a c t i o n s  f o r  r e c r e a t i o n i s t s ,  hunters ,  
and f ishernen.  'he a f f luen t  econoay t 3 a t  developed during t h e  
1940's s t a r t e d  a t o u r i s t  i n f l u x  t o  t h e  a r i d  Southwest t o  e s c a p  the  
cold winter  m n t h s  in  t h e  Nortkern s t a t e s .  Lig:?t indus t ly  followed 
t o  capture a r e a d i l y  ava i l ab le  labor pool and u t i l i z e  the  year-long 
r o r k i s g  envi m n m n t  . 



Early e n t e r p r i s e  was pr inc ipa l ly  cen te re t  arouncl f i n i n g  SIX:? n e t a l s  
a s  copper, gold, and s i l v e r .  Then, with i~provec! water  s torage ,  
de l ive ry ,  an2 limagcnent, i r r i g a t e 2  a g r i c u l t u r e  came i n t o  equal 
pominence. lbre recent ly ,  l i g h t  naaufactaring i n d u s t r i e s  have 
grorm i n t o  x j o r  e c o n o ~ i c  i ~ p o r t a n c e  and present ly  c o n t r i h t e  
near ly  twice the  c o ~ b i n e d  d o l l a r  .:al.cle of t 5 e  mining and agr icu l -  
ture s e c t o r s .  

Impetas t o  hydroelec t r ic  power generation was given by the  n ine ra l  
industry.  The f i r s t  hydroelec t r ic  develogcent was a t  &?en, Colo- 
rado, i n  1885. In 1891, the  A m s  Plant ,  located i n  t h e  up2er por- 
t i o n  of the  Dolores drainage i n  Colorado, was amng t h e  f i r s t  
hydroe lec t r i c  p lan t s  t o  t ransmit  a l t e r n a t i ~ g  current  a t  high voltage.  
A s  t h e  area  b e m e  s e t t l e d  and t3e  need f o r  e l e c t r i c i t y  grew, 
severa l  s n a l l  hydroe lec t r i c  ? l a n t s  were b u i l t .  

I t  was not  u n t i l  t h e  1950's t h a t  s team-elec t r ic  pwer production 
had s i g n i f i c a n t  growth, -In 1950 only s i x  small s team-elec t r ic  
~ l a n t s  with an i n s t a l l e d  capacity o f  about 56,000 ki lowat ts  were 
operated by u t i l i t i e s .  By 1960 f i v e  add i t iona l  s t o a n - e l e c t r i c  
2 l a n t s  had been b u i l t ,  br inging t h e  capaci ty  t o  about 400,000 Li lo-  
wat ts .  In t5e  following 5 years ,  t5e i n s t a l l e d  capacity was 
increased by 233 percent  t o  1,335,000 ki lowat ts  a s  l a rge  s t e a l -  
e l e c t r i c  u n i t s  were b u i l t  a t  t5e  Four Corners (New bfexico, Hayden 
(Colorado), and Nallgllton (Wyoning)) p l a n t s .  These p l a n t s  were 
located pr imar i ly  t o  take  advantage o f  t h e  a v a i l a b i l i t y  o f  lw- 
cos t  coal .  Most of t h e i r  output i s  exported to  load cen te r s  out-  
s i d e  the  Colorado River Basin. 

I t  was a l s o  i n  t h e  1950's t h a t  t h e  Colorado River Storage Projec t  
and P a r t i c i p a t i n g  Pro jec t s  were authorized by t h e  Congress. P r i -  
marily f o r  water conservation, the  development was aided f i n a n c i a l l y  
by t he  addi t ion  o f  hydroelec t r ic  power generat ing u n i t s  a t  severa l  
r e s e r v o i r s  constructed under t h e  author iza t ion .  By December 1965, 
820,500 ki lowat ts  o f  generat ing capacity had been i n s t a l l e d  a t  t h e  
Glen Canyon and Flaning Gorge Powerplants. By Decenber 1968 the  
capacity 5ad reached 1,128,000 ki lowat ts  with t h e  i n s t a l l a t i o n  o f  
addi t ional  capacity a t  the Glen Canyon Powerplant a d  i n s t a l l a t i o n  
o f  the  Blue Mesa and Fontenelle Powerplants. Plants  o f  the  s torage  
p ro jec t  a d  p a r t i c i 2 a t i n g  p r o j e c t s  comprise a b u t  93 percent  o f  t 5 e  
t o t a l  hydroe lec t r i c  power capacity opera t ing  i n  the  Colorado River 
Basin. A t  t h e  present  time most o f  t h e  2ouer generated a t  f ede ra l ly  
owned p l a n t s  i s  exported from the  a rea .  Tnese e q o r t s  w i l l  contisue 
u n t i l  load growth i n  the  Colorado River Basin m k e s  power generated 
the re  sa lab le  i n  the  area.  

Tn t h e  fu tu re ,  L!le Colorado River Basin mst be regarded a s  a nrajor 
na t ional  storohouse f o r  energy. The bas in  i s  r i c h  i n  coa l ,  o i l ,  and 



x a t u r a l  gas and conta ins  t h e  l a r g e s t  oi! s h a l e  depos i t s  anywhere i n  
t h e  uo r ld .  Economic develo?xent of t h e s e  resources  p a r t i c u l a r l y  i n  
t h e  Upper Basin is  a very conplex and con t rove r s i a l  p-ublic i s sue .  
.Aside f r o m  t he  econoaic,  l e g a l ,  and i n s t i t u t i o n a l  as?ects  o f  a n t i c -  
i p a t e d  l a rge - sca l e  energy d e v c l a p x n t ,  one o f  t h e  n a j o r  c o n s t r a i n t s  
o r  iusgacts w i l l  Se on water  s ~ p p l y .  Accoraing t o  a r ecen t  s tudy  by 
the  Zepa r tmnt  o f  t 3e  I n t e r i o r [ l 5 ]  p e ~ d i n g  energy developnent i n  t h e  
L 'p~e r  Basin could r e q u i r e  about 873,003 a c r e - f e e t  o f  v a t e r  by t h e  
y e a r  2003. m e  d i s t r i b ~ t i o n  of  pendicg energy developaent by t,Ge 
a?d loca t ion  i s  preseaced i n  t h e  f 3 i l 0 ~ i i 7 g  t abg la t ion :  

S u m a r y  o f  Pending Energy Develo~]?ent i n  t y e  !.'riper Colorado River Basin 
by t h e  year  29W!. [15? 

Coal - Sired 
e l e c t r i c  3i ! Coa 1 

S t a t e  generat ion s h a l e  g a s i f i c a t i o n  
t.RV 1 (K3CD) (!KFD) 

byorting 5,360 
Colorado 8,971) 
Utah 10,630 
Neu !4exico 6,850 
hi zona 2,310 

34,120 

Xyoring 79,500 22,000 15,000 
Colorado 134,600 191,000 - 
Utah 144,950 46,300 52,500 
Xew ?4exico 82,900 - 72,000 
Arizona 

= !kgawat t s  o r  1,000 k i lowa t t s  
K3CD = 1,000 b a r r e l s  o f  crude [ o i l )  p e r  day 
!EFD = Mil l ion  cu5ic f e e t  p e r  day o f  gas  

AF/YR = Acre-feet p e r  year  

The ? re sen t  economy o f  t h e  Up?er Colorado Region i s  l a r g e l y  resource 
o r i e a t e d .  This  o r i e n t a t i o n  is not  r e s t r i c t e d  e n t i r e l y  t o  a g r i c ~ l -  
twc,  f o r e s t r y ,  and n in ing ,  5u t  inc ludcs  the  a r e a ' s  v a s t  r ec rea -  
t i o n a l  endowment. The ~ i n c r a l  i ndus t ry  overshadows a c t i v i t i e s  o f  



t he  a g r i c u l t u r a l  and f o r e s t r y  sec to r s .  The major e f f e c t s  of out- 
door recrea t ion  and t o u r i s n  a r e  r e f l ec ted  i n  t h e  t e r t i a r y  o r  non- 
c o m d i t y  producing i n d u s t r i e s  which, as a group, cont r ibute  t h e  
g r e a t e s t  share t o  t o t a l  Upper Basin econonic a c t i v i t y .  

Since 1965, the  Lower Colorado Region population has been increas ing 
a t  the  r a t e  of about 4 t o  5 percent per  year.  Nevada and Arizona 
were ranked No. 1 and No. 3 i n  na t ional  s tanding f o r  r a t e s  o f  
increase.  

Xew employment oppor tuni t ies  f o r  the  expanding population were 
p r inc ipa l ly  i n  the  saanufacturing, t rades ,  and services-type indus- 
tries. Agr icul tura l  and mining enployment was i n  a s t ab le - to -  
s l i g h t l y  decl in ing t rend.  Personal incone per  c a p i t a  f o r  t h e  
Lower Colorado Region was near  the na t iona l  average. 

The h e r  Colorado Region is experiencing a vigorous, heal thy 
upswinging t rend of  development i n  t h e  nnnufacturing, wholesaling, 
constzuction,  and the  t r ades  and se rv ices  i n d u s t r i e s .  Only t h e  
Lit t le Colorado area ,  which is s t i l l  primari ly a r u r a l  a rea ,  
lagged behind this t rend.  The combination of  c l i a a t e ,  employ- 
ment oppor tuni t ies ,  the  g rea t  v a r i e t y  o f  s t r i k i n g  scenery, and 
rec rea t ion  oppor tuni t ies  have a t t r a c t e d  res iden t s  from a l l  p a r t s  
of the United S t a t e s .  Immigration accounted f o r  near ly  two-thirds 
of  the  population growth of t h e  Region during t h e  1960's and ea r ly  
1970fs.  

The r o l e  of  i r r i g a t e d  a g r i c u l t u r e  i n  t h e  Lower Colorado Region's 
economy is expected t o  continue and grow i n  t h e  fu ture ;  however, 
i ts  d o l l a r  cont r ibut ion  w i l l  decrease i n  importance t o  t h e  t o t a l  
econmy. I t  is  expected t h a t  the  i r r i g a t e d  harvested acreage w i l l  
increase  froin 1,226,000 acres  i n  1965 t o  1,584,000 acres  i n  2020; 
employment, 39,000 t o  43,000; and t o t a l  value added, $232 mi l l ion  
t o  $647. mi l l ion .  These est imates a r e  based on projec t ions  r e s u l t -  
ing  from developments during the last two decades. The a r e a  has 
a l s o  experienced a s i g n i f i c a n t  t r a n s i t i o n  f r o n  an a g r i c u l t u r a l -  
mining base to  a manufacturing-service base. Grouth i n  t h e  nanu- 
f ac tu r ing  s e c t o r s  has been one of t h e  major f ac to r s  i n  the  overa l l  
econonic growth. Important l i g h t  nanufacturing ca tegor ies  are 
e l e c t r i c a l  equipment, a i r c r a f t  and p a r t s ,  primary metals indus- 
t r i e s ,  food and kindred products,  p r i n t i n g  and publishing,  and 
chemicals. A t  present  p a r t s  o f  t h e  lnwer Colorado Region have 
become meccas f o r  r e t i r e n e n t ,  r ec rea t ion ,  and entertainment which 
have boosted t h e  n m c o m d f t y  d o l l a r  output  t o  more than t h e  con- 
bined amaunt f r o n  a l l  o the r  regional  econonic s e c t o r s .  



Land Use Aspects 

Land use pa t t e rns  a re  af fec ted  by e levat ion ,  cl imate,  indus t ry ,  and 
a g r i c u l t u r a l  uses,  a s  well as the  na tu ra l  h i s to ry  and p o l i t i c a l -  
c u l t u r a l  developments i n  the  region. Land uses a f f e c t  water qual-  
i t y  (1) as runoff en te r s  stream, (2) from hman hab i t a t ion  and 
r e l a t e d  a c t i v i t i e s ,  (3) r ec rea t iona l  pursu i t s ,  and (4) a g r i c u l t u r a l  
uses,  and (5) industrial-mining-energy a c t i v i t i e s .  S a l i n i t y ,  n u t r i -  
en t s ,  sediments, aOD and c o l i f o r m ,  Seavy metals and tox ic  organics 
a l l  r e s u l t  from these  a c t i v i t i e s  and c e r t a i n  problem areas  i n  t h e  
bas ia  can be linked with q u a l i t y  paraaeters  which a r e  a f fec ted  by 
the  a c t i v i t i e s .  

The g rea tes t  a rea  of land i n  the bas in  i s  c l a s s i f i e d  as rangeland. 
Early growth of t h e  l ives tock industry r e su l t ed  from a na tu ra l ly  
favorable condit ion f o r  r a i s i n g  c a t t l e .  I n  general ,  because of 
"unlimited" forage, the  range animls d i d  well  without conscious 
a i d  and husbanding by the  ranchers.  P h e n m n a l  increases  i n  c a t t l e  
numbers occurred u n t i l  about 1885, then nmbers  leveled o f f .  This 
is i n  con t ras t  t o  the sheep indust ry  which d id  not  reach peak n u -  
be r s  on western ranges u n t i l  about 1910. 

Over t h e  period f r m  about 1860, when c a t t l e  grazing on the public  
domain became general ,  u n t i l  1934, when t h e  Taylor  Grazing A c t  w a s  
passed, l i t t l e  provision was made f o r  administering the  grazing 
resources o f  western land ( the  nat ional  f o r e s t s  were sonewhat o f  
an exception). 

In  general ,  t h e  land use o f  t h e  Colorado River Basin has been one 
of continuous evolvement. In  p a r t i c u l a r ,  recent  emphasis has 
focused a t t e n t i o n  on new wilderness areas ,  r ec rea t ion  a reas ,  parks, 
and o the r  pub l i c  use of  Federal lands. Over t h e  p a s t  severa l  years ,  
s i g n i f i c a n t  advances have been made i n  land treatment, management 
p rac t i ces ,  and techniques by landowners and pub l i c  land managers. 
Recent management programs and measures were i n s t a l l e d  on ~ u b l i c  
and p r iva te  lands f o r  reducing erosion and sedimentation, and con- 
t r o l l i n g  runoff .  Measures have been i n i t i a t e d  f o r  improving l i v e -  
s tock forage and timber production. Vegetative and resource man- 
agenent have been provided on over 2,500 square miles o f  f o r e s t  
land f o r  increased water y i e l d  and l ives tock forage. Management 
technique and p rac t i ces  a r e  expected t o  improve and i n t e n s i f y  
within the coming years  i n  response to resource conservation and 
po l lu t ion  cont ro l  t rends.  

The Upper Colorado Region has 72,234,000 acres  o f  land, o f  which 
about 24 mi l l ion  acres  a r e  i n  f o r e s t s  and woodlands, 46 mi l l ion  



acres  are i n  grass  and browse rangelands, barren amas, and urban 
and metropolitan areas ,  and approximately L,421,500 acres are under 
i r r i g a t i o n ,  including i d l e  land. This land is  used mafnly to  pro- 
duce feed t o  support the  l ives tock indust ry .  Cer ta in  locat ions 
such as Grand Valley, the  Gunnison Valley, md the  Uncompahgre Val- 
ley  a r e  s u i t a b l e  f o r  addi t ional  c o m e r c i a l  c r q ,  such a s  sugar 
beets ,  s i l t i n g  bar ley ,  feed bar ley ,  g ra in ,  corn, sorghum, dry  beans, 
vegetables , and orchard f r u i t s .  

An inventory o f  ex i s t ing  rec rea t ion  resources,  by c l a s s ,  is pro- 
vided below : 

Class Acreage 

I High-density r ec rea t ion  areas 1,057 
I I General r ec rea t ion  a reas  283,749 

I I I Natural environment areas 46,031,58 1 
I V Unique na tu ra l  a reas  998,049 

V Pr imi t ive  areas  1,413,978 
V I  H i s t o r i c  and c u l t u r a l  sites 228,868, 

Regional t o t a l  ( a l l  c lasses)  48,957,282 

Public lands,  most of which are administered by Fedoral agencies, 
c o n s t i t u t e  near ly  90 p t r c m t  of t h e  r e c r e a t i o n a l  acreage i n  t h i s  
region.  One-third of the land i a  p r i v a t e l y  owned, with s l i g h t l y  
more than half o f  this owned by corporat ions and individuals ,  and 
t h e  remainder i n  Indian t r i b a l  o r  individual  ownerships held i n  
trust by the  Bureau of Indian Affa i rs .  

bhch OP the land fn t h e  area  is managed under a multiple-use con- 
cep t ,  where t h e  l a r g e s t  poss ib le  amounts o f  gmds and se rv ices  may 
be ptoduced from t he  resource base. Resource uses o f  t h e  Upper 
Colorado Region inc lude  crop production, domestic l ~ v e s t o c k  graz- 
ing, outdoor recrea t ion ,  nineral production, tidm production, 
and t h e  conssrvacim and preservat ion  o f  wilderness snd o t h e r  pub- 
l ic valmes, 

The Lower Colorado Region ?W i pp fax ind t t ly  1,816,000 acres  o f  
cropland under i r r i g a t i o n .  %st of the i r r i g a t e d  areas  a r e  around 
Phoenix, southeast  o f  t h e  Casa Grande area and Santa Cruz Valleys, 
and along the  Lower Colorado River. The long growing season makes 
it poss ib le  t o  produce crops on most of t h i s  i r r i g a t e d  land any 
time during the year.  Therefore, vegetables and small gra ins  are 
grown during the  coo le r  m t h s  and such crops as cot ton  and sorghum 
are grown during the  warmer m n t h s ,  O f  t h e  four a n  sources o f  



incow (manufacturing, nining, agr icul ture ,  and tourism), agricul-  
tu re  p rduces  about 20 percent of the  t o t a l  and employs about 
7.2 percent of the Region's labor force. 

Grazing by domestic a n i m l s  u t i l i z e s  about 76 million acms  of 
both pr iva te  and public lands. This comprises about 84 percent 
of t!!e land area of the  Region. 

About 64 percent of the  Lower Colorado Region is i n  public ouner- 
ship.  Of t h i s ,  about 30 million acres a r e  c l a s s i f i ed  as  fo re s t  
lands. Over 24 n i l l i on  acres of these fo re s t  lands a r e  nonproduc- 
t i v e  fo r  commercial t inber  products. Searly a l l  the 5.5 mill ion 
acres of commercial t inber  are i n  national fo r e s t  (69 percent) o r  
on the Indian reservations (23 percent). In sumnary, there  a re  
approximately 162 million acres of land i n  the  Colorado River Basin, 
of which, approximately 3 mill ion acres a r e  i r r i ga t ed  a t  the  pres- 
ent  t ime .  This amounts t o  1.5 percent of t he  area of the  basin. 
The i r r i ga t ed  area is about equally divided between the  upper and 
l m e r  basins. 

4. Population Distribution 

The Colorado River Basin is sparsely populated compared t o  national 
averages. In 1970, the estimated population was nearly 2.5 m i l -  
l ion.  The average density was about 9 persons per  square mile coa- 
pared with a national average of 64. About 2.1 million o r  84 per- 
cent of the  t o t a l  Basin population l ives  i n  t he  Lower Colorado 
Region with about 70 percent of these  people residing i n  t he  metro- 
pol i tan areas of L& Vegas, Pievada, and Phoenix and Tucson, Arizona. 
The population of the  Colorado River Basin is estimated t o  be about 
4.28 million by the year 2000.[42] Population d i s t r ibu t ion  is clas-  
s i f i e d  74 percent urban and 26 percent ru ra l .  In the  L i t t l e  Colo- 
rado Area, which contains no large c i t i e s ,  the  r a t i o  of urban t o  
rura l  i s  almost exactly reverse tha t  of the  Region, being 72 per- 
cent ru ra l  and 28 percent urban. 

In  1970, the population of the Upper Basin was abut 346,000. 'Ihe 
average density was about three  persons per square mile compared 
with the national average of 64. In contras t ,  h e r  Basin density 
was about 1 4  persons per square mile. 

On the basis  of estimates f o r  1970, only two cormmities i n  the 
Upper Colorado Region had populations of more than 20,000 - Grand 
Junction, Colorado, with 20,178 and Farnington, New Mexico, w i t h  
21,979. The next largest  towns a r e  Durango, Colorado, with a popu- 
l a t i on  of 10,400 and Rock Springs, Uyoming, with 11,657. A l l  of 
the  other conmunities have populations of  l ess  than 10,000. 



Only about 37 percent of the  r e s iden t s  l i v e  i n  towns with popula- 
t i o n s  of  more than 2,500 inhabi tants  and t h e  remainder a r e  in  r u r a l  
areas. 

In the  Lower Region, i n  1970, the re  were 10 c i t i e s  which had popu- 
l a t i o n s  g rea te r  than 20,000. Three of these  cities, Phoenix, 
Tucson, and Las Vegas, had metropolitan a rea  populations i n  excess 
of 100,000. In addi t ion  t o  the  population within the  basin,  the  
Colorado River serves major cen te r s  which l ie  outs ide  the  basin,  
including Denver, S a l t  Lake Ci ty ,  Los Angeles, and San Diego. 

5. Climate and A i r  q u a l i t y  

Climate extremes in the  Basin range firam hot and a r i d  i n  the  d e s e r t  
areas t o  cold and humid i n  t h e  mountain ranges. P rec ip i t a t ion  is 
l a rge ly  con t ro l l ed  by e levat ion  and t h e  orographic e f f e c t s  of noun- 
t a i n  ranges. A t  lw elevat ions  o r  in  t h e  r a i n  shadow of coas ta l  
mountain ranges, d e s e r t  a reas  may rece ive  as l i t t l e  as 3 inches o f  
p r e c i p i t a t i o n  annually while high rwuntain areas  may receive  more 
than 60 inches. 

The climate i n  t h e  Upper Colorado Region is semiarid t o  a r i d  and 
cons i s t s  genera l ly  o f  four seasons. Wide va r i a t ions  i n  p rec ip i t a -  
t i o n ,  temperature, and wind movement r e s u l t  primari ly f ron  varied 
topography and t o  a lesser ex ten t  fron the  r a t h e r  wide range i n  
l a t i t u d e .  

P rec ip i t a t ion  frol  l a t e  October through mid-April cons i s t s  primar- 
i l y  o f  snow, p a r t i c u l a r l y  a t  higher e levat ions .  Snow accumula- 
t i o n s  occas ional ly  exceed 100 inches a t  t h e  higher e levat ions  and 
do not completely melt u n t i l  l a t e  summer. 

Temperatures vary widely with extremes being recorded from minus 
60° F a t  Taylor Park, Colorado, t o  115' P a t  Lee Ferry, Arizona. 
Mean monthly temperatures a r e  loves t  i n  January and highest  i n  
J u l y  and genera l ly  show about 30° F seasonal d i f ference .  The 
average f r o s t - f r e e  period o r  consecutive period with temperatures 
above 32' F ranges f r o r  20 days o r  l e s s  a t  e levat ions  about 
8500 f e e t  to more than 180 days a t  e levat ions  below 5000 feet. 
The w i n g  season in t h e  Upper Colorado Region is s l i g h t l y  longer 
than the  f r o s t - f r e e  period f o r  t h e  grass  and a l f a l f a  crops which 
predoninate on t h e  higher e levat ion  lands. 

Kinds over t h e  a rea  move genera l ly  from west t o  e a s t ,  but  the  wind 
movaent  is g r e a t l y  d i f i e d  by loca l  topographical influences.  
Average annual wind ve loc i ty  ranges from about 8 t o  14 miles an 
hour u h i l e  s t rong winds associa ted  with loca l  thunders toms have 
reached v e l o c i t i e s  of  80 t o  90 miles pe r  hour. 



Annual evaporation from lakes and rese rvo i r s  is  estimated t o  range 
f r m  l e s s  than 30 inches a t  higher e levat ions  t o  about 60 inches 
i n  the  lower va l leys .  

The Lower Colorado Region's cl imate va r i e s  widely as a r e s u l t  o f  
tne  la rge  d i f ferences  i n  e:cvation, a considerable range i n  l a t i -  
txde,  and t3e  d i s t r i b u t i o n  of w m t a i n  ranges and highlands. ?,!em 
annual tenneratures range from 43' F a t  Alpine i n  t h e  muntainous 
area  o f  eas te rn  Arizona, t o  72' F i n  the  dese r t  a rea  of Gila 3end, 
Arizona. In the  dese r t  a reas ,  t e v e r a t u r e s  i n  excess of 100' F 
a r e  common during much of the  susuruer. In t h e  muntainous a reas  
above 7,000 f e e t ,  normal s m e r  daytime temperatures range i n  the  
70's  while winter temperatures below zero occur regular ly .  Frost-  
f r e e  periods range from less than 60 days i n  the  high mountains t o  
near ly  year long i n  the  dese r t  va l leys .  

The cl imate of  densely populated a reas  of the  lower region,  such 
a s  Las Vegas, Nevada, and Phoenix, Tucson, and Yma, Arizona, i s  
genera l ly  charac ter ized  by mild to  warm annual temperatures, low 
t o  moderate humidity, and low annual p rec ip i t a t ion .  Rainfa l l  i s  
p redminan t ly  i n  t5e  form of thundershowers which a r e  sometimes 
very in tense  and produce f l a sh  f looding local ly .  Yma, Arizona, 
>as  experienced severa l  years  i n  succession without a k i l l i n g  f r o s t .  
These cl imate f a c t o r s  a r e  very favorable t o  the  i r r i g a t e d  agr icul -  
t u r e  concentrated i n  the  lower e levat ions .  

There a r e  two d i s t i n c t  moisture sources. Winter p rec ip i t a t ion  i s  
assoc ia ted  with m i s t u r e  m v i n g  i n t o  the  area  from t h e  P a c i f i c  
Ocean while the  Gulf of Nexico is the  source of much of t h e  summer 
r a i n f a l l .  

Air q u a l i t y  throughout the  Colorado River Basin va r i e s  considerably 
i n  d i f f e r e n t  locales.  Throughout a o s t  of  the  Region a i r  q u a l i t y  is  
gmd but  a t  some a reas ,  p a r t i c u l a r l y  c lose  t o  metropolitan o r  urban 
a reas ,  t h e  atmosphere has undergone some degradation due t o  both 
na tu ra l  and manmade reasons. 

In a reas  of  urban development o r  in tens ive  a g r i c u l t u r a l  a c t i v i t y  the  
incidence o f  high concentrat ions of  suspended p a r t i c u l a t e s ,  n i t rous  
oxides,  and/or photochemical oxidants approach o r  even exceed 
nat ional  primary o r  secondary ambient a i r  q u a l i t y  s tandards.  Stand- 
a rds  f o r  p a r t i c u l a t e  concentrat ions a r e  o f t e n  exceeded during 
periods of high winds in areas  where t ~ e  surface  has been d is turbed.  

In  general ,  t h e  a i r  q u a l i t y  i n  the  v i c i n i t y  o f  the  authorized proj-  
e c t  f ea tu res  is  well within the  na t ional  s tandards.  Detai led 
discussion w i l l  be provided on individual  u n i t s  a s  add i t iona l  environ- 
mental documents a r e  developed. 



The Upper Colorado Region i s  comprised of h i g h l y  d i s s e c t e d  moun- 
ta inous  p l a t eaus ,  t p i f i e d  by deep canyons, mesas, r i v e r  v a l l e y s ,  
and r o l l i n g  h i l l s .  The region is bounded by mountains studded 
with high rugged peaks, with e l e v a t i o n s  ranging from 3100 f e e t  
a t  Lee Fer ry ,  Arizona, t o  more than 14,000 f e e t  a t  some of  t h e  
higher  mountain peaks. The landscape has been scoured and eroded 
by r i v e r s  and s t reams,  augmented t o  some e x t e n t  by g l a c i a t i o n  and 
winds. Stream eros ion  a s  t he  p r i n c i p a l  weathering agent  has  pro- 
duced c u t s  where va r ious  rock l aye r s  of  a l l  ages a r e  exposed. 
Geologic fo rna t ions ,  ranging i n  age  from Recent t o  Precambrian, 
occur  wi th in  t h e  Region. These dramatic  e ros iona l  f e a t u r e s ,  
t o g e t h e r  with t h e  b r i l l i a n t  c o l o r s  of  t h e  formations,  have been 
t h e  b a s i s  f o r  des igna t ing  seve ra l  n a t i o n a l  parks and monuments. 
The Colorado Rocky Mountains, inc luding  t h e  San Juan bbuntains  a t  
t h e  south end o f  t h e  Region, a r e  impressive f r m  both a s c e n i c  and 
geologic  viewpoint,  a s  a r e  many o t h e r  mountain ranges i n  t he  Region. 
Regional u p l i f t i n g  and i n t r u s i o n  have exposed an assortment  o f  
igneous and metamorphic rocks which a r e  among t h e  o l d e s t  knoun. 
Above 8,000 f e e t  t h e  mountains and p l a t e a u s  a r e  f o r  t h e  most p a r t  
heav i ly  fo re s t ed ;  however, t he  t imber l ine  ends a t  about 11,500 
f e e t  and above t h a t  e l e v a t i o n  a l a i n e  and ba r r en  a r e a s  occur .  

The ens t -ves t  t rending  Uinta Mountains a r e  a broad a n t i c l i n a l  a r c h  
o f  sedimentary rocks with the  crest of the  range composed o f  very 
o l d  q u a r t z i t e s .  This  range is i n  the  Green River Subregion and 
s e p a r a t e s  t he  Green River Basin of Wyoming from t h e  Uinta Basin o f  
Utah. The Wind River Range, which f o m s  the  no r theas t  boundary o f  
t h e  Green River Basin, is similar t o  t h e  Colorado Rockies. U p l i f t -  
i n g  with a c c e l e r a t e d  e ros ion  has exposed t h e  o l d e s t  known c r y s t a l -  
l i n e  g r a n i t e s  as the  c r e s t  and core  of  the mountains. 

G l a c i e r s  occupied a l l  t h e  mountains above an e l e v a t i o n  of about 
10,000 feet during the  P le i s tocene  Epoch. n e se  badics of ice 
g r e a t l y  m d i f i e d  t h e  shape o f  t he  h ighe r  s t ream valleys and l e f t  
ex t ens ive  depos i t s  of  terminal  g l a c i a l  deb r i s .  

The Upper Main Stem and San Juan-Colorado Subregions are predom- 
i n a n t l y  cha rac t e r i zed  by seve re ly  eroded sedimentary rocks. I t  is 
judged t h a t  s eve ra l  thousand v e r t l c a l  f e e t  of sedimentary m x k s  
have been removed by e ros ion  and c a r r i e d  away t o  t h e  Gulf of Ca l i -  
fo rn i a .  A l t e rna t ing  r e s i s t a n t  sandstones and s o f t  s h a l e s  which l i e  
n e a r l y  h o r i z o n t a l l y  have weathered i n t o  clj.ffs, ledges,  and s lopes .  
Th i s  spec t acu la r  topography of  high f la t - topped  p l a t e a u s  and m s a s  
separa ted  by narrow, nea r ly  ve r t i ca l -wa l l ed  canyons is  r e f e r r e d  t o  
as t h e  Colorado P la t eau  physiographic province.  S t r e w  as t h e  
p r i n c i p a l  e ros iona l  agent have produced deep c u t s  which expose rock 
l a y e r s  o f  a l l  ages.  



The na tu ra l  q u a l i t y  o f  the  Colorado River, detemtined by t h e  nature  
of the  rocks and s o i l s  the  r i v e r  d ra ins ,  r e l a t e s  t o  t h e  s t r a t i g -  
raphy of the  Colorado Plateaus.  These p la teaus  a re  carved from 
th ick  s t r a t a  of  sandstones and shales ,  deeply d issec ted  by the  
r i v e r  and i t s  t r i b u t a r i e s .  I t  i s  t h e  marine shales  t h a t  prisrari ly 
degrade downstrean water q u a l i t y .  Faul ts  crossing streanbeds a l s o  
br ing  rrp deeply c i r c x l a t i n g  s a l i n e  water t o  the  r i v e r ,  and s a l t  
domes t h a t  l i e  d i r e c t l y  i n  t h e  path of some t r i b u t a r i e s  make a 
s a l t  cont r ibut ion .  

3 e  shales  of  the  Colorado Plateaus were deposited i n  shallow seas 
t h a t  were o f t e n  confined, containing high concentrat ions of  ca lc iun  
sulphate ,  sodiun chlor ide ,  and p t a s s i m  s a l t s .  S ign i f i can t  sha le  
formations a r e  found i n  Colorado i n  t h e  Four Corners a rea  and 
Glenwood-Dotsero a rea ,  i n  Arizona near  Blue Springs, and i n  e a s t -  
e rn  U t a h .  I t  i s  t h e  gypsiferous lfancos Shales i n  t h e  eas te rn  Uta\ 
a r e a  and western p a r t s  o f  Colorado t h a t  account f o r  nuch of  the 
na tu ra l  s a l t  load of the  badlands. 

The Green River Subregion i s  underlain mostly by s e d i m n t a r y  rocks 
o f  Ter t i a ry  and Wesozoic age. These rocks contain v a s t  deposi t s  of 
coal ,  o i l ,  and o i l  sha le .  During T e r t i a r y  t i n e s  t h e  Green River 
Basin and Uinta Basin within the  subregion were occupied by two 
large  freshwater lakes.  The Green River Formition which contains 
the  o i l  sha le  depos i t s  and a l so  valuable t rona  deposi t s  was l a i d  
d m  i n  these  lake beds. Mesozoic rocks near  Rock Springs, b'yoming, 
contain both o i l  and gas i n  s i g n i f i c a n t  aiaounts. The topography 
of  t h e  Green River Subregion is  more gent le  than that of the  Upper 
Plain Stem and San Juan-Colorado Subregions. Rolling p l a i n s  w i t h  
shallow s t r e a n  val leys  predominate. 

I n  hundreds of  square miles of  t h e  region t h e r e  is no s o i l  cover, 
and bare sandstone and sha le  a r e  exposed t o  t h e  elements. Associ- 
ated.with t h e  outcrops a r e  la rge  acreages of shallow s o i l s  t h a t  
a r e  less than a foot deep. The shallow s o i l s  a r e  extensive a t  
lower e l eva t ions ,  p a r t i c u l a r l y  i n  the Upper Main Stem and San 
Juan-Colorado Subregions. S o i l s  t h a t  a r e  severa l  feet deep a r e  
mainly along s t r e a n  va l l eys ,  on o ld  pediment surfaces  and on 
uplands mantled by wind-deposited or l o a s s i a l  s o i l s .  

The Wer Colorado Region i s  composed o f  a complex o f  p la teaus ,  
m u n t a i n s ,  canyons, dese r t s ,  and p l a i n s ,  with e levat ions  rang- 
ing  from 75 f e e t  above sea  l eve l  near  Yuna, Arizona, t o  over 
12,600 feet above sea  level  a t  Huqhreys Peak near F lags ta f f ,  
Arizona. The Region a l s o  lies wi th in  two of t h e  major physio- 
graphic provinces o f  the  southwest, t h e  Basin and Range province 
and t h e  Colorado Plateau province. 



The Basin and Range province occupies the  southern and western 
por t ions  of the Region and is charac ter ized  by mountain chains 
and a l luv ia ted  val leys .  !kst of t h e  province i s  within t h e  dra in-  
age a rea  o f  t h e  Colorado River o r  its main t r i b u t a r y ,  the  Gi la  
River. In the  m u n t a i n  ranges, these  s t r e a m  and t h e i r  t r i b u -  
t a r i e s  have cut  deep gorges. The p a r t  of t h e  province bordering 
t h e  Colorado Plateau,  south o f  t h e  !iogollon Rin, i~ a munta inous  
a r e a  with s o w  small va l leys .  !,!any of t h e  streams head i n  narrow 
canyons. i n  t h e  southwestern p a r t  of t h e  Region, hawcver, t h e  
b u t t e s  and ranges a r e  o f  gencra l ly  small a r e a l  ex ten t  protruding 
above wide a l luv ia ted  p l a i n s  and val leys .  The va l l eys  cons i s t  of 
a s e r i e s  of in te r lock ing  basins p a r t l y  f i l l e d  by alluvium. The 
basin rim a r e  f o m d  by mountain ranges, which c o n s i s t  o f  a l l  
types o f  rocks - sedimentary, g r a n i t i c ,  volcanic,  and metamorphic - 
t h a t  usual ly  have been subjected to  recur ren t  f a u l t i n g  and tilt- 
ing. & a r e s u l t ,  many ranges cons i s t  of masses of rock t h a t  a r e  
s t rong ly  inc l ined ,  lying an end, o r  loca l ly  overturned. Dif fer -  
e n t i a l  erosion o f  these  rocks has givon t h e  ranges an i r r e g u l a r  
appearance. 

The Colorado Pla teau  province occupies t h e  northern a d  north- 
eas te rn  por t ions  of t h e  Region and is  charac ter ized  by a l t e r n a t i n g  
c l i f f s  and s lopes  fornod as a r e s u l t  o f  va r i a t ions  i n  re s i s t ance  
t o  erosion.  Ledges, c l i f f s ,  o r  rock bcnches formed of  r e s i s t a n t  
beds o f  sandstone and limestone a r e  separa ted  by slopes,  va l leys ,  
and badlands carved on the  weaker intervening shaly  s t r a t a .  The 
whole province has s i m i l a r  rock formations o f  wide a r e a l  extent  
which a r e  inc l ined s l i g h t l y  or a r e  near ly  hor izonta l .  In areas  
adjacent  t o  the  Colorado River, canyon lands a r e  developed exten- 
s i v e l y .  In t h e  a rea  surrounding t h e  canyon lands and i n  p a r t  of 
t h e  upland adjoining t h e  canyon rim, rock t e r r a c e s  form a s e r i e s  
o f  platforms such a s  t h e  Marble Platform, p la teaus  such a s  t h e  
Coconino Plateau,  and high c l i f f s  such as t h e  Grand Wash C l i f f s .  
In  the  southern p a r t  o f  the  province beyond t h e  b e l t  o f  rock t e r -  
races and p la teaus ,  t h e  r e l i e f  i s  r a t h e r  subdued and broad s lopes  
and low mesa-like f ea tu res  predominate. 

I n  nany val leys  t h e  basement rocks a r e  over la in  by a coarse mate- 
r i a l  o f  genera l ly  low p e r m a b i l i t y ,  which has eroded from the 
nearby highlands.. Cancurrent with t h i s  sedimentation, f a u l t i n g  
occurred and volcanic erupt ions  deposited lavas .  

The Colorado Pla teau  2rovince is underlain by sedinentary rocks 
ranging i n  thickness from 1,000 t o  10,000 f c e t  t h a t  o v e r l i e  igneous 
and metamorphic basement rocks. 

The Colorado River becane a through-flowing stream i n  l a t e  Cenozoic 
time. DMmcutting by t h e  r i v e r  and its t r i b u t a r i e s  have caused 



deep entrenchment of the  e n t i r e  sys ten  r e s u l t i n g  i n  spectacular  
canyons. The occurrence of na tu ra l  s o l u t e  erosion of h a l i t e  beds 
and so lu t ion  phenonena associa ted  with marine shales  such as  the  
Mancos Shale Formation contr ibutes  an inordinate  anount o f  s a l t  
t o  the r i v e r  system. 

The geology o f  the  Lower Colorado Region includes a broad spectrum 
of sedimentary, metamorphic, and igneous rocks which produce a 
wide v a r i e t y  of soils local ly.  and along stream courses.  In s h o r t ,  
t h e  p r inc ipa l  physical  c h a r a c t e r i s t i c s  o f  t h e  Region are i t s  g rea t  
v a r i e t y  of land forms, topography, and geology. 

Forty-three mineral c d i t i e s  have been produced conmercially i n  
the  Upper Colorado Region. Gold and s i l v e r  dominated t h e  e a r l y  min- 
e r a l  indus t ry ,  while fue l  (petroleun) has been t h e  leading mineral 
commodity s ince  about 1946. 

The Luwer Colorado Region a l s o  had s i g n i f i c a n t  gold and s i l v e r  
s t r i k e s  i n  t h e  e a r l y  1870's. Large-scale copper production began 
i n  the  r i d d l e  1880's and i s  s t i l l  very a c t i v e  t d a y .  

C r i t i c a l  d i f f u s e  s a l t  source areas  occur i n  much of t h e  semiarid t o  
a r i d  por t ions  o f  the  bas in .  They a r e  f requent ly  associa ted  with out  
crop areas o r  s o i l s  derived from s o f t  shales ,  s i l t s t o n e s ,  claystones 
and lake bed deposi t s  i n  va l l ey  alluvium. Over h a l f  the  average 
annual 10.7 mi l l ion  tons of  s a l t  i n  t h e  Colorado River is from natu- 
r a l  d i f f u s e  s a l t  source areas .  These areas  include 30 percent o f  
t h e  Green River Basin i n  Wyoming and t h e  semiarid areas of eas te rn  
Utah and western Colorado which have extensive areas underlain by 
sha les  o f  the E(ancos and Wasatch Formations. In areas along t h e  
Lit t le  Colorado River, Gi la  River, Vermillion C l i f f s ,  San Simon 
Creek, and San Carlos Rivers in  Arizona and t h e  Virgin River i n  
Nevada and Utah, the re  a r e  outcrops of t h e  Chinle and !benkopi 
Formations where s i g n i f i c a n t  a reas  o f  s a l i n e  s o i l s  exist. 

Sediment and s a l t  loading problems occur i n  rangeland, grassland,  
f o r e s t ,  cropland, and urban areas i n  the bas in ;  bu t  they a r e  g rea t ly  
accelera ted  where man I s  a c t i v i t y  has modified t h e  vegeta t ive  cover. 
Average annual sediment y i e l d  g rea te r  than 0.5 acre- fee t  per  square 
mile, t h e  point  a t  which se r ious  erosion i s  assumed, occurs on 
60,500 square n i l e s  o r  24 percent  of  t h e  a rea  of  t h e  Colorado Basin. 
Another aspect o f  the  problem is t h a t  se r ious  erosion is  found on 
8,100 miles and moderate erosion along 42,100 miles of  stream chan- 
n e l s  i n  t h e  basin.  

Sediment, the  product of erosion,  may cause damage during t ranspor t  
along streams, r i v e r s ,  lakes,  and wherever it is  deposi ted.  Sedi- 
aent  can r e s u l t  i n  overwash, manping, and increased flooding. I t  



accunulates i n  r e se rvo i r s ,  increos e s  treatment cos t s  of  m i c i p a l  
and i n d u s t r i a l  suppl ies ,  i n p a i r s  navigable s t r eans ,  clogs i r r i g a t i o n  
and drainage improvemnts, smothers growing p lan t s ,  and destroys 
harves table  crops,  increases  maintenance c o s t s  of  u t i l i t y  and t rans-  
p r t a t i o n  f a c i l i t i e s ,  decreases t h e  r ec rea t iona l  value o f  water, and 
adversely a f f e c t s  the  f i she ry  resource. 

Water q u a l i t y  i s  d i r e c t l y  r e l a t e d  t o  suspended sediment and s a l t  
t ranspor ted  from surface  and subsurface areas  except where po in t  
sources cont r ibute  s u b s t a n t i a l  anounts. Sa l ine  s o i l s  occurring on 
s loping t e r r a i n  a r e  usually high contr ibutors  of both s a l t  and sedi- 
nent ,  p a r t i c u l a r l y  when gul ly  and channel eros ion occur. In the  
water erosion of s a l i n e  s o i l s ,  s i g n i f i c a n t  s a l t s  a r e  removed through 
so lu t ion  and the  sediment i s  detached and moved a s  suspended s o l i d s  
o r  bedload. 

A review of  the  ava i l ab le  water q u a l i t y  records ind ica tes  t h a t  
annual sedinent o r  s a l t  load can vary by a f a c t o r  15, depending on 
runoff.  For exanple, the  s a l t  load (TIE] on the  Rio Grande a t  the  
E l  Paso gage has varied from 84,000 to 1,200,000 tons pe r  yea r  f o r  
water years  1936 t o  1959. Evaluation o f  se lec ted  streams ind ica tes  
a high c o r r e l a t i o n  i n  annual m f f  t o  associa ted  s a l t  and sedinent  
loading. About 90 percent of t h e  annual variance i n  s a l t  and sedi -  
ment load is explained by annual variance i n  runoff .  

Very l i t t l e  d a t a  a r e  ava i l ab le  i n  most of  the  s t a t e s  f o r  r e l a t i n g  
sediment t o  s a l t  loading. Recent records show a small percent  o f  
t h e  gaging s t a t i o n s  measuring both sedinent  and s a l t  load from such 
sources a s  r e tu rn  flow f m n  i r r i g a t i o n ,  subsurface nmof f  from 
s a l i n e  aqui fers ,  s a l i n e  sp r ings ,  e t c .  Techniques f o r  continuous and 
accurate monitoring o f  sediment and s a l t  a r e  expensive and general ly 
beyond the reach o f  broad stream coverage. Many s t a t e s  are i n s t i -  
t u t i n g  programs to c o l l e c t  add i t iona l  da ta  on water q u a l i t y  and t h i s  
in fo rna t ion  w i l l  be valuable t o  f u t u r e  s t u d i e s .  

An i n t e r p r e t i v e  sa l ine .  s o i l s  map, f i g u r e  1 1 - l A ,  based upon del inea-  
t i o n s  of the  ''Soil of the Mestern United S t a t e s ,  1964," and standard 
soil surveys was prepared using t h e  following c l a s s e s  o f  nonsal ine 
and s a l i n e  s o i l s :  

Sonsal ine surface  l aye r  and underlying l aye r s  - EC x lo3 of  t h e  
sa tu ra ted  e x t r a c t  a t  2S0 C is < 4 mhos/cm throughout t h e  s o i l  
p r o f i l e .  
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Konsaline surface  layers and s a l i n e  i n  some underlying l aye r  
within the  s o i l  p r o f i l e  - EC x l o3  a t  25' C is  * 4 mhos/cm i n  
t h e  su r face  l aye r  but > 4 mhos/crr. e i t h e r  i n  t h e  subso i l  o r  
subs traturn. 

S l i g h t l y  s a l i n e  s o i l s  - EC x lo3 a t  2S0 C i s  4 t o  16 mhos/cn i n  
the  surface  l aye r  and s i i l a r  amunts  throughout the  s o i l  
? r o f i  le .  

Sa l ine  s o i l s  - EC x lo3 a t  25' C is > 16 mhr>s/m i n  the  surface  
l aye r  and s i m i l a r  anaunts throughout the  s o i l  p r o f i l e .  

Spot symbol "S" was used t o  d e l i n e a t e  s a l i n e  source areas  of 
sediments t h a t  a r e  too small t o  de l inea te  a s  a separa te  e n t i t y .  
Exanples o f  t h e s e  might include Pleistocene lake  t e r r a c e  escarp-  
ments, ?+iocene lake t e r r a c e  escarpments, sha le  otitcrops, e t c .  
Each syrhol  i s  t o  equal 10,000 acres  o r  less. 

Q w r a c t e r i s t i c  average s a l t  load a t  key gaging s t a t i o n s  were used t o  
i d e n t i f y  high s a l t  cont r ibut ing  areas .  The occurrence o f  su r face  
geologic formations such as s o f t  s h a l e s  and l acus t r ine  o r  t e r r e s t r i a l  
lakebeds which contr ibute  s u b s t a n t i a l  s a l t  loads t o  streams nus t  be 
considered. 

7. Vegetation 

The Colorado River Basin has a wide v a r i a t i o n  i n  vegeta t ive  cover 
types. The type of  vegeta t ive  cover depends upon t h e  p rec ip i t a t ion ,  
topography, s o i l ,  and cl imate;  i n  addi t ion ,  each type is l imited t o  
r a t h e r  s p e c i f i c  ranges i n  e levat ion .  The f o r e s t  type covers approx- 
imately m e - t h i r d  of t h e  land area  i n  t h e  Upper Colorado Region and 
extends from t h e  s n a l l  a lp ine  areas on top  of  Mount Baldy i n  t h e  
k l i t e  Ibunta ins ,  the  t i p  o f  Humphrey Peak i n  t h e  San Francisco Peaks, 
and the  crest of Charleston Mountain, Yevada; through t h e  coniferous 
f o r e s t  zones o f  sp ruce - f i r ,  ponderosa pine,  and t h e  pinion-juniper  
and oak wcmdlands, and the  Chaparral types.  The rangeland type 
extends from the f o r e s t  type through t h e  Northern and Southern 
d e s e r t  shrubs, the  northern and d e s e r t  grasslands,  down through a 
s n a l l  a rea  of t r u e  d e s e r t  near t h e  mouth o f  t h e  Colorado River on 
t h e  boundary between Mexico and Arizona. I r r i g a t e d  pas tu re  and cul -  
t i v a t e d  land a r e  s c a t t e r e d  throughout t h e  bas in  area .  

l3e Lower Colorado Region i n  1965 had a percentage of vegeta l  cover 
t h a t  was about 2 percent  c r o p l a d ;  64 percent  pas tures  and range; 
33 percent  f o r e s t  and woodland; and l e s s  than 1 percent  i n  urban, 
t r anspor ta t ion ,  u t i l i t i e s ,  e t c .  The region has a wide v a r i a t i o n  
i n  vegetat ion cover types and r e l a t e d  ca tegor ies  t h a t  de terxine  the  
resources,  uses,  and developments t h a t  exist o r  may be  projec ted .  



The na tu ra l  vegetat ion ranges f ron  d e s e r t  throggh tfie chaparral  and 
rcountain brush, p i ~ i o n -  juniper  and oak woodlands, t o  t h e  ye1 low-pine 
and sp ruce - f i r  f o r e s t ,  t o  a lp ine  and tuxdra t c e  on top of t h e  high- 
est mur. tains.  (See Appendix X f o r  s p e c i f i c  1is:ings.) 

8. Fish and :Yildli fe/Recreation 

a .  F isher ies .  - Dist r ibut ion  of f i s 3  populatioas o f  the  Colorado 
River Basin i s  determined t o  a g rea t  exteRt by e levat ion  of the  
r i v e r  s y s t e r  because of the  r e l a t ionsh i?  between e levat ion  and 
temperature. Although f i s h  species  opera te  withi: a given t ea -  
pera ture  range. i n  s o x  cases q ~ i t e  wide, t e q m x i t u r e  is a na jor  
l imi t ing  f a c t o r  of species  d i s t r i j u t i o n .  Teaperatures a t  t h e  
same e levat ion  gradually increase  downstream toward t h e  souther ly  
l a t i t u d e s  of  the  basin r e s u l t i n g  i n  sme warn-water f i s h e r i e s  
being &xed with the  predominantly cold-water ones. 

Most of the  h igher  e levat ion  t r i b u t a r i e s  of t h e  basin a r e  con- 
s idered  t rou t  f i s h e r i e s  ( f i g .  11-18). These r e s u l t  l=gly f ron  
t e ~ e r a t u r e - r e l a t e d  phenonena b a t  a l s o  r e f l e c t  c l c a r  water, good 
f w d  chain development, and usually h i &  gradient  s t r e a m .  

In the  next lower reaches of t h e  r i v e r  system a t r a n s i t i o n  zone 
e x i s t s  between t r o u t  waters and t h e  mainstrean s t r e t c h e s .  Vtite- 
f i s h  charac ter ize  t h i s  zone of  water. h l i t e f i s h  requi re  high 
q u a l i t y  water and have r e l a t i v e l y  s t r i c t  h a 5 i t a t  r e q u i r e x n z s  
which d e  then a good index of t h e  e f feczs  o f  humn a c t i v i t i e s  
on the  r i v e r  ecosystem. 

This t r a n s i t i o n  zone i s  followed by meandering stream reaches 
which genera l ly  a r e  found i n  a g r i c u l t u r a l l y  developed a reas ,  have 
higher si l t  loads, and have varioms species  of  n i n n w s ,  c a t f i s h ,  
and carp. C a r p  a r e  an introduced species  which have become 
es tab l i shed  a s  an inpor tant  p a r t  o f  t h e  Colorado River Basin 
f i s h e r i e s .  

S i l t  loads, s t r e a n  gradient ,  and food c!!ains have major impacts 
on f i s h  populations and these  a r e  r e f l e c t e d  i n  t h e  d i s t r i b a t i o n  
of f i s h e s  o f  the  bas in  ( f i g .  XI-IS). I f  s i g n i f i c a n t  input  of 
na tu ra l  o r  man-induced concentrat ions of  n a t e r i a l s  which a f f e c t  
adu l t  f i s h  d i r e c t l y ,  t h e i r  l i f e  cycles,  o r  t h e i r  food chains and 
t h e i r  hab i t s  occurs, then the  h a b i t a t  would e i t h e r  be  absent  of  
f i s h e s  o r  have sparsely d i s t r i b u t e d  populat ions.  

Canyon reaches have the  h ighes t  s i l t  load and f i s h  (e .g . ,  hump- 
back sucker) i n  these  reaches (exclusive of f i sh-ea t ing  f i shes )  
a r e  general ly dependent on f w d  mater ia ls  which a r e  washed i n  
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from t r i b u t a r y  streams. For exanple, da ta  on macroinvertebrates 
i n  these  canyon reaches ind ica te  t h a t  insect ivorous f i s h  would 
be dependent on i n s e c t s  washed i n t o  these  reaches o f  t h e  main 
stem. I t  is a l s o  apparent t h a t  suspended s e d i m n t s  and s h i f t -  
ing  stream sediments a r e  la rgely  responsible f o r  t h e  lack 'of 
=in stem product iv i ty .  

Thus, t h e  Colorado River Basin can be charac ter ized  a s  a drainage 
system which is typ ica l ly  or iented  toward t r o u t  h a b i t a t  i n  the  
Wyoming, northern Utah, and western s lope  of the  Colorado and Sew 
blexico Rocky ?bunta in  regions plus a r e s t r i c t e d  h a b i t a t  i n  the 
Arizona Plateau between t h e  L i t t l e  Colorado River and t h e  Gi la  
River. 73e rrpper reaches of  t h e  Green, t h e  Duschesne, t h e  Li t t le  
Snake and the  Yampa, t h e  a l i t e ,  t h e  Colorado nain s t e n ,  t h e  Cunni- 
son, Dolores and the  San Juan a r e  t h e  m j o r  s t r e a m  const r ibut ing  
t o  this t r o u t  h a b i t a t .  Upper reaches of t h e  S a l t ,  Verde, and 
Gi la  mw ?-lexico) a re  major drainages i n  the  lower basin which 
fu rn i sh  t r o u t  h a b i t a t .  

Other reaches provide h a b i t a t  which is not  typ ica l  of t r o u t  but  
which a r e  not  less "natural" f o r  t h e  p a r t i c u l a r  environmental 
candit ions which exist i n  those reaches. 

Reservoirs a r e  c l a s s i f i e d  separa te ly  and range f ron p r inc ipa l ly  
lake types o f  t r o u t  populations such as i n  Flaning Gorge, Blue 
Mesa, and Savajo Reservoirs,  t o  t h e  a ixed f i she ry  o f  Lake Powell 
and Lake and t h e  warn water f i s h e r i e s  o f  t h e  r e se rvo i r s  
downstream of I-Imver Dana. 

Stream gradient  is an important aspect  o f  water q u a l i t y  and the  
type of  ecosysten and b io log ica l  cornunity which develops. These 
r a t e s  o f  f a l l  shuwn i n  t h e  following tabula t ion  show no s3arp 
denarcat ions but i n d i c a t e  t h e  g r e a t  d i v e r s i t y  within t h e  r i v e r  
systen.  High gradients  (> 15 f e e t / r i v e r  mile) correspond t o  
higher e levat ion  t r o u t  water i n  f i g u r e  I I -W.  In te rned ia te  gra- 
d i e n t s  correspond t o  the  t r a n s i t i o n  reaches p lus  some o f  t h e  
meandering and canyon reaches. Although one canyon reach and 
t!!e warn t a i l w a t e r s  a r e  found i n  low gradient  a reas ,  t h e r e  i s  no 
d i r e c t  casual  r e l a t ionsh ip  as found i n  high gradient  reaches. 



Stream Gradients For Selected Reaches i n  the  Colorado 
River Basin (data from USDI, 1946) 

Feet per 
r i v e r  mile 

High gradients  (high s t r e a a  ve loc i t i e s )  
Los Pinos River1 [Emerald Lakes t o  Navajo Dan) 
Uncompah r e  (headwaters t o  Gunnison River) 
Gunnisonf (?leadwaters t o  Colorado River) 
Colorado (headwaters t o  Gunnison River) 

Intermediate gradients  
S a l t  ~ i v e r l  (headwaters t o  Gila River) 12.0 
Ynmpa (headwaters t o  Green River) 10.0 
San Juan (Savajo Dam t o  Colorado giver)  9 .O 
Colorado (Lee Ferry t o  Lake Head backwaters) 8.0 
~ i l a l  (hendwaters t o  Colorado River dawnstream 

of Inper ia l  Dam) 7.6 
Colorado (Gunnison River t o  Green River) 5.1 
Green (Green River, Wyoming t o  Colorado River) 4.6 

Law gradients  (low s t r e m  v e l o c i t i e s )  
coloradol (Green River t o  Lee Ferry) 
coloradol (Hoover D a m  t o  Imperial Dan) 

Includes rese rvo i r s  which s i g n i f i c a n t l y  a f f e c t  r e s u l t i n g  f i s h  
population. 

bla j o r  species .  
t h e  only gane 
These o r i g i n a l  

- The cu t th roa t  t r o u t  and m u n t a i n  whitefish a r e  
f i s h  na t ive  t o  the  Upper Colorado River drainage. 

inhabi tants  have been supplemented, and i n  t h e  
case of the  cu t th roa t ,  la rgely  replaced by introduced species  
s u i t a b l e  t o  the  cold waters of t h e  basin.  Rainbow t m u t  a r e  t h e  
mst numerous newcomers t o  t h e  basin.  There is very l i t t l e  warn 
water i n  t h e  region; therefore ,  those waters a t  t h e  lower eleva- 
t i o n s  tend t o  be mugina l  and my have both cold- and warn-water 
f i s h .  Channel c a t f i s h  have been widely planted as have the  large- 
m u t h  bass. 

There a r e  approximately 85 species  of f i s h  i n  t h e  Lover Colorado 
River Basin. O f  these ,  about 56 species  have been introduced. 
These f i s h  a r e  gonerally divided i n t o  two c lasses :  Sport o r  game 
f i s h  and nongame f i s h .  Abwt 60 species a r c  classed as nongame 
f i s h .  These are o f  value f o r  forage f i s h ,  s c i c n t i f i c  invest iga-  
t i o n s ,  and possibly a c o m e r c i a l  f i she ry  source. The renaining 



25 species  a r e  c lsssed  as  game f i s 3 .  The notable in t roduct ions  
of  game f i s h e s  include a l l  the comon warn-water s p o r t  and con- 
mercial f i shes  and a l l  t r o u t ,  except t h e  endangered Gi la  and 
Apache t r o u t .  The i n t r d u c e d  warm-water species  include s t r i p e d  
bass ,  white bass, b l a e g i l l ,  crappie,  cI~annel c a t f i s h ,  f la thead 
c a t f i s h ,  yellow perc3, t i l a ~ i a ,  walleye, an6 Northern pike. (See 
ap?endix :I f o r  l i s t i n g . )  

Endangered Fish - Upper Colorado 0asin1 

Humpback chub - Gila  cypha - 
Colorado River squaw f i s h  - Ptychochei lus  lucius 
Kendall w a m  spr ings  dace - .%inich~\ys osculus t h e r n a l i s  

Endangered Fish - Lmer  Colorado ~ a s i n l  

Gila t r o u t  - Salrno ~ i l a e  
Arizona ( ~ p a & ! i r o u t  - Saluto sp .  - 
Humpback chub - Gila cypha - 
!4oaoa dace - !bava cor iacea  - 
~ o l b r a d o  River squawfish - Ptychocheilus l u c i w  
Gila top  minnow - Poeci l iops is  occ iden ta l i s  
Woundfin - Plagopterus a r g e n t i s s i r u s  

Endangered and Threatened K i l d l i f e  and P lan t s  - Federal 
Register ,  Sept.  26, 1375, April 28, 1976, June 1, 1976, 
and June 1 4 ,  1936. 

b. Wildl ife .  - The Upper Colorado Basin has a v a r i e t y  of b i g  
game animals including t h e  mule deer ,  e l k ,  m s e ,  antelope,  big- 
horn sheep, munta in  goat ,  Barbarry sheep, black bear ,  cougar, 
and two free-ranging buffa lo  herds. Some of t h e  m r e  important 
snal.1 game species  a r e  the sage grouse, chukar pa r t r idge ,  pheas- 
a n t ,  mourning doves, ruffed grouse, blue grouse, wild turkey, 
r a b b i t s ,  and snonshoo hares .  Fur a n i m l s  hunted general ly a r e  
raccoons, foxes, bobcats,  and coyotes. There a r e  a l s o  a wide 
v a r i e t y  o f  animals such as mnnots ,  ground s q u i r r e l s ,  p r a i r i e  
dogs, and procupines. 

In  the  Lower Colorado Basin, the b i g  game species  include t h e  
mule deer,  whi te- ta i led  deer ,  e l k ,  pronghorn antelope,  dese r t  
bighorn sheep, black bears ,  wild turkey, javel ina ,  and buffa lo .  
The doninant game b i r d  species  are white-winged dove, murning 
doves, and Ganbel 's quai  1. These a r e  o f t en  found i n  high cmcen- 
t r a t i o n s  and support an extensive hunter  population. Waterfowl 
frequent por t ions  of the  area  and a l s o  rece ive  sone hunting 
pressure.  (See appendix A f o r  l i s t i n g . )  



Endangered K i l d l i f e  - Upper Colorado Basin 

Utah p r a i r i e  dog - Ognmys ?arui&no 
Anerican peregrine falcon - E'oZco ?eregrinus ~ r i c r h m  
Blackfooted f e r r e t  - teZu Ir:p+es 

Endangered l i i l d l i f e  - Lower Colorado Basin 

Sonoran pronghorn - Ar,f<hca~rrs a.;le~:cmta 8m& ten(si8 
?!exican duck - Anas diaai. 
American peregrine falcon - Fa'ko ?emgrinus m t m  
Masked bobwhite - C o Z i w  -vie~inCazm FL&J~C 
Yuma c lapper  r a i l  - 3aZtus Zor.w~mstr is  y m m s i s  
Southern bald eagle - .9uZiaee f ;zs lexcuce?ha ha 
Blackfooted f e r r e t  - E!uskZu miy"~Zpes 

Endangered and Threatened Wildl i fe  and Plants  - Federal 
Register ,  Vol. 40, No. 188, Pa r t  11, Friday, Septe&er 26, 
1975. 

c. Recreation. - The rec rea t iona l  f a c i l i t i e s  i n  t h e  Colorado 
River Basin cont r ibute  g r e a t l y  t o  t h e  economy o f  t h e  West. Pa r t s  
of the  Basin have become neccas f o r  ret i rement which have boosted 
the  a reas  n o n c o d i t y  d o l l a r .  Vacationers and ou t s ide r s  a r e  
a t t r a c t e d  t o  t h e  a r e a  by severa l  na t ional  f o r e s t  and o t h e r  pub l i c  
lands with outstanding rec rea t iona l  oppor tuni t ies .  Also popular 
as r ec rea t ion  spots a r e  numerous s t a t e  parks,  p r i v a t e  develop- 
ments, and winter  s p o r t s  areas. 

Under the  Wild and Scenic Rivers Act as  amended through W l i c  
Law 93-621 (January 3, 1975), t h e  Bureau of Reclamation i s  cogni- 
zant of numerous r i v e r  systems which a r e  being proposed f o r  wild 
and scen ic  s t a t u s .  Proposed s a l i n i t y  con t ro l  programs i n  t h e  
Colorado River Basin w i l l  no t  impact any r i v e r  segment proposed 
under this law. 

The Basin is p a r t i c u l a r l y  renown for i t s  concentrat ion of na t iona l  
parks, mnunents ,  and rec rea t iona l  areas.  A l i s t i n g  o f  these  is 
s n o m  i n  t h e  following tabula t ion:  



NATIOAULLY VALUED SCESIC A..D RECREATIONAL 
RESCLXCES OF TiE COLORADO RIVER BASIW 

Xational Monuments 

Rai~bow Bridge, Utah 
K a v ~ m l  Bridges, Utah . 
i:'oveweep, Utah-Co lorado 
Dinosaur, Uzah-Colorado 
3lack Canyon of the  G-mnison, Colorado 
Colorado Rational I h m e n t ,  Colorado 
Canyon de Chelly, Arizona 
Tuzigoot, Arizona 
Kalnut Canyon, Arizona 
Chiricahua, Arizona 
Mntezuna Cast le ,  Arizona 
Navajo , Arizona 
Pipe Spring, Arizona 
Tonto, Arizona 
Grand Ruins, Arizona 
h'upatki , Arizona 
Sunset Cra ter ,  Arizona 
Organ Pipe Cactus, Arizona 
Saguaro, Arizona 
Grand Canyon, Arizona 
Gi la  C l i f f  Dwellings, New Mexico 
Chaco Canyon, Sew blexico 
Aztec Ruins, N e w  Mexico 

National Parks 

Zion, Utah 
Bryce Canyon, Utah 
Capitol R e e f ,  Utah 
Canyonlands, Utah 
Arches, Utah 
Rocky Mountain, Colorado 
Mesa Verde, Colorado 
P e t r i f i e d  Fores t ,  Arizona 
Grand Canyon, Arizona 

National Recreation Area.s 

Flaring Gorge, Wyoming-Utah 
Glen Canyon, Arizona-Utah 
Lake Pbad , Nevada- A r i  zona 
Curecanti, Colorado 



9. Basin Hydrology 

a .  Water supply. - The mst universa l ly  used index o f  t h e  
Basin's water y i e l d  is  the "virginq' flow of the  Colorado River a t  
Lee Ferry, Arizona, Annual Flows vary widely. Figure 11-2 ind i -  
c a t e s  t h a t  the v i r g i n  flow a t  Lee Ferry has ranged between about 
5.6 and 24 mi l l ion  ac re - fee t  per  year  s i n c e  1896 with a long-term 
average o f  about 15 n i l l i o n  acre- fee t  . However, during the  low 
h i s t o r i c a l  period of 1931 t o  1964, t h i s  flow averaged only 
12.9 mi l l ion  acre- fee t  per  year.  Legal apportionment of annual 
b e n e f i c i a l  consumptive use c a l l s  f o r  7.5 mi l l ion  acre- fee t  o f  t h e  
na tu ra l  flows of the  Colorado River t o  each o f  t h e  Upper and 
Lower Basins, while 1.5 mi l l ion  acre- fee t  has been a l located  t o  
Mexico. Since the projec ted  water dea i ids  o f  the Colorado River 
Basin g r e a t l y  exceeds t h e  most conservative es t imates  of supply 
and s ince  the  l e g a l  ent i t lements  o f  the  Upper and Lower Basin 
S t a t e s  and Hexico exceed t h e  long-term annual v i r g i n  flow, the  
approximate 2.0 mil l ion acre- foot  s h o r t f a l l  o r  13 percent va r i a -  
t i o n  fron t h e  long-tern average is o f  v i t a l  importance. 

In  s h o r t ,  two pr inary  fac to r s  have lead t o  t h e  present  water sup- 
p ly  problem of the  Colorado Basin: (1) negot ia tors  o f  t h e  Colo- 
rado River Compact and the Yexican Water Treaty apportioned a 
water resource t h a t  a t  t h e  tine of  negot ia t ions ,  appeared much 
l a r g e r  than the  r i v e r  has subsequently yielded;  and (2) the Colo- 
rado River Basin s i n p l y  does not  y i e l d  s u f f i c i e n t  water on a 
n a t u r a l  b a s i s  t o  permit f u l l  develapnent of  t h e  Bas in ts  v a s t  land 
and n ine ra l  resources t o  provide f o r  a l l  pro jec ted  water needs. 

The unprecedented population growth i n  t h e  southwest s i n c e  Korld 
War 11, r e s u l t i n g  l a rge ly  from i n t e r s t a t e  migration, has d r a s t i c -  
a l l y  increased t h e  r a t e  of consumptive use  demands. Ebre 
r ecen t ly  , p o t e n t i a l  water shortages have been i d e n t i f i e d  [lS] i n  
connection with the  i p r t a n t  r o l e  o f  water i n  energy development 
of  o i l  sha le  and coal  i n  the Upper Basin. 

A t  p resent ,  and i n  the s h o r t  term, t h e  Colorado River should be  
able  t o  meet a l l  q u a n t i t a t i v e ,  physical  water demands. Assuming 
average runoff condit ions f o r  t h e  next few years,  bath Lake 
Powell and Lake b a d  have a reasonable p robab i l i ty  of r e l eas ing  
excess water f o r  consumptive u s e  i n  t h e  United S t a t e s  and Mexico. 
However, even when assuming t h e  l o n g - t e n  average annual supply 
o f  about 15 mi l l ion  ac re - fee t ,  f u l l  development of  a l l  planned 
use of  Colorado River water w i l l  s o  dep le te  t h e  r i v e r  t h a t  it 
w i l l  not y ie ld  s u f f i c i e n t  water t o  meet a l l  t h e  demands placed 
upon it. Thus, t h e  Colorado River Basin faces fu ture  water 
shortages unless t h e  n a t u r a l  flows a r e  augmented o r  Basin 





developnent i s  cur t a i l ed .  The extent  and t i n i n g  of these  shor t -  
ages w i l l  depend upon the  r a t e  of f u t u r e  consanptive use develop- 
ment and the  Basin's u a t e r  y ie ld .  

b. Water use. - The z a j o r  use of water within t h e  Basin is f o r  
a g r i c u l t u r a l ,  municipal, and i n d u s t r i a l  purposes. A t  present ,  
over 60 percent of the long-term average supply o f  15 mi l l ion  
acre- fee t  per  year  of surface  water serves i r r i g a t e d  agr i cu l tu re  
and o the r  users  within t h e  Basin. Approxinately three-four ths  o f  
the  water consurrptively used i n  t h e  Basin each yea r  i s  depleted 
by a g r i c u l t u r a l  uses.  Hinor q u a n t i t i e s  of u a t e r  ( l e s s  than 
200,000 acre- fee t  per  year] a r e  p resen t ly  used f o r  hydroe lec t r i c  
and t h e m 1  power p r d u c t i o n ,  r ec rea t ion ,  f i s h  and w i l d l i f e ,  
rural-domestic  needs, and l ives tock.  In t5e urban areas  of L\e 
Basin, municipal and i n d u s t r i a l  uses a r e  increas ing s i g n i f i c a n t l y  
due t o  the rapid  r a t e  of population growth. 

Surface evaporation from s to rage  r e s e m o i r s  a l s o  dep le tes  t h e  
ava i l ab le  water i n  the  bas in .  I t  is e s t i n a t e d  t h a t  over 2.0 m i l -  
l i on  acre- fee t  of  u a t e r  evaporates annually f r m  t h e  lakes and 
rese rvo i r s  of t h e  Basin, mostly f r o 3  major s to rage  rese rvo i r s  on 
the  main stem of t h e  Colorado River. 

c .  Relationship between water supply, deple t ions  and 
s a l i n i t y .  - Such f a c t o r s  as the  period of hydroloaical  records 
r 
and the  r a t e  of inc rease  of c o n s b p t i v e  use- resulFing from water 
resource development p r d u c e  s i g n i f i c a n t  va r i a t ions  i n  projec-  
t i o n s  o f  f u t u r e  r i v e r  s a l i n i t y  l eve l s .  The interdependence o f  
water quan t i ty  and q u a l i t y  becorncs more v i s i b l e  when the  sens i -  
t i v i t y  of s a l i n i t y  t o  va r i a t ions  i n  m a n  annual s treanflow and 
fu tu re  deple t ion  of s t r e a m f l w  a r e  examined. 

According t o  Environmental Protec t ion  Agency, f i p r e  11-3[4] 
shows the  general  s e n s i t i v i t y  of  s a l i n i t y  projec t ions  t o  base 
f l w  v a r i a t i o n s  without inplenenta t ion  of any s a l i n i t y  cont ro l  
measures. I n  t h i s  case, a v i rg in  flow of 16.8 mi l l ion  acre- fee t  
is  assumed as an upper l i m i t  with a lower l i n i t  of about 13.2 n i l -  
l i o n  acre- fee t .  For the  year  2000 condit ions,  t h e  t o t a l  var ia-  
t ion  of s a l i n i t y  a t t r i b u t a b l e  t o  base flclus could be a s  high as 
250 mg/l. 

Figure 11-4[4] shows t h e  s e n s i t i v i t y  of s a l i n i t y  p ro jec t ions  
t o  deple t ion  schedule va r i a t ions  without inplenenta t ion  of any 
s a l i n i t y  cont ro l  measures. Representative schedules were 
se lec ted  t o  cover considerable d i f ferences  of agency and S t a t e  
opinion over t h e  r a t e  a t  which upper basin water resource 
development w i l l  proceed. Actual developnent t o  d a t e  has been 
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Sensitivity of salinity nrojections to depletion schedule variations. 
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s l i g h t l y  slower due t o  f i s c a l  cons t ra in t s .  For t h e  year  2000 
condit ions,  t h e  t o t a l  va r i a t ion  of s a l i n i t y  due t o  d i f fe rences  
i n  deple t ion  schedules could be  about 125 ng/l .  Thus, t h e  
s m l l e r  range between upper and lower l inits on these  projec-  
t ions  would ind ica te  a lower degree o f  s e n s i t i v i t y  than t h a t  
exhibi ted by va r i a t ions  i n  base r iverf lows.  

d .  Hater qua l i ty .  - H i s t o r i c  records have docunented the  gradual 
increase i n  s a l i n i t y  of  the  Colorado River. Hmever, the re  has 
been no c l e a r  de l inea t ion  o f  those changes i n  water q u a l i t y  which 
a r e  associa ted  with normal f luc tuat ions  i n  hydrologic pa t t e rns  
and those changes a t t r i b u t a b l e  t o  m n p s  a c t i v i t i e s .  [4] 

In  general ,  the  s a l i n i t y  parameters can usually be described by a 
statement of  whether they represent  h i s t o r i c a l ,  present  modified, 
or fu tu re  condit ions of the  water of t h e  Colorado River. 

Hi s to r i ca l  s a l i n i t y  l eve l s  a r e  determined by t abu la t ing  the  
recorded o r  estimated p a s t  condit ion a t  the  water q u a l i t y  s t a -  
t i o n s .  The present  m d i f i e d  condition includes adjustment of the  
h i s t o r i c  condition t o  r e f l e c t  deple t ions  for  the  e n t i r e  period 
f o r  a l l  developments operat ing a t  the  present  t i n e .  The fu tu re  
condit ion is an estimated projec t ion  a f t e r  the  present ly  author- 
ized developments, p r o j e c t s  proposed f o r  author iza t ion ,  and 
o thers  which a r e  an t i c ipa ted  t o  be developed by the  f u t u r e  pro- 
jec ted  time a r e  placed i n  operat ion.  

Under h i s t o r i c  condit ions,  the  average concentrat ion o f  dissolved 
s o l i d s  o f  the  Colorado River a t  Imperial Dam was about 766 mg/l 
fo r  t h e  1941-74 period. 

Under present  (1974) m d i f i e d  condit ions,  the  average concentra- 
t i o n s  would have been about 861 a g l l  a t  Imperial Dam. 

Under fu tu re  condit ions,  without s a l i n i t y  cont ro l  p ro jec t s ,  pre- 
d ic t ed  concentrat ions o f  1,154 mg/l and higher have been made f o r  
the  year 2000. Concentrations depend upon t h e  projec ted  fu tu re  
t i n e ,  estimated fu tu re  deple t ions ,  estimated fu tu re  s a l t  pickup, 
and m n y  other  f a c t o r s .  

In the  Upper Colorado Region, water q u a l i t y  samples a r e  being col -  
lec ted  d a i l y ,  monthly, o r  q u a r t e r l y  from a p r o x i m t e l y  100 sites 
on the  r i v e r s ,  canals ,  d ra ins ,  and sloughs by the  Bureau of 
4eclamation and by the  Geological Survey. This program is i n  
addi t ion  t o  the  regular  Geological Survey network. Sanples a re  
co l l ec ted  a t  various locat ions  fo r  t h e  purpose o f  evaluat ing 
e f f e c t s  of  fu ture  water resource p ro jcc t s  on thc  r i v e r  system, 



i den t i fy ing  sources of  s a l i n i t y  f o r  water q u a l i t y  improvement 
p ro jec t s ,  obtaining bas ic  da ta  f o r  research p ro jec t s ,  and acqui t -  
ing  long-term records t o  determine t rends ,  and observe overa l l  
changes i n  the  s a l i n i t y  of t h e  r i v e r  system. This monitoring 
system will be espec ia l ly  valuable i n  providing da ta  f o r  t h e  
newly i n s t i t u t e d  CRIVQIP i n  the  Basin. 

Recent u a t e r  q u a l i t y  record s tud ies  show t h a t  during t h e  period 
1926-62, the  chemical regimen o f  the  Colorado River a t  Grand 
Canyon and upstream, although probably somewhat d i f f e r e n t  from 
the  v i rg in  flow reginen, was r e l a t i v e l y  s t a b l e . '  There may have 
been small increases  i n  average mineral concen t ra t ims .  par t icu-  
l a r l y  toward the  end o f  t h e  perid,  caused by construct ion of  
reservoi rs ,  increased i r r i g a t i o n  and out-of-basin d ivers ions .  

The research a l s o  found t h a t  most of the mineral burden as well 
a s  the  water of the  Colorado River o r ig ina tes  i n  t h e  Upper Basin. 
The l a r g e s t  indiv idual  i n c m e n t  t o  t h e  mineral burden of  t h e  
Colorado River below t h e  compact point  and above Imperial Dam 
was found t o  be  Blue Springs near  t h e  nouth of  the  Little Colo- 
rado River. The s tud ies  a l s o  shaw t h a t  cu l t iva ted  lands i n  
Parker and Palo Verde Valleys together  with out-of-basin d iver-  
s ions  con t r ibu te  t o  increasing s a l i n i t y  i n  t h e  lower reaches of  
the r i v e r  below Hoover Dam. 

Data co l l ec t ion  programs a r e  being continued. I n  addi t ion ,  t h e  
l a t e s t  s a l i n i t y  monitoring equipment is being t e s t e d  on a t r i a l  
b a s i s  t o  determine t h e  f e a s i b i l i t y  o f  app l i ca t ion  t o  condit ions 
along the  Lower Colorado River. Data from the program a r e  being 
used to  develop a predic t ion  model of  s a l i n i t y  mvenent  i n  t h e  
r i v e r .  

C.  Future Basin Environment Without t h e  Pragram 

Generally, envirmmental  condit ions i n  t h e  Colorado River Basin a r e  
expected t o  remain a s  previously described or continue t o  be modified 
by t rends  unre la ted  t o  the  CRWQIP. The following sec t ions  desc r ibe  
sane of the current  t rends  t h a t  a r e  expected t o  continue i n t o  t h e  
fu ture .  Other consequences of no s a l i n i t y  cont ro l  a c t i o n  under CRWQIP 
a r e  described i n  Part  A.3 of Chapter VI I I ,  

Physiography 

The Colorado River Basin i s  not expected t o  change d r - m a t i c a l l y  over 
the next 50 years  ( the expected l i f e  of t h e  cont ro l  u n i t s  under the  
program). The a rea  is  expected t o  continue to have a r e l a t i v e l y  



loner population dens i ty  with wide expanses of area managed f o r  pub- 
l i c  use programs. With increased publ ic  use of t h e  a r e a ' s  na tu ra l  
resources,  the  environmental c h a r a c t e r i s t i c s  o f  t h e  a r e a  may be  
changed in the  r e l a t i v e l y  small a reas  where in tens ive  use occurs. 
Iiowewr, there  w i l l  continue t o  be large  areas  where environmental 
c h a r a c t e r i s t i c s  a r e  la rgely  unaffected by man's a c t i v i t i e s .  

2. Land Use 

The general t rend toward improvements i n  land management techniques 
and p rac t i ces  is expected t o  continue i n  response t o  emphasis on 
resource protec t ion  b d  po l lu t ion  cont ro l .  Basin farmers and 
ranchers a r e  expected t o  adopt m r e  conservation and po l lu t ion  con- 
t r o l  p rac t i ces  i n  both land management and water use. Improved 
cropping pa t t e rns ,  addi t ional  land level ing  and improved drainage 
s y s t e m  w i l l  enhance a g r i c u l t u r a l  product iv i ty  and mre a t t e n t i o n  
w i l l  be given t o  complete resource management programs f o r  farnland.  
Inproved managemnt of publ ic  lands is an t i c ipa ted  t o  provide addi- 
t i o n a l  timber harves t ,  and t o  a c c o ~ a t e  increased rec rea t iona l  
usage. Agr icul tura l  lands near  urban areas  w i l l  continue t o  be  sub- 
divided but  a t  a slower r a t e  than experienced during t h e  pas t  decade. 
Some marginal o r  supplemental a g r i c u l t u r a l  land nay be brought i n t o  
prcduction i n  response t o  demands f o r  increased production o f  food 
and f ibe r .  

Without a p o s i t i v e  ac t ion  program t o  maintain a s u i t a b l e  s a l i n i t y  
level  i n  the  Colorado River, the product iv i ty  o f  sme a g r i c u l t u r a l  
lands i r r i g a t e d  f r o m  t h e  lower reaches of t h e  r i v e r  may b e  reduced. 
Unless s a l t  t o l e r a n t  p lan t s  a r e  grown, these  lands could, i n  t h e  
long tern, re turn  t o  d e s e r t  condit ions through successive s t ages .  
In  the  near  tern, t h e r e  may be i n c r e m n t a l  problems with reduced 
crop y i e l d s  u n t i l  fanning p rac t i ces  a r e  modified. 

3. Pmula t ion  and Econom 

The basin population is projected t o  be m r e  than 4 mi l l ion  by the  
year  2000,[42] with mst of  the  increase  occurring i n  t h e  lower 
region. Growth o f  t h i s  aagnitude is expected to  occur whether o r  
not  the  CIWQIP is implemented. 

The economy of  the  basin is based on manufacturing, i r r i g a t e d  a g r i -  
cu l tu re ,  mining, f o r e s t r y ,  o i l  and gas production, l ives tuck ,  and 
tourism. I n  the  upper region, t h e  mineral industry now overshadows 
a c t i v i t i e s  o f  the a g r i c u l t u r a l  and f o r e s t r y  s e c t o r s  and t h i s  t rend 
is  expected t o  continue i n  the  fu tu re .  The major e f f e c t s  o f  out- 
door recremtion and t o u r i s n  a r e  r e f l ec ted  i n  the  t e r t i a r y  o r  non- 
commodity producing i n d u s t r i e s  which, as a group, con t r ibu te  t h e  



g r e a t e s t  share t o  the a rea ' s  t o t a l  e c o n o n i ~  a c t i v i t y .  As such, 
s a l i n i t y  cont ro l  would not a f f e c t  recrea t ion  and tourism, but  lack 
of the  CRWQIP may r e s u l t  i n  addi t ional  r e s t r a i n t s  on water use  f o r  
energy and mineral development i n  the  upper region. 

In the  lower region, the  economy has expsrianced a s i g n i f i c a n t  
t r a n s i t i o n  from an agr icul  t u r a l - ~ n i n g  base  to a manufacturing- 
se rv ice  base. Growth i n  the  manufacturing s e c t o r s  has been one 
of the major f ac to r s  i n  the  overa l l  economic growth o f  t h e  lower 
region and t h i s  t rend i s  expected t o  continue. Agriculture w i l l  
continue t o  play an important r o l e  i n  t h e  lower region's  economy 
along with the  fast-growing i n d u s t r i a l  and commercial a c t i v i t y .  

k'ater Supply 

I f  cu r ren t  t rends  continue unaltered,  the re  would be a general 
reduction i n  the  amount of water a v a i l a b l e  f o r  new uses i n  t h e  
basin and i n  the  q u a l i t y  o f  water ava i l ab le  f o r  a l l  useg. There 
would be a continued increase  i n  t h e  s a l i n i t y  of  t h e  Colorado River 
water  flowing t o  t h e  lower region and 5kxico a s  t h e  S t a t e s  o f  t h e  
Upper Basin continue t o  develop t h e i r  compact-apportioned water sup- 
p l i e s .  In the  mmicipal  and i n d u s t r i a l  sec to r ,  t h e r e  would be  a 
reduction i n  the  overa l l  a v a i l a b i l i t y  and an increase  i n  t h e  cos t s  
of water t r e a t n e n t .  In a g r i c u l t u r e ,  the  increased s a l i n i t y  could 
cause farmers t o  ineur  higher cost9 t o  maintain crop y ie lds .  In  
both s e c t a r s ,  ground-water r e se rvo i r s  fed by Colorado River rarer  
would c m t i n u e  t o  accumulate salts and leave a legacy of d i n e  
ground water f o r  f u t u r e ,  mre l imited use. 

5. Archeological and His to r i ca l  Resources 

Weathering and the t rend toward vandalism will continue t o  endanger 
o r  des t roy t h e  value o f  archeological  resources.  While those  
resources i n  o r  near  prospective cons t ruct ion  sites of the CWQIP 
would remain unaffected by t h a t  program, t h e i r  values la8y be reduced 
by o ther  a c t i v i t i e s .  

Fish and Wildl i fe  

The general t rend toward increas ing use of t h e  areas fish and wild- 
l i f e  resources as well  as the  trend toward reduction o f  habitat due 
t o  man's a c t i v i t i e s  is expected t o  continuec Those spscies now con- 
s idered  t o  be threatened o r  endangered would continue i n  those cate-  
gor ies  and o the r  species  may be added. The increas ing carapetitfcm 
f o r  water suppl ies  may r e s u l t  i n  l e s s  r a t e r  being avai lable  t o  sup- 
por t  instream flows and wetland areas. S t r i c t  water canservativn 
e f f o r t s  required t o  reduce s a l i n i t y  and o the r  po l lu tan t s  can be 



expected t o  reduce excess a g r i c u l t u r a l  wastewater and associa ted  
narshes o r  wetlands t h a t  usually provide w i l d l i f e  h a b i t a t .  

7. Control U n i t  Areas 

The projected fu tu re  environments o f  s p e c i f i c  s a l i n i t y  cont ro l  a reas  
would rexain s i m i l a r  t o  present condit ions.  In  t h e  absence o f  sepa- 
r a t e  cont ro l  u n i t  author iza t ions  t o  meet prograa needs, construct ion 
and progran re la t ed  inpacts  would not occur. l lmever, t h e  areas may 
be changed by o the r  a c t i v i t i e s  t h a t  vould modify environmental 
condit ions.  

D. General Environnent o f  the  Authorized Program Units under 
P.L. 93-320. T i t l e  I1  

1. I n i t i a l  Control Units f o r  Construction 

a.  Las Vegas Wash Unit, Nevada. - 
(1) Introduction.  - The Las Vegas Unit a rea  encompasses a 
wide ar ray  o f  ecological  s i t u a t i o n s  and landscapes ranging 
from e s s e n t i a l l y  na tu ra l  t o  various s t ages  of  urban develop- 
nent .  The general  s e t t i n g  o f  the area  i s  typ ica l  barren 
M j a v e  Desert dotted with i s l ands  of urban development. 

Las Vegas Wash represents  t h e  lower por t ion  of a na tu ra l  dra in-  
age system, Pluvia l  Las Vegas River, which d ra ins  i n t o  t h e  
Colorado River a t  the  Las Vegas Bay arm of Lake Mead. This 
ancient  stream course can be traced from Indian Springs south 
t o  Corn Creek Spring, Tule Springs,  Las Vegas Creek and i n t o  
Las Vegas Wash. Recent s tud ies  provide a general p i c t u r e  o f  
environmental changes over t h e  l a s t  30,000 yea r s ,  A t  the 
beginning o f  t h i s  t i n e  span, P luvia l  Las Vegas River was 
f u l l y  functional ,  discharging i n t o  t h e  Colorado River. From 
approximately 30,000 t o  15,000 years ago, P luvia l  Lake Las 
Vegas o c c ~  as a widespread, shal lov  lake over much o f  t h e  
va l ley .  During the  period 14,000-6,000 years ago, Indian 
Springs,  Corn Creek Spring, Tule Springs and numerous springs 
i n  the  v i c i n i t y  of present  day Las Vegas were ac t ive  and 
drained i n t o  Pluvia l  Las Vegas River. Later ,  with increased 
a r i d i t y  and lowering of the water t a b l e ,  spring a c t i v i t y  
decreased and sometime between 4,000 and 1,000 years  ago Pluvia l  
Las Vegas River became l a rge ly  a dry wash. Rapid population 
growth and increased water u t i l i z a t i o n  s ince  t h e  1930's have 
resu l t ed  i n  a rapid  and continuing dec l ine  i n  ground-water l eve l s .  
Feu spr ings  i n  Las Vegas Valley are n w  ac t ive  and Vegas Creek, 



the  l a s t  r e m a n t  of Pluvial Lar t'cgss River, la rgely  d x i d  up 
i n  the  l a t e  194Q13, Water n w  enter ing  Las Vegas Wash i s  
largely  e f f l u e n t  and some underground seepage, 

The presont  t r a n ~ f t f o n a l  s p a r i m .  marsh and open water cum- 
m i t i e s  a r e  now maintainad largely  through e f f luen t  and 
underground seepage. As a r e s u l t  of the bulk of water being 
n u t r i e n t  r i c h ,  e f f luen t  marsh communities exh ib i t  a higher 
product iv i ty  and standing crop than s tands  o r i g i n a l l y  occur* 
r ing  i n  Las Vegas Kash before sewage t r e a t a e n t  p l a n t s  were 
present .  [Sl] In 1955, approx imte ly  800 acres o f  phreato- 
phytes were es tabl i shed i n  the wash below: the  sewage t r e a t -  
m n t  g a c i l i t i e s .  This vegetat ion has increased markedly wi th  
the increase  i n  wastewater flaw due t o  t h e  expanding urban 
area.  A t  the  present  time t h e  wash reIartd vegetat ion t o t a l s  
about 2,000 acres .  

(2) Clinate .  a Tha c l l t a t e  of t h a  regional a rea  is  typi- 
c a l  f=!bhave Desert, f ea tu r ing  law t i m i d i t y ,  l i t t l e  
p r e c i p i t a t i o n ,  and high summer tenpera tures .  h La$ Vegss 
Valley, weather observations a r e  taken a t  McCarran Airport, 
7 miles south of d u w n t m  La Yegas, and about 5 miles 
southwest and 300 feet higher than t h a  lower por t ions  of 
t h e  val ley.  Since n o m t a i n s  e n c i r c l e  the val ley ,  drainage 
winds are usual ly  downslopa toward t h e  center ,  or lowest 
port ion of  the va l ley .  This  condit ion a l s o  a f f e c t 3  rminimum 
temperatures, which In  lower por t ions  of ths valley can be  
f m  lSO t o  25" colder  than recorded a t  the d r p o r t  on c l e a r ,  
calm nights .  The f o u t  seasons ate usual ly  well defined. 
Freezing weather is not  u n c m a n ,  but extremes uf cold are 
r a r e ,  with m i n i m  winter  tenpera tures  averaging 35. F, Snow 
f a l l s  near ly  every year, but usual ly  melts as i t  f a l l s  or 
s h o r t l y  the rea f t e r .  S m r s  are typ ica l ly  "desert" with max- 
imm'temperatures usual ly  over 100' F. The nearby mountains 
he lp  inf luence  r e l a t i v e l y  cool n igh t s ,  with m i n i m  i n  t h e  
s u m r  months beween 7Q' and 75' F, For t h e  71-year perid 
o f  1903-1974, inc lu r ive ,  t h e  mean annual telqwrature was 
66.7* F ,  and the average annual p r e c i p i t a t i o n  was 4.06 inches 
Most of  the rain f a l l s  gent ly  during the winter  months and 
l i t t l e  nms o f f .  In s m e r  and e a r l y  f a i l ,  l o c a l  thunder- 
s t o r n s  and cloudbursts  cause f l a s h  f loods  with rapid runoff 
and severe erosion. The f r o s t - f r e e  period is about 241 days. 
The r e l a t i v e  humidity averages 28 pe rcen t ,  Evaporation a t  
Lake Yead averages about 83 inches per year  with three-fourths 
of t h i s  occurring during the  6 summer months. Strong winds 
reach the va l l ey  from both the southwest and t h e  northwest. 



Winds over 50 miles per  hour a r e  infrequent ,  but  a r e  pa r t i cu -  
l a r l y  damaging and troublesone because o f  blowing dus t  and 
sand. 

(3) Geology. - The p r o j e c t  lies wi th in  t h e  Basin and Range 
physiographic province. I n  general  t h e  relief o f  an exten- 
s i v e  area s u m u n d i n g  the  p ro jec t  is characterized by i s o -  
l a t e d  mountain ranges t rending north-south with extensive 
in tervening bas ins  o r  va l l eys  f loored with d e t r i t a l  mate- 
r i a l s .  Rocks range i n  age from Precambrian t o  Recent. The 
doninant geologic f ea tu res  of  t h e  p ro jec t  a rea  a r e  the  sed- 
ineats i n  the  Las Vegas basin and the  volcanics o f  t h e  River 
Mountains. 

Las Vegas Nash dra ins  a t o t a l  a rea  of about 2,200 square miles 
from the  NcCullough Range, the  Spring ?+buntains, and t h e  Sheep 
Range. The drainage c o l l e c t s  i n  t h e  wash southeas t  o f  Las 
Vegas, then flows about 11 miles t o  the  e a s t  between t h e  
Frenchman ? .bunta im on the  north and t h e  River Mountains on 
the  south,  discharging i n t o  Las Vegas Bay o f  Lake Mead. 

The Frenchnan Etwntains a r e  conposed of  high ~ d g e s  on the 
eas te rn  edge o f  Las Vegas Valley and r i s e  about 2,000 f e e t  
above the  va l l ey  f loor .  The exposed rocks o f  t h e  r idges  
range i n  age from Precambrian g r a n i t i c s  on the  west base t o  
Cretaceous and T e r t i a r y  sediments on t h e  southeastern s lope  
adjacent  t o  L a s  Vegas Wash. 

The River Mountains t o  the  south s i d e  of t h e  wash comprise a 
small range t h a t  extends on t h e  western border of  Lake b a d .  
I n  the a r e a  bordering Las Vegas Hash, t h e  m c k s  a r e  o f  both 
igneous and sedimentary o r ig in .  The igneous sequence a r e  o f  
t h e  !bunt Davis and Golden Door Fornation consis t ing  of  both 
i n t r u s i v e  and ext rus ive  flows and dikes o f  andes i te ,  r h y d a -  
c i t e ,  and r h y o l i t e  which w i l l  a l s o  be used as  t h e  source o f  
r ip rap  f o r  the  in te rcep t ion  f a c i l i t y .  The sedimentary 
sequence contains both p r y r o c l a s t i c  and bedded sediments. 
The pyroc las t i c s  a r e  tuffaceous sandstone and t u f f  which 
separa te  rhyodaci t e  and r h y o l i t e  f lms . The sedimentary 
rocks cons i s t  o f  l i m y  sandstone and l ines tone .  

The upper reach of  Las Vegas Nash i s  located on t h e  r e l a t i v e l y  
f l a t - l y i n g  eastward extension o f  Las Vegas Valley and is char- 
actel5zed by a wide, dense marsh-type area.  A s  the wash cu t s  
through t h e  s t e e p ,  mcky a l l u v i a l  s lopes between t h e  Frenchman 
and River Yountains, i t  becomes a deeply entrenched channel 
with s t eep  canyon wal ls .  The wash is  t h e  o n l y ' t r i b u t a r y  which 



enters Lake Yead i n  the v ic in i ty  of L a s  Vegas Bay. me bay 
i t s e l f  is  highly i r regula r  with many Smll COWS and i n l e t s .  
There are a few beach areas. 

StrbtSgraphy. - The l i thologic  character of the forntation 
rocks and mcbnsalidated materials tha t  underlie proj t c t  
features are discussed below from oldest  t o  youngest. 

Thunb Fomtlon. = These rocks would f6m the l e f t  abut- 
nsnt and the lower portion of t h e  r ih t  abutment OF the 
proposed iwrv iow-cutof f  trench. A t  t h i s  si te  t h e  
mcks are r e d - b r m  finelgrained sandstone, s i l t s tone .  
and mudstone. The mcks are  well indurated to  b r i t t l e  
I n  hardness, They a re  thinly  bedded and vary from 1j8  
t o  4 inches thick st the s i t e  of the cutoff  trench and 
are  thicker i n  othet  places. Md cracks, solution vugs, 
md ripple marks are c o m n  along the  bedding planes, 
which part easi ly .  Them are a few dark andesite beds 
and ver t icdl  r i b s  t h a t  arc associatmi with green tuffa-  
coous sandstone and white ash beds, which range ug t o  
4 feet i n  thickness. The T h h  Formation i s  v e v  jointed 
in the  area,  and the jo in t  planes are m s t l g  open on the  
surface. The jo in t s  have separated the  rock i n t o  frag- 
mnts F a n  112 tu la112 cubic f ee t  i n  s i te .  O t h e r  rocks 
making up tha fornation rock sect ion a r e  cmglomerate, 
freshwater limestone, and gypsum. Total  thickness i s  
between 2,000 and 3,000 fee t .  The rock fomnonly weathers 
t o  a depth of  15 feet. 

This fomatf m, In  conjunctisn w i t h  roLcmics of the  
River Mountains, make up about 40 psrcent of the material 
traversed by the  br ine  disposal pipe l ine ,  

Hone Sprlng Famation, ?he rock9 'Efa wlth erosional 
unconfomity m the n\u& Formation. These two forpa- 
t ions  make up about 5 percent of t he  material traversed 
by the  bypass pipeline.  In addition, the  Horse Springs 
Formation const i tu tes  a s ign i f icen t  portion of the  r i gh t  
abutment of the impervious cutoff trench. By projection,  
t he  rock is c l a s s i f i ed  as dolomitic at the  base of  the  
fomat ion  and grades i n t o  a fins-grained, tan-to-buff 
colored sandstone and s i l t s t o n e  i n  the upper section.  
These rocks are separated by beds of weak t o  moderately 
cemented gypsifemus s i l t y  sand. On the surface, solution 
cavi t iea  (6- to 18-inch holes) a r e  not uncoarmon i n  t h e  
gypsffernus materials.  The formation is folded, with 



many deposi t ional  changes and indis t inguishable  bedding 
planes.  The s t r u c t u r e  i s  complex, w i t h  an estimated 
m a x i m  thickness of 4,000 f e e t  o r  nore. The rock com- 
monly weathem t o  a depth of 15 t o  20 f e e t .  

btuddy Creek Fornation. - The formation conposes the  
upper por t ion  of the r i g h t  abutment of t h e  cu to f f  
t rench and is  composed of ~ o r l y  consolidated f ine-  
grained sandstone containing severa l  gypsum v e i n l e t s  
along bedding planes and a t  randon. There are occa- 
s iona l  in terbeds  of conglomerate with a aadera te ly  
cemented limy n a t r i x .  The gravel  and few cobbles i n  
t h e  conglomerate a r e  volcanic and g r a n i t i c ,  subangular 
t o  subrounded. The rock is f l a t - l y i n g ,  massive, l e n t i c -  
u l a r ,  and cross-bedded. Other rocks included i n  t h e  
fornat ion are s i l t y  f lags tone ,  mudstone, c lay ,  and evap- 
o r i t e ~ .  The formation unconfomably o v e r l i e s  t h e  Horse 
Spring Formation and weathers t o  a depth of  20 f e e t .  

Older alluvium. - These d e p s i t s  are unconsolidated and 
have been lumped together  f o r  convenience from combina- 
t i o n s  of t a l u s ,  slopewash, w l l u v i u n ,  and a l l u v i a l  fans. 
The t a l u s  mater ia ls  a r e  found along the mountain s lopes  
and a r e  composed of  angular  gravel  t o  boulder-sized 
sandstones or volcanics.  The slopewash deposi t s  a r e  mix- 
tures of t a l u s  and s i l t y  sand deposi t s  along the  lower 
s lopes .  The a l l u v i a l  fans a r e  n ix tu res  of s i l t y  sand, 
gravel ,  and cobbles t h a t  coalesce a t  t h e  base of t h e  
extensive high mountains i n  the region. The o l d e r  a l l u -  
v i a l  deposi t s  nake up about 5 percent of t h e  mater ia l  
t raversed by t h e  bypass p ipe l ine .  A deposi t  of imper- 
meable mater ia l  c l a s s i f i e d  as lean t o  f a t  c l a y  with 
l e s s e r  amounts of s t r a t i f i e d  sand and gravel  has been 
i d e n t i f i e d  about 9 miles w e s t  of t h e  p ro jec t  Is i n t e r -  
ception f a c i l i t i e s .  Usable mater ia l  extends t o  ground 
water a t  a depth of about 38 f e e t .  Caliche cemented 
s i l t  and sand caps mst of t h e  a rea  to  a depth of  
5 f e e t .  Logs from t e s t  holes  ind ica te  volumes i n  
excess of 250,000 yd3. This material  would be s u i t a b l e  
f o r  use as impermeable b a c k f i l l  f o r  t h e  cutoff  t rench,  

Younger alluvium. - These deposi t s  a r e  unconsolidated 
and composed of  s t r a t i f i e d ,  f ine-to-coarse sand, s i l t ,  
gravel  ,- and cobbles l a rge ly  conposed of sands tone and 
volcanic rocks. These mater ia ls  a re  limy and a l k a l i -  
s t a ined ,  and the re  are a few lenses  and s t r e a k s  of 
black organic silt.  This  younger a l l u v i a l  mater ia l  



makes up about 90 percent of t h e  mater ia l  t raversed  by 
t h e  bypass p ipe l ine ,  100 percent  of the  evaporation 
pond s i t e ,  100 percent  of  t h e  mater ia l  t o  be excavated 
from t h e  cutoff  t rench,  and i n  minor amounts, ove r l i e s  
t h e  Thumb and Muddy Creek Formations i n  the  v i c i n i t y  of 
the  wash. 

Most of t h e  a l l u v i a l  depos i t s  confined t o  the  imnediate 
f lood p l a i n  o f  the  wash near  t h e  in te rcep t ion  f a c i l i t y  
are c l a s s i f i e d  as s t r a t i f i e d  s i l ty- to-c layey sand an the  
south s i d e  of  the  channel t o  s t r a t i f i e d  sandy s i l t  and 
c lay  an t h e  north s i d e  of t h e  channel. These deposi t s  
contain lenses of p a r t i a l l y  carbonized organic s i l t  t h a t  
range up t o  16 percent  of  the t o t a l  volume i n  p laces .  

;The south s i d e  of  t h e  channel a l s o  contains an est imate 
o f  mre than 70,000 yd3 of perneable sands, gravel ,  and 
cobbles i n  the  v i c i n i t y  o f  the  in te rcep t ion  s i t e .  

Yinerals  . - Las Vegas Wash l i e s  i n  t h e  L a s  Vegas and Virgin 
River Mining District. The p r inc ipa l  n ine ra l  mined i n  the  
district is manganese. To ta l  production o f  t h i s  o r e  has 
exceeded 1,000,000 tons.  Low-grade manganese o r e  has been 
i n t e r n i t t e n t l y  mined from a s i t e  about 3 t o  4 miles south- 
e a s t  of t h e  planned in te rcep t ion  f a c i l i t y  s i n c e  1917. 
Small amounts of  lead,  copper, s i l v e r  and gold have a l s o  
been produced i n  t h e  d i s t r i c t .  Nonmetallic minerals pro- 
duced by t h e  d i s t r i c t  include gypsm, limestone, dolomite, 
bentoni te ,  bora tes ,  f e ldspar ,  magnesite, p e r l i t e ,  bui ld ing 
s tone ,  sand, and gravel .  There i s  a s i zeab le  gravel  p i t  
and processing operat ion i m e d i a t e l y  e a s t  o f  t h e  planned 
evaporation ponds near  t h e  uash. 

Seismici ty.  - The Las Vegas Wash a rea  is located approxi- 
mately 120 miles e a s t  of  t h e  a c t i v e  California-western 
Sevada seismic zone. Msny of t h e  major earthquakes i n  
Nevada have been associa ted  with this zone. The general  
a rea  has experienced earthquakes i n  t h e  pas t .  In May 
1939, an earthquake of  magnitude 5 (on the  Richter  sca le)  
occurred near  Boulder City.  Subsequent af tershocks ranged 
between nagnitude 3.5 and 4.0. Local seismic a c t i v i t y  i n  
the  v i c i n i t y  of  Lake Mead has been f a i r l y  continuous s ince  
1936, reaching s peak o f  a c t i v i t y  i n  1954. This a c t i v i t y  
has been associa ted  with t h e  f i l l i n g  o f  Lake Mead. Another 
source of earthquakes i n  t h e  v i c i n i t y  has been the  under- 
ground detonations of nuclear  devices a t  t h e  Nevada Tes t  
S i t e .  Seismic a c t i v i t y  can be reasonably expected i n  the  
fu ture .  l-!cmever, t h e  area  is c lassed  as zone 2 on t h e  



U.S. Gelological Survey's Seismic 2isk Map of t h e  United 
S t a t e s ,  and groundshaking a c t i v i t y  i n  t h i s  zone is  usual ly  
not associated w i t h  damage t o  cormCrete pipes o r  o the r  well- 
engineered f a c i l i t i e s .  

(4) Ve e ta t ion .  - The b i o t i c  c o m n i t i e s  described below 
were -$-- o ta ined from a contracted study.[Sl] Since the  study 
was completed, Bureau of  R e c l a ~ a t i o n  personnel obtained larze-  
s c a l e  orthophotogrophs and colored inf ra- red  ~ho tographs  of 
Las Vegas Wash. These were used t o  d e t a i l  i n  g r e a t  depth the  
acreage and dens i ty  of t h e  p h r e a t o ~ h y t i c  and hydrophytic 
growth f o r  use i n  na tu ra l  water consunptive use analyses. 
The hydrologic area  considered i n  t h i s  analys is  nay not  con- 
p l e t e l y  agree with the  area  inventoried by t h e  cont rac tor .  
Actual acreage of these p l a n t s  consi tuted 2,047 ac res .  They 
consme an estimated 9,210 acre- fee t  o f  water annually. 

B io t i c  w m u n i t i e s  a r e  na tu ra l  assenblages of p l a n t s  and an i -  
mals which occupy a p a r t i c u l a r  area.  Since m y  animals, par-  
t i c u l a r l y  ver tebra tes ,  occupy m r e  than one comuni ty ,  b i o t i c  
comnunities are b e s t  recognized and determined on t h e  b a s i s  
o f  vegetat ion.  Biotic communities of southern Nevada have 
been c l a s s i f i e d  and with some modification a re  l i s t e d  i n  t h e  
tabula t ion  below and shown on f igure  11-5. Brief  charac ter -  
i s t i c s  of each a m u n i t y  are given below. Approximately 
14,500 acres  were included i n  t h e  Las Vegas Wash study area.  
The acreage f o r  each b i o t i c  community is a l s o  tabulated.  

Creosote bush comunity.  - Creosote bus5 cormmit ies  a r e  
widespread and make up t h e  dominant b i o t i c  comnunity a t  
e levat ions  below 4000- f e e t  i n  t h e  Mojave dese r t .  This 
is t h e  mst comonly encountered cormunity i n  t h e  study 
a rea  occupying approximately 9,960 acres  (68.6 percent  
of the  t o t a l  a rea) .  I t  i s  found i n  both f l a t  and aroun- 
tainous terraia except i n  areas  o f  l a rge  rock outcrop- 
pings (barren areas)  o r  well-developed dry wash systems. 
Codoninants o f  t h i s  a m u n i t y  a r e  creosote  bush ( L m m x z  
&trarimhz) and white bursage (PIvrraer%z & a m )  . Com- 
rnmly, white bursage is more abundant and occupies more 
f o l i a r  cover than creosote bush, however, t h e  community 
is  named f o r  more widespread species .  Vegetative covcr 
i s  sparse  and usually v a r i e s  between 1 t o  5 percent  
ground cover. 



Figure 11-5 
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Classi f icat ion of b i o t i c  cormunities f o r  the  study 
areas of the  Las Vegas Wash Unit, Colorado River 
Basin Sa l in i ty  Control Act, T i t l e  11, Study Area. 

Biotic Community 

Te r r e s t r i a l  
Zonal Cormunity Type 

Desert Shrub Vegetation Type 
Creosote Bush Cormunity 

Trans zonal Commmi t y  Type 
Desert Shrub Vegetatiop Type 

Saltbush Vegetation Community 
Shrub and Woodland Yegetation Type 

Desert Riparian Cormunity 
Riparian and C l i f f  Coranunity 
Transit ional Riparian Comnunity 

Azonal Community Type 
Barren C o m i t y  
Urban Connunity 

11. Hydric and Aquatic 

Marsh Comnunity 
Open Water Cornunity 

(1) Ponded (including Las Vegas Bay) 
(2) ?.loving 



Total acres and percent of t o t a l  acreage of b io t i c  
cornunities i n  the  Las Vegas Wash hit, Colorado 

River Basin Sa l in i ty  Control Act, T i t l e  11, 
Study Area 

Biotic 
comami ty  

Total Percent of* 
acres t o t a l  acreage 

Creosote Bush 9,960 68.6 

Sal tbush 4 20 2.9 

Desert Riparian 480 3.3 

Riparian Cl i f f  200 1.4 

Transit ional 
Riparian 1,650 

Urban 2 20 1.5 

Open Water 60 0.4 

Due t o  the  rounding of numbers, t he  t o t a l  percent- 
age equals 99.9 instead of  100. 

Saltbush c o d t y .  - Saltbush connmit ies  comraoaly occur 
as a mosaic in re la t ion  t o  t he  drainage systems where some 
accumlation of s o i l  s a l t s  occur. ~ o & n  plant  indicators 
are species of Atrip&, comonly cal led saltbush, part icu- 
l a r l y  shadscale (Atripk ccm$&~l ia )  , foun ing  saltbush 
( A t r i p k c  cmeecsna) , c a t t l e  spinach ( X M p k  ptycaqxz) , 
and quailbush ( A t r i p &  Zmtif'zds). In more sa l ine  por- 
t ions  of the  c m w n i  t y ,  halophytes such as inkweed (S& 
t0mwym.u) and pickleweed (AZZemZ~m oc&dentcrlia) domi- 
nate.  Ground cover is usually high compared t o  creosote 
bush c m i t y ,  ranging from 6 t o  20 percent. Stands of  
t h i s  community a re  widely scat tered throughout the  study 
area occupying approximately 420 acres (2.9 percent of the 
t o t a l  area) .  



Desert r ipar ian commi ty .  - Desert r ipar ian communities 
are associated with drainage sys tem where there is sin- 
n i f ican t  wash expansion and associated mist s o i l  condi- 
t ions .  Vegetative composition may be s imilar  t o  that  of 
the creosote bush c o m n i t y ,  but exhibits  more luxuriant 
growth and higher plant cover. In larger  washes, however, 
there  a re  def in i te  plant indicators such as cheesebush 
(.J!ymmctaa s a h o k )  , mesquite (hsupis $uZi,fZom) , cat-  
claw ( A d a  _ m g ~ i ) ,  desert  willow (fibpsis E<&s), 
and occasionally s a l t  cedar ( T d z  pentanckTa). P lant  
cover usually varies between 5 t o  40 percent. Approx- 
imate acreage for  t h i s  cornunity i n  the study area is 
480 (3.3 percent of the  t o t a l  area). 

Riparian c l i f f  community. - This community cormonly occurs 
along washes, canyons, c l i f f s  and r i m c k  areas a t  eleva- 
t ions  above 5000 feet .  Small areas of c l i f f  and rimrock 
found on the study area might be considered as lower exten- 
sions of t h i s  cmmmity, however, vegetative composition i s  
pr inar i ly  tha t  of associated comunit ies .  These areas a re  
so  small i n  extent that they a re  not mappable a t  the  scale 
of the vegetative map. Ground cover i n  t h i s  ccmnunity 
var ies  between 3 t o  10 percent. Approximate acreage for  
this community within the study area is 200 (1.4 percent 
of the  t o t a l ) .  

Transit ional r ipar ian coanunity. - The t rans i t iona l  r ipar-  
ian coxmmmity occupies various areas adjacent t o  the  L a s  
Vegas Wash where prmanent water is found. I t  is also 
encountered i n  other sections of t he  study area where the 
water table  is near the surface. The vegetative s t ruc ture  
i s  e i t he r  shrub woodland or  woodland depending upon loca- 
t ion .  Dominant wcmdland species include s a l t  cedar, honey 
mesquite and occasionally cottonwood (PopuZh f m m n t i i )  . 
Assaciated shrubs are usually halophytes such as  inkweed, 
pickleueed o r  quailbush. Cover varies great ly  ranging 
from approximately 15 t o  100 percent. Approximate acreage 
for  t h i s  c o m i t y  within the  study area  is 1,650 (11.4 per- 
cent of the  t o t a l  area).  

Barren c o m i t y  . - Barren communities are  those which 
largely lack vegetative cover and occur i n  association with 
amas of extreme rock exposure. Approximate acreage for  
this comarnity is 410 (2.8 percent of the  t o t a l ) .  

Urban caranrunity. - This cormunity is best  characterized by 
the prssence of manmade development, i . e . ,  housing, roads 



o r  disturbance of t h e  n a t u r a l l y  occurring vegeta t ive  com- 
m i t y  usual ly  i n  t h e  forn o f  grading o r  ground level ing .  
This c m n i t y  occurs i n  many f o m s  ranging f r m  c lose ly  
spaced housing developments t o  widely spaced many acred 
m c h e s .  Quite of ten ,  the  urban d e v e l a p ~ n t  o f  an area  
forms a mosaic pa t t e rn  in terspersed  with t h e  n a t u r a l  vege- 
t a t i o n .  In these  s i t u a t i o n s ,  vegeta t ive  mapping is d i f f i -  
c u l t  and separa t ion  of  t h e  urban sec t ions  from surrounding 
p l a n t  c m n i t i e s  was i nposs ib le  t o  s h w  bn paper. This  
form of developmnt occupies 220 acres  (1.5 percent o f  t h e  
t o t a l  area)  within the s tudy area.  

Marsh cc#lrmunity. - This ccmmrmity i s  r e s t r i c t e d  i n  distri- 
bution t o  t h e  dra inage  system cornonly re fe r red  t o  as Las 
Vegas Wash. 1 t is c h a t a c t e r i  zed by emergent hydrophytic 
p lan t  specie$ which a r e  associa ted  u i t h  s tanding water o r  
extremely w e t  s o i l ,  The b m i n a n t  p l a n t  species  a r e  c a t -  
tail [Qpk c ~ n g w ~ ~ b t i b )  and bulsush [Scirpus puludosrte) 
and i n  some ins tances ,  cormon reed grass  ( F h m p i k ~  
c u m m i e ) .  Plant  g&h v a r i e s  g rea t ly  i n  s i z e  and may, 
i n  some ins tances ,  form extensive s tands  of tangled growth, 
with successive s t acks  which provide 100 percent  g r w n d  
cover. Figure 11-6 shms a por t ion  of this dense growth. 
This  community occupies approximately 1,100 acws (7.6 per-  
cen t  of t h e  t o t a l  s tudy a rea ) .  

Open water c o m i t y .  - This a m u n i t y  i s  found along the 
stream por t ion  of Las Venas W#h and Las Venas Bay as - 
includ&l i n  this report. I t  nay be separa ted  i n t o  t h e  
stream por t ion  represent ing  moving water  and areas  o f  
s tanding water  including Las Vegas Bay. There a r e  a l s o  
many small ponds along the b Vsgas Wash including man- 
mads t a i l i n g  and evaporation ponds below the County and 
Ci ty -San i t a t ion  p lan t s .  These ponds a r e  considered open- 
s tanding water and the vegetat ion associa ted  with them is  
t h e  sane described f o r  t h e  marsh tcnmunity. 

The vegetat ion along t h e  shore l ine  of Las Vegas Bay is pr i -  
marily t r a n s i t i o n a l  r i p a r i a n  although sone marsh vegatat ion 
does occur a t  the  nrouth o f  the  l a r g e r  coves and I n l e t s .  

Exclusive of  Las Vegas Bay, mapping O f  open water was impos- 
s i b l e  i n  t h a t  the badies of  open water found an the study 
area  are a l l  very r e s t r i c t e d  i n  s i z e .  With the hxception 
of  t h e  MI evaporation ponds, nrdst s f  which are dry,  no 
s i g n i f i c a n t  bady of open water (40 acres  o r  greater) e x i s t s  
in Las Vegas Wash. 



Las Vegas Wash near ?abco Road. 
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A crude estimate of the acreage of open water exclusive of 
Las Vegas Bay, is  60 acres (0.4 percent of to t a l  area) 
within the study area. 

Vascular plants. - X t o t a l  of 227 species representing 
41 families are included i n  the basic list. The more 
important fami l i e s  are  Composi tae  (49 species), Graminae 
(21 species), Cruciferae (13 species),  Legminosae (12 spe- 
cies) and Palemeaceae (11 species).  This is a reasonable 
representation of the number of families and species i n  a 
desert area. Some additional species, especially annuals, 
could be added t o  the dleckl is t  by intensive study. This 
is part icular ly true for  creosote bush and desert reparian 
c a m m i t i e s  . 
A list of plant species and the i r  dis t r ibut ion i n  the var- 
ious b io t i c  cornunities is given i n  appendix B-1 and a 
comparison of plant species diversi ty  is shown i n  the fol-  
loving tabulation. The low number of probable and hypo- 
the t ica l  species on the list are  due to: (1) a reasonably 
adequate knowledge of species distributions for  the b io t i c  
c m n i t i e s  except barren and urban and, (2) a conserva- 
t ive  approach for  l i s t i n g  probable and hypothetical dis-  
tr ibutions.  With adequate study, a mch larger list of 
weedy species associated with urban habi tats  could be 
developed. Creosote bush and desert  r iparian crnnnmities 
shov the highest plant species diversi ty  with many abundant 
and c m n  species. Both mmuni t i e s  are  uidespread and 
share many species i n  ccmrmn and represent the bulk of 
plant species found in  the l w e r  desert .  The saltbush com- 
munity which ranks third in to t a l  species has a relat ively 
low species diversity,  especially of annuals, due t o  an 
increased perennial cover and high sa l in i ty  which is 
unsuitable fo r  germination of many desert  species. Transi- 
t ional  riparian a d  marsh conmunities a re  low i n  diversity 
due t o  the greatly increased plant cover of dominant spe- 
c ies .  The low species diversi ty  for  open water and barren 
communities is  apparent, since they represent unsuitable 
habi tats  for  t e r r e s t r i a l  plant development. The riparian 
c l i f f  conmunity is  not well established and extremely 
l i a i t e d  i n  area due t o  the lou elevation, hence plant spe- 
c ies  diversi ty  is low. 

(5) Fish and wildlife.  - [51] The ecological dis t r ibut ion and 
characterization of natural h is tor ies  f o r  the various foras of 
f i sh  and wildl i fe  a re  discussed below i n  appropriate sections 
by class.  



Comparison of p lant  species d i v e r s i t y  I n  d i f fe ron t  b i o t i c  communities i n  tho Lzls Vegns Wash Unit, Colorado 
River Basin S a l i n i t y  Control Act, T i t l e  11, Study Area. 

Abundance Riparian Transis-  
and Croosote S a l t  - Uesert and t i o n a l  Marsh Opcn Barren Urban 

occurrence bush bush r ipa r i an  c l i f f  r i p a r i a n  water  

Abundant 11 1 33 76 5 8 S 1 8 4 

Common 8 1 17 65 7 9 1 0 S 13 

Y Rare 14 3 1 S 0 2 1 0 3 2 
M 
I 

2 Probable 4 11 14 4 6 1 0 0 0 

l iypothetical 0 1 3 1 0 5 4 0 0 

Total  210 65 173 1 7  25 13 S 16 19 
.- - - - m  " - ---- - 
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Habitat  desc r ip t ion .  - Waters i n  L a s  Vegas Wash a r e  charac- 
t e r i s t i c a l l y  high i n  n u t r i e n t s  and t o t a l  di solved s o l i d s  
(TDS) and flow through a Cattai l -Bulrush > l w h  cmmmity .  
The Clark County and Las Vegas sewage t r e a t n e n t s  m n t r i b -  
u t e  both t o  t h e  t o t a l  flaw and n u t r i e n t s  i n  L a s  Vegas Bay. 

Nutrient  enrichnent from Las Vegas Wash has r e su l t ed  i n  
a l g a l  blooms and pol lu ted  eutrophic condit ions i n  tas Vegas 
Bay. Conditions i n  Boulder Basin have remained n a t u r a l l y  
eut rophic  because of  d i l u t i o n  and u t i l i z a t i o n  of n u t r i e n t s  
i n  L a s  Vegas Bay. Nutrient  l eve l s  a r e  s m a r i r e d  i n  t h e  
following tabula t ion .  

Lake Wead i s  a w a n  m n o n i c t i c  lake  with thennal s t r a t i f i c a -  
t i o n  developing i n  May. X t h e m c l i n e  bewmes es tabl i shed 
a t  15-20 meters i n  J u l y  and August when water temperatures 
reach 50-35' C. Mixing begins i n  Septer&er and i s  con- 
p le ted  by Decenber when water temperatures a r e  9-lo0 C. 

During sumner s t r a t i f i c a t i o n  a negative heterograde oxygen 
p r o f i l e  develops i n  a s soc ia t ion  w i t h  t h e  thermocline 
throughout Lake Mead. Metalimetic oxygen deple t ion  has 
been most severe i n  L a s  Vegas Bay where oxygen l eve l s  below 
1 ng/l  have been found. In Boulder Basin oxygen l e v e l s  
usual ly  do not  f a l l  below 2 ng/l  i n  t h e  meta l imion.  Oxy- 
gen concentrat ions i n  t h e  h y p o l i d a n  do not  become 
depleted,  r e d n i n g  60-70 percent sa tu ra ted  through s m r  
s t r a t i f i c a t i o n .  

Dis t r ibut ion  and na tu ra l  h i s t o r i e s .  - A b io log ica l  inventory 
performed by t h e  University of Nevada a t  Las Vegas indica ted  
t h a t  f w r  species  o f  f i s h  may be  found i n  the wash. The 
inventory included the  goldf ish ,  European carp, m s q u i t o -  
f i s h ,  and b l u e g i l l .  The d i s t r i b u t i o n  and na tu ra l  h i s t o r y  
o f  f i s h e s  i n  k s  Vegas Wash and Boulder Basin are s m -  
i r e d  i n  appendix 8-2. 

The western golden sh ine r  ( ! ~ o f m & g o ~  &qsoZszmza) and 
the  bonyta i l  chub (GZa mbusta) have been reported i n  t h e  
lower bas in ,  however, t h e  presence of  t h e  l a t t e r  has no t  
been repor ted  recen t ly  and probably no longer occurs i n  
the  lower basin.  The western gulden sh ine r  has  been 
heavily used as l i v e  b a i t  and may have os tabl i shed small 
populations i n  Lake ?*lead. 



Phosphorus and nitrogen concentration i n  m g / l  
a t  Las Vegas Wash (LW), L a s  Vegas i3ay (LVB) 

and Boulder Basin (BB) for  1974. 

Total phos>horus S i t r i t e - n i t r a t e  nitrogen 
Stat ion Stat ion 

Date 3epth LNG LVB B 3 LVh' LN3 3 3 

- - -  

Ju ly  12 0 4.98 0.330 0.012 9.07 0.03 .05 

10 0.025 0.017 0.04 .05 

20 0.052 0.013 0.40 -31 

30 0.026 0.012 0.51 .44 

Nov. 15 0 4.69 0.043 0.013 5.34 .21 .23 

10 0.040 0.013 .17 -22 

2 0 0.043 0.017 .16 .20 

30 0.044 0.016 .17 .06 



There a r e  a number of f ac to r s  l imi t ing  o r  regula t ing  repro- 
duction and d i s t r i b u t i o n  of f i shes  i n  Lake ktad. Fluctuat-  
ing  water  l e v e l s ,  wind and wave ac t ion ,  n a t e r  t e n p e r a t w e  
and predation can af fec t  n w t i n g  success of largemouth bass 
(W:crop5em saMc%s)  and poor su rv iva l  of  f r y  may be  thg  
r e s u l t  of  l imi ted  food supply. These fac to r s  would a l s o  
a f f e c t  green sunf ish  ( L B ; ; I ~ s  mcr~)cti?im) , bluegi  11 
(-& cgm~lZus), and black crappie ( P 4 s  n i g m m m -  
iatus) w h i ~ ?  u t i l i z e  very similar h a b i t a t .  Reproduction of  
s a l m n i d s  does not  occur because o f  t h e  absence o f  nigra-  
to ry  s t r e a m  although they do become reproductively a c t i v e  
i n  t h e  f a l l .  High water tenpera tures  i n  t h e  e p i l i r n i o n  and 
low oxygen l eve l s  i n  t h e  metalinmion l i m i t  t h e  d i s t r i b u t i o n  
o f  salmonids to  t h e  hypol imion during s m e r  s t r a t i f i c a -  
t i o n .  Oxygen l eve l s  a l s o  limit t h e  occurrence o f  nann 
water f i s h e s  i n  the  me ta l imion  f o r  any extended period 
although l a rge  populations of shad have k e n  o v s e ~ e d  i n  
t h i s  region. 

Biological  and economical importance. - Of t h e  12 spec ies  
of  f i s h  i n  Bwlder  Basin, only t h r e e  are nongame f i s h ,  
th readf in  shad (30mm psnWmse)  , humpback sucker 
(Xyruuohn kwaw), and ca rp  (Qprimce aurpib). Threadfin 
shad am t h e  main forage base f o r  aort af t h e  game f i s h  and 
its in t roduct ion  has h e l m  improve ths f i s h e r i e s  i n  Lake 
?bad. The carp  i s  a very abundant and undes i rable  f i s h  and 
has been reported a s  predators  on largmouth  bass n e s t s  and 
may have soars e f f e c t  on gams f i s h  populations. 

Largemouth bass made up 40 percent  o f  the  catch conposi t ion 
i n  1974 and were t h e  mst important game f i s h  f o l l o w d  by 
black crappie,  channel c a t f i s h  CIctcrZmw ptutohztue), ra in-  
bow t r o u t  CSah gaizdwd),  and bluegi  11. Coho salmon 
(Oncodtp?hua kitrutch), cu t th roa t  t r o u t  ( S a h  clcrrki), and 
s t r i p p d  bass (~?WOUB se&tiZ&~) made up less than 3 per- 
cen t  of t h e  1974 catch. 

The mosquitofish [ C d h  affhia)  has been introduced as 
a m a n s  o f  mosquito cont ro l .  I t s  presence i n  L a s  Vegas 
Wash may have some l i n i t e d  e f f e c t s  on i n s e c t  p p u l a t i o n s .  

Of t h e  12 species  o f  f i s h  found i n  t h e  Boulder Basin, one, 
t h e  n a t i v e  humpback sucker, i s  l i s t e d  as threatened on t h e  
S t a t e  o f  Xevada threatened and endangered species  l ist .  



Amphibians 

The ecologic d i s t r i b u t i o n  and comparative absmdance o f  
amphibians by b i o t i c  cornunity is  given i n  appendix B-3. 
Woodhouse's toad (3ufo &OW&) is t h e  only aaphibian 
which m y  be found wi th in  t h e  more n e s i c  por t ions  of  ter- 
r e s t r i a l  cownunities which a r e  not i n  c lose  contact  with 
marsh o r  open water. A l l  of  t h e  species  l i s t e d  occur i n  
marsh, open water, and t r a n s i t i o n a l  r ipa r i an  comnmities  
with t h e  exception of t h e  t i g e r  salamander ( A m b y a m  
tQd-m) , whereas t h e  more aquat ic  species ,  t h e  b u l l f m g  
(Rma wtmbimur) , l e o p a d  f rog  (.%mu -pi_Ssns), red-spotted 
toad (3~fo  pwct'atus) , and p a c i f i c  t r e e  f rog  (ir'yh mgilk) 
a re  mst abundant i n  marsh and open water. The introduced 
t i g e r  salamander represents  a s p e c i a l  case i n  t h a t  it w a s  
f i r s t  found i n  t h e  middle 1960's i n  Las Vegas i n  associa-  
t i o n  with urban development. A t  t h e  present  time, t h e  
species  a l s o  occurs i n  marsh and open water.  

In  t h e  1973 ed i t ion  o f  the  U.S. Fish and Wildl i fe  Service ' s  
publ ica t ion  'Threatened Species of t h e  United States,"  t h e  
endemic subspecies L a s  Vegas Valley leopard f rog  ( R m  
pipZen8 .fish%z?t) is  l i s t e d  as not having been reported 
s ince  1942 and may be e x t i n c t .  However, me u n o f f i c i a l  
s igh t ing  is c la ined f o r  t h e  year  1972. A l e t t e r  d e t a i l i n g  
the  circumstances of t h a t  claim i s  appended t o  t h i s  
s tatement.  

Natural h i s t o r y  information f o r  amphibians i s  given i n  
appendix B-4. A l l  species  show reduced a c t i v i t y  andlor 
h ibernat ion  during the  co lde r  months i n  t h e  Las Vegas 
a rea .  7he only species with a spec ia l  s t a t u  i s  the  bu l l -  
f m g ,  which is protected by S t a t e  game laws. No amphibian 
species  are l i s t e d  as threatened,  r a r e  o r  endangered on 
e i t h e r  t h e  Federal or S t a t e  lists. 

Rept i les  

Dis t r ibu t ion  and r e l a t i v e  abundance o f  r e p t i l e s  is  given 
i n  appendix B-5. There a r e  no r e p t i l e  species  which a r e  
c h a r a c t e r i s t i c  of m r s h  or aquat ic  water comrwnities except 
the  western s o f t  s h e l l  turtle. Fourteen species  of  snakes 
occur on t h e  study area  with t h e i r  pr inary  associa t ions  i n  
t e r r e s t r i a l  c o m i t i e s ,  e spec ia l ly  creosote  bush and des- 
e r t  r ipa r i an .  In some ins tances ,  houever, c e r t a i n  species  
such as the  re~d race r  ( ~ Y Q B I & G ~ ~ ~  ,ZagelZm), t h e  gopher 



snake (Pi*ehis  cxztmife?) , and the  sidewinder (CrmtaZus  
camst-m) are  abundant i n  habi ta ts  adjacent t o  water such 
as r ipar ian c l i f f  and t rans i t iona l  r ipar ian as these areas 
have an abundant food supply. Several snakes, including 
the  sidewinder, are present i n  t he  urban community. 

Thirteen species of l izards  are found on t h e  study area 
and w i t h  few exceptions, are most abundant i n  creosote 
bush o r  deser t  r ipar ian  cornunities . The chuckanallas 
(SmcmazZus obseua) f ind su i tab le  hab i ta t  i n  some areas 
considered as  barren. The yucca night l i za rd  (Xantwi-iz 
*AgiZia) i s  c a m n  i n  t rans i t iona l  r ipar ian and urban 
hab i ta t s  where l i t t e r  i s  available fo r  she l te r .  

The deser t  t o r to i s e  (Copherue agasai&) is comun i n  
creosote bush, deser t  r ipar ian and urban communities. 
This species is protected by S t a t e  law and is consid- 
ered by some au thor i t i es  t o  be threatened or  endangered 
because it i s  often k i l l ed  while crossing highways and 
is of ten kept i n  capt ivi ty  by man. 

The g i l a  monster, l i k e  the  desert  t o r to i s e ,  is a l so  
protected by S t a t e  law. 

Natural h i s to ry  infomat ion f o r  r ep t i l e s  is shown i n  
appendix B-6. As expected, due t o  t h e i r  nature,  r ep t i l e s  
are largely inact ive  o r  i n  hibernation during the colder 
months. Smaller species, however, such as t h e  s ide-  
blotched l i za rd  and sidcuinder do exhibi t  some above-ground 
a c t i v i t y  on warm days during the  winter mnths .  

B i r d s  

The seasonal use, occurrence and abundance of the  avifauna 
i n  the study are given in  appendix B-7. 

The divers i ty  of bi rds  within the  study area i s  q u i t e  high. 
A t o t a l  of 252 species representing 53 families occur here, 
representing nearly 63 percent of t he  t o t a l  number of spe- 
c i e s  found i n  t he  State and 67 percent ef the  t o t a l  species 
found in southern Nevad.&. The heaviest  utilization of both 
the devefoped area of Las Vegas and the  marsh condition 
found i n  b s  Vegas Wash is seasonal i n  spring and f a l l  when 
nomal  migration *curs, A large number of t h e  t o t a l  spe- 
c ies  which occur here are t ransient  i n  one o r  m r e  of  t he  
b i o t i c  c m i t i e s  found i n  the study area and this 



accounts for  t h e  seasonal i ty  of  use.  The creosote,  s a l t -  
bush and d e s e r t  r i p a r i a n  a r e  t h e  most heavily u t i l i z e d  com- 
munities by t h e  majori ty of pemanent and winter  r e s iden t  
species  excluding water b i rds .  The l a t t e r  group is  
r e s t r i c t e d  almost e n t i r e l y  t o  t h e  aquat ic  environment 
f w n d  i n  marsh and open water c o m u n i t i e s .  This i s  p a r t i c -  
u l a r l y  t r u e  of a n y  waterfowl which requ i re  standing water 
f o r  feeding. 

The t o t a l  dens i ty  of  b i n l s  within t h e  study a r e a  i s  va r i ab le  
depending on season. A tabula t ion  of t o t a l  b i r d  d e n s i t i e s  
f o r  creosote bush, d e s e r t  r ipa r i an ,  t r a n s i t i o n a l  r i p a r i a n  
and marsh communities a r e  given by season on page 11-59. 
KO da ta  a r e  ava i l ab le  f o r  t h e  o the r  f i v e  c o m i t i e s  i n  t h e  
study area .  Tmse da ta  give sone ind ica t ion  ~f c o m i t y  
use by b i r d s ,  both year ly  and by season. The t o t a l  den- 
s i t y  of b i r d s  is highes t  i n  t h e  marsh c o m i t y  i f  water 
birds a r e  included i n  t h i s  f igure .  I f  these  species  a r e  
excluded, t h e  d e s e r t  r ipa r i an  and t r a n s i t i o n a l  r i p a r i a n  
c u m u n i t i e s  have t h e  h ighes t  dens i ty ,  p a r t i c u l a r l y  during 
migration. 

S a t u r a l  h i s t o r y  data  f o r  b i r d s  found i n  t h e  study area a r e  
presented i n  appendix B-8. The ca tegor ies  of primary use  
of h a b i t a t  and primary food h a b i t s  are given f o r  each spe- 
c i e s  hown t o  occur i n  t h e  study area.  Primary nes t  place-  
ment i s  l i s t e d  only fo r  those species which breed i n  one o f  
t h e  b i o t i c  cammities found within the area .  Species 
which do breed t h e r e  a r e  a l s o  expected to  feed, water and 
rest within the sane area.  In those  ins tances ,  the  l a t t e r  
t h r e e  ca tegor ies  are not  l i s t e d  under primary h a b i t a t  use. 
Special  s t a t u s  where appl icable  i s  a l s o  given f o r  each spe- 
c i e s .  Unusual o r  acc identa l  occurrence i s  a l s o  l i s t e d  for 
some species.  

The hunting seasons f o r  some b i r d s  as es tab l i shed  by t h e  
Xevada Fish and G a m  Conmission f o r  1974 a r e  presented on 
page 11-60. 

Many b i r d  species  are protec ted  by S t a t e  and Federal law 
and two species ,  t h e  southern bald eagle (Ratbetus 
Z - e u o ~ i t a l ~ ~ )  and t h e  American peregr in  fa lcon ( P a h  
p e m g r i w )  are l i s t e d  on both t h e  S t a t e  and Federal 
endangered list. These two species a r e  not common i n  t h e  
study a r e a  and probably occur only as t r a n s i e n t s .  



In  general ,  t h e  occurrence and abundance of  avian species  
with the  Las Vegas Valley is unusually high f o r  a dese r t  
envi ronmnt .  Seasonal use and o v e r a l l  m b i l i t y  o f  t h i s  
group of animals accounts f o r  t h i s  s i t u a t i o n  somewhat. 
me occurrence of a l a rge  mesic-hydric environment such as 
Las Vegas Wash, however, is undoubtedly t h e  con t ro l l ing  
f a c t o r  in  t h e  overa l l  avian d i s t r i b u t i o n  i n  t h e  study area.  

The d i s t r i b u t i o n  and r e l a t i v e  abmdance of  raamals by 
b i o t i c  camuni ty  i s  s h w n  i n  appendix B-9. A t o t a l  
o f  48 species  of mama1 (1 shrew, 18 b a t s ,  2 r a b b i t s ,  
17 rodents ,  9 carnivores and 1 ungulate) are found on 
t h e  study a rea .  They vary g r e a t l y  t o  t h e  extent  t h a t  
they a r e  h a b i t a t  ( c o m i t y )  s p e c i f i c  i n  t h e i r  d i s t r i b u -  
t i o n .  For exanple, Cr.awfordrs d e s e r t  shrew, muskrat, 
house m u s e ,  western harves t  m u s e ,  and dee r  Rouse a r e  
l a rge ly  r e s t r i c t e d  t o  marsh or i m e d i a t e l y  adjacent  corn- 
h t i e s ,  whereas almost a l l  b a t  species  a r e  found i n  a l l  
canwmit ies .  Carnivores and dese r t  sheep, i n  general have 
a wide ecologic d i s t r i b u t i o n  and individuals  may range 
through more than one comnunity during t h e i r  r egu la r  a c t i v -  
i t i e s .  Cer ta in  carnivores,  such as skunks (SpiZogak 
g d l b  and Mphi t i8  m p h i  tis) , and racoon (.')Pocyo Zubr) 
a r e  most abundant i n  t h e  more =sic c o m i t i e s  including 
marsh. f i e  majori ty o f  rodents have t h e i r  main d i s t r i b u -  
t i o n  i n  t h e  more a r i d ,  d e s e r t  communities, bu t  i n  some 
ins tances  have t h e i r  h ighes t  d e n s i t i e s  adjacent  to  t h e  
more msic cormulnities including marsh, where nore f w d ,  
e spec ia l ly  green vegetat ion,  is  reasonably avai lable .  
Green vegetat ion ava i l ab le  f o r  b r m s e  is necessary f o r  
successful  reproduction f o r  m n y  d e s e r t  rodents.  

The Las Vegas o f f i c e  of  t h e  U.S. Fish and Wildl i fe  Service  
ind ica tes  t h a t  beaver (Cmr*~ ctmd?ns&) a r e  present  i n  
t h e  wash. Observations have been made by personnel of  t h a t  
o f f i c e  of  nms ,  c u t t i n g s ,  and bank diggings i n  t h e  a r e a  
below Pabco Road. They a l s o  r e p r t  t h a t  one l a rge  male 
beaver was apparently s t ruck  by a gravel  t ruck near  Pabw 
Road i n  1973, and t h a t  c o m r c i a l  t rappers  r e p r t e d  t r ap -  
ping a young beaver i n  1974 and again i n  1975. 

Natural h i s t o r y  information f o r  mamuals is  given i n  appen- 
d i x  B-10. Hunting and t rapping seasons f o r  rnarmnals found 
on t h e  study area  were previuusly noted. Of p a r t i c u l a r  



Tota l  5 i r d  d e n s i t i e s  by season f o r  s -e lec ted  
b i o t i c  comun iz i e s  i n  t he  Las 'legas Wash %it 

Colorado River ! b i n  S a l i n i t y  Control ACE,  
T i t l e  11, Study Area. Values expressed as 

n u ~ b e r  ?e r  100 ac re s .  

Creosote Desert  T rans i t i ona l  
bush r i p a r i a ?  r i p r i a n  Yarsh 

Spring 

!-!arch 
t h r u  
bby 

Se?tezber 
t h r u  
Kovember 

Winter 

Decenber 
t h r u  
February 29.9 99.9 110.0 81.1 



iiunting and trapping seasons es tabl i shed 
f o r  game animals by Nevada Fish and Game 

Commission f o r  1974. 

- - . - - - - - 

Season open Season closed 

Hunting season 

Duck ( s p l i t  season) 28 Sept .  
16 Plov. 

Cese 16 Nov. 

Dove 

Quai 1 

1 Sept .  

28 Sept. 

Xabbit 28 Sept.  

Bighorn sheep 16 Nov. 
(3onbing range) 14 Dec. 

25 Oct. 
19 Jan. 

19 Jan. 

20 Oct. 

28 Feb. 

Trapping season 

Fur bearer  26 Oct . 16 Mar. 



s ign i f i cance  a r e  those species  which do not  exh ib i t  year- 
round a c t i v i t y .  For example, seve ra l  rudents en te r  sea-  
sonal  hibernation whereas most b a t s  under s u i t a b l e  law 
temperature condit ions e n t e r  both d a i l y  and seasonal 
hibernation.  Several o the r  species  of  b a t s  a r e  migratory 
and spend only a port ion of t h e  year  i n  t h e  Las Vegas area.  
The p r i m r y  h a b i t a t  usage by c o m n i t y  i s  given i n  s o w  
d e t a i l  i n  appendix B - 1 1 .  I t  is apparent t h a t  mesic o r  
hydr ic  coarnunities such as r i p a r i a n  and c l i f f ,  t r a n s i -  
t i o n a l  r ipa r i an ,  marsh and open water a r e  used f o r  feed- 
ing and watering, whereas t h e  more c h a r a c t e r i s t i c  d e s e r t  
cormunities a r e  used f o r  r e s t i n g ,  hibernation and breeding 
as  s u i t a b l e  s h e l t e r  i n  t h e  form of rock crevices ,  caves 
and mine tunnels  occur i n  these  c o ~ t i e s .  ?lost species  
a l s o  f ind  both f w d ,  water ,  and i n  some ins tances ,  s h e l t e r  
under urban condit ions.  The combination of few and re la -  
t i v e l y  unsui table  h ibernals  has forced severa l  species  
i n t o  year-round f l i g h t  a c t i v i t y  (watering and feeding) 
even i n  t h e  winter  wmths. Several species  of tree b a t s  
such as the  s i lvery-hai red  bat  (L&orryckris mtiuagana), 
the  red b a t  ( h i l a ~ e  brsaZfa), and t h e  hoary b a t  
( L r r c J i w u  c i n s r e . ~ )  f ind  s h e l t e r  ( r e s t ing ,  d a i l y  h ibernat  - 
ing) i n  t r e e s  and only occur i n  the  more typ ica l  d e s e r t  
c u m u n i t i e s  during migration. 

Other species ,  f o r  example most r d e n t s ,  e x h i b i t  year- 
round a c t i v i t y  and due t o  l imi ted  home range s i z e ,  i n d i -  
v iduals  occur only i n  one community except i n  ectonal  
regions between comnunities. Yost d e n t s  a r e  opportun- 
i s t i c  o r  tend toward being omnivoruus, although seeds and 
f o l i a g e  usual ly  a r e  t h e  mst i q o r t a n t  food items. Even 
carnivores,  i n  s m e  ins tances  a r e  sonewhat omnivorous, 
and inges t  varying amounts of vegeta t ive  mater ia l ,  
e spec ia l ly  f r u i t s .  

Only one species ,  t h e  spot ted  b a t  ( B u d s m  macuhtwn),  
found i n  t h e  study area  is l i s t e d  on t h e  threatened 
and endangered list of  Sevada Fish and Game Comnission. 

Rare or Endaneered Suecies 

A tabula t ion  of f i s h ,  amphibians, r e p t i l e s ,  b i r d s  and 
mannnals t h a t  appear as r a r e ,  endangered, o r  threatened 
on e i t h e r  S t a t e  o r  Federal lists a r e  sumnarized i n  the 
following t a b l e .  



S t a t e  and Federal ly protcctod animals i n  tho Lus Vegas Wash Unit, Study Area 
(Including 1,as Vogas Bay of  iake  Mcad) 

- _ _  - - - - - - -  
S t a t o  endangered, Fedcrnl endangered, 

Protected by threatened o r  threatcned o r  
S p u c i e s b y f d l y  S t a t o G m o L a w  protected protectcd Enactcd by 

c- - _C_ ----- -- --.- 

Fish 

!inlmonidno 

Coho salmon 

Cut t h r o a t  
t m u t  

Rainbow t r o u t  

Cotos tomidsa 

Iiumpbock 
s ucke r 

I c  t a  l u r  idae  

Channel c t t -  
f i s h  

Scrranidac 

Str ippcd bass 

Year-round season 

S m o  as above 

Same as above 

Year-round season 

Same as above 

Concral Regulation 
No. 1 A~umcndment 
No. 5 Ammenhnt 

Same as above 

S m  a s  above 

Sections 501.1IO 
and 501.065 Nevada 
Rovised S t a t u t e s  

Gcneral ~ o g u l a t i o n  
No. 1 Amendment 

No. 5 Anrmondment 

Same as above 



S t a t e  cndmgcred,  Federal endmrgercd, 
Pro tec ted  by thraa tened  o r  th rea tened  o r  

Specios by family S t a t o  Game Law pro toc t ed  p ro t ec t ed  Enacted by 

Centrarchf daa 

B luag i l l  

Grccn sunfish 

Largomouth 
bass  

u 
cI Black crappie  
I 
rn 
w Amphibians 

Ropti les 

l l e l o d a m a t i d ~ e  
Gf 1 a mons t e r  

Tes tudf n idae  

S m c  as above 

Same as drove 

Same a s  drove 

Same a s  above 

Year-round scason 

Same a s  abovo 

S m o  as above 

Samo a5 above 

(;enoral Regulation 
No. 1 Ammondment 

No. 5 

Doscrt t o r t o i s e  





Stnto cndangerod, Fodaril endangered, 
l'rotcctcd by threatened or  threatened o r  

Spocios by family S t a t c  Game Law protcctcd protccted Enactcd by 

Crui Jse 

Little brown 
crane 

Hal 1 idne 

Rails ,  coots 
m d  gal l inules  

Scolopacidoo 

Woodcock and 
s n i p  

Wild doves 
and pigeons 

Cuculi clae 

Roadrunner 

Protected Mi~rrrtory Uird 
'Trcsty Act 40 S t a t  
735 16 U.S.C. 
703-711 

Protected 

Protected 

Ssmo as  above 

Same as abovc 

Same as above 



S t a t e  mdangercd. Federal endangered, 
Protected by t h r e a t e n d  o r  threatened o r  

Species by family S t r t e  Came Lsw protected protec ted  Enacted by 

A n a t  idae 

Ducks See t a b l e  

Goese Same as above 

Gmbels 
quai l  

Same as above 

Rabbits See t a b l e  
(except 
b lack- ta i led  
jackrabbit)  

Bov idae 

Mount a n  
sheep 

See t a b l e  

P m t e c t d  Migratory Bird 
'h-eaty Act 40 S t a t  
735; 16 U.S.C. 
703-711 

General Kegulation 
No. 1, Amendment 

No. 5 

Sane as above 



S t a t e  endangered, Federal sndangcrcd, 
Protected by threatened o r  threatened o r  

Species by family S t a t e  C a m  Law protected protected Enacted by 

K i t  fox Protected 501 .I10 HHS 

Clrstoridac beaver See t a b l e  Protected Same a s  above 

Vospcr t i l l ionidae  

Spotted bat  'Illreat e n d  Samo a s  above 

I .  S t a t e  lzws a r e  taken f rom t h e  Novnda Fish and Game Commission Gancral Remlatinn Numbcr 1, 
e f f e c t i v e  May 15, 1974. 

2 .  Faderal laws a r c  taken from t h e  Federal Regis ter ,  Val. 40, No. 186, Part  11, Friday, 
September 26, 1975, t i t l o d ,  Endangered and Thre:itcnod Wildl i fe  and P lan t s ,  supplemented by 
the Potleral Rcgis tcr  of April  28, June 1, and June 14, 1976. 



(6) A i r  qual i ty .  - The a i r  qua l i ty  of the  region i s  generally 
good except in  some of t he  areas of urban development. A l l  
urban areas have a high percentage of par t i cu la te  matter i n  
the  air due t o  dust  f-ron a disturbed deser t  environment. In 
the deser t  a f ine  c rus t  i s  fomed on the  top layer of s o i l  
a f t e r  each ra in .  Breaking t h i s  c rus t  allows t h e  f ine ,  dry 
s o i l  t o  be blown away, In a l l  areas of the region, construc- 
t ion  and d i r t  road driving combined with high winds w i l l  
c reate  a dust  problem. 

Although noted fo r  clean air and great  v i s i b i l i t y  on calm 
days, nitrogen dioxide, carbon monoxide and hydrocarbon 
counts are  s teadi ly  increasing i n  the  urban areas causing 
growing concern. Air qual i ty  i n  these areas i s  considered 
poor r e l a t i ve  t o  the  standards adopted by the  EPA. The top- 
ographic features of the  region aggravate a tmspher ic  pollu- 
t ion  problems. Atmospheric inversion conditions prevail  f o r  
about 3,600 hours annually from Noveher through January; 
periods of stagnation often last for  several  days. The most 
complete measureraents of a i r  pol lutants  a r e  taken by the  
Clark County D i s t r i c t  Health Department. These measurements 
are concerned with m i t o r i n g  the pollutant levels  i n  the  
urban areas of Las Vegas Valley. 

The annual aritharetic mean of nitrogen dioxides measured a t  
the Health Department i n  1971 was 36 mimgrans  per cubic 
ne te r  (ug/e3). This conpares with t h e  maximum annual arith- 
metic man a l l w e d  under the  Sational Primary Ambient Stand- 
ard for  nitrogen dioxides of 100 ug/n3. 

The annual 1971 ari thmetic wan of suspended a r t i cu l a t e s  3 wasured a t  the  Health Department was 70 ug/m , compared 
with the  National Prinary Ambient Standard of 75 ug/m3. 
This mean value of suspended par t icu la tes  a t  t he  Health 
Departnent tends t o  increase near more congested metropoli- 
tan areas, and tends t o  decrease away from the centra l  c i t y  
area.  

The measurements of par t i cu la tes  a t  t he  Health Department 
reached a maximum of 240 ug/m3 f o r  one 24-hour period i n  
1971, compared with the Xational Primary Ambient Standard 
of 260 ug/rn3. 

Photochemical oxidants are  presently the  most excessive 
form of a i r  pol lutants  i n  the  Las Vegas area. The National 
Prinary Anbient Standard s t a t e s  tha t  photochemical oxidants 
should not exceed 160 vg/m3 f o r  a 1-hour period m r e  than 



once during any ona year. A t  t he  Health Department s ta t ion ,  
the  quanti ty of photochemical oxidants exceeded the  Standard 
for  1,304 hours during 1971, and on one occasion reached a 
l-hour m a x i m  of 478 ;lg/m3. I t  would appear t ha t  the  above 
average anount of sunshine i n  the  Las Vegas area is a fac tor  
i n  the formation of photochemical oxidants. 

Due t o  the lack of vegetation and scant precipi ta t ion the 
natural  deser t  environment is prone t o  contribute high mounts 
of par t i cu la te  matter during high winds. Act ivi t ies  on d i r t  
roads and beaches adds t o  the na tu ta l  problem. 

Las Vegas Wash is  the primary a i r  drainage corridor f o r  the val- 
ley,  hence air qual i ty  frequently appears poorer than the sur- 
rounding region. No measurements of air qual i ty  are  made i n  
the 1 w a l  area of Las Vegas Nash, nor are they made fo r  the 
larger  Lake Mead area. 

(7) Water supply and qual i ty .  - There are three  general cate- 
gories of inflow t o  Las Venas Hash: (1) the  d i r e c t  d i s c h a r ~ e  
of p a r t i a l l y  t rea ted  wastewater as su&ace flaws, (2) g r o m i  
water which mves t o  the wash thnwlgh the  vallay aquifers,  and 
(3) infrequent surface runoff caused by precipi ta t ion.  Only 
about 4 inches of precipi ta t ion f a l l s  on t he  valley annually; 
as  a r e su l t ,  the t o t a l  volume of inflow from t h i s  source is 
r e l a t i ve ly  ninor. 

The Corps of  Enginears has issued a flood pla in  infomat ion 
report(521 on the Lower Las Vegas Hash which contains an e s t i -  
mate of the  s i ze  and frequency of major flood events. These 
estimates were considered during the design of project  f a c i l i -  
t i e s .  According t o  the  Corps' report ,  a 100-year flood i n  
his Vegas Wash would create  a depth of flow ranging from 2 t o  
12 f ee t  with ve loc i t i es  ranging from 4 t o  8 f e e t  per  second 
( f t / s ) .  Velocit ies greater  than 3 f t / s  combined w i t h  depths 
of 3 f e e t  or more a re  generally considered hazardous. In the  
reach of the  wash ju s t  below the evaporation ponds, a 100-year 
flood would cause a depth of flow from 4 t o  5 f e e t  and veloci- 
t i e s  of 4 t o  8 f t / s .  Cross sections of t h i s  area indicate  
there i s  suf f ic ien t  channelization t o  adequately contain a 
100-year f l o d .  Additionally, t he  growth and spread of phrea- 
tophytic vegetation has e f fec t ive ly  d q e n e d  the  peak flood- 
flows tha t  may pass a given point  along the  lower wash. 
Studies by the Bureau of Reclamation indicate t he  probable 
m a x i m  100-year flood a t  the  interception f a c i l i t y  s i t e  would 
be about 15,000 f t 3 / s .  By comparison, the  flood tha t  occurred 
i n  Las Vegas Valley July  3 and 4,  1975, regis tered peak flows 



of 6,500 f t  3/s a t  the  age near Henderson above the  intercep- 9 t ion  s i t e  and 2,400 f t  /s a t  the  gage near ~ w l d e r  City (North 
Shore Road) below the interception s i t e .  

The channel of Las Vegas Hash is essen t ia l ly  s t ab l e  over most 
of its length due t o  the f a i r l y  f l a t  slope and the  tendency 
of phreatophytes t o  reduce the velocity of downstream flow. 
However, about 2,000 f ee t  above the  interception s i t e  there is 
a rapid downcutting of the  channel. A t  t h i s  point the  upper 
channel is 25 f ee t  above the l w e r  channel. Flows cascading 
over t h i s  section undercut the  upper channel, causing an 
upstream headcutting erosion tha t  is great ly  accelerated dur- 
ing f l w d  periods. This action a l so  r e su l t s  i n  a local  lower- 
ing of the  water t ab le  which has a progressive and negative 
influence on the d i s t r ibu t ion  of phreatophytes and t o  some 
extent is a threat  t o  the  character of the  wash. 

Surface inflows. - Direct surface discharges t o  the  wash 
are  Iilade fron two sewage t r e a t m n t  plants  and other indus- 
t r i a l  sources. These inflows average over 66 f t3 / s .  The 
Las Vegas Sewage Treatment Plant is-the la rges t  contribu- 
t o r  by volume, and available sanples of its discharge indi-  
cate  tha t  the  TDS have ranged from 645 t o  1,200 mg/l, with 
a man value of about 1,017 m g / l .  The re turn from the  
Clark County Sewage Treatment Plant contains sanewhat 
higher dissolved so l ids  (average 1,502 mg/l) and t h e  indus- 
t r i a l  re turns  a re  even higher. Figure 11-7 s h w s  the  con- 
fluence of the  two eff luent  ditches i n  the  upper Las Vegas 
Hash area. 

Ground-water inflows. - The mvenent of ground water i n t o  
Las Venas Wash i s  controlled by several geologic factors .  
The ran i t  s ign i f ican t  of these  a r e  t h e  g e k a l - d e c r e a s e  i n  
pemeabi l i ty  of sediments a t  lower elevations i n  Las Vegas 
Valley, i .e . ,  approaching t h e  wash, and a north-south 
trending escarpment t h a t  has displaced penreable s t r a t a  i n  
the centra l  par t  of the  valley. This displacement has con- 
t r ibu ted  t o  the fornation of springs and a sustained high 
water table.  His tor ical ly ,  overflow fron the  springs as 
well as the  high water t ab l e ,  supported heavy stands of 
mesquite. This ground water was apparently consumed by 
evapotranspiration. I f  m y  of the  water escaped down L a s  
Vegas Wash to the  Colorado River, it was by deep percola- 
t ion through the  underlying mck formations. Such h i s to r -  
i c a l  flow probably never exceeded 250 acre-feet  per  year. 

The escarpment boundary on the  west transmits a constant 
ground-water inflow, having been t o t a l l y  saturated t o  the  



Aerial view of u r e r  Las Vegas Wash. 

Figure 11-7 



surface a t  a l l  t i n e s .  The land between t h e  escarpnent and 
t h e  wash and t h e  land t o  t h e  north i s  underlain with a 
ground-uater b d y  contained i n  r e l a t i v e l y  low yie ld ing 
m t e r i a l s .  The hydraulic gradient  toward the  wash i s  low 
and t h e  water t a h l e  i s  near t h e  surface.[53][54] A t  pres-  
e n t ,  the  ground-water/surface-water system is  i n  apparent 
equil ibrium with a l l  ava i l ab le  ground water being consumed 
by phreatqhytes . [%] Increased development i n  these  areas 
w i l l  r e s u l t  i n  the  surfac ing of ground-water r e tu rns .  
Such flows wwld add continuing srrpyrt t o  t h e  expansion of 
phreatophytic vegetat ion i n  L a s  Vegas Wash. 

Ground-water inflow within t h e  lower L a s  Vegas Wash is p r i -  
marily i n d u s t r i a l  e f f l u e n t  from +e BXI  complex i n  Ilender- 
son. This i n d u s t r i a l  e f f l u e n t  is disposed of in .unl ined 
evaporation ponds t h a t  have been constructed on top of 
porous a l l u v i a l  fan material .  Some addi t ional  inflow i s  
derived from two municipal sewage treatment p l a n t s  t h a t  
a l s o  discharge e f f l u e n t  t o  these  ponds. About 9,8W acre-  
f e e t  of ground-water inflow has been estimated t o  e n t e r  t h e  
lower wash on an m u a l  bas i s .  About 2,100 acre-feet  of 
t h i s  inflow is consumed by phreatophytes. The following 
tabula t ions  show a budget ana lys i s  o f  inflow and outflow of  
both water flows Bid s a l t  loading i n  t h e  t a s  Vegas Wash. 
F i g w e  11-8 is a view of  t h e  mouth of Las Vegas Hash as it 
e n t e r s  L a s  Vegas Bay of Lake h a d .  

Projected inflow t o  Las  Vegas Wash. - Future conditions o f  
t h e  quant i ty  and q u a l i t y  of  inflows t o  Las Vegas Wash w i l l  
tm s i g n i f i c a n t l y  d i f f e r e n t  from present  ctmdititms. Sam 
changes can be est imated within f a i r l y  c lose  l i m i t s .  
Others, p a r t i c u l a r l y  those t h a t  depend an p o l i t i c a l  and 
funding decisions can anly be conjectured. 

By t h e  e a r l y  1980gs, t h e  second s tage  of t h e  Southern 
Nevada Water P m j e c t  w i  11 be de l ive r ing  addi t ional  Colorado 
River water t o  L a s  Vegas Valley. This water w i l l  s i g n i f i -  
can t ly  a f f e c t  t h e  quan t i ty  and q u a l i t y  of r e t u r n  flows t o  
L a s  Vegas Wash. By the year 2000, t h e  r a t i o  o f  Colorado 
River water used i n  the va l l ey  as compared t o  t h e  projec ted  
use of ground water w i l l  be a b w t  6:l. This is compared t o  
the  1975 r a t i o  of near ly  1:l. The projec ted  s a l i n i t y  of 
municipal wastewater r e s u l t i n g  from t h e  increased we of 
poorer q u a l i t y  r i v e r  water ranges up t o  1,700 ng/l .  This 
r e f l e c t s  an increase  of  up t o  400 mg/l over t h e  q u a l i t y  of 
e f f l u e n t  current ly  discharged t o  Las Vegas Wash and Lake 
Head. 



Mouth of  Las Vegas Wash. 



F l a w  Budget 1970-1975 Average (Acre-feet) 
Colorado River Sasin Sa l in i t y  Control Project - T i t l e  11 

L a s  Vegas Nash Unit. Nevada 

Area above Henderson Gage (Pabco Road) 

Clark County STP 
L a s  Vegas STP 
Henderson STP No. 1 
Flood inflow 

Clark Powerplant 
Sunrise Powerplant 
Farms 
Hintemood Go1 f Course 
Paradise Go1 f Course 
Phreatuphytes 

Sa l t  cedars 
>lars h 1 ands 

Evaporation (lower 0111 ponds) 

Reach subtota l  50,080 14,178 

Total - gage near Henderson 50,080 14,178 35,902 35,785 

Area above Boulder City Gage F o r t h  ShDre Road) 

Henderson STP Xo. 2 
Black Yowtain Golf 

Course (return flow] 
hi1 Industries 
Flood inflow 

Phreatophytes 
Sa l t  cedars 
Marsh 1 ands 

Evaporatim (upper BMI ponds] 

Reach subtota l  9,965 2,199 

Total - gage near Boulder City 60,045 16,377 43,688 43,511 



S a l t  Budget 1970-1975 Average (Tons) 
Colorado River Basin Sa l in i t y  Control Project - T i t l e  II 

Las Vegas Wash U n i t ,  Nevada 

Outflow 
Ident i f ied source Inflow Computed Recorded 

Area above Henderson Gage (Pabco Road) 

Clark County SrP 
Las Vegas City STP 
Henderson STP Yo. 1 
Flood inflow 

Reach sub t o t a l  101,607 

Total - gage near Henderson 101,607 98,792 

Area above Baulder Citv Gaee [North Shore Roadl 

Henderson STP No. 2 6,060 
Black Mountain Golf Course 238 
&HI Industries 92,741 
Floud inflow 826 

Reach subtotal  99,865 

Total - gage near Boulder City 201,472 201,791 



The Environmental Protect ion Agency (EPA) has i ssued 
"National Pol lu tant  Discharge Elimination Systemw (NPDES) 
p e m i t s  t o  a l l  t h e  major indus t r i e s  cxrrent ly  discharging 
s a l i n e  wastes i n t o  L a s  Vegas Wash. Compliance with these  
p e r n i t s  w i l l  e l iminate t h e  discharge of  i n d u s t r i a l  wastes 
t o  L a s  Vegas Wash and subsequently t o  Lake Mead. Such cm- 
pl iance  i s  scheduled t o  be e f f e c t i v e  during t h e  same ti= 
frame i n  which the second s t age  of the  Southem Yevada 
Water Projec t  is scheduled t o  begin water d e l i v e r i e s .  

In conjunction with the  wash p r o j e c t ,  a d i g i t a l  (computer) 
model was developed t o  s i .mla te  t h e  f lous  i n  the wash and 
c a l c u l a t e  t h e  e f f e c t s  of  various f u t u r e  a c t i v i t i e s  on those 
flows. Predicted flows passing t h e  USGS gage near  Boulder 
Ci ty  (North Shore Road) by t h e  year  2000 would be  about 
128,000 acre- fee t  per  year. Tons of  salt enter ing  Lake 
Mead and the  W e r  Colorado River System would mount  t o  
about 311,000 tons.  This represents  a s a l i n i t y  concentra- 
t i o n  of wash discharge of  about 1,786 mg/l. This  is essen- 
t i a l l y  a condition i n  which developnent of  water use has 
occurred v i a  the  Southern Sevada Water Projec t  t o  u t i l i z e  
a l l  of Nevada's ent i t lement  t o  Colorado River water. 

(8) Noise. - Although t h e r e  have been no noise  l e v e l  s tud ies  
d m e  m e  hegional a rea ,  various "noise corr idors t '  a r e  known 
t o  e x i s t .  Within t h e  regional  a rea  is  I n t e r s t a t e  15, a s a j o r  
freeway f o r  t r a f f i c  t r ave l ing  t o  S a l t  Lake City, Utah, o r  
southern Ca l i fo rn ia .  This freeway crosses through North Las 
Cfegas and j u s t  west of t h e  downtown a r e a  of  t h e  c i t y  of  Las 
Vegas. Located next t o  t h e  freeway i s  t h e  Union P a c i f i c  Rail- 
road. Beginning e a s t  of L a s  Vegas is  t h e  Boulder Highway 
which crosses through Henderson t o  Boulder Ci ty .  From Boulder 
Highway in Hendemon t o  Las Vegas Bay i s  Lake Mead Drive. 
This  road genera l ly  p a r a l l e l s  the  wash but  a t  a d is tance  of  
f m  one-half t o  1 ~ l e .  The Sor th  Shore Road o r ig ina tes  
from Lake Head Drive and crosses  Las Vegas Wash about 1 mile 
upstream from Las Vegas Bay. These roads are k n m  t o  c a r ~ y  
heavy t r a f f i c  volumes a t  various times p a r t i c u l a r l y  on ho l i -  
days and weekends. 

McCarron In te rna t iona l  Airport ,  south of t h e  c i t y  o f  Las Vegas 
serves  both c o m e r c i a l  and p r i v a t e  a i r c r a f t .  The main east- 
west m a y  of t h i s  airport requi res  an approach rou te  t h a t  
d i r e c t s  a i r  t r a f f i c  between t h e  River and Frenchman Mountains 
d i r e c t l y  above Las Vegas Hash. The region away from t h e  no i se  
co r r idors  is q u i e t .  Although windy at t i n e s ,  the re  i s  l i t t l e  
vegetat ion t o  generate wind noise.  



(9) Esthetics.  - Flowing streams and greenbelt areas are not 
c o m n  t o  the  southwest desert  regions of the  United S ta tes .  
In t h i s  respect Las Vegas Wash is  unique. I t s  'close proximity 
t o  the  major population centers of southern Nevada increases 
its potent ia l  value. On August 6, 1973, the  Board of County 
C m i s s i o n e r s  fo r  Clark County, recognized the  importance of 
the possible future development of the  Las Vegas Wash as a 
park, b i rd  sanctuary, o r  other benef ic ia l  development and 
authorized the famat ion of the  Las Vegas Wash Development 
Comit tee .  In i ts Apri 1 1974 report [SO] the  Comit tee  pro- 
posed a plan tha t  would essen t ia l ly  acconplish t he  following 
purposes : 

W n t a i n  the unique ecology of the  area; 

Enhance the natural  area for plants  and d m a l s ;  

Enhance the  educational and recreational experiences f o r  
the  comunity; and, 

Keep the  wash i n  harmony with i t s  flood-plain s t a t u s  within 
the  valley.  

The open space and greenbelt provided by the  wash is unique t o  
southern Kevada and contributes great ly  t o  the  es the t ic  values 
of the area. This value would increase with the  adoption of 
the Las Vegas Wash Development Committee recomaendation t o  
preserve and enhance t he  wash environment as a natural  wild- 
l i f e  education/recreation area. 

The Navajo-McCullough 500-KV transmission l i ne  crosses the  
wash area approximately 1,000 f e e t  dmnstrem from the  pro- 
posed interception f a c i l i t y .  The l i ne  i s  carr ied on metal 
towers c lear ly  v i s ib l e  from both air and ground. The Lincoln 
County Power D i s t r i c t  has a 69-KV l i n e  crossing t he  wash i n  
the v ic in i ty  of Pabw Road. 

(10) Archeological and historical resources. - I t  is k n m  
tha t  there were a t  least  f ive  periods of occupation i n  the 
Mojave Desert area which includes Las Vegas Valley and Las 
Vegas Wash, a l l  with d i s t i n c t  cu l tu ra l  expression and a l l  a re  
probably represented i n  archeological remains i n  the  wash and 
adjacent areas. These periods were as f o l l m s  : 

I .  Early Man - 10,000 t o  12,000 years ago 

11. Pinto Culture - 4,000 t o  9,000 years ago 



111. Gypsun Culture - 1,500 to  4,000 years ago 

IV. Pueblo Occupation - 800 to 1,500 years ago 

V. Paiute Culture - recent to 800 years ago 

An archeological survey of the project area was conducted in  
compliance with the prowisions of the 1966 Historic Preserva- 
tion Act, Executive Order 11593 and Public Law 93-291. The 
survey war coordinated through the National Park Service, 
Arizona Archeological Center, and the State of Nwada Historic 
Preservation Officer. Field work and assessment was performed 
by s taf f  mnbers of the Nevada Archeological Survey, Southern 
Division, University of Nevada, Las Vegas. The survey and 
assessnent covered a total  area of about 4,200 acres and wa.9 
conducted from Woveher 1974 to June 1975. [56] The survey 
located 44 archeolo~ical and historic s i t e s  i n  the 4,200-acre 
study area. These included concentrations af I i t h i t  haterial, 
rock shelters,  and scattdred surface features such as circular 
stone alinements or  '*sleeping  circle^.'^ The exact relation of 
these archeological s i t e s  to  the previaus mentioned chronology 
has not been determined. The historic sites are of recent or i -  
gin. To date, nme of ithe s i tes  located have been determined 
as eligible for nomination to the Xatimal Register of Historic 
Places. However, evaluation ef the findings i s  s t i l l  undernay 
to determine e l ig ibi l i ty  using the cr i ter ia  in  36 CFR 800, 

Methodology 

The archeological sulrey sttategy wnployed placed emphasis 
on the areas of high s i t e  density and m areas that would 
be disturbed by the proposed colutmction. Areas consid- 
ered t o  have a high s i te  density were those areas known to 
have a gruater number of s i t e s  and those that were in envi- 
ronmental situations that are knonn to  have high s i t e  poten- 
t i a l .  This strategy was designed with the prime considera- 
tion of assisting the Bureau of Reclmtion i n  defining the 
significance of atcheological s i t es  and how they can best 
be protected or the construction effects mitigated. The 
m u n t  of time spent i n  each m a  was allocated accdrding 
t o  these considerations. 

The various sections ~urveyed were divided by terrain fea- 
tures or a r t i f i c i a l  boundaries into segments that were 
exanined an foot. When archeological manifestations were 
found, the imediate vicinity of the find was thoroughly 



searched. I f  the f ind merited, i t  was designated a s  a s i te  
and recorded by use of NAS standard s i te  data  forms, which 
include s i t e  descr ip t ion ( fea ture  measurements, e t c . ) ,  
location,  subs t ra ta  character ,  s i t e  condit ion,  vegetation 
and re la t ion  t o  the  projec t  area.  Selected s i t e s  were then 
photographed and the  locations of  a l l  s i t e s  were recorded 
on a s i t e  map constructed from a e r i a l  photographs, Collec- 
t ion  of  representa t ive  a r t i f a c t s ,  e spec ia l ly  pot tery ,  was 
made i n  some s i t e  locat ions .  Data obtained i n  this way has 
been condensed and co l l a ted  and is included as appendix C. 
A glossary o f  terms used is  included to  f a c i l i t a t e  under- 
standing of the repor t .  

In gartlans of  t h i s  projec t  area ,  t h e  surface was obscured 
by vegetat ion.  Effec t ive  survey was precluded i n  these  
areas because of the dense p lant  growth cover. I t  was not 
poss ib le  t o  deternine  i f  there were any archeological man- 
i f e s t a t i o n s  in  these  areas .  

(11) Soclnl urd, economic c h a r a c t e r i s t i c s  1571. - L a s  Vegas 
Valley and its commmities represent  a v i r t u a l  i s land o r  
oasis- i n  the middle of  a vast- dese r t  wilderness. These urban 
areas  a r e  an average of  over 330 miles from t h e  neares t  major 
metropolitan centers .  This i s o l a t i o n  i n  a dese r t  environment 
as well as the  near proximity of  Lake Mead has a tremendous 
influence on the soc ia l  and econonic c h a r a c t e r i s t i c s  of  the  
area.  

The area influenced by the  projec t  and its a l t e r n a t i v e s  is t h e  
Las Vegas, Nevada Standard Metropolitan S t a t i s t i c a l  Area 
(S.M.S.A.). Thfs a rea  is the  major population cen te r  along 
t h e  Colorado River. Geographfcally the Las Vegas S.M.S.A. 
encompasses the e n t i r e  7,874 square n i l e s  o f  Clark County, 
Sevada. In p r a c t i c a l  terns, however, t h e  primary a rea  i s  Las 
Vegas Valley i n  which nearly 97 percent of  the  S.M.S.A.'s 
inhabi tants  resided i n  1972. 

Explorers t raversed the region a~ Far back a s  t h e  l a t e  
16th century. In 1830 Antonio Arrsijos conducted an expe- 
d i t i o n  t h a t  established the  Spanish T r a i l  between Santa Fe  
and the missions o f  Ca l l fo rn i s .  For 20 years the  t r a i l  led 
t r a v e l e r s  through Las Vegas Valley where the green meadows 
and na tu ra l  springs were a welcome r e l i e f  from the d r y  heat  
of  t h e  d e s e r t .  In  1855 the val ley  was s e t t l e d  by a small 



band of %ornons" who used the  waters of the spr ings  t o  
i r r i g a t e  a small area of land. This was t h e  f i r s t  attempt 
a t  ag r icu l tu re  i n  the  valley.  I n  1905 t h e  area  gained its 
first prominence with the  announcement of a major r a i l road  
development through Las Vegas and t h e  southwest. 

The l a t e r  growth of  the community was s t i m l a t e d  by a 
s e r i e s  of Federal Gavernnent p ro jec t s  and i n s t a l l a t i o n s .  
These began with the  construction of Hoover Dam i n  the  
1930's and continued with the  1941 opening of  the  Las 
Vegas Aerial  Gunnery School (now S e l l i s  A i r  Force Base), 
the  development, a l s o  in 1941, of Basic Magnesium Indus- 
tries i n  Henderson, and the  opening of t h e  Nevada Test  
S i t e  i n  1951. Legalized gaming and t h e  r e s o r t  indust ry  
began i n  the  ea r ly  1930's and a f t e r  World War I 1  expanded 
t o  becone t h e  dominant indust ry  i n  t h e  Las Vegas Valley. 

The population of the area has increased by 90 percent 
o r  more between each census s ince  1930. The bulk o f  
the  S.N.S.Am1s new population has cons i s t en t ly  s e t t l e d  
i n  L a s  Vegas Valley. Between 1930 and 1940, however, 
almost 37 percent of new S.M.S.A. res iden t s  s e t t l e d  i n  
Boulder City,  which was es tabl ished because of Hoover 
Dm construction during t h a t  decade. 

Henderson's g m t h  r a t e  during t h e  1950's lagged t h e  
163 percent  growth r a t e  f o r  t h e  S.M.S .A. as a whole. 
From 1960 t o  1970, when t h e  Las Vagas S.M.S.A. experi- 
enced a 115 percent population increase ,  Henderson's 
population grew by only 31 percent t o  16,395 persons. 
Estimated population growth i n  Henderson s ince  t h e  1970 
census t o  17,300 persons i n  1974 o r  5.5 percent  more 
than in 1970, compares with an estimated 27.3 percent  
increase  f o r  the rest of Las Vegas Valley over t h i s  
same period, evidencing a continuing tendency f o r  Hen- 
derson grtmth t o  lag g m t h  i n  t h e  r e s t  of t h e  impact 
area.  

The c i t y  of L a s  Vetgas, c e n t r a l l y  s i t u a t e d  i n  Las Vegas 
Valley, had a 1970 population of 125,787. N e w  residen- 
t i a l  development s ince  1970, however, has been predom- 
inen t ly  outs ide  the c i t y ' s  l i m i t s  i n  t h e  more sparse ly  
settled areas  of Las Vegas Valley. From less  than 
5,000 people in 1920, t h e  Las Vegas S.M.S.A. has grown 



t o  an estimated 330,000 people i n  1974. Rapid growth 
and varying opinions as  t o  when growth may l eve l  out  
have produced a wide range of e s t i n a t e s  f o r  fu tu re  pop- 
u la t ion .  Of these  projec t ions ,  only t h e  population pro- 
j ec t ions  prepared by the  Clark County Regional Planning 
Council (CCRPC) in  1972 have been approved and adopted 
f o r  u t i l i z a t i o n  among t h e  local  gave-nts within t h e  
regional  planning j u r i s d i c t i o n  and a r e  tabula ted  on the  
f o l  loving page. 

These projec t ions  have a good general co r re la t ion  with 
1990 employment and economic projec t ions ,  and f i t  within 
the spread of most previous s tud ies .  I n  view of t h i s  cor- 
r e l a t i o n  and the  general acceptance of  these  projec t ions  
by the  members of CCRPC, representing local  government, 
it was cancluded t h a t  t h e  December 1972 ERPC populations 
projec t ions  would be used. 

The d i s t r i b u t i o n  of  population wit!in t h e  County by t h e  
year  2000 i s  s t i l l  open t o  quest ion.  The CCRPC has c a l -  
culated t h a t  i f  t he  median projec t ion  o f  750,000 people 
were t o  inhabi t  Clark County i n  2000, 93  percent (700,000) 
of the  population would be  i n  t h e  Las Vegas Valley. 
Extrapolat ing these  population components f o r  the  Las 
Vegas Valley out ,  295,000 people would be  i n  t h e  c i t y  of 
Las Vegas, 284,000 would be i n  the  unincorporated areas ,  
91,000 would be i n  North tas Vegas and 30,000 would be 
i n  Henderson. 

Annexations, governmental consolidat ions o r  the developwnt 
of t o t a l l y  planned c o m u n i t i e s ,  s imi la r  t o  t h a t  cu r ren t ly  
being considered i n  Henderson, could mate r i a l ly  a f f e c t  t h e  
d i s t r i b u t i o n  of population among t h e  various governmental 
ju r i sd ic t ions .  Recemt dewgraphic  projec t ions  f o r  t h e  
c i t y  of Hmderson suggest t h a t  t h e  c i t y  population could 
approach 44,000 people by t h e  year  2000, and t h a t  new 
planned ccmnunities such as Green Valley and take  Adair 
c m l d  p o t e n t i a l l y  increase  t h e  population of the  Henderson 
area  t o  about 160,000 by 2000. Henderson present ly  repre-  
sen t s  approximately 5.4 percent o f  the  t o t a l  Las Vegas Val- 
ley  population, and is  projec ted  t o  rrraintain 4.3 percent  of 
the  va l l ey  population i n  t h e  year  2000 based on CCRPC f ig -  
ures .  I f  fu tu re  populations s h i f t e d  t o  the Henderson area ,  
t h i s  d i s t r i b u t i o n  percent could change s i g n i f i c a n t l y .  

In  addi t ion  t o  the  pennanent population, t h e r e  is  present  
i n  the  Las Vegas Valley a la rge  t r a n s i e n t  population. A 
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s u b s t a n t i a l  por t ion  o f  demand placed on pub l i c  se rv ices  
canes from t h i s  tourist and t r a n s i e n t  segment. Transient  
populat ion f o r  1973 showed a winter  low o f  about 29,000 peo- 
p l e ,  a smwr high of about 57,000 people and a d a i l y  aver- 
age t r a n s i e n t  population o f  about 45,400 people. 

This t r a n s i e n t  pupulat ion averages about 10 percent  o f  t h e  
t o t a l  population during winter  h t h s  and about 20 percent 
during smer  months. 

Dsmographic and Ethnic Background 

Compared with the  U.S. d i s t r i b u t i o n  of population by age 
c l a s s ,  the Las Vegas S.M.S.A.fs 1970 population was com- 
p r i sed  o f  d ispropor t ionate ly  la rge  numbers of 20 t o  
44 year-olds, considered t o  be  persons of prime working 
age. There was a dispropor t ionate ly  la rge  number of  ch i ld -  
ren under 10 years  of  age as well ,  as would be expected of 
a population with r e l a t i v e l y  many women o f  chi ldbearing 
age. The d ispropor t ionate ly  small n d e r  of  persons over 
55 years  of  age i n  Las Vegas' 1970 population i s  explained 
by the  a r e a ' s  rapid  growth. 



The r a c i a l  composition of Las Vegas S.bl.S.X.'s 1970 popu- 
l a t i o n  was 89.5 percent white, 9.1 percent black, and 
1.4 percent o ther  nonwhite. American Indians accounted 
f o r  0.4 percent of the  t o t a l  S.M.S.X. population. This 
i s  i n  c lose  conformity with the  na t ional  percentage d i s -  
t r i b u t i o n  o f  1970 census population by race ,  which was 
87.5 percent white, 11.1 F r c e n t  black, and 1.4 percent 
o the r  nonwhite, including 0.4 percent American Indian. 
Henderson's 1970 population of 16,395 persons was com- 
p r i s e d  of  95.8 pe l ren t  whites, 3.5 percent blacks,  and 
0.8 percent o ther  nonwhites. 

There are no European or o r i e n t a l  e t h n i c  neighborhoods i n  
the  Las Vegas S.?I.S.A. The metropolitan a r e a ' s  e thn ic  diver-  
s i t y  i s  evidenced, however, by Spanish, G e m ,  French, 
Greek, and pol ish  language Sunday broadcasts  on the  C.B.S. 
Radio a f f i l i a t e  w d  by Greek Fes t iva l  and B a s t i l e  Day cele- 
b ra t ions  i n  which Las Vegans o f  a l l  e thn ic  backgrounds 
p a r t i c i p a t e .  

I n  1970, 5.5 percent of t h e  Las Vegas S.N.S.X.'s population 
was o f  Spanish he r i t age ,  26 percent  o f  whom res ided i n  
North Las Vegas, accounting f o r  11 percent of t h a t  e n t i t y ' s  
census population. Las Vegas' black population was heavily 
concentrated i n  f i v e  census t r a c t s  with more than 85 per- 
cent  black res idents .  A t  t h a t  time 83 percent of black Las 
Vegans l ived in the westside cornunity wi th in  Las Vegas 
c i t y  boundaries and i n  adjacent neighborhods i n  North Las 
Vegas . 

Employment 

Economic a c t i v i t i e s  in an area  a r e  divided i n t o  two c lasses :  
bas ic  a c t i v i t i e s  and support a c t i v i t i e s .  The outputs  o f  
bas ic  a c t i v i t i e s  a r e  s o l d  t o  households and en te rp r i ses  out-  
s i d e  of t h e  area ,  providing area  r e s iden t s  with purchasing 
parer .  The w t p u t s  of support a c t i v i t i e s  a r e  so ld  to  a rea  
r e s iden t s .  The following t ab le  shows t h e  general employ- 
ment p r o f i l e  of t h e  Las Vegas S.Y.S.A. area.  

Rasort Indus tw 

The L a s  Vegas S .!i.S .A. is  f a r  remved frm othe r  metro- 
p o l i t a n  areas.  Yet over e igh t  and one-half n i l l i o n  per- 
sons f r o n  the  United S t a t e s  and abroad v i s i t e d  Las Vegas 
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Contract construction 
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a Figures may not add due t o  rounding. 

in 1974, a t t r a c t e d  by the  entertainment, gaming, and con- 
vention f a c i l i t i e s  offered by t h e  a r e a ' s  w s o r t  industry.  
Each v i s i t o r  spent an average of  2.7 nights  i n  Las Vegas: 
the  r e s o r t  indust ry ,  therefore ,  extended its h o s p i t a l i t y  
t o  over 23 mil l ion v i s i to r -n igh t s  i n  1974. This industry 
is the mainstay of the  Las Vegas economy. I t s  growth 
l a rge ly  explains t h e  dramatic employment and population 
growth experiencgd by the  Las Vegas S.M.S.A. over the  
past  25 years. 

Las Vegas r e s o r t  employment has a l s o  been s t a b l e  i n  the 
face of dumturns  i n  nat ional  economic a c t i v i t y .  Resort 



employment cons is tent ly  increased from year t o  year  from 
1957 t o  1974 regardless  of  t h e  s t a t e  of the  na t ional  
econcmy. In f a c t ,  during the  1960, 1970, and l a t e  1974 
econonic downturns, r e s o r t  enploynent exceeded its trend 
growth l eve l s .  Such r e s o r t  indus t ry  growth has provided 
job oppor tuni t ies  f o r  those uho would otherwise have been 
unemployed i n  Las Vegas and elsewhere. 

Ne l l i s  A i r  Force Base and Sevada Tes t  S i t e  

The geographic i s o l a t i o n  of  Las Vegas and i t s  environs 
nakes the  area  s u i t a b l e  f o r  m i l i t a r y  t r a i n i n g  and weapons 
t e s t i n g .  In 1941, an Amy Corps Gunnery School uas estab- 
l i shed  8 miles nor theas t  of Las Vegas t o  t r a i n  f l y e r s  i n  
t h e  use of  weaponry. The base was closed i n  1947 bu t  
reopened as Ne l l i s  Air Force Base i n  1950 t o  t r a i n  f i g h t e r  
p i l o t s  f o r  the  Korean c o n f l i c t .  

N e l l i s  A i r  Force Base is msponsib le  f o r  &vising combat 
air t a c t i c s  f o r  f i g h t e r  a i r c r a f t  and f o r  operat ing a combat- 
ready wing of F-111 a i r c r a f t .  I t  cu r ren t ly  employs nearly 
7,500 m i l i t a r y  personnel and 1,500 c i v i l i a n s ,  making t h e  
Air Force Nevada's l a r g e s t  s i n g l e  employer. 

The Nevada Tes t  S i t e  (N.T.S . )  was es tabl ished i n  1951 by 
the Atomic Energy Conmission to  f a c i l i t a t e  n u c l m r  weapons 
t e s t i n g .  I t  has a l s o  been used to explore peaceful  uses o f  
nuclear  devices, e.g., Operation Plowshare, and for research 
i n t o  nuclear  propulsion, e .g. ,  Nuclear Rocket Development 
S ta t ion .  

Employment a t  N.T.S. rose sharply  i n  1962 i n  a n t i c i p a t i m  of  
tb 1963 l imited test ban t r e a t y  p roh ib i t ing  above-ground 
detonation of nuclear  devices. Underground t e s t i n g  requi res  
a l a rge  construct ion workforce t o  prepare and instmment the 
s i t e  of detonation. 

Annual N.T.S. employment peaked a t  10,200 i n  1968 and then 
decl ined with a reduction i n  weapons t e s t i n g  and discontin-  
uance of  t h e  Nuclear Rocket Development S ta t ion .  N.T.S.  
employment has remained l eve l  at  about 5,000 s i n c e  1973, 
with 3.500 employees a t  t h e  Tes t  S i t e  and 1,500 support 
personnel located i n  Las Vegas Valley. S i t e  employees 
typ ica ly  l i v e  i n  Las Vegas and commute t o  work. 



Las Vegas S.I.I.S.A. ?fanufacturing Activity 

khufac tur ing  emplapent i n  the Las Vegas S .M.S .A. aver- 
aged 4,900 i n  1974, o r  3.2 percent a f  t o t a l  c iv i l i an  
employmnt. Of t h i s  t o t a l ,  approxinately 1,500 were 
employed i n  f w d  processing and pr int ing and publishing 
f o r  local  consumption. The remaining 3,400 manufacturing 
workers were involved i n  the production of chemicals, 
metals, and other durable goods f o r  export throughout the  
United States .  Most of these were employed a t  Henderson's 
Basic Management, Inc. 's indus t r ia l  complex whete titanium 
is  refined and l iquid chlorine, caus t ic  soda, ammonium per- 
chlorate ,  and various other chemicals are prduced.  The 
strong influence of manufacturing ac t i v i t y  on Henderson's 
socioecanonic character is evidenced by the  high percent- 
age of i t s  employed residents working i n  manufacturing: 
19.1 percent compared w i t h  3.7 percent for  the  remainder 
of Las Vegas' urbanized area i n  1970. 

Support Industries 

Over 60 percent of Las Vegas workers, however, are  employed 
i n  support industr ies ,  including contract  construction, 
nmbasic manufacturing, transportation and public u t i l i -  
t i e s ,  wholesale and retail trade,  finance, insurance and 
rea l  e s t a t e ,  personal and business services apar t  from the 
resor t  industry and N.T.S. re la ted  b ~ i n e s s  services ,  and 
government. 

Small numbers of workers a re  engaged i n  agr icul ture  
(approxinately 800 i n  1974) and mining (approximately 200). 

Construction employmnt accounts f o r  a high percentage of 
t o t a l  employment i n  the Las Vegas ecmony. In  1974, i t  w a s  
6.9 percent of t o t a l  establishnent based sq~loyment i n  Las 
Vegas, compared t o  4.6 percent nationwide. The high intens- 
i t y  of construction ac t i v i t y  i n  Las Vegas is explained by 
the  dynamic growth of t he  area 's  economy and the associated 
demands fo r  new resor t ,  public, comerc ia l ,  and res iden t ia l  
s tructurws . 
The 1970 indus t r ia l  employment p ro f i l e  of Henderson r e s i -  
dents di f fered substant ia l ly  from t h a t  f o r  the  S.9.S.A. as  
a whole. Twelve percent were employed i n  construction COQ- 
pared with the  corresponding 1970 S.M.S.A. percentage of 



8.5 percent .  Only 2.4 percent  of  employed Henderson resi- 
dents  were engaged i n  finance, insurance, and r e a l  estate, 
compared with 4.1 percent  f o r  the  S.M.S.A. and only 
11.6 percent  of Henderson's workers were i n  t h e  personal 
se rv ices  category encompassing t h e  Las Vegas r e s o r t  i n d w -  
t r y ,  c q a r e d  with 23.7 percent f o r  t h e  S.H.S.A. i n  1970. 

L a s  Vegas S.M.S.A. incones are well above nat ional  average 
on family, per  worker, and per  cap i t a  b a s i s .  Las Vegas 
incomes a r e  expected t o  remain above nat ional  levels .  This 
is  explained by the  high work force  p a r t i c i p a t i o n  r a t e  i n  
L a s  Vegas, awing i n  p a r t  t o  Las Vegas' age d i s t r i b u t i o n  
and, i n  p a r t ,  t o  t h e  nany employnent oppor tuni t ies  enjoyed 
by L a s  Vegas females. 

Las Vegas S.M.S.A. unenrploynent rates have cons i s t en t ly  
exceeded na t iona l  unenploynent rates, a s  tabulated below. 
The a r e a ' s  higher than average nat ional  unmployment r a t e s  
a r e  explained by t h e  large weight o f  t h e  v o l a t i l e  construc- 
t i o n  indust ry  i n  t h e  Las Vegas S.Y.S.A.'s i n d u s t r i a l  s t r u c -  
t u r e  and by the  dynamic g r w t h  o f  t h e  Las Vegas economy. 

N e w  a r r i v a l s  i n t o  t h e  Las Vegas area  are c l a s s i f i e d  as unem- 
played u n t i l  employment is secured. Unemployment i n  the  
area  i s  heightened during nat ional  economic dormturns when 
unemployed i m i g r a n t s  seek work i n  "booming*' Las Vegas. In 
1970, Henderson's m l e  unemployment r a t e  was s l i g h t l y  above 
t h a t  f o r  the  S.M.S.A. while i ts  fena le  unemploynent r a t e  
was s u b s t a n t i a l l y  below t h e  r a t e  f o r  t h e  S.M.S.A. 

Minority ecunmic  s t a t u s  i n  t h e  L a s  Vegas S.Y.S.A. i s  r e l a -  
t i v e l y  high. A t  t h e  t i n e  of  t h e  1970 census t h e  median 
family i n c m e  of black fami l i e s  i n  Las Vegas was $6,746, 
11 percent  above t h e  $6,067 black median throughout t h e  
United S ta tes .  The unenploynent r a t e  among t h e  Las Vegas 
S.M.S.A.'s black workforce was 5.4 percent  conpared with a 
white unemployment r a t e  of  5.1 percent .  Sa t iona l ly  t h e  
black unemploynent r a t e  w a s  8.2 percent ,  80 percent  above 
the  white rate of 4.5 percent .  

Socia l  Services  

Five general  purpose governnents which n w  exist i n  Clark 
County a re :  Boulder City,  County of  Clark, Henderson, Las 
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Vegas, and North Las Vegas. The s t r u c t u r e s  or' t he  four  
c i t y  governments a re  shom below: 

Boulder C i ty  Henderson 

blayor !dayor 
Ass is tant  ?layor Four Councilmen 
Five Councilnen ? h n i c i p a l  Judge 
Municipal Judge Ci ty  Attorney 
Ci ty  Attorney Ci ty  Manager 
City Manager Ci ty  Clerk 
Ci ty  Clerk 

Ci ty  o f  Las Vegas 

Mayor 
Four Ci ty  

Comiss ioners  
Wo Ehnicipal 

Judges 
Ci ty  Attorney 
Ci ty  Ebnager 
C i ty  Clerk 

Ci ty  o f  Korth L a s  Vegas 

?.iayor 
Three Councilmen 
Municipal Judge 
Ci ty  Attorney 
n o  Chief Deputy 

Ci ty  Attorneys 
City Manager 
Ci ty  Clerk 

Within Clark County there are many spec ia l  purpose d i s -  
tricts. A list of some o f  these  d i s t r i c t s  which seem 
mst re levant  t o  t h i s  s tudy is used t o  demonstrate t h e  
breadth of t h e  governnental semices and functions offered.  
The p a r t i a l  list follows: 

Desert Water District 
Clark County School D i s t r i c t  
Clark County Library D i s t r i c t  
Henderson Library District 
Boulder City Swimning Pool District 
Clark County San i t a t ion  D i s t r i c t  No. 1 
Boulder Ci ty  Library District 
Las Vegas Valley Water D i s t r i c t  
Clark County Flood Control District 
Clark County D i s t r i c t  Board o f  Health 
Clark County Regional S t r e e t s  and Highways 
Southern Nevada Elemrial Hospital  
Las Vegas Artesian Basin D i s t r i c t  
Colorado River Comiss ion 
Las Vegas Taxicab Authority 
Regional Planning Council 
Disas ter  Control Board 
Cmprehensive Health Planning Council 
Clark County Welfare Advisory Board 
Metropolitan Pol ice  Comission 



Hater Use 

Pr ior  t o  1970, the  primary water supply for  the southern 
Nevada area was pumped from wells.  As the comraunities 
i n  the valley grew, the  mount of water taken from the 
underground basin began t o  exceed considerably i ts  long- 
t e r n  capabi l i ty .  Since the l a t e  1950's more ground water 
has been pumped fron the L a s  Vegas Basin than nature can 
replenish or  recharge. This overpumping has resulted i n  
a general lowering of the water t ab l e  with consequent sur- 
face settlement i n  some areas.  This overpumping reached 
a withdrawal r a t e  equal t o  three  times the  estimated nat- 
u ra l  recharge in  1969. The f i r s t  stage of the  Southem 
Kevada Water System, jo in t ly  constructed by the  Nevada 
S t a t e  Division of Colorado River Resources and the Bureau 
of Reclamation, went online i n  1971. The f i r s t  s tage has 
the  capabi l i ty  t o  de l iver  up t o  44 percent of Nevada's 
Colorado River entitlement. 'I?lis amounts t o  132,000 acre- 
f ee t  per  year. The system currently provides water f o r  
Boulder City,  Henderson, North Las Vegas, Nel l is  A i r  Force 
Base, and the  greater  Las Vegas area [through the  f a c i l i -  
t i e s  of the  Las Vegas Valley Water D i s t r i c t ) .  Duxing 1974, 
the  system provided nearly 19 b i l l i o n  gallons of water with 
a peak delivery r a t e  of nearly 180 million gallons per day. 
Based on current per capi ta  use, exis t ing wells w i l l  sup- 
por t  a population of about 122,000 people. This is  assum- 
ing a s tab i l i zed  r a t e  of withdrawal from the ground-water 
basin of about 50,000 acre-feet  per year, wtrich is about 
one-half the r a t e  pumped &ring 1969 and 1970. Althaugh 
t h i s  amount of ptmping includes some overdraft ,  various 
water resource agencies f ee l  tha t  s t ab i l i z a t i on  a t  
50,000 acre-feet  w i l l  allow many years of productivity 
without serious adverse e f f ec t s  t o  the underground basin. 
The f i r s t  s tage of the  Southern Nevada Hater Systea 
increases the  water accommodation t o  about 443,000 people. 
The growth curve fo r  the area indicates tha t  f i r s t  s tage 
water and people w i l l  meet head on i n  the  ear ly  1980's 
ins tead of 1990 as w a s  or iginal ly  projected. 

The second stage of the  Southern Nevada Water System is 
currently being planned t o  provide the  remaining portion 
of Nevada's Colorado River entitlement by the ear ly  1980's. 

Energy Use 

The Las Vegas Valley is currently served by one natural  gas 
company and two e l e c t r i c  u t i l i t y  companies. 



The Southwest Gas Corporation is a Las Vegas based firm 
which supplies natura l  gas t o  port ions of  Nevada, Cal i for-  
n i a ,  and Arizona. The g rea tes t  grawth of commercial cus- 
toners f o r  the  u t i l i t y  has been i n  t h e  southern N e v d  
area .  During 1973, customer accounts to ta led  near ly  50,000 
with t o t a l  gas s a l e s  (1,000 f t 3 1  of over 40 mil l ion.  

The Cal i fornia-Paci f ic  Utilities Company current ly  provides 
e l e c t r i c  service  t o  t h e  c i t y  of Henderson from Hoover Dam. 

The Parker-Davis and Colorado River Storage Hydroelectric 
p ro jec t s  supply e l e c t r i c a l  pwer t o  t h e  B!U i n d u s t r i a l  cw- 
plex near Henderson. This power and energy, supplemented 
by power and energy from t h e  Yevada Pouer Company (dis-  
cussed below) i s  administered by t h e  S t a t e  through the  
Division of Colorado River Resources. 

The Nevada Power Company is an investor-awned u t i l i t y  
development. I t  receives power frolr Hoover Dam as we1 1 a s  
o t h e r  sources. In 1953 t h e  energy received f m  Hoover Dm 
(263-millian kWh] const i tu ted  100 percent  of the company's 
service-area requirements. In 1970 t h e  energy received 
from Hoover Dm const i tu ted  only 11 percent  of  t h e  service-  
a r e a  requ i remnts .  The company current ly  provides se rv ice  
f o r  a l l  of  Las Vegas Valley, except Henderson, which 
includes Las Vegas and North L a s  Vegas, and o the r  areas  
i n  Southern Sevada. E l e c t r i c  energy during t h e  year 1973 
f o r  s a l e s  (1,000 kWh) f o r  r e s i d e n t i a l  use was 1,792,688, 
f o r  coanercial  and i n d u s t r i a l  use 1,983,701, and o the r  
uses 290,422. Customer accounts t o t a l e d  108,088. [58] 

The dramatic growth o f  t h e  Las Vegas Valley carrmunities, as 
previously described, has resu l t ed  i n  large  increases i n  
e l e c t r i c  power consumption. To provide f o r  this increased 
consumption t h e  t o t a l  ava i l ab le  power f o r  the  valley was 
increased fruin 929 megawatts t o  1,241 mmgawatts i n  1974. 
This was f u r t h e r  increased t o  1,353 megawatts i n  June 1975. 
The fol louing tabulat ion[63] shows t h e  cur ren t  avai lable  
power t o  Las Vegas Valley and a project ion of  power ava i l -  
a b i l i t y  i n  the  year 2000. 

RecreationlCultural Resources 

Long-term trends toward g r e a t e r  aff luence,  not  only i n  the  
United S t a t e s  but a l s o  i n  much of  t h e  rest of t h e  world, 
have made recreat ion and leisure time use i n  general 



Power-Generating Plants 
For Las Vegas Valley 

Megawatts available 
K a n e  of  plant kgawatts  gresently t o  Nevada T p e  of  plant 

and locat ion available 5y year 2000 and gurpose 

1. Clark Stat ion 
Las Vegas Valley 

Steam e l ec t r i c  
main load (nat. 
gas and fuel  
o i l )  

2. Sunrise Station 
Las Vegas Valley 

Steam e l ec t r i c  
main load (nat. 
gas and fuel 
o i  1) 

3. ,%have Stat ion 
near Davis Dan 

Stean e l ec t r i c  
w i n  load (coal) 

4. 1Cestside 
Las Vegas Valley 

Diesel e l e c t r i  : 
peak, emerg. 

5. Gas turbines 
Las Vegas Valley 

Gas turbines 
peak. emerg. 

6. Hoover Dam 
a t  the Darm 

Hydroelectric 
main load 

7. Navajo Stat ion 
near Page. Arizona 

261 (June 1974) Steam e l ec t r i c  
main load (coal) 

8. h i d  Gardner 
!hapa Valley 

234 
+112 (June 1975) 

S t e m  e l ec t r i c  
sa in  load (coal) 

9. Allen Power Project 
(proposed) 

Stean e l ec t r i c  
main load (caal) 

1,241 mid 1974 
1,333 s i d  1975 

Total nominal 
generating capacity 
i n  mgawatts 

500 mgawatts proposed t o  be available in 1979 with proposed expansion t o  2,000 
negawatts by 1983 



increasingly important. Sot only do people have more t im 
for  le isure  and recreation,  but they a lso are able t o  use 
an increasingly large share of t h e i r  income in  support of 
recreational ac t iv i ty .  Recreation a?d le isure  time use a re  
especially important t o  the Las Vegas Valley as the basis 
of the valley's  principal  industry. Recreational and l e i  - 
sure f a c i l i t i e s  and offerings t o  valley residents not only 
const i tu te  an obviously important component of the  current 
qual i ty  of l i f e  but a lso  are  very important, through t h e i r  
special  e f fec t s  on youth, t o  socia l  wellbeing i n  the future.  

Am inventory conducted i n  1971 showed a t o t a l  of 63  neigh- 
borhood parks (serving 3 t o  6 thousand people, each), 
23 community parks (serving 20 t o  4 0  thousand people, each), 
9 regional parks (serving the  en t i r e  valley) and 19 specia l  
purpose recreational areas. The following tabulation shows 
the d i s t r ibu t ion  of these parks by comunity. Ninimrrn 
standards for  the s i ze  and location of public park lands 
have been adopted for Clark County. These a re  a l so  d i s -  
played on the following table.  In comparison t o  the stand- 
ards adopted, the important neighborhood and cotnuunity 
parks show s ign i f ican t  deficiencies i n  both acreage and 
location. By 1990, the acreage required for  these  parks 
w i l l  be a b w t  double the 1971 level .  

There a re  four najor recreational areas outside the Las 
Vegas Valley i t s e l f  which a re  used extensively both by 
Las Vegas res idents  and by v i s i t o r s  t o  the  Las Vegas Val- 
ley. These four a r e  Red Rock Canyon, the  Las Vegas Ranger 
Dis t r ic t  of the Toiyabe National Forest, the  Valley of F i re  
S t a t e  Park, and the  Lake Mead National Recreational Area. 
The locations of these areas are: 

The Red Rock Canyon area, ncw a Nevada S t a t e  Park, i s  
about 20 miles west of Las Vegas and i s  readily acces- 
s i b l e  by a paved loop road. I t  o f fe rs  a number of 
recreational s i t e s  generally regarded as highly a t t r ac -  
t i v e  and sone s i t e s  of special  geologic and archeolog- 
i c a l  i n t e r e s t .  Although 17 spec i f ic  s i t e s  i n  Red Rock 
Canyon have been proposed fo r  future developnent, i t  
remains largely undeveloped. 1974 v i s i t o r s  t o  Red Rock 
Canyon tota led 24,615. 

The Las Vegas Ranger District of the  Toiyabe National 
Forest includes the Charleston Yountains, which i n  t h e i r  
higher portions are  heavily forested,  and i n  winter cov- 
ered u i t h  snow supporting winter spor ts .  The area has 



Sumation of General Recreation 
User-Oriented Areas 

Location Seighborhood Parks* Coxuni ty  Parks* Regional Parks 
Nurnber Acreage NlrmSer Acreage SumSer Acreage 

Las Vagrrs 2 8 

North Las G'egas 13 

Boulder Ci ty  4 

Clark County 13 
ne tmpol i tan  area 

Clark County - 

Total 65  268.24 23 482.17 9 6,760.0 
. . - - - - - - - - 

Includes developed park-schml f a c i l i t i e s  



User-Oriented Park and Recreation Standards 
(& es tabl ished by t h e  Clark County Regional Planning Council) 

Area per  S ize  of Service Population 
1,300 pop. park r a d i x  served 
(acres)  (acres)  ( f i l e s )  eac5 ?ark 

Types of parks (average) 

Tot l o t s  .2 1,503-5,000 !/5-1/4 2,533 
3,503 average 
(square f e e t )  

Seighborhoo2 2.0 5-10 1/4-1/2 4,530 
parks 7.5 average 

C o m n i t y  parks 3.0 20-63 
49 average 1-1-1/2 30,000 

Regional parks 10.0 500-1,000 60 n in .  Ent i re  
750 average dr iv ing urban 

t ise area  

Specia 1 purpose 5.0 Varies - sports a rea ,  gol f  co*xses, 
a re as  a t h l e t i c  f i e l d s ,  e t c .  



s i g n i f i c a n t  p r iva te  development and supports a v s r i e t y  
of dispersed recreat ion a c t i v i t i e s ,  including hiking,  
back-packing and mountain climbing. 

The Valley of Fire S t a t e  Park is about 75 n i l e s  north- 
e a s t  of L a s  Vegas and contains about 26,000 acres .  The 
park i s  focused an a c e n t r a l  care  o f  heavily eroded 
sandstone with i ron  content providing, i n  d i f f e r e n t  
l eve l s  of leaching, s t rong and varying color pa t t e rns .  
There i s  an i n t e r p r e t i v e  center  i n  which t h e  h i s to ry ,  
geology and ecology of the  region is explained through 
v i sua l  exh ib i t s .  In 1974, 134,943 persons v i s i t e d  t h e  
Valley of F i re  S t a t e  Park. 

The Lake Head National Recreation area  i s  based on 
t h e  two large  lakes crea ted  through t h e  construc- 
t i o n  of  Hoover and Davis Dams on t h e  Colorado River. 
The a rea  covers over 3,000 square miles i n  Nevada 
and Arizona, much of it canyon-cut picturesque 
dese r t .  The a rea  o f f e r s  year-round water recrea-  
t i o n  with the  peak season o c c u m n g  during t h e  sun- 
mer, desp i t e  high surmer temperatures. Both lakes 
o f f e r  a va r ie ty  of f i sh ing.  The National Park Serv- 
i c e ,  which administers t h e  a rea ,  l eases  land t o  
p r i v a t e  firms t o  provide marinas and l i v i n g  s i t e s  
adjacent  t o  t h e  lakes.  S i x  separa te  business orga- 
n iza t ions  provide t r a i l e r  parks, boat docks and 
res tauran t s  i n  general ly well-developed i n s t a l l a -  
t ions .  There a r e  11 such i n s t a l l a t i o n s  sca t t e red  
roughly every 10-15 miles on t h e  nor th  shore of 
Lake Head, the  most e a s i l y  access ib le  from L a s  
Vegas. In 1974, t h e  Lake Mead Recreational Area 
had 5.9 mi l l ion  v i s i t o r s  with 1 .7  n i l l i o n  overnight 
s tays .  For the pas t  severa l  years ,  Hoover Dam has 
been v i s i t e d  by an average of  1,750 v i s i t o r s  da i ly ,  
although i n  1974 the d a i l y  average f e l l  t o  1,589. 
The f a c i l i t i e s  a t  Lake Wad Recreation Area and 
i n  the other  th ree  major r ec rea t iona l  areas  d i s -  
cussed above are described on the  fo l louing t a b l e .  

There i s  a p o t e n t i a l  f i f t h  major r ec rea t iona l  a rea  f o r  
Las Vegas Valley res iden t s  and v i s i t o r s  i n  t h e  Las Vegas 
Wash. The Las Vegas Wash i t s e l f  is  some 42 miles i n  
length s e w i n g  as t h e  main drainage channel f o r  t h e  v a l -  
ley .  The L a s  Vegas Wash Development C d t t e e ,  a study 
and recamending group appointed by t h e  Board of County 
Cctmmissioners of Clark County, has i d e n t i f i e d  t h e  lower 



F a c i l i t i e s  i n  t h e  Area 

National Park S e n i c e  
Lake Mead : 

Boulder Beach X  X X  338 80 X 
Las Vegas Bay X  X  89 40 
C a l v i l l e  Bay X  X  X  
Echo Bay X  X  X 166 
Roger Springs X  
Overt on Beach X X X 20 
Temple Bar X  X X  X  

Lake bb j ave : 
Wi 1 low Beach X  X  X  X X 
Cottonwood Cove X  X  X  149 
Katherine X X X X  X X  

National Fomst  Service 
Toiyabe Kational Forest 

~ y l e  Canyon 
Fle tcher  View 
Cathedral Rock 
Mary Jane F a l l s  
I.5 l l t o p  
blohogany Grave 
Deer Creek 
!k%i l l iams 

(Lee Canyon) 

S t a t e  Parks: 
Valley o f  Fire 

R e d  Rock Canyon 

Cold Creek 
Willow Creek 

X  X  
X  X 
X X 
X X 
X X 
X  X 
X  X 
X X X X  

2mile 30 3 g r .  
t r a i l s  a reas  

X  3 g t .  
a reas  

6 X 
15 



11 n i l e s  of the wash beginning a t  the  Las Vegas Waste- 
water Treatment Plant as the portion of the  wash su i t -  
able  fo r  extensive recreational development and preser- 
vation as a natural  area. [SO] 

Private outdoor recreat ional  f a c i l i t i e s  include s w e  which 
a re  essen t ia l ly  nonprofit i n  nature,  and which serve i n  
mch the same manner as  s i t e s  operated by o r  w e d  by Gov- 
ernmental agencies. The Boulder Dam Area Council of t he  
Boy Scouts of America operates two s m e r  camps attended by 
approximately 700 youths yearly and a weekend camp a t  
Potosi i n  the Spring W n t a i n s  v i s i t ed  by substant ia l ly  
larger  numbers of Scouts during its year-round operation. 
In 1974 the Council's sunmer camping days exceeded 49,000. 

Private ou tdwr  recreational f a c i l i t i e s  a l so  include those 
operated wholly on a profit-making basis  i n  themselves or  
as a service  f a c i l i t y  f o r  r e so r t  hotels .  Golf courses con- 
pr i s e  the most important of the  f a c i l i t i e s  i n  t h i s  category. 
There are 12 pr ivate  golf courses and one 18-hole mil i tary  
golf course in the valley,  10 of which a re  designed and 
kept at champianship levels  of qual i ty .  A 1 1  of these 
courses a re  i r r iga ted ,  10 with water taken h o r n  the  basin 
through ons i te  wells  and 3 with t rea ted  sewage eff luent .  

Private outdoor recreational f a c i l i t i e s  a l so  include r iding 
s tables ,  a motor speedway, archery lanes,  gun clubs, tennis  
f a c i l i t i e s  (including temperature controlled indoor courts) ,  
an i c e  r ink,  f ly ing and glider-flying clubs and a i rpo r t s  and 
numerous smaller outdoor f a c i l i t i e s .  The Las Vegas Valley 
is l i be ra l l y  served by pr iva te  m i m i n g  p m l s ,  both i n  con- 
dominiums and apartments, a l m s t  a l l  of which have pools 
open generally f m  the beginning of May through September. 
An estimated 1s percent of a l l  s ing le  family hoaes have 
pr ivate  swiming pools. 

Nonparticipatoy and indoor recreat ional  ac t i v i t y  include 
a wide var ie ty  of public and pr iva te ly  provided programs. 
Attendance a t  spor ts  events of the  V n i v e f ~ i t y  of Nevada, 
Las Vegas (IJNLV) and of t he  Clark County School S y s t m  
comprises one major category of such recreational ac t i v i t y .  

Nmsports presentations f o r  audiences by the univers i ty  
and, t o  a l esse r  extent by the  school system, supplemented 
by the dramatic and musical presentations of the Reed 
khipple Cultural  A r t s  Center provide a second major cate- 
g o y  of indoor and nonpar t ic ipa toy  recreation.  The UNLV 



Judy Bayley Theatre and a second, sna l le r  theatre  stage 
same 60 t o  70 perfomances annually with t o t a l  t i cke t  sa les  
of more than 20,000. In addition, the  Confederated Stu- 
dents of the universi ty arrange a vide var ie ty  of speeches, 
entertainment and other presentations a t  t he  Student Union. 
S t i l l  further public entertainment a t  the  universi ty is  
provided in  the several auditoriuns, including lecture  
s e r i e s .  

Cultural  r e c r ~ a t i o n a l  a c t i v i t i e s  i n  addition t o  the  above 
include approximately 100 sna l l e r  a c t i v i t i e s  based around 
such formal org-anizati~ns and looser organizations as his-  
t o r i c a l  and co l l ec to r f s  groups, f e s t i va l  groups, music 
centers,  poetry clubs, dance clubs and competitions, ethnic 
groups, d r a m  groups, labor union socia l  a c t i v i t i e s  and 
church o r  other re l igious  groupings. 

Libraries within the  L a s  Vegas Valley include t he  James 
Diekinson Library a t  IJNLV, the Clark County M a i n  Library 
and three  Clark m t y  branch l i b r a r i e s ,  the  North L a s  
Vegas Library, the  Las Vegas Library and the Boulder City 
Public Library. The Clark County Library D i s t r i c t  a l so  
provides bookmbile service.  

Private indoor recreational f a c i l i t i e s  are dominated by 
those of the resor t  industry. Intended primarily fo r  v i s i t -  
o r s  but available t o  residents a re  24 major hotel/casinos 
offer ing major shows and lounge shows w i t h  entertainment by 
nat ional ly  acclaimed performers. More conventional indoor 
entertainment is provided by 46 separate motion pic ture  
screens i n  the area. Church recreational ac t i v i t y  is a l so  
extensively provided by the  145 churches and 3 synagogues 
i n  the  valley. Radio and te levis ion s t a t i ons  add a d i f fe r -  
ent  diaension t o  private-enterprise provided entertainment. 

(12) Land use. - As noted in the  foregoing, recreation con- 
s t i t u t m t h e j o r  a l locat ion of land f o r  man's a c t i v i t i e s .  
In addition t o  the spec i f ic  recreat ional  areas, t he  urban com- 
&mit ies  are surrounded by deser t  wilderness. Most of t h i s  
wilderness is -aged by the  Bureau of Land Management. These 
areas provide abundant recreational value for  hikers,  rock 
col lectors ,  off-road vehicle ac t i v i t y ,  mtorcycles ,  and horse- 
back riding.  There has been an a t t i t u d e  of "no value" toward 
m y  portions of the  area. There a re  numerous trails cut by 
motor vehicle f o r  convenience o r  spor t  with disregaid f o r  the  
environment. Trash and abandoned cars a re  found pi led along 
the roads and trails and along the  periphery of Las Vegas Wash. 



Due t o  the lack of precipi ta t ion and the  high smer  heat, 
great  quant i t i es  of water a r e  required for  the  i r r i ga t i on  of 
l a m s ,  gardens, and agr icul tural  land. Urban cnrwmit ies  have 
expanded and with t h e i r  p r io r i t y  fo r  water use, l i t t l e  i s  
available fo r  agriculture.  % s t  farmland i n  the area i s  irri- 
gated with t reated swage  eff luent .  During 1954 only about 
1,601) acres of i r r iga ted  crops and pasture were grown. This 
f igure  has decreased t o  a current use of about 1,000 acres. 

Vast expanses of land i n  Nevada a re  uninhabited, barren des- 
e r t  o r  semiarid mountain te r ra in .  These areas have proven 
ideal  fo r  use by the mil i tary  and re la ted  qxmations. About 
one-half Ri l l ion acres have been reserved f o r  these  purposes. 
However, m l y  about 19,000 acres are  located i n  Clark County. 

The annexed urbanized areas in  Las Vegas Valley encompassed 
a b u t  162 square miles i n  1972. Other m r e  d i r e c t  uses a r e  
tabulated below (1972). 

Use - Acres - 
Single family 16,310 
Multiple family 2,820 
Commercial 3,570 
Industr ia l  2,080 
Pub 1 ic  15.170 

b. Crystal  Geyser Wt. - The Crystal Geyser i s  located i n  
a natural  s p r i n ~  area adjacent t o  the Green River and about 
3.5 miles south-of the tk of Green River, Utah. The locatian 
is  on the  r i ve r  flood plain near the  northeast  end of t h e  San 
Rafael Desert. 

Xn August 1972, geologists  o f  the Brigham Young University Center 
f o r  ~nvironmental Studies, confirmed t h a t  t h e  geyser w a s  the prin- 
c ipa l  ou t le t  f o r  salt- laden water averaging 11,000 t o  14,000 m d l .  
Water a lso  issued fkom two other  springs: one eas t  of the  geyser 
and one north of the  geyser. bring eruption, water comas f m  
a l l  three openings and some minor a c t i v i t y  w a s  observed i n  the  
r i ve r .  The combined yield contributes 150 acre-feet  and a b w t  
3,MO tons of s a l t  per year t o  the  Colorado River System. Fig- 
ure 11-9 shows water from the geyser flouing i n t o  the  Green River. 

(1) His tor ical  and archeological. - In 1869, when John Wesley 
Powell nassed this area on h i s  h i s t o r i c  t r i p  d m  the Green 
River, he reported the  existence of rocks dkposited by mineral 
springs, but t h a t  the springs no longer f lared.  A. H. Thompson, 



Crystal Geyser exupion water flowing into the Green River. 

Figure 11-9 



who was with Powell on a l a t e r  t r i p ,  s a i d  t h a t  t h e r e  wero e f f e r -  
vescent flows of a lka l ine  water r i s i n g  i n  the bed of the  r i v e r  
a t  t h i s  spo t .  

In November 1935 t o  J u l y  1936, a 16-inch well was d r i l l e d  to a 
depth o f  2,627 f e e t  by Glen Ruby and others  a t  t h e  s i t e  o f  t h e  
mineral spr ings  reported by Powell. This was designated i n  
USGS Bul le t in  908 as No. 1 - X  (S ta te)  wel l .  I t  was located on 
the  c r e s t  of a s n a l l  a n t i c l i n a l  s t r u c t u r e  following the  d i s -  
covery o f  gas and petroleum seeps i n  t h e  v i c i n i t y .  So casing 
record i s  ava i l ab le ,  but the well  was probably surface  cased 
f o r  a d i s t ance  of  l e s s  than 100 f e e t .  Since d r i l l i n g  o f  t h e  
w e l l ,  water has issued from t h e  hole  i n  q u i t e  spectacular  
pe r iod ic  empt ions .  

Figure 11-10 shows t h e  geyser during an eruption.  Eruptions 
a r e  reported t o  have occurred about every hour when t h e  well 
was first d r i l l e d ;  but  by 1972, t h e  i n t e r v a l  had extended t o  
about 5 t o  5-112 hours. Local r e s iden t s  say  t h e  well has been 
dynamited severa l  times and a g r e a t  deal  o f  debr is  thrown down 
the  hole. 

The well is located on p tape r ty  cons i s t ing  of 11.1 acres 
o f  land and mas purchased exclus ive  o f  mineral r i g h t s  by 
Yr .  Stephen Cook from t h e  S t a t e  o f  Utah i n  1945. Af te r  being 
used as a commercial f a c i l i t y  f o r  a few years ,  it was aban- 
doned in  favor  o f  the Woodside Geyser located j u s t  o f f  High- 
ways No. 6 and 50 between Green River and Pr ice ,  Utah, about 
28 niles nor th  of  t h e  Crys ta l  Geyser. 

A survey conducted by t h e  Utah S t a t e  H i s t o r i c  Preservat ion 
Office in  June 1974 revealed f i v e  archeological  s i t e s ,  t h r e e  
o f  which a r e  within t h e  b m d a r i e s  of t h e  proposed evaporation 
pond. Based on t h e  da ta  ava i l ab le ,  none of the sites appeared 
t o  be  o f  National Register  q u a l i t y .  However, should any cul -  
t u r a l  resources not already i d e n t i f i e d  be e n c o u n t e d  during 
cons tmct ion ,  then t h e  Bureau of  Reclamation would evaluate  
the resource i n  terms of e l i g i b i l i t y  f o r  nomination to t h e  
National Register  of H i s t o r i c  Places i n  accordance with t h e  
c r i t e r i a  i n  36 CFR 800. 

(2) Ecoamics. - A survey of businesses i n  Green River, Utah, 
was made by B r i g h a m  Y m g  Universi ty as p a r t  of  t h e  Crys ta l  
Geyser inves t iga t ions .  The survey involved in temiewing 
m e r s  and managers of s e r v i c e  s t a t i o n s ,  motels and res t au -  
m t s ,  t h e  cmbina t ion  o f  which represented about 90 percent  



Emptions frm abandoned well - Crystal Geyser Unit .  
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of the  business conducted with t o u r i s t s .  Tourism and w c r e a -  
t i o n  a r e  now probably t h e  l a r g e s t  economic f a c t o r s  i n  Green 
River, Utah. Conclusions reached f r o s  t h e  interviews were: 

(a) Tour i s t s  make only an overnight s t o p  i n  Green River. 

@) Additional p r iva te ly  funded f a c i l i t i e s  would be needed 
t o  induce t o u r i s t s  t o  remain longer. Same o f  these  could 
be a movie thea te r ,  bowling a l l e y ,  gol f  course, and o the r  
r ec rea t iuna l  f a c i l i t i e s  as well as res t au ran t s .  F a c i l i t i e s  
which would make guided tours  ava i l ab le  t o  such areas  as 
Goblin Valley, Crystal  Geyser, Arches National Park, Dead 
Horse Point ,  Canyonlands National Park, and Capitol  Reef 
National Park as well as  r i v e r  t r i p s  dawn t h e  Green River 
would give inpetus to the economy of  t h e  area .  

(c) The majori ty of  those interviewed favored the  develop- 
m n t  of  Crys ta l  Geyser by t h e  S t a t e  r a t h e r  than Federal,  
c i t y ,  o r  p r i v a t e  groups, although some believed t h a t  a l l  
organiza t ions  should cooperate on the  p r o j e c t .  

(d) a e  of the  l imi t ing  f a c t o r s  toward making t h e  geyser 
a t o u r i s t  a t t r a c t i o n  a r e  its length of time between and 
i r r e g u l a r i t y  o f  erupt ions ,  inadequate mads ,  and lack of 
t r e e s  and vegetat ion i n  t h e  area.  

(e) I f  c r y s t a l  Geyser were t o  be  p r i v a t e l y  developed f o r  
tourism, it was suggested t h a t  bus and jeep tours ,  boat  
t r i p s ,  a hiking trail along t h e  r i v e r ,  and horse  r i d i n g  
f a c i l i t i e s  be mads ava i l ab le .  

( f )  P1.actically a l l  businesses reported an increase  i n  
t o u r i s t  t r ade  from 1970 t o  1972. Expanded rec rea t iona l  
areas i n  Grand and San Juan Counties together  w i t h  carrple- 
t ion  of  p a r t s  of  1-70? t h e  annual Friendship Cruise frm 
Green River t o  k a b  and general  uptrend i n  t o u r i s t  a c t i v i -  
t i e s  have increased business a c i t i v i t i e s  i n  Green River. 
Wr ing  t h e  summer months i n  1972, a l l  m t e l s  were f i l l e d  
t o  capacity.  Some of these  a r e  open only i n  t h e  summer, 
o the r s  year  round. 

(g) Hotel and camping f a c i l i t i e s  a r e  being expanded 
because o f  the  increase  i n  t o u r i s t  t r ade .  Additional pub- 
l i c  u t i l i t i e s  are being planned by cornunity leaders.  

(3) Land use /cu l tu ra l  f ac to r s .  - The land surrounding t h e  
well i s  not  used a t  present  except f o r  occasional  v i s i t o r s  who 



cone t o  see  the  geyser. About 50 percent  of t h e  a rea  where 
the  evaporation rese rvo i r  w i l l  be located i s  present ly  under 
cu l t iva t ion .  

(4) Population d i s t r i b u t i o n .  - In 1970, t h e  population of 
Green River, Utah, w a s  1,033. The area  near the Crystal  Gey- 
ser has no permanent residences. An occasional t o u r i s t  o r  - 
v i s i t o r  may remain a t  t h e  geyser f o r  a few h w r s .  There is 
some overnight camping, and group p a r t i e s  have been held a t  
t h e  s i t e  on occasion. 

(5) Climate. - The cl imate a t  t h e  geyser is o f  a d e s e r t  type, 
being hot  and dry during t h e  l a t e  spr ing,  sumner, and e a r l y  
f a l l  and general ly cold but dry i n  the  winter.  The mean 
monthly tenperatures range from a low of 24' F i n  January t o  
a high o f  78' F i n  July .  The average annual p r e c i p i t a t i o n  
f o r  t h e  pas t  23 years,  as recorded a t  t h e  Green River a i r p o r t  
nearby, i s  about 6 inches. The winus  annual p rec ip i t a t ion  
f o r  t h i s  period cxcurred i n  1957 with almost 12 inches and 
the  minimum occurred in 1956 with s l i g h t l y  more than 2 inches. 
Evaporation recards aver t h e  1948-72 period s h w  an average 
annual evaporation of  54.80 inches. With t h e  average annual 
p r e c i p i t a t i o n  as 6.01 inches,  t h e  annual ne t  freshwater evap- 
ora t ion a t  Crystal  Geyser is 48.8 inches o r  about 4 f ee t .  
However, as the s a l t  concentration i n  ponded water increases,  
the  evaporation r a t e  &creases. Eventually, as s a l t  a c c m -  
l a t e s  i n  evaporation ponds t h e  concentrations approach sa tu ra -  
t i o n  loads. A n e t  evaporation r a t e  f o r  t h e  geyser area as 
affec ted  by the  s a l t  accumulation w a s  estimated about 1.5 f e e t  
p e r  year .  

(6) S o i l s ,  topography, geology, and minerals. - Crystal  Gey- 
s e r  is  located on a t u f a  cone with sandstone and sha le  r idges 
on. th ree  s ides .  S o i l s  f u r t h e r  away from t h e  geyser and along 
the proposed pipel ine  vary between loose sandy a l l u v i a l  depos- 
its i n  L i t t l e  Grand Wash and shallow s o i l s ,  and rau Mancos 
Shale outcroppings along t h e  s teep cutback exposed by t h e  
r i v e r .  S o i l s  near the  evaporation pond s i t e  have developed 
i n  alluvium (with textures  ranging from coarse gravels  t o  
clay) . Yost surface  t ex tu res  are sandy loam t o  c lay  loam. 
Lining o f  the ponds w i l l  be required t o  prevent leakage t o  
t h e  r i v e r .  

Steep s lopes  are found i w e d i a t e l y  e a s t  of the geyser. The 
Little Grand Wash Fault crosses t h e  Green River at the  well 
location.  The lower p a r t  of t h e  t u f a  cone near Green River 
was b u f l t  up by the  geyser. Other t u f a  cones b u i l t  up by 



springs along the f au l t  surface a r e  evident f o r  1.5 miles 
eastward and on the  west s i de  of Green River. The t u f a  mate- 
r i a l s  have changed the  topography i n  the  v i c in i t y  of the gey- 
s e r  by creating a layered e f fec t  with each layer dropping i n  
elevation toward the  r iver .  Figure 11-11 shows the  topography 
of the  Crystal Geyser area.  

Investigations have disclosed tha t  three  general ages of t u f a  
development are  recognized a t  the  Crystal s i t e .  A l l  three  
ages of tufa are along the  L i t t l e  Grand Wash Fault ,  a major 
east-west f au l t .  The s t ruc tu ra l  break i n  the  general v i c in i t y  
of the geyser area is a f au l t  zone, with several  minor f au l t s  
but two m j o r  ones separated by approxinately 400 fee t  along 
most of t h e i r  trend.  Towards the east ,  the two major f a u l t s  
merge and a t  about t h i s  point the  tu fa  cones terminate. The 
tu fa  deposits  owe t h e i r  o r ig in  t o  springs developed along the 
f a u l t  surface which offered channel-ways through the  imper- 
vious lower Entrada and Camel Formations. The occurrence of 
a l l  three stages of  t u f a  deposition along t h e  f au l t  indicate  
considerable spring ac t i v i t y  over the  past  several thousand 
years well back i n t o  Pleistocene t ine .  The youngest tu fas  a re  
currently being formed and a re  associated with the  presently 
act ive  geyser and springs. 

The only geologic records available on t h e  Crystal Geyser well 
a re  d r i l l e r ' s  logs. Interpreta t ion of the  data suggests t ha t  
the well was d r i l l e d  approximately 70 f e e t  through t u f a  a t  
which o r  near which the  well apparently crossed the  control- 
l ing t i t t l e  Grand Wash Fault .  The lower pa r t  of the  well was 
d r i l l e d  i n  the  north upthrown block of the  f a u l t  s t ruc ture  
composed of Tr iass ic  (T) and Jurass ic  (J) materials  and is 
shown cm f igure  11-12, The well m r e l y  offers  a local  r e l i e f  
point f o r  dissolved carbon dioxide and water trapped i n  deep 
formations. The small springs north and ea s t  of t h e  geyser 
a re  probably natural  openings near the  l i ne  of energence of 
'the f a u l t  along the ea s t  and north s ide  of the  act ive  t u f a  
cmes  . 
The source of erupted water is  i n  c lose  proximity of a m j o r  
f a u l t  zone. According t o  the  d r i l l e r  I s  log, water was first 
encwntered at a depth of 270 fee t ;  no water was mntioned i n  
t he  log below 290 f ee t .  The water, however, could be coming 
from the Navajo Fornation below 700 f e e t  by flowing along the  
f a u l t  l ine  and merging a t  the 270- t o  290-foot depth. 

The Navajo Sandstone produces carbon dioxide saturated water 
a t  the  Woodside Geyser 28 miles t o  t he  north, which is used 
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f o r  commercial production of  carbon dioxide.  The water could 
have i t s  o r i g i n  a s  p r e c i p i t a t i o n  percola t ing  i n t o  t h e  exposed 
Savajo Sandstone along t h e  e a s t  s ide  of  t h e  San Rafael Swell 
(see f i g .  11-13]. This formation has an eastward sloping 
na tu ra l  gradient  from t h e  high San Rafael Swell t o  a low 
point  a t  about t h e  pos i t ion  of t h e  geyser.  Faul ts  of t h e  
S a l t  Wash Graben and t h e  t i t t l e  Grand Wash Fault  e f f e c t i v e l y  
sea l  o f f  t h e  sandstone aqu i fe r  t5ereby trapping both water 
and dissolved carbon dioxide. 

?finera1 production i n  t h e  imnediate v i c i n i t y  of t h e  geyser is 
nonexistent .  There a r e  numerous exploratory o i l  and gas 
wells  i n  t h e  surrounding a rea  although none a r e  c o m e r c i a l l y  
productive. Uranium claims have a l s o  been es tabl i shed a t  
m y  surrounding sites. 

(7) Ve e t a t i o n .  - Vegetation found i n  t h e  geyser area  
althoug -I!---- sparse  includes cactus i n  several  v a r i e t i e s ,  Mor- 
man t e a ,  greasewood, and shadscale. Tamarisk and sca t t e red  
cottonwood are some of t h e  t r e e s  found along t h e  edges of 
t h e  Green River and on the  f l m d  p l a i n  of L i t t l e  Grand Wash. 
Scat tered  clumps of low growing shadscale along with grass 
t u f t s  a r e  found i n  a por t ion  of t h e  evaporation pond s i t e .  
A l fa l fa  i s  cur ren t ly  growing i n  about SO percent of the site. 
Refer t o  appendix D f o r  a l i s t  of c m o n  and s c i e n t i f i c  names 
o f  p l a n t s  c h a r a c t e r i s t i c  of  Crys ta l  Geyser. 

(8) Fish and wi ld l i fe / recrca t ion .  - A 1973 survey of t h e  
d i s t r i b u t i o n  and abundance of f i s h  i n  t h e  Green River in  t h e  
65 r i v e r  nile reach above i ts  m u t h  (mostly i n  Canyonlands 
National Park) showed t h e  following f i s h  and t h e  survey's 
c l a s s i f i c a t i o n  as t o  t h e i r  population: tmnytai l  chub, rare; 
Colorado squawfish, ' rare;  speckled dace, r a r e ;  fathead min- 
ncw, comaon; carp,  common; red shiner ,  abundant; f lannel -  
mouth sucker, abundant; bluehsad sucker, r a r e ;  humpback 
sucker, r a r e ;  channel c a t f i s h ,  abundant; black bullhead, 
common; green sunf i sh ,  r a r e ;  and flannelmouth sucker- 
humpback sucker hybrid, r a re .  

Appendix D conta ins  a l i s t i n g  of b i rds ,  mammls, f i s h e s ,  
r e p t i l e s ,  and amphibians i n  t h e  Crys ta l  Geyser area .  These 
lists were prepared from a l i t e r a t u r e  search and f i e l d  s t u d i e s  
of t h e  Crys ta l  Geyser area  by Brigham Young Universi ty in  June 
of  1975. A t o t a l  of 73 b i rd  species  were l i s t e d  a s  r e s iden t  
species  and 13 as game species .  Representative game species 





include the Canada goose, numerous species of waterfowl, sage 
grouse, qua i l ,  pheasant, chukar, and mourning dove. 

A t o t a l  of 48 manna1 species were noted as ranging within the  
project  area. Of t h i s  t o t a l ,  43 were l i s t e d  as residents and 
5 were considered game species. Game species include the des- 
e r t  co t ton ta i l ,  beaver, bo5cat, mountain l ion,  and m l e  deer. 
No s i p  of mle deer were observed i n  the  Brigham Young Uni- 
vers i ty  s tudies  of the area.  

Twenty species of r ep t i l e s  and amphibians were l i s t e d  as  hav- 
ing a range overlapping the Crystal  Geyser area. Quanti tat ive 
data indicate tha t  the n u h e r s  of amphibians and r ep t i l e s  are 
re la t ive ly  low. 

The endangered Colorado squawfish and humpback chub a re  
reported i n  the  l i t e r a t u r e  t o  occur within the  Green River. 
Also, the  range of the  endangered h r i c a n  peregrine falcon 
may extend in to  the  project  area but was not o b s e ~ e d  during 
t h i s  study. 

Reereation a t  present consists  mostly of t o u r i s t  a c t i v i t i e s ,  
sightseeing,  boating down the Green River, picnicking and 
camping. Act ivi t ies  a t  the Crystal  Geyser s i t e  i t s e l f  are  
very limited. This is  because of the inaccess ib i l i ty  t o  the 
site, lack of shade t rees  and other  desi rable  f a c i l i t i e s ,  and 
the  infrequent eruptions of t he  geyser. 

(9) H dm10 . - The Crystal Geyser discharges an es t izated 
150 acre- 59 ee t  of water a year t o  the Colorado River. The 
water i s  not used d i r ec t l y  as it discharges from the  geyser 
due t o  i ts s a l i n i t y ,  but is  used i n  t he  lower Colorado River 
Basin following mixing with the  Green and Colorado Rivers. 

2. Other Control Units f o r  Construction. 

Paradox Valley Unit. - 
Introduction. - The project  area is located i n  the eastern 
portion of the Colorado Plateau physiographic province. 
This is a scenic and sparsely populated region topographic- 
a l l y  characterized by narrow mesas, broad plateaus,  buttes,  
wide valleys bordered by steep c l i f f s ,  and deeply entrenched 
canyons and gorges. The most prominent features i n  the  vicin- 
i t y  of the project  are the La S d  Mountains, a domed u p l i f t  
r i s i n g  t o  elevations of over 12,000 f ee t  t o  the  northwest, and 
the Uncur~pahgrc Plateau, a broad u p l i f t  of between 8 5 0  and 



10,000 f e e t  i n  e levat ion t o  t h e  northeast .  The Dolores River 
enters Paradox Valley from a 50-nile s t r e t c h  o f  narrow and 
deep canyon which twists i ts way through high mesas. Segments 
of  the  r i v e r ,  both upstream and d m s t  rean from Paradox Valley 
are being s tudied f o r  poss ib le  inc lus ion i n  t h e  National Wild 
and Scenic River System. That segment of t h e  r i v e r  1 mile 
above Bedrock ( f ig .  1-16), t o  t h e  confluence of  the San Yiguel 
River has been excluded from the  study by Congress. 

His to r i ca l  and archeological s i t e s .  - The br ine  well a rea  
along the  Dolores River of t h e  Paradox Valley Unit was 
ex&ned by t h e  Bureau of  Reclanation archeologis ts  f o r  h i s -  
t o r i c a l  and archeological  sites. No such sites were encoun- 
t e red  i n  t h a t  pa r t  of  t h e  proposed p ro jec t  area .  Archeolog- 
ists from Fort Lewis College, Colo. (under contrac t  with t h e  
Bureau of Reclamation), w i l l  continue t o  inventory t h e  a rea  
p r i o r  t o  construction of t h e  p ro jec t  i n  accordance with Execu- 
t i v e  Order 11593. I f  any c u l t u r a l  resources a r e  located,  the  
procedure contained i n  36 CFR, p a r t s  60, 63, and 800 w i l l  be 
fo1 lowed, 

Econonics. - The mst important a g r i c u l t u r a l  product is beef 
c a t t l e ,  and l ives tock feeds c o n s t i t u t e  t h e  major crops. Some 
malting bar ley  is grown as a cash crop. 

A s a m i l l  i n  the  northwestern por t ion  of  t h e  va l l ey  u t i l i z e s  
timber fian t h e  nearby La Sal  Fhuntains and the Uncompahgre 
Plateau,  but  does not provide a l a rge  amount of  employment. 
There are th ree  p r iva te ly  owned b r ine  wel ls  near t h e  Dolores 
River. The br ine  is used i n  t h e  W o n  Carbide Corporation's 
uranium processing p lan t  a t  Uravan and as a d r i l l i n g  f l u i d  f o r  
o i l  explorat ion i n  the  v i c i n i t y  o f  the pro jec t .  Although the  
mining indust ry  provides s m e  emplopent ,  most of  t h e  young 
people i n  the a rea  are forced t o  f ind  work elsewhere. 

Land use/cul tura l  f ac to r s .  - Approximately 50 percent  of  t h e  
west Paradox watershed is  pr iva te ly  owned, with the r e m i n d e r  
under Federal jurisdict ion:  About- 3,600 acres  a r e  present ly  
i r r i g a t e d  with water suppl ies  from Hest Paradox Creek, a t r i b -  
u ta ry  of t h e  Dolores River, and from wells .  A l imited arnount 
o f  s torage  i s  provided by t h e  1,600-acre-foot Buckeye Reser- 
v o i r  on the eas tern  s lope  of t h e  La Sa l  b u n t a i n s .  

The p r t i o n  of Paradox Valley t o  t h e  e a s t  of  t h e  Dolores River 
a l s o  contains bath p r iva te ly  and publ ic ly  owned land. The use 
of  t!!e area  is l imi ted  p r i n a r i l y  t o  l a t e  winter  and ea r ly  
spr ing grazing. 



The drainage area of L!e West Fork of Dry Creek, where the pro- 
posed evaporation pond would be located, i s  largely under Fed- 
e r a l  jur isdic t ion and has not been developed. The area is 
used f o r  a limited amaunt of l a t e  winter and ear ly  spring 
grazing. There are substant ia l  acreages of pr ivate ly  mned 
land in  the eastern portion of Dry Creek Basin. The S t a t e  of 
Colorado mns a smll m u n t  of land on Dry Creek downstream 
from the project  area. 

Population dis t r ibut ion.  - The project  area is very sparsely 
populated and contains no incorporated towns. There a re  less  
than 100 people i n  Paradox valley,  including the  small farming 
cumunity of Paradox i n  the  northwestern portion of the valley.  
There are no residents i n  the  western portion of D r y  Creek 
Basin, where the evaporation pond would be located. The town 
of Uravan, located an the  San Miguel River t o  the  i m e d i a t e  
eas t  of Paradox Valley, has a population of about 750 accord- 
ing t o  the 1970 census. The nearest  t rade centers a re  Moab, 
Utah, approxinately 60 miles northwest of the  valley, and 
bbntrose, Colorado, about 70 miles t o  the  northeast .  

Clinate. - The climate of the  project  area is charac te r i s t i c  
of the  semiarid southwestern United S ta tes ,  with low precipi- 
t a t ion ,  high evaporation, strong spring winds, and wide var i -  
a t ions  i n  temperature. The average annual precipi ta t ion is 
from 1 2  t o  16 inches i n  Dry Creek Basin and is  s l i gh t ly  less 
i n  Paradox Valley. *ch of t h i s  occurs during the  s m e r ,  
primarily from thunderstorms of b r ie f  duration. 

Strong winds from the southwest a re  mmon throughout the 
spring and may extend in to  the s m e r .  This, i n  combination 
with high sumner temperatures, r e su l t s  i n  a pan evaparation 
r a t e  of about 35 t o  45 inches per year. 

The nearest  Sational Heather Service Climatological s t a t i on  
with a long period of operation i s  locatcd a t  Norwood, Colo- 
rado, about 25 miles eas t  of the  project  area.  The elevation 
of the s t a t i on  is about 7000 f e e t ,  compared t o  about 5000 f ee t  
along the Dolores River i n  Paradox Valley and 6300 f e e t  a t  the  
evaporation pond s i t e  i n  Dry Creek Basin. h r i n g  the  1942- 
'1972 recording period, the average annual temperature a t  Nor- 
woad was approximately 44' F ,  wit! a Ju ly  average of 66" F and 
a January average of 23* F. 

So i l s ,  topography, geology, and minerals. - The e n t i r e  un i t  
area l i e s  within the  Uravan Yineral Belt, a 200-mile-long 
region trending north-south i n  eastern Utah and western Colo- 
rado. The mining d i s t r i c t  has been extensively developed, 



pr imar i ly  during the  1950's f o r  c a r n o t i t e ,  a yellow-colored 
mineral containing the  r ad ioac t ive  elements vanadium, uranium, 
and radium. The o re  is processed a t  Uravan, t o  the e a s t  of 
t h e  p r o j e c t  area.  Although a c t i v i t y  has decl ined substan- 
t i a l l y  f ran  the  peak years ,  i n t e r e s t  has r ecen t ly  been reneued 
a s  a r e s u l t  of  a s taged leas ing program now being conducted by 
the  Atomic Energy Corrnaission (now t h e  Energy Research and 
Development Administration). Active nines a r e  located on the  
mesas around t h e  periphery of Paradox Valley, and a few unde- 
veloped claims have been found i n  Dry Creek Basin neaT the  
proposed s i t e  of t h e  evaporation pond. There a r e  a l s o  a 
large  number o f  inac t ive  mines throughout t h e  general area.  

Paradox Valley is one of f i v e  major col lapsed s a l t  a n t i c l i n e s  
(elongated swel ls )  i n  southwestern Colorado and southeastern 
Utah ( f i g .  11-14). The region is about 100 miles long and is 
marked by t h e  ex t rus ive  mass of t h e  La Sal  Mountains perched 
prominently over its center .  Paradox Valley, a northwest- 
southeas t  t rending e l l i p t i c a l  va l l ey  about 24 miles long and 
from 3 t o  5 miles wide, lies i n  the southeas t  por t ion  of t h e  
a r e a  along t h e  ax i s  of t h e  l a r g e s t  a n t i c l i n e ,  and has k e n  
formed by the  erosion of f au l t ed  and u p l i f t e d  sandstone and 
sha le  f o m t i o n s .  This has exposed a r e s idua l  gy-psum cap 
which covers about 14,000 f e e t  o f  pure s a l t  and s a l t - r i c h  
shale .  The process is i l l u s t r a t e d  i n  f igures  11-15 and 11-16, 
The emergence o f  muntainous u p l i f t s  on each s i d e  o f  t h e  a rea  
has placed in tense  l a t e r a l  pressures  on t h e  in tervening sedi- 
mentary f o m a t i o n s ,  r e s u l t i n g  i n  f a u l t i n g  and f r a c t u r i n g  along 
weak a x i a l  zones. Under these  pressures  and t h e  weight o f  t h e  
overlying s t r a t a ,  a deeply buried l a y e r  of s a l i n e  mater ia l  has 
flowed upward i n t o  the  f a u l t e d  a rea  t o  c r e a t e  an elongated 
swell knwn as an a n t i c l i n e .  The Dolores River has remained 
i n  i ts  o r i g i n a l  streambed during t h i s  time and, i n  c d i n a t i o n  
w i t h  o the r  eros ional  forces ,  has removed the col laps ing upper 
ma te r i a l s  t o  form t h e  val ley .  These processes,  which m y  have 
begun as  nuch as 200,000,000 years ago, a r e  s t i l l  ac t ive .  

The f l o o r  of the  va l l ey  is r e l a t i v e l y  f la t  and smooth, s loping 
gradually from both ends toward the Dolores River near  t h e  mid- 
d l e .  In the  southeastern h a l f ,  the sur face  is broken by leu 
outcrops o f  gypsum. The surrounding walls a r e  nea r ly  v e r t i c a l  
and i n  some places  r i s e  near ly  1,500 f e e t  above the floor, 
e x p s i n g  b r i l l i a n t l y  colored s t r a t a  o f  sandstone and sha le .  
Landslide mater ia ls  and t a l u s  s lopes  a r e  c o m n  along t h e  
bases o f  the  s lopes .  

Dry Creek Basin, southeast  o f  Paradox Valley i s  separa ted  . 
f ron  the  va l l ey  by high mesas which have developed from t h e  
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u p l i f t e d  sedimentary f lanks of the  s a l t  a n t i c l i n e .  The Nest 
Fork of Dry Creek l i e s  i n  a shallow s t r u c t u r a l  syncline,  o r  
na tu ra l  bas in ,  with gent ly  r o l l i n g  s lopes .  Nancos Shale, a 
Srackish and i n p r v i o u s  marine f o m a t i o n ,  under l ies  nos t  of 
t h e  Basin and i s  frequently found i n  mmmt forn  on t!e sur- 
face .  The Sedrmk formation, cons i s t ing  o f  Dakota Sandstone, 
i s  exposed around the  edge of the  Basin and d ips  sharply  
toward t h e  center ,  disappearing under t h e  sha le .  The area  
is  topographical ly breached on t he  north s i d e ,  where t h e  West 
Fork flows through t o  jo in  Dry Creek. Both o f  t h e  streams a r e  
i n t e r n i t t e n t  and l ie  within t!!e drainage of t h e  San EIiguel 
River. The na tu ra l  drainage i n t o  t h e  evaporation pond s i t e  is 
l i n i t e d  t o  a watershed a rea  o f  about 16,580 acres .  Flows from 
4,610 acres would be d ive r t ed  around t h e  si te,  leaving an 
e f fec t ive  drainage area  of 11,970 ac res .  

There a r e  two d i s t i n c t  groups of s o i l  i n  t h e  area .  Xeddish- 
brown s o i l s  charac ter ize  t h e  long, gently s loping fans which 
forn the  periphery of t h e  Basin. These a r e  primari ly a l l u v i a l ,  
bu t  have been m d i f i e d  t o  varying degrees by eol ian  deposi t ion.  
Grayish soils a r e  found i n  t h e  cen te r  o f  t h e  bas in  and have 
been derived f ron the  underlying '.lances Shale bedrock. 

Vegetation. - Kative vegetat ion i n  t h e  Unit a r e a  v a r i e s  accord- 
ing  t o  d i f fe rences  i n  s o i l s ,  e l eva t ions ,  and misture condi- 
t i o n s .  Based on appearance and vegetative composition, t h e  
arca  can be  divided i n t o  f i v e  ca tegor ies :  (1) r i p a r i a n  vege- 
t a t i o n  along t h e  Dolores River flood p l a i n ,  (2) a t y p i c a l  s a l t  
d e s e r t  comnwnity on the  f l w r  o f  Paradox Valley, (3) a foo t -  
h i l l s  rcgion t h a t  extends up t o  t h e  top o f  t h e  mesa, (4) a 
?inion-juniper  woodland on t h e  rocky r idges ,  and (51 i n t e r -  
mixed sagebrush and grass i n  Dry Creek Basin. 

I n  t h e  area  adjacent  t o  the Dolores River, s a l t c e d a r  d o d -  
na tes .  Cottonwoods and w i l l o w s  nake up t h e  o the r  por t ion  o f  
t h e  apparent r ipa r i an  overstory,  while various s a l t  grasses 
and bluegrass cotrpose the understory. The growth is genera l ly  
q u i t e  dense. 

The s a l t  d e s e r t  camuni ty  covers nos t  o f  t h e  eas te rn  h a l f  o f  
t h e  va l l ey  and is dominated by shrubs,  pr imar i ly  sagebrush. 
A typical view is  shown i n  f i g u r e  11-17. The major shrub spe- 
c i e s  found on loany s o i l s  a r e  bud sage,  win te r fa t ,  shadscale, 
b i g  sage, and s n a l l  rabbitbrush.  On clayey s o i l s ,  na t  s a l t -  
brush and Gardener sa l tb rush  predaninate.  Grasses form t h e  
understory vegetat ion i n  t h i s  area.  The major species  a r e  
g a l l e t a ,  Sa l ina  wildrye, Indian r i cegrass ,  needle-and-thread 
grass ,  th ickspike  uheatgrass,  s q u i r r e l t a i l  g rass ,  and Sand- 
berg bluegrass,  



Typical view of Paradox Valley land vegetation. 
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The major forbs a r e  globenallow, phlox, buckwheat, loco, and 
various a s t e r s .  In  gu l l i ed  areas of t h e  s a l t  d e s e r t ,  a l k a l i  
sacaton,  g a l l e t a  and sand dropseed a r e  t h e  primary grasses.  
The pr icary  shrubs are b i g  sage, fouming  sa l tb rush  and a 
s c a t t e r i n g  o f  greasewood. 

Big sagebrush d m i n a t e s  the  low f o o t h i l l s  of t h e  va l l ey .  On 
loamy s o i l ,  this species  i s  associa ted  with snowberry, f r inged 
and black sage ,  and b i t t e rb rush .  The major grasses  on t h e  
loamy s o i l s  a r e  slender-and-thick-spike wheatgrasses and 
na t ive  bluegrasses.  Clayey s o i l  p r i n a r i l y  supports  western 
wheatgrass and Indian r i cegrass .  Other grassos l i s t e d  a s  
occurring in the  s a l t  d e s e r t  a rea  a r e  secondary i n  t h i s  
region. 

The ridges i n  t h e  Unit a r e a  a r e  dominated by p in ion p ine  and 
juniper (fig.  11-18) . The lower limits o f  this area support 
an associa t ion  of  rabbi  tbrush and snakeweed, Indian r i cegrass ,  
b lue-gram,  g a l l e t a ,  and fleabane. T w a r d s  t h e  upper eleva- 
t i o n  limits, nountain mahogany, sedge, senr iceberry ,  and b ig  
sage  shrubs 'became a midstory intermixed w i t h  t he  piaion- 
juniper .  Indian r icegrass  and nuttcmgrass a r e  t h e  primary 
grasses.  

In  Dry Creek Basin, the  vegeta t ion  c o n s i s t s  of h t b r m f  xed 
sagebrush and grass.  Big sagebmk. doninatcs,  along with 
a feu widely s c a t t e r e d  juniper  t rees and greasemod shrubs 
The major grass species  a r e  b lue-gram,  needle-and-thread 
g rass ,  and g a l l e t a ;  

Fish and wi ld l i f e / r ec rea t ion .  - The Dolores River i n  and 
i m d i a t e l y  damstream from Paradox Valley t s  b h a r a ~ t e r i L d d  
by extremely law flows dur ing t h e  s m e t  & n t h  as a r e s u l t  
o f  i r r i g a t i o n  diversiofis some d i s t a n c e  upstream. Four sped 
cies of f i s h  havs been i d e n t i f i e d  i n  the valley: the r ed  
s h i n e r  tlWmzpi-8 ktzmmb), t h e  m n d t d  L chub [a fa mbw Ea) , 
t h e  speckled dacs (Rfrinidrthya mcuZue), and the flannelmouth 
sucker (Catmtcma latipinnis), Tho red s h i n e r  is an i n t r o -  
duced species ,  and t h e  o t h e r s  are n a t i v e  t o  t h e  -loritdo River 
System. No endangered o r  threatened species have been i d e n t i -  
f i e d  in the p r o j e c t  a rea .  

The genera l ly  sparse  vegeta t ion  of the a r e a  does not  support 
l a rge  populat ions of w i l d l i f e ,  bu t  t h e r e  is a d i v e r s i t y  of  
species  present .  Paradox Valley and Dry Creek Basin provide 
a l imi ted  mount  of both s u m e r  and winter  range f o r  mule deer ,  
the nost abundant la rge  aninal  i n  t h e  area.  A very small nun- 
be r  of e l k  and antelope m y  i n h a b i t  t h e  surrounding a rea .  
P r a i r i e  dogs a r e  the most abundant s n a l l  animals. There a r e  



Twical vim of Pamdox Valley vegetation along ridge area. 
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a l s o  jackrabbi ts ,  c o t t o n t a i l  r a b b i t s ,  and daer  n ice .  The 
major predators ,  the  coyote and bobcat, a r c  pr imar i ly  found 
i n  the  higher e levat ions  of  'he area .  

Ring-necked pheasants a r e  f a i r l y  abundant near the  Dolores 
River and on the  a g r i c u l t u r a l  lands i n  the  ves tern  port ion 
o f  Paradox Valloy. Sage grouse and murning doves inhab i t  
the  e n t i r e  a rea .  Several b i r d s  of prey, including the  golden 
eagle ,  the  r ed - t a i l ed  hawk and t5e  bald eagle ,  a r e  known t o  
inhabi t  o r  v i s i t  t he  area .  Golden and bald eagles  and o the r  
r ap to r s  a r e  protec ted  by Federal laws. 

Ducks and geese winter  an ponds i n  the  flood p l a i n  of the  
Dolores River i n  Paradox Valley and feed on the farnlands t o  
the  west. m e r e  is a l s o  a permanent population of  these  spe- 
c i e s .  Ihe waterfoul include: redhead, ringneck duck, mallard 
duck, green-winged t e a l ,  shoveler ,  Amxican coot ,  ruddy duck, 
buf f lehead,  and Canada goose. 

Recreation i n  the  Unit a r e a  is  l imi ted  t o  those a c t i v i t i e s  
involving open space. Hunting, hiking,  horseback r id ing ,  and 
canping cons t i tu to  most of  these  a c t i v i t i e s .  No major recrea-  
t i o n a l  a rea  is present  i n  the  Unit a rea .  I4ost of  the  recrea-  
t i o n a l  hours spent i n  t h e  area  a r e  by loca l  inhabi tants .  The 
major scenic  a t t r a c t i o n  i s  t h e  upper reach of  t h e  Dolores River 
which is under s tudy f o r  poss ib le  inc lus ion i n  the  Kational 
Wild and Scenic River System. 

An 8-mile reach between Gateway and t h e  Colorado-Utah S t a t e  
l i n e  is  ~ o t e n t i a l l y  e l i g i b l e  and may be added t o  t h e  National 
System a t  such time as t h e  Utah por t ion  o f  the r i v e r  is 
included. Based on ava i l ab le  knouledge of  t h e  Dolores Wild 
and Scenic River proposal, i t  appears the  Paradox Val ley 
s a l i n i t y  cont ro l  u n i t  will improve water q u a l i t y  f o r  outdoor 
r ec rea t ion  i n  t h e  downstream segnents and not s i g n i f i c a n t l y  
a f f e c t  streamf lows. 

Water supply and use. - Water i n  the Dolores River i s  used 
above Paradox Valley mainly f o r  i r r i g a t i o n  which dep le tes  t h e  
stream i n  the  l a t e  s m e r  to a l m s t  no flow. When t h e  Dolores 
Projec t  i s  completed, the  t o t a l  annual runoff w i l l  a l s o  be  
reduced. Present flows f m  t h e  s a l i n e  spr ings  o r  seeps a r e  
not used d i r e c t l y  5 u t  a r e  d i l u t e d  by flows o f  the Dolores, San 
Ifiguel, and Colorado Rivers. 

Water q u a l i t y  condit ions.  - The average annual s a l i n i t y  of the  
Dolores River is about 273 mg/l a s  i t  e n t e r s  the  va l l ey  and 



about 775 mg/l as it leaves. These values a r e  based on the  
t o t a l  volume of water passing through t h e  val ley .  The average 
d a i l y  s a l i n i t y  (not taking i n t o  account the  volume o f  water) 
is about 660 ng/l a t  the  entrance t o  the  va l ley  and 10,090 mg/l 
a t  the  e x i t .  Sane of  t h i s  water i s  pumped from the  r i v e r  and 
used fo r  i r r i g a t i o n  i n  t h e  lower va l ley .  X few res iden t s  of 
t h e  va l l ey  near the  r i v e r  obtain water of  adequate q u a l i t y  
from wells. In the  northwestern por t ion  of  the  a r e a ,  donest ic  
and i r r i g a t i o n  supplies  of  adequate q u a l i t y  a r e  obtained from 
Buckeye Reservoir,  wel ls ,  and spr ings .  

The f u t u r e  environnent without t h e  proposed ac t ion .  - The envi- 
ronmental q u a l i t y  of Paradox Valley and D r y  Creek Basin would 
probably remain i n  i t s  present  condition without the  p ro jec t .  
With the  exception of  t h e  f luc tua t ing  mining condit ions,  which 
should not be a f fec ted  with o r  without t h e  p ro jec t ,  t h e  s t a t u s  
of  development i n  t h e  area  has not  changed much i n  the  pas t  
and would probably not do s o  i n  the  foreseeable fu tu re .  

The i n f l u x  o f  s a l t  i n  Paradox Valley would continue t o  
a f f e c t  the q u a l i t y  of  water i n . t h e  Dolores and Colorado 
Rivers. Increasing s a l i n i t y  l eve l s  i n  the  Lower Colorado 
Basin could cause increased economic bees a s  the  Upper 
Basin S t a t e s  develop t h e i r  compact-apportioned water suppl ies .  

b. Grand Valley Unit.  - 
Introduction.  - The Grand Valley Unit i s  located i n  the  Grand 
Valley i n  west-central  Colorado. The val ley ,  located i n  Wesa 
County, i s  the  s i t e  of  the  confluence o f  t h e  Colorado and Gun- 
nism Rivers. I n t e r s t a t e  Highway So. 70 and Federal Highways 
No. 6 and 50 t r ave r se  the  va l ley ,  and t h e r e  a r e  networks of  
paved and-graveled county mads throughout t h e  i r r i g a t e d  por- 
t i o n  of t h e  val ley.  The Denver and Ria Crande Nestern Railroad 
connects t h e  area  with major e a s t  and west markets, and a nod- 
e m  a i r p o r t  i n  t h e  va l ley  i s  served by tuo major a i r l i n e s .  
The c i t y  o f  Grand J m c t i o n  i s  located In  t h o  v a l l e y  and i s  
the  i n d u s t r i a l  and commercial cen te r  of  western Colorado. The 
town of Pal isade is  located a t  t h e  upper end o f  t h e  va l l ey  
while t h e  small commnit ies  of Lorna and !jack a r e  located at 
the  lower end. The town of F ru i t a  i s  located between Grand 
Junction and Lona. Figure 11-19 i s  a general  view of t h e  va l -  
ley showing p ro jec t  lands. Figure I1 -20 is  a general map o f  
the  area .  

His to r i ca l  and archeological  sites. - The Grand Valley was 
first s e t t l e d  i n  1881 and settlers began work on d i t ches  t o  
i r r i g a t e  low lands adjacent t o  the  Colorado River. By 1886, 
t h e  Grand Valley Canal was completed and t h e  canal  system 



a1 view look in^ west over  Grand Valley Basin U n i t  project  lands. 
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expanded t o  serve approxinately 45,000 acres of land. Later,  
i r r i g a t i o n  developtlsnts expanded t h i s  acreage. .The area  w i l l  
be evaluated by an archeologist  o r  o the r  appropriate profes- 
s iona l  who w i l l  make a determination i n  consultaticm w i t h  the 
appropriate S t a t e  His to r i c  Preservation Off icer  rcegarding the  
property 's  e l i g i b i l i t y  f o r  inclusion i n  t h e  Sat ional  Register  
of  His to r i c  Places. Should the property be determined e l i -  
g ib le  f o r  inclusion i n  the National Register  of I l i s to r i c  Places, 
the  Bureau of Reclamation w i l l  follow t h e  procedure outl ined 
i n  36 CFR 800. The Sat ional  Register of His to r i c  Places does 
not l i s t  any s i t e s  f o r  the  Grand Valley area .  In general ,  
farming a c t i v i t y  and urban development throughout t h e  projec t  
area precludes any surface  indica t ions  of archeological sites 
i n  the  i r r i g a t e d  area.  

Economics. - I r r i g a t e d  agr i cu l tu re  is t h e  primary indust ry  
of the  p ro jec t  a rea  generat ing gross crop values o f  about 
$12,000,000 per  year.  The area is a l s o  located on an impor- 
t a n t  t o u r i s t  c i r c u i t .  Grand Junction suppl ies  most o f  t h e  
r e t a i l  s e rv ices  required by t h e  t o u r i s t  t rade .  The following 
tabula t ion  l ists the  nunbar of people employed i n  the  various 
i n d u s t r i e s .  

Mesa County Work Force 
1972 

Sumber Percent 

Tota l  c i v i l i a n  work force 
Unemployed 

Tota l  employed 
Agriculture 
Mining 
Contract cons t ruct ion  
Mnufactur ing  
Transportat ion and u t i l i t i e s  
Wholesale and r e t a i l  t r a d e  
Finance, insurance, and real estate 
Services 
G w e m e n t  
All  o t h e r  

-- - 

Source: Colorado Division o f  Exployment 



Land use/cultural  factors.  - Cultural  factors and land use 
have h i s to r i ca l l y  been t i ed  t o  fanning operations and i r r i ga -  
t ion development. Early businesses and services were oriented 
around the needs of agriculture,  and while these needs am 
st i l l  present, industr ies  and services catering t o  socia l  and 
tou r i s t  requirements have become prevalent. Grand Junction 
bas become the education center fo r  western Colorado. The 
following tabulation s m a r i z e s  the  use of land i n  the Grand 
Valley area. 

Land Use Survey - 1973 

Class i f icat ion Total acres 

I r r igatud cropland 
Farmsteads 
Suburbs/residential 
Urban 
Stockyards 
Industr ia l  
Natural p d s  
Phreatophytes 
Other 

Total acres: 122,132 

In the eastern a d  of the valley (where t he  valley is narrow) 
orchards am the c h i n a n t  crop. In the center of the valley 
in the pmxf mity of Grand Junction, whom most of the pectple 
l i ve  on small uni t  f m  and e i t he r  work i n  Grand Junction o r  
nearby, the land is primarily pasture and/or a l f a l f a .  Finally, 
i n  the western d of the valley due t o  the shor te r  growing 
season, deeper so i l s ,  and f a i r l y  g o d  drainage, the land is 
a l m s t  exclusively used for  corn, a l f a l f a  and sugar beets as 
noney craps. F r a  t he  1973 Bureau of Reclamation survey, i t  
would tppepr tha t  about 25 percent of t h e  available i r r igab le  
acraaga i n  the valley has become unproductive. This is due 
t o  a cmbfnation of several factors such as high water table ,  
encroachment of huaes, roads, and urban areas, and conversion 
of  i r r iga ted  lands t o  other  uses such as pasture. 



Population dis t r ibut ion.  - Mesa County, i n  which the Grand 
Valley is located, has an estimated July  1972 population of 
56,300. This f igure represents an increase of- 3'.5 percent 
over the o f f i c i a l  1970 census and an 11 percent increase above 
the 1460 census. The bulk of the  county's population, some 
54,000 people, l i ve  i n  the  Grand Valley within the confines 
of the uni t  area. 

The census Bureau has defined six census county divisions i n  o r  
near the area. These are  the  Clif ton,  F ~ i t a ,  Grand Junction, 
Orchard Mesa, Palisade, and Redlands divis ions .  Present popu- 
la t ions  of these divisions and projected population of c i t i e s  
therein  are smmarized i n  the tabulation an t he  following 
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Clinate.  - The climate of the Grand Valley is generally described 
as  semiarid with annual precipi ta t ion averaging around 8 inches. 
Growing season varies throughout the valley,  averaging 191 days 
in the c i t y  of Grand Junction near the  center of the valley. 
Tenperatures i n  the  smner m t h s  reach a mXim of around 
100 F and a minimum of about 60' F. Winters a re  cold with 
only l igh t  snowfall. About me- th i t d  of the  winters have no 
readings below zero. The Grand Valley i s  ringed by mountains 
and due t o  t h i s  protective topography sudden and severe weather 
changes a re  infrequent. 

So i l s ,  topography, geology and minerals. - The Grand Valley is 
a broad, northwest-southeast trending valley about 12 miles 
wide and 35 miles long. The valley has bum forrmd where the 
Colorado River cuts across the  Uncompahgre Arch. The Grand 
Valley proper is underlain en t i re ly  by highly s a l i ne  Mancos 
Formation which is eas i ly  eroded and f o m  low-relief topog- 
raphy. A l l  of the i r r iga ted  lands a re  underlain by the Mancos 
Foma t im  except for  a small area a t  the  sauthwest corner of 
the  valley known as the  Redlands, which is foraed on sandstone 
and shale of the hbrrison, Bunu, Cmyon, and Dakota Formations. 
Lan, r o l l h #  hills and bmad expanses of gently sloping a l lu -  
vium dominate the topography within the valley.  A s e r i ~  of 
i n t e rn i t t un t  washes and gulches, each trending sauthwest i n to  
t he  Colorado River, drain the valley. These drainages a re  
gareral ly  in t i sad  16 to 30 f e e t  into the alluvium o r  shale; 
exanpleJ are &is Wmh, Leach Creek, Big Sa l t  Wash, and 
Badger Hash. The alluvium within the valley i s  mostly heavy 
clay s o i l  derived frm Mancos Formation and i s  generally shal- 
low i n  depth. plate&, precipitous c l i f f s ,  and nwntains  up 
t o  elevations of 10,000 feet  r ing the  valley and a re  a sharp 





contrast t o  flat-lying valley f l w r .  I t  is estinated that 
30 percent of the presently available acreage of the Grand 
Valley i s  affected by high water tables. 

Drainage problems are generally the resul t  of the low perm- 
abi l i ty  of the Yancos Formation and so i l s .  m e  surface of the 
Yancos Formtion is lmeven and undulating. Undergromd dams 
or pockets are fomed that r e s t r i c t  water mvenent and allow 
the accumulation of underground water. m i s  water accumla- 
ticm contributes t o  high water tables  i n  certain areas. The 
low permeability of the so i l s  also impedes the mvemnt of 
water suff ic ient ly  t o  hinder the natural subsurface drainage. 

The buildup of ground water is accompanied by an increase i n  
s a l t s  within the s o i l  profi le .  Many of these areas are 
clearly evidunt by a white ancrustation of s a l t s  on the s o i l  
surface. These sa l ty  zones are detrimental t o  crop growth in  
the valley. 

Mineral deposits are scarce i n  the Grand Valley proper c o w a r d  
t o  many nearby areas.[l8] In contrast t o  the large producing 
area southwest of the Unconpahgre Plateau, no c o ~ r c i a l  depos- 
its of uranium or  vanadium have bean found i n  the Grand Valley 
o r  inmediately adjacent t o  the valley. Coal mines are  operar- 
ing a t  the east  end of the area. Sand and gravel suitable for  
concrete aggregate and other uses is  presently being obtained 
fm several p i t s  along the Colorado and Gunnison Rivers, and 
rather  extensive deposits ocarr along these r iver  channels and 
on adjacent stream terraces. Tests for  oi 1 o r  gas have been 
msuccessful i n  the swthern part  of the valley, but comer- 
c ia1 production of gas is occurring t o  the north along the 
base of the Book Cliffs.  

Vegetation. - A f lora  and fauna f i e ld  study of the Grand Valley 
Sal ini ty  Contra). Unit hos recently been ~ o m p l e t e d . ~  This study 
points out  that major vegetation changes have taken place i n  
the Grand Valley i n  the last  century. Prior t o  i r r igat ion 
developmunts arorad t h e  turn of the century, the native vege- 
ta t ion of t h e  Grand Valley Sal ini ty  Control Unit was composed 
primprily of the desert shrub c o m i t i e s  and of the r iver-  
floodplain waddlonds dominated by stands of cottonrood t rees .  
Three desert  shrub cmmmities existed: the shadscale-desert 

1 Ecology Consultants Inc. 1976. Final Report on Flora and Terrestr ia l  
Vertebrate Studies of the Grand Valley Unit .  Fort Collins, Colo. 
469 pp. 



grrsslrtnd coumunity, t h e  Nut ta l l  sa l tbush community, and t h e  
black grersewood community. The r iver- f loodpla in  wodlands 
along t h e  Gunnison and Colorado Rivers were a sharp con t ras t  
t o  the  d e s e r t  shrub communities. Cottonwod t r e e s  were t h e  
dominant species  i n  t h i s  woodland and were e s s e n t i a l l y  l i n i t s d  
t o  bands and groves along t h e  r i v e r s  where favorable m i s t u r e  
condit ions developed. 

I r r i g a t i o n  development has changed t h e  p lan t  composition 
throughout t h e  Grand Valley S a l i n i t y  Control Unit by a r t i f i -  
c i a l l y  providing addi t ional  m i s t u r e  which has enabled t h e  
loca l  ranges of c e r t a i n  p lan t  species  t o  be extended and 
c e r t a i n  exo t i c  species  t o  became well es tabl i shed.  Plant  
cover has increased markedly. 

The por t ion  o f  t h e  Grand Valley includsd i n  t h e  f l o r a  and fauna 
study conta ins  approximately 175,000 acres  and includes a l l  of 
t h e  i r r i g a t e d  a r e a  p lus  a zone of surrounding nonir r iga ted  
lands. Approximately 80,000 ac res  of t h i s  a r e a  axe i n  na tu ra l  
vegetat ion.  The following t a b l e  conta ins  a breakdown of t h e  
seven vegeta t ion  types t h a t  m k e  up t h e  80,000 acres.  

Vegetation type Average Percent of t o t a l  
va l l ey  acreage 

Greasemod 
Sagebrush-saltbrush 
Saltbush 
Cot t ormood 
Tanaris  k 
Pinon-juniper 
Marsh 

To ta l  

Vegetation is  con t inua l ly  being m i p u l a t d  i n  t h e  Grand Valley 
S a l i n i t y  Control Unit. Ditchbuaks, road ditch-, and fence 
nms a m  of ten  c1e-d  i n  r u r a l  a e a s  t o  f a c i l i t a t e  farming at 
c m r l  and l a t e r a l  apera t ions .  Drainage programs reduce water 
t a b l e s  i n  l o c a l i t w l  arm t o  improve crop production and thus  
d i f y  t h e  h a b i t a t  o f  phrsatophytes. In soms areas increasing 
s o i l  s a l i n i t y  favors  s a l t  t o l e r a n t  s p i e s  while t h e  r i s i n g  
water t a b l e  encourages t h e  establishment o f  phreatophytic shrub 
species  i n  sops a reas ,  Constmct ion  of  new ~ O W S  and indus- 
t r i e s  a l s o  cont inual ly  encroaches onto  farmland. The scouring 
e f fec t  o f  t h e  Colorado River has been reduced by upstre- 
impoundments and d ivers ions  and s h o r t  a reas ,  once annually 
scoured clean,  axe becoming permanently vegetated with s a l t -  
cedar,  willows, aad o t h e r  phreatophytes. 



Fish and wi ld l i f e .  - Eight mtjor hab i t a t  types have been iden- 
t i f i e d  i n  the  Grand Valley: dese r t  shrub, pinon-junioer mod- 
land, phreatophytic shrub; r i v e r  woodland, b r s h  ,- a q d t i c ,  
a g r i c u l t u r a l ,  and r e s i d e n t i a l .  The animal l i f e  o f  t h e  Grand 
Valley adapted t o  these  hab i t a t  types cons i s t s  of a mixture 
o f  na t ive  and i n t d u c e d  species.  

There a r e  approxinately 60,000 acres  of d e s e r t  shrub h a b i t a t  
i n  t h e  study area.  I t  occurs primari ly i n  a reas  i m e d i r t e l y  
adjacent  t o  i r r i g a t e d  lands and i n  i so la ted  p i t ches  throughout 
the  val ley.  The h a b i t a t  provides l imited food md cover and 
water may be a c r i t i c a l  f ac to r  t o  some species. R q r e s e n t a t i v e  
w i l d l i f e  species  t h a t  l i v e  i n  t h i s  h a b i t a t  include antelope,  
coyotes, deer  mice, whi t e t a i l  antelope,  ground s q u i r r e l s ,  
c o t t o n t a i l  r abb i t s ,  l a rk  sparrows, mourning doves, md b u m -  
ing owls. 

The pinon- juniper  modland h a b i t a t  occurs on mppmimatePy 
4,500 ac res ,  genera l ly  south o f  t h e  Colorado Mvar  and abeve 
t h e  v a l l e y ' s  i r r i g a t i o n  system. Representative species  of 
t h i s  h a b i t a t  include t h e  mule d m ,  coyote, w h i t e t a i l  antelope,  
ground s q u i r r e l ,  c o t t o n t a i l  r a b b i t ,  Bewick'$ wren, and t h e  
chipping sparrow. 

The phreatophytic  shrub h a b i t a t  tncludes subtypes of t rmarlsk,  
greasawood, and Russitl~ ol ive .  I t  occurs along a l l  washes and 
i n  waste m a s  within a g r i c u l t u r a l  a reas .  There arc rpproxi- 
r u t e l y  10,000 ac res  o f  t h i s  h a b i t a t  type i n  the  va l l ey  and it 
represents  one of  t h e  most valuable types f o r  wi ld l i f e .  A 
small r e s iden t  herd o f  m l e  dear  u t i l i z e s  t h i s  h a b i t a t  along 
t h e  l a r g m  washes i n  the  val ley.  Other representa t ive  species 
include t h e  c o t t o n t a i l ,  coyote, raccoon, harvest m u s e ,  rock 
s q u i r r e l ,  pheasant, Gmbel ' s  q u a i l ,  matuning dove, warbling 
v i reo ,  yellow warbler,  and Brewer's - a r m .  

Thd fivw M l a d  h a b i t a t  is  dominated by mixtures of Rio 
G r a d e  c o t t o n m d s ,  tamarisk, and skunkbush s-c; and it is  
represented by less than 3,900 acres  along t h e  Colorado and 
Gunnison Rivers. S tudies  i n  o the r  areas of t he  west and 
m t h w e s t  have demonstrated t h e  impartanee of t h i s  h a b i t a t  
type t o  wi ld l i f e .  Almg with t h e  phreatophytic shrub, it is 
pmbably  t h e  most lmpor tmt  w i l d l i f e  h a b i t a t  i n  t h e  va l ley .  
The v a l l w ' s  swill res ident  deer  herd u t i l i z e s  this h a b i t a t  
typa. Other r ep resen ta t ive  spsc ius  include t h e  raccmn,  
beavw, gray fox, rock s q u i r r e l ,  dove, Gmbel 's  q u a i l ,  bald 
uagls, r ed - t a i l ed  hawk, western tanager,  l a r k  spartaw, and 
white crowned sparrow. 



The marsh h a b i t a t  i n  t h e  va l l ey  includes approximately 
700 acres sca t t e red  across t h e  va l ley .  A major por t ion  
of this type r e s u l t s  from seepage areas  along t h e  canals .  
P lan t s  such as c a t t a i l s ,  bulrushes, reds,  and w i l l o w  grow 
i n  these  areas .  Muskrat, skunks, long-tai lad voles ,  pheasants,  
r a i l s ,  redwinged bladkbirds,  and o the r  species  u t i l i z e  t h i s  
h a b i t a t  type. 

The aquat ic  h a b i t a t  type makes up approximately 3,800 ac res  
i n  t h e  va l l ey  and includes major canals  i n  addi t ion  t o  ponds, 
r i v e r s ,  and l a rge r  washes. This h a b i t a t  type is valuable t o  
species  such a s  muskrats and mink. I t  provides watering areas  
f o r  dee r ,  antelope,  and o the r  animals. The waterfowl and 
water b i r d s  i n  t h e  va l l ey  a r e  very dependent on t h i s  h a b i t a t  
type. 

The Colorado and Lower Gunnison Rivers i n  t h e  p ro jec t  a r e a  a r e  
considered wanmats t  stream from a f i she ry  standpoint.  Fish 
present  include a few n a t i v e  species  and rmmsrws introduced 
species .  The more Goamon species  present  include t h e  round ta i l  
chub, speckled dace, fathead minnow,.redfin sh iner ,  sand shiner ,  
carp, flannelmouth sucker, bluehead sucker, white sucker, chm-  
n e l  c a t f i s h ,  black bullhead large-mouth bass,  and t h e  green 
sunfish.  The Colorado River squawfish and t h e  humpback chub, 
which a r e  endmgared species  according t o  t h e  Fish and Uild- 
l i f e  Service,  wcur i n  o r  near  the p ro jec t  a r m ;  and t h e  
humpback sucker, which is an endangered s p e c i w  according t o  
the  S t a t e  o f  Colorado, is found i n  the  p ro jec t  a rea .  

The a g r i c u l t u r a l  h a b i t a t  type  is t h e  nost  extensive type i n  
t h e  v a l l e y  mnd includes roughly 80,000 a c r e s  of crops such as 
hay, orchards,  sugar beets ,  and corn atid a l s o  includes farm- 
yards and f i e l d  edges. The major variability in  tha value of 
t h i s  h a b i t a t  t o  w i l d l i f e  is r e l a t e d  ts two f a c t o r s  - type  o f  
crop and d i s t r i b u t i o n  o f  arc-. 

The d i s t r i b u t i o n  of d i t ches ,  f i e l d  edges, and cnnal bank3 pro- 
v ide  valuable  cava f o r  wi ld l i f e .  Muskrats, r a c c w n s ,  and var-  
ious  mice u t i l i z e  this h a b i t a t  type. O r c b r d s  p f ~ v i d e  valuable 
nes t ing ,  feeding, and roos t ing  a reas  f o r  b i d s .  Pheasant, doves, 
geese, and ducks u t i l i z e  the a g r i c u l t u r a l  h a b i t a t  f o r  feeding. 

The " res iden t i a lg r  h a b i t a t  i n  t h e  v a l l e y  includes t h e  tams and 
suburbs and nakes up approximately 13,600 acres i n  the val ley .  
Wildl i fe  i n  t h i s  type  are adapted t o  a reas  of hlgh human rc t -  
i v i t i e s ,  and t h i s  h a b i t a t  is genera l ly  not considered of high 
value  t o  w i l d l i f e  although some species  such as t h e  rock  dove, 
mourning dove, m d  o the r  b i r d s  a r e  well s u i t e d  t o  it. 



Recrmtion.  - Small game and waterfawl hunting is popular i n  
the  va l ley ,  although t h e r e  is l i t t l e  publ ic  land open t o  hunt- 
ing. Drainage programs, burning m d  c lea r ing  of  fence raws 
and ditchbanks, urban and r u r a l  d e v e l o p e a t ,  highway construc- 
t i o n ,  and o the r  f ac to r s  a r e  cons tant ly  reducing w i l d l i f e  habf- 
t a t  i n  t h e  va l l ey  and thus  r e s t r i c t i n g  hunting. 

Fishing is  l imited i n  the  p ro jec t  area. The Colorado and 
Gunnison Rivers have s p o r t  f i sh ing  po ten t i a l  but  a r e  not  used 
extensively. 

T r ~ n s c o n t i n e n t a l  U.S. Highways No. 6, 24, and 50 and In te r -  
s t a t e  No. 70 pass through t h e  area, and t h e  t m s i m t  recrea-  
t i o n  population is high. The p ro jec t  a rea  is not  typ ica l ly  
t h e  f i n a l  des t ina t ion  of  t o u r i s t s ,  but  motels, r e s t au ran t s ,  
and o the r  t o u r i s t  f a c i l i t i e s  f l m r i s h .  The Colorado Yatfonal 
F4onunant, o f  na t ional  s igni f icance ,  is located j u s t  wsst of  
Grand Jwrc t ion .  

A t  p resent ,  a l l  t h e  incorporated c a m u n i t i e s  in t h e  Grand 
Valley maintain t h e i r  own parks. Highline S t a t e  Recreation 
A r e a  near Loma provides swimming, boating, picnicking,  b i rd  
watching, and o the r  a c t i v i t i e s  and is of regional  s ignif icance.  
The Colomdo Division of Wildl ife  has a l s o  es tabl i shed t h e  
Walker Wildl ife  Area between Grand Junction and F r u i t a  u a 
w i l d l i f e  refuge. 

According t o  t h e  Colorado Outdoor Recreation Plan, [20] addi- 
t i o n a l  f a c i l i t i e s  a r e  p resen t ly  needed in Mesa County f o r  
m i m i n g ,  b a t i n g ,  hunting, picnicking, gol f ,  t enn i s ,  group 
camping, sk i ing ,  and skat ing .  O p n  space, park, and rucrea-  
t i o n  are- w i l l  be  needed i n  t h e  growth areas.  

; There appears to b-e no a d v e n e  impacts of t h i s  p ro jec t  on t h e  
Co londo  Wild und Scenic River s tudy area  downstream o r  on a 
proposed 12-mile greenbelt  park [Colorado River Park) along 
t h e  Colorado and Gunnison Rivers in t h e  inmediate v i c i n i t y  o f  
Grand Junction. 

F r m  t h e  p r o j e c t  a rea ,  t h e  Wok C l i f f s ,  Colorado National Monu- 
w n t ,  Grond Mesa, and t h e  Uneompahgre Plateau provide a scenic  
backdrop. I r r i g a t e d  croplands, orchards, and associated phrea- 
tophytes provide a con t ras t  t o  t h e  samiarid, sparse ly  vegetated 
lands above t h e  c a n l l  systems. Riparian vegeta t ion  along t h e  
Gunnison and Colorado Rivers has been g r e a t l y  a l t e r e d  by man's 
a c t i v i t i e s  but  s t i l l  p r w i d e s  a greenbelt  through t h e  p ro jec t  
a rea .  Urban and county sprawl, e ros ion,  l o s s  of crop and 
o r c h a d  lands t o  o the r  uses,  road const ruct ion ,  and use of 



riverbanks f o r  junkyards and o the r  uses a r e  a l l  f ac to r s  dimin- 
i sh ing t h e  e s t h e t i c  values of t h e  p ro jec t  area.  

Small game hunting oppor tuni t ies  w i l l  probably decrease due 
t o  land use  changes and lard closures.  There is a p o s s i b i l i t y  
t h a t  a greenbelt  park along t h e  major r i v e r  systems m y  be 
es tabl i shed.  

Water u a l i t  . - In general ,  t h e r e  is a degradation of  t h e  
m e  Colorado River water as it m v e s  through t h e  
Grand Valley. This  degradation is due pr imar i ly  t o  two 
fac to r s :  s a l t  loading and s a l t  concsntrat ioa.  S a l t  concen- 
t r a t i o n  i s  caused pr imar i ly  by t h e  rsmaval of water by con- 
sumptive use  of i r r i g a t e d  crops and phreatophytes. S a l t  
loading occurs a s  excessive deup percola t ion  from o,nfam 
i r r i g a t i o n  p rac t i ces  and seepage losses  from canals  and l a t -  
e r a l s .  This  seepage water them d i s so lves  minerals and carries 
them i n  so lu t ion  t o  t h e  r i v e r  by an underground route .  Of 
t h e  two, s a l t  loading is t h e  primary cause of water q u a l i t y  
degradation through t h e  Grand Valley. 

S w e r a l  f i g u r e s  have been presented f o r  t h e  magnitude o f  s a l t  
loading ranging from 5 t o  8 tons  of s a l t  per  i r r i g a t e d  ac re  
per  year.  Special s t u d i e s  i n d i c a t e  c e r t a i n  por t ions  of t h e  
va l l ey  may con t r ibu te  a s  much as 12 tons per  a c r e  per year. A 
f i g u r e  o f  600,000 tons p e r  year  o r  about 8.5 tons p e r  a c r e  per 
year  s m s  cons i s t an t  with ava i l ab le  da ta  on outflows from t h e  
m j o r  washes and dra ins .  

The t o t a l  d issolved s o l i d s  i n  t h e  washes and d ra ins  i n  t h e  
Grand Valley a r e  much higher than i n  t h e  d iver ted  i r r i p t i o n  
water due t o  degradation in q u a l i t y  o f  t h e  su r face  r e t u r n  flows 
and t h e  poor q u n l i t y  o f  ground-water influws. m e  average 
dissolved solids c m t u n t  o f  the  d r a i n s  and wash- is  about 
2,800 mg/l, md may range f o r a  aver 9,000 mg/l i n  same dra ins  
t o  less than 1,000 mg/l i n  o the r  d r a i n s ,  depending upon t h e  
time of year. The concentrat ions a r e  lowest i n  t h e  surmer 
months due t o  t h e  d i l u t i o n  e f f e c t  of  system wastes and l a r g e  
r e t u r n  flows, and highest  during t h e  winter  m n t h s  due t o  t h e  
poor q u a l i t y  o f  ground water which comprises most of t h e  
remaining base  flow. 

Other contr ibut ions  o f  dissolved s o l i d s  t o  t h e  Colorado River 
i n  t h e  Grand Valley i n c l u b  t h e  discharge o f  municipal and 
i n d u s t r i a l  wastes. In t h e  period 1965-66, two stwage t r e a t -  
munt p l a n t s  were cont r ibut ing  approximately 16 tons  per day, 
and t h e  American G i l s o n i t e  p l a n t  near  F m i t a  was adding about 



9 tons of  s a l t  per  day t o  the  r i v e r .  Population i n  t h e  v a l l e y  
has increased s ince  then and has, no doub t , , a f fec ted  t h e  sewage 
treatment f a c i l i t i e s .  

Hater supply and use. - %st inves t iga tors  f e e l  t h a t  ground- 
water inflow f ron outs ide  the  i r r i g a t e d  a rea  i n  t h e  Grand 
Valley i s  extrenely small. First, t h e  lw average annual 
p rec ip i t a t ion  i s  not enough t o  recharge a s i g n i f i c a n t  ground- 
water r e se rvo i r .  The m a l l  t r i b u t a r i e s  t h a t  head in  the  Book 
C l i f f s  and flow across the  va l l ey  a r e  nos t ly  dry washes and 
provide l i t t l e  water t o  maintain a ground-water r e se rvo i r .  
The feu t r i b u t a r i e s  t h a t  dra in  t h e  Uncompahgre u p l i f t  a r e  
deeply inc ised  i n  rocks o f  t h e  Glen Canyon group, some having 
eroded i n t o  the  Precambrian complex, Very l i t t l e  ground water 
is  contr ibuted t o  these  streams; therefore ,  most l i k e l y  l i t t l e  
ground water from t h i s  area  is contr ibuted d i r e c t l y  t o  t h e  
a l l u v i a l  aqui fers  i n  t h e  va l l ey .  Recharge t o  t h e  shallow 
aqu i fe r s  by i r r i g a t i o n  p rac t i ces  is by f a r  t h e  mst important 
source of ground water i n  t h e  Grand Valley. 

3. .4uthorized F e a s i b i l i t y  Studies  

a.  Point source cont ro l  s tud ies .  - 
(1) Laverkin Springs Unit,  Utah. - 

Introduction.  - The p ro jec t  a rea  lies within t h e  Virgin 
River Basin o f  southwestern Utah, a scenic  area  of  
axtramely varied and f requent ly  spectacular  na tu ra l  buauty. 
The r i v e r  f o l l w s  along t h e  southern r i m  o f  t h e  bhrkagunt 
P l e t e w  i n  Utah, flows through Zion National Park i n  i t s  
rou te  across t h e  southwest corn- of t h e  S t a t e ,  mosses 
t b e  northwest corner of Arizona, and discharges i n t o  Lake 
Maad i n  southeastern Nevada having traversed approximately 
200 miles. In Zion National Park, t h e  ac t ions  of t h e  r i v e r  
and o t h e r  na tu ra l  forces have c8rVed deep gorges and nrgged 
massive e r a s i o n r l  forms i n  nul t icolored  layers  of  sandstone, 
fomLng a co lo r fu l  r ec rea t ion  a t t r a c t i o n .  To t h e  west of 
t h e  park m d  crossing t h e  p ro jec t  a rea  is  t h e  Mnricane  
Faul t  Escarpumt,  a dominant s t r u c t u r a l  f e a t w e  marking t h e  
western bnmdrry  o f  t h e  high Colorado Plateau region. This 
. fer twre begins t o  t h e  nor th  near Beaver, U t r h ,  and axtends 
south f o r  a d is tance  o f  some 225 miles, c ross ing t h e  Virgin 
Rivar near  Hurricane. The area has experioncad o the r  geo- 
logic d i s p l a c m e n t s  and comparatively recent  volcanic 
a c t i v i t y .  Lava f l w s  and volcanic cones a r e  s a l i e n t  aspects  
o f  t h e  region. 



Historical and archeological. - The lands surrounding the 
project area have been developed primarily for i r r i ~ a t e d  
agriculture. The original settlement, which began in 
about 1852, was accomplished by Mormon pionuers with the 
objective of raising cotton and grapes. Due t o  the d l d  
climate and the cultivation of cotton, the area was con- 
sequently referred t o  as Utah's "Mxie." S t .  George, the 
largest tom in  the a r m  and the seat of Washington County, 
was established in 1861. 

Fams were or iginal ly  lucated in valley bottom lands adja- 
cent t o  streams. I rr igat ion was accomplished with simple 
canal systems and diversion dam. The development of the 
higher benchlands, such as the Laverkin and Mvricane 
are-, w u  aare  d i f f i c u l t  and occurred a t  l a t e r  dates. 
These areas were less  accessible, and lnore elaborate diver- 
sion and canal systems were required. The LrVerkin Canal 
was not constructed unt i l  1906, the Mvricane Canal was 
constructed soon af te r .  Both of these f a c i l i t i e s  were 
bu i l t  by hand i n  extremely d i f f i c u l t  t e r ra in  along canyon 
walls. 

Some of the f ines t  examples of Utah's pioneer heritage a re  
reflected in  s tor ies  of such local men as Jacob Hamblin, 
and in the architecture of the St.  George Tslaple and other 
churches, homes, and buildings throughout the area. Many 
h is tor ic  nonuaunts have been erected as rminders of the 
past. Other h is tor ic  landmarks include those l e f t  by 
nature such as the Hurricane Fault Ridge, the Virgin River 
Gorge, and Zion National Perk. 

Archwlogical and h is tor ic  s i t e s  have been investigated by 
the University of Utah under contract with the National 
Park ~erv ice . [22]  They found no s i t e s  that  would be 
affected by the  proposed LaVsrkin Springs project. 

Econumics. - Agriculture, consisting of range livestock, 
and i r r igated faming has h is tor ica l ly  bum the most irpor- 
t an t  enterprise in  the u e r .  However, in recent years 
them h u  been a t ransi t ion from an a g r i c u l t m l  economy 
t o  m e  deminated by t r d e s ,  public administratian, tourism, 
and private services. F o d  processing firms, including 
bakeries, locker plants,  and bottl ing plants u e  located 
in  St .  George and Hurricane. Also located in St .  George 
is the Dixie Junior College. This uc red i t ed  ins t i tu t ion  
h u  an a n n u l  unmllment of about 1,200 students and 
makes a s ignif icant  contribution to  the economy of the 
area. 



In recent  years  t h e  trend i n  nanufacturing has been toward 
t h e  shipment of a la rge  percentage of goads and mater ia ls  
by truck. with t h e  completion of  t h e  i n t e r s t a t e  highway 
system through Utah, Sevada, Arizona, and Cal i fornia ,  t h e  
a c c e s s i b i l i t y  of Irrashington County by t ruck l ine  t o  metro- 
p o l i t a n  area  market places has been improved t o  suc5 an 
extent  t h a t  it is highly  roba able t h a t  l i g h t  lrvlnufacturing 
operat ions w i l l  be expanded in  t h e  County. 

The area  i s  s t r a t e g i c a l l y  located an sn important t o u r i s t  
c i r c u i t  with connecting mads t o  r l l  of t h e  National Parks 
and recrea t ion  areas  of southern Utah, as mll a s  t o  p i n t s  
nor th ,  e a s t ,  and south. As a r e s u l t .  t he re  has been a 
s teady increase i n  t h e  amount of incdme derived from t he  
tourist business and re la t ed  t r anspor ta t ion  and s e w i c e  
indus t r i e s .  A s u b s t a n t i a l  portion of  t h e  County labor 
fo rce  is  mployed during t h e  s u m e r  menths by businesses 
ca te r ing  t o  t o u r i s t s .  

Land rue  aspects .  - The major types of  land r u e  a r e  l ive -  
s tock grazing and i r r i g a t i o n .  The present ly  i r r i g a t e d  
acreage is p r i n c i p a l l y  served from surface  d i v e r s i m s  of 
streams. Adjacent lands us p r i n a t l l y  undweleped d e s e r t  
which have only l imited v a h o  f o r  l ive9tack grazing. A 
considerable amount of feed f a r  l ives tock is obtained from 
i r r i g a t e d  pas tures  and forage crops, but by f a r  the  l a r g e r  
mount  of l ives tock feed i n  the  general Dixie area  is 
obtained from p r i v a t e l y  awned range, National Forests  and 
public  domain l a d s .  The mountainous sec t ions  surrounding 
the  p m j e c t  a r e a  provide s u m u r  grazing and t h e  lower 
d e s e r t  areas provide winter grazing. 

The second l a r g e s t  caaai tnsnt  of  land use is for recrea-  
. . t ion. Due t o  t h e  multiple-use cmespt of S t a t e  and Federal 
agencies, a m  National Fores ts  and publ ic  domain lands a r e  
o f t e n  u t i l i z e d  a t  the same time f o r  both grazing and recrea-  
t i o n .  An increasing mount  o f  a g r i c u l t u r a l  lands a r e  being 
used f o r  r e t i r s p e n t  and l e i s u r e  v i l l ages .  

Population d i s t r i b u t i o n .  - The d e s t r i b u t i m  o f  t h e  a rea  
population is s h m  in t h e  following tabula t ion:  



PflPgLATIO?li' DIS'3IBUTION - !1'A!5IIIXTO?J CO=TY, LTAl 
Colorado River Yater Quali ty Iqrovemcnt P r n ~ r a q  

Point Source X v i s i o n ,  LaVerkin Springs U n i t ,  Utah 

C o m n i  t y  1973 Age grour, 197 0 

Blmnington 
Central 
E n t c q r i s e  
i l i  1 l d a l e  
Hurricane 
LaVerki n 
Leeds 
New Hannony 
Springdale 
Toqucrvil l e  
Virgin 
Iv ins  
S t .  George 
Santa Clara 
Washington 
Other a reas  

Tota l  

~ - - - .- - - - 

54 0 t o  4 
32 5 t o  14 

84 B 15 t o  19 
489 20 t o  24 

1,408 25 t o  44 
463 4 5  t o  64 
151 65 and over 

78 
172 
185 
119 
137 

7,1197 
271 
750 

1,388 

13,669 

Climata. - Th4 climate of t h a  p r o j e c t  m a  is charac ter -  
i zed by a -11 mount of p r e c i p i t a t i o n ,  an abundance of 
sunshine, s h o r t  mild winters ,  long hot  sunners, low r e l a -  
t i v e  h m i d i t y ,  high evaporation r a t e s ,  f l a s h  flooding, 
high ems ion ,  and u ide  extremes i n  d a i l y  t e q e r a t u r e s .  
The mom mual p r e c i p i t a t i o n  i n  t h e  highest  p a r t s  o f  t h e  
Virgin River drainage bas in  is abuut 25 to 30 inches. 
Runoff frcs these  high e leva t ion  areas pravi&s t h e  major- 
ity of t h e  water  used f o r  i r r i g a t i o n .  

Ths c l i n a t o l o g i c a l  d a t a  s u m a r i z e d  i n  the following tabu- 
l a t i a n  am based on 26 years  of  records o f  t h e  National 
Weather Service  S t a t i o n  a t  S t .  George. This s t a t i o n  h a  
the longest  period of  record,  s t a r t i n g  i n  1888, and is 
mi&d f a i r l y  rupresenta t ive  o f  t h e  p r o j e c t  a n a .  
The sverags annual p r e c i p i t a t i o n  o f  7.74 inchus occurs 
mostly a r a i n f a l l  with 3.52 inch- o f  this amount occur- 
r i n g  during t h e  growing season. The average f r o s t - f r e e  
p e r i d  is  213 days and t h e  growing season averages 
242 days. 



SllbMARY OF C L I ~ ~ M G I U E  DATA 
National Weather Service s ta t ion1 

Colorado River Water Quality Impwvenent Program 
Point Source Division, Laverkin Springs Unit, Utah 

Elevation of s ta t ion  
~ r e c i p i t a t i m ~  

h a .  annual 
April through October 

(frost-free period) 
T'enperature2 

Mean annual average 
Maxintm of mwrd 
Minima of record 

Average frost-free period 

2,760 fee t  

7.74 inches 

3.52 inches 

61.2' 
116. 
-11. 
213 days 

Temperature s ta t ion  established i n  1888 and the 
rec ip i ta t ion  s ta t ion w a s  establishad i n  1890. 
Study period 1940-1965. 

Soi l s ,  topography, geology, and minerals. - 
Soils. - The s o i l s  of the project  area are  derived 
fromsedimentary rocks of Jurass ic  and Tr iass ic  ages. 
They principally occur i n  three physiographic divi-  
sions. These are:  (I) a l luv ia l  flood plain s o i l s  
a l m g  the major r ivers ,  (2) s o i l s  of the  bench areas 
which are principally a l luv ia l  i n  origin,  but have 
sme w l l u v i a l  and eolian influence, and (3) a l luv ia l  
and eolian materials along the  major t r i bu tmy  drain- 
ageways of the Virgin Ftiver. A l l  these r o i l s  have - dsvelopcd under arid conditions and us primerily 
Aridisols, Entisols,  o r  bb l l i so l s  may also be present. 
Analytical t e s t s  show the s o i l s  a r e  law in soluble 
s a l t s .  Exchangeable sdium is law. Gypsum and lime 
a re  p s m t  but not in suf f ic ien t  mounts t o  be dele- 
ter ious  t o  plant growth. 

Tqography. - The topography through -32 ~f the area 
i s  controlled by the t i l t e d  and warped mdarlying 
s t r a t a .  Combined arosion, c rus ta l  deformatf on, fau l t -  
ing, and volcanic flows have forned narry steep-sided 
but tes ,  hogbacks, and flat-topped benches. The benches 
have been dissected by s tmaas ,  which have fonned nar- 
raw valleys and vertical-walled canyons. 



The headwaters of the Virgin River begin 35 t o  40 miles 
eas t  of LaVerkin Springs a t  elevations of from 7,000 t o  
10,000 f w t  . The North Fork of the  Virgin River flows 
through spectacular Zion Canyon Natimal Park. The gen- 
e r a l  d i rect ion of the drainages is t o  the  southwest. 

Geology. - a i d e  from volcanic cinder cones and asso- 
c ia ted lava flows, most of the  fornations i n  the  area 
are sedinentary rocks of ? m l e ~ ~ z ~ i ~  age. They a re  gen- 
e r a l l y  highly fractured, jointed, and folded. The 
m s  t praminent s t ruc tura l  feature being the Hurricane 
Fault. 

The lturricane Fault zone is approximately 225 miles 
long, extending from centra l  Utah t o  northwestern 
Arizona. The f a u l t  marks  the boundary separating 
the  Colorado Plateau physiographic province to the 
eas t  from the Basin and Range physiographic province 
t o  the  west. The f a u l t  has fonned nearly ve r t i ca l  
c l i f f s  about 1,000 t o  1,400 f e e t  high a t  t he  Virgin 
River. In t he  v ic in i ty  of the project  the  t o t a l  
s t ra t ig raphic  displacenent is a b w t  5,000 f ee t ,  with 
the d u w n t h m  block on t h e  west side.  The LaVerkin 
Springs occur i n  the  f a u l t  zone where i t  in te rsec t s  
with the  Virgin River. These are the only known 
thermal springs associated with t he  f au l t .  

Due t o  the  mgnitude of t he  th r r icane  f au l t ,  and 
recunt novenmts i n  the  area, a zone 3 ground-motion 
c l a s s i f i ca t i on  was assumed f o r  t he  s tudies  i n  the  
LaVerkin Springs area. Zone 3 indicates areas of 
po ten t ia l  m j o r  d a m p  and corresponds t o  VIII o r  
roore cm the  Modified W r c a l l i  scale.  

Minerals. - Gold, s i l v e r ,  lead, capper, coal ,  and 
iron have. all besn found within the  m t y  . During 
the  ear ly  1870's. several  mdllion do l la r s  worth of 
s i l v e r  wore t a k m  frim the  S i lver  Reef mining dis- 
trict. Dw to a reduction i n  ore qual i ty  and the  
lack of adequate transportation,  the  business w a s  
absndoned . 
A preliminary search has sham t h a t  them are no 
hown mineral deposits  near any of  t h e  features  o f  
the  LaVerkin Springs Project .  

Ve e ta t ion .  - The vegetation is  charac te r i s t i c  of mch 
o the  a r id  southwest and consis ts  primarily of the 79- 



desert  bnrsh type. Same of L.?e plants c o m n l y  found 
a m  creosote bush, desert  almond, blackblush, rabbit-  
brush, juniper, and yucca. W i  1 lows, saltcedars,  and 
cottonwood t rees  grow along streams and ditches (see 
f igs .  11-21 and 11-22], X study of vegetal c a m m i t i e s  
and the i r  l i f e  support functions w i l l  be made for  the  
project  area. The data obtained w i l l  be included i n  
the  environmental statement f o r  LaVerkin Springs. 

Fish and wildlife/recreation.  - 
Fish. - Sport f ishing i n  the  waters of t he  project  - 
area is of minor significance.  'ihe Virgin River is  
subject  t o  extreme fluctuation and is  often laden 
with s i l t .  Within the area of the  project  t he  V i r -  
gin River does not support a viable  f ishery.  

The Virgin River frm LaVerkin Springs t o  Lake Mead 
is the  anly known habi ta t  o f  the  woundfin (PEcrguptmw 
q m C i s a h ) ,  an endangered species, w i t h  the  mst 
abundant population from LaVerkin Springs t o  L i t t l e -  
f i e ld ,  Arizona. Other unique species include Virgin 
River spinedace (L&dwmda m. mZZi@sh) , Virgin 
River Boarytail (aih eZegma), the  bluehead mountain 
sucker ( P c m t u ~ ~  utrrrki AZphsrme), and the f l m e l -  
rmnrth sucker (~~ htqSmri.8). The effects  of 
the  project-on t h e  endangered woundfin a re  being deter- 
mined by the U.S. Fish and Wildlife Service through a 
contract  with the University of Nevada, L a s  Vegas. 

Hi ldl i fe .  - The animal l i f e  of the  area i s  character- 
is t ic  of the desert Southwest and includes Ganbelrs 
quai l ,  mnrrning doves, ringnecked pheasant3 , coyotes, 
rabbi ts ,  kangaroo rats, mice, and various species of 
snakes and l izards.  Mule deer occur i n  the  surrosmd- 
ing aauatains. Canadian geese and several species of 
ducks inhabi t  the Virgin Rivet area and u t i l i z e  t he  
agricxlltural lamb as feeding grounds b r i n g  t h e  win- 
t e r  mmths. These wate r fwl  provide about 800 man- 
days of hunting annually. The hunting of upland game 
consist ing of quai l ,  munring doves, co t ton ta i l  rab- 
b i t s ,  and pheasants amounts t o  about 5,300 =-days 
annually. [23] A study of wi ld l i fe  will be nade for  
the  project  arm and the  data included i n  the U n i t  
Envimmental  Statement. 

Recreation. - Recreational a c t i v i t i e s  center i n  and 
around the  National Parks, Hational Forests, areas of 



Phreatophyte growth along the Virgin River b e l a  Laverkin Springs 

Figure 11-22 



V i e w  of Laverkin Springs area. 

Figure 11-21 



public domain, and S t a t e  Parks i n  epproxicircately tha t  
order of importance. Access roads i n t o  these areas 
join U.S. Highway No. 91 ( In te rs ta te  Highway No. 15) 
within the Dixie area. Because of t h i s ,  thousands of  
t ou r i s t s ,  of necessity,  t r ave l  through portions of the  
project  area in d i n g  a c i r c u i t  of Grand Canyon, 
Zion and Bryce Canyon National Parks, and Cedar Breaks 
National .Mwunmnt. These scenic areas,  together w i t h  
Grand Canyon National Monument, Hoover Dan, Lake Mead 
Sational Recreation Area, and the  Glen Canyon National 
Recreation Area, form a natural  c i r c u i t  fo r  t he  touring 
public. The project  i s  not expected t o  a f fec t  the  
mcrea t ian  a c t i v i t i e s  of t h e  area. 

Excellunt dasr hunting s i t u s  i n  National Forests and 
wooded amas of public dumain t o  t he  north bring hun- 
dreds of deer hunters through the  project  m a ,  

(2) L i t t l e f i e l d  Springs Unit, Arizona. - 
Introduction. - The L i t t l e f i e l d  Springs Unit lies within 
the  Virgin Valley of the  Virgin River i n  northwestern 
Arizona. The springs a r e  a group of t hema l  s a l i ne  springs 
which rise i n  the  deser t  area near L i t t l e f i e l d ,  Arizona, 
and discharge i n t o  the Virgin River. 

Flron the mouth of 'The Narrows," t he  Virgin Riwr slug- 
gishly flaws i n  a wide bed of sh i f t i ng  sand, thrwgh the  
Virgin Valley and t o  Lake Mead near Overton, Nevada. The 
r i v e r  valley var ies  i n  width f r m  several  hundred f e e t  t o  
more than a mile d i s  bounded abruptly on both s ides  by 
high mesa and benchlands lying several  hundred f ee t  above 
the  r iver .  I r r iga t ion  has been primarily r e s t r i c t ed  t o  
the lower volley areas where water is =re accessible.  
Arable lan& arc locatad on the  mesa and bench areas i n  
the v i c in i t y  of Mesquite and L i t t l e f i e ld .  

Beaver Dm Wmh, a t r ibu ta ry  t o  t he  Virgin River, begins 
i n  N d a  and flaws about 50 a l e s  in a smthe r ly  c m s e  
t o  i t s  caufluence with the  Virgin River about 1 s i le  above 
L i t t l e f i e ld .  The Wash is intermit tent  through mst of its 
langth, with cer ta in  reaches fed by perennial springs. 
Flaws fk Reaver D a a  Wash and springs provide a good qual- 
i t y  water supply f o r  domestic and i r r i ga t i on  purposes. 
Hast of the  i r r iga ted  lands along the  Wash l i e  upstreaa 
abmt  2 n i l e s  from the  Virgin River. Several freshwater 
springs are found near the  mouth of  t he  Wash and across 
the  r iver  from the L i t t l e f i e l d  Springs. 



LaVerkin Springs are located a b w t  62 r i v e r  miles above 
t h e  L i t t l e f i e l d  Springs. The r e l a t i o n s h i p , ' i f  any, 
between these springs i s  not k n m  a t  the  present time. 

The pr incipal  c a m m i t i e s  i n  t h e  v i c i n i t y  a r e  L i t t l e f i e l d ,  
Arizona, and Yesquite and Bunkerville, Xevada. S t .  George, 
Utah, the  l a rges t  cornunity i n  the  area ,  is located about 
28 a i l e s  upstream from t h e  L i t t l e f i e l d  Springs. 

His to r i ca l  and archeological.  - Settlement of  the Virgin 
Valley followed the establishment of a wagon trail cal led  
the  tl.skmon Road.'' In 1847, Jef ferson Hunt t raveled  
through the  Virgin Valley area  on his way t o  S a l t  M e  
C i t y ,  Utah, a f t e r  being discharged frum t h e  "MonmP Bat- 
talicm. In  1848 he journeyed t o  Calfornia by t h e  sane 
m u t e  and returned to  S a l t  Lake C i t y  with a wagon loaded 
with seeds and plantings.  This w a s ,  apparently, t h e  
beginning of t h e  " W m n  Road. " 

Colonization of t h e  Virgin Valley began i n  1854 when the  
M o m  pioneers settled i n  small a g r i c u l t u r s l  conmuni t ie~ 
along t h e  Virgin River near Santa Clara, Utah. Settlement 
i n  t h e  L i t t l e f i e l d  area  f i r s t  occurred i n  t h e  f a l l  of 1864 
when Henry W. Miller  led a swll band of Mrmn.s t o  the  
Beaver Dam Wash about 1 mile upstream frm its confluence 
with the  Virgin River. A large f l a s h  f l e d  occurred a t  
the  c lose  of 1867 which devastated the  v i l l a g e  and drove 
the  s e t t l e r s  out .  S e t t l w n t  of t h e  cormwit ies  o f  Mss- 
q u i t e ,  Bunkerville , Riverside, Mgand.de, Overton, and S t .  
Thonas , which were a l l  located along t h e  Virgin River o r  
its t r i b u t a y  the Muddy River, o c c u d  between 1865 and 
1868. In  1878, John 7.  Graff ,  Chr is t ian  Stucki ,  and Henry 
F m e r  with t h e i r  famil ies  s e t t l e d  a t  t h e  present  s i te  of  
L i t t l e f i e l d .  The h i s to ry  of  t h e  area is one of  hardship, 
p r iva t ion ,  and desperate s t ruggles  agains t  floods and 
draughts. Dwelapmsnt of  t h w e  agr icul ture-or iented  cm- 
munities was poss ib le  anly by in tense  cooperative camuni ty  
e f f o r t .  P r io r  t o  1920. t h e  area  w a s  i so la ted  frum merkets 
and la rge  population centers  by rough t e r r a i n  and poor 
t ranspor ta t ion  f a c i l i t i e s .  The p r inc ipa l  smmw of incunm 
was from l ives tock grazing on t h e  apen range. With 
impmed highways and t ranspor ta t ion  f a c i l i t i e s ,  the  trend 
toward t h e  growing of vegetables, nuts ,  f r u i t s ,  and seeds 
has occumud; however, forage c q s  t o  support t h e  l ive -  
s tock indust ry  a r e  s t i l l  prominant. 

Very l i t t l e  i s  knm of the  archeological  resaurces i n  
t h e  L i t t l e f i e l d  a rea  o r  i n  the  Virgin Valley. An arche- 
o log ica l  and h i s t o r i c a l  a s sessmnt  o f  t h e  area  w i l l  be 



made i n  coordinat ion with the  S t a t e  h i s t o r i c a l  preserva- 
t i o n  o f f i c e r  to assess  National Register  po ten t i a l  during 
the  course o f  the  inves t iga t ions .  In t h e  event t h a t  cul -  
t u r a l  property is found and evaluated t o  be e l i g i b l e  f o r  
inc lus ion i n  t h e  National Register  of His to r i c  Places, t h e  
2ureau of  Reclanation w i l l  follow t h e  procedure o u t l i n d  i n  
36 CFR 800. 

Economics. - Agriculture has, h i s t o r i c a l l y ,  provided the 
primary means of incane. The modernization of farming has 
brought abwt a gradual change t o  fewer and l a r g e r  fa-. 
Employment oppor tuni t ies  a r e  provided on t h e  farms, v a r i -  
ous c m s t r u c t i o n  p ro jec t s ,  schools ,  and t h e  service indus- 
tries mqui red  f o r  c m u n i t y  and t o u r i s t  business. 

The Virgin Valley area provides t h e  only services ava i l -  
ab le  t o  tourists between t h e  m t r o p o l i t a n  cen te r  of 
Vegas, Nevada, about 85 miles t o  t h e  southwest, and S t .  
George, Utah, about 28 n i l e s  t o  t h e  nor theas t .  Conse- 
quently,  se rv ices  ca te r ing  t o  the needs of t o u r i s t s  and 
o t h e r  t r a v e l e r s  con t r ibu te  s i g n i f i c a n t l y  to t h e  economy 
of  the area.  

Land use aspects .  - Land r u e  is primari ly governed by the 
a g r i c u l t u r a l  inchastry o f  t h e  area  which includes range f o r  
l ~ v e s t o c k ,  da i ry ing,  and i r r i g a t e d  farming. The area  has 
been s i g n i f i c a n t l y  influenced by t h e  deep, abiding reli- 
gious f a i t h  of the founders and their d e t s m i n a t i o n  t o  
succeed & s p i t e  abs tac les  and hardships.  These character-  
i s t i a  have continued and as a r e s u l t  t h e  area  has had a 
continuous but m d e s t  growth i n  population and agr i cu l -  
t u r e .  Wem truck t r anspor ta t ion  and marketing p rac t i ces  
have aided t h e  c a m u n i t i e s  and provided an o u t l e t  f o r  t h e i r  
a g r i c u l t u r a l  product3 . 
'The mild climte m d  r u r a l  atmosphere has proven a t t r a c -  
t i v e  t o  many  people, and i n  recent  years t h e r e  has bean 
an increase  in r e t i r u d  people l i v i n g  i n  t h e  Virgin Valley 
area.  

Papufation d i s t r i b u t i o n .  - The Virgin Valley i s  a produc- 
ti- f a d n g  area  s i t u a t e d  along the Virgin River i n  the 
northwesteriy p a r t  of  *have County, Arizcma, and t h e  north-  
e a s t e r l y  por t ion  of Clark County, Nevada. The Valley pro- 
vides a h m e  f o r  t h r e e  small w m u n i t i e s .  The estimated 
1970 populations of  these  unincorporated towns follow: 
L i t t l e f i e l d ,  Arizona, a b w t  220; Mesquite, Nevada, about 



750; and Bunkerville, Elevada, about 250. These c m u n i ;  
t i e s  l i e  along I n t e r s t a t e  Highway No. 15. 

Climate. - The a r i d  cl imate of the  L i t t l e f i e l d  a rea  is 
typical  of the Mojave Desert. I t  i s  characterized by low 
humidity, high evaporation, abundant sunshine, mild win- 
t e r s ,  hot  dry s m e r ,  and a wide f luctuat ion of  d a i l y  and 
seasonal temperatures. In  the  summer and ea r ly  f a l l ,  local  
thunderstorms and cloudbursts cause f l a s h  floods with rapid 
runoff and severe erosion. Strong winds reach the  Valley 
from the southwest. The m a n  annual p rec ip i t a t ion  recorded 
a t  the  National Heather Service s t a t i o n  a t  Beaver Daa, A r i -  
zona, f o r  the  7 years o f  record (1967-1973), w a s  6.45 inches, 
which occurs mostly as r a i n f a l l  during t h e  winter  months. 
The man annual temperature based on 5 years of record a t  
the  Beaver Dm temperature s t a t i o n  i s  65" F, with a January 
average of 43O F and a Ju ly  average o f  90. F. S-ers a r e  
t y p i c a l l y  "desert" with m~lxirmm d a i l y  t q e r a t u r e s  usually 
above 100' F,  while winter  temperatures samutims f a l l  t o  
about 10" F. The f r o s t - f r e e  period averages about 240 days. 

S o i l s ,  topography, geology, and minerals. - 
S o i l s .  - The s o i l s  of t h e  a rea  have fomed i n  a l l u v i a l  
*its along t h e  r i v e r  flood p la in ,  and a r e  favorable 
f o r  agricultural ,  d tvelqment .  Su i t ab le  a g r i c u l t w a l  
s o i l s  are a l s o  found along adjacent  bench areas.  

Topography. - The ver t ica l -wal led  canyon k n m  as 'The 
H m s "  o f  the  Virgin River f o r m  t h e  boundary between 
t h e  Beaver Dam Nnmtains to  t h e  north and the  Virgin 
River Mountains to the  south. Tfie r i v e r  channel passes 
through 'The Narrcms" merg ing  fram t h e  canyon onto the 
law dese r t  p la ins  near L i t t l e f i e l d  and thence follows a 
southwesterly course through the  Virgin Valley i n  Nevada, 
f i n a l l y  df scharging i n t o  Lake !.bad. 

South and e a s t  of  t h e  r i v e r  i n  t h e  v i c i n i t y  o f  t h e  
t i t t l e f i e l d  Springs t h e  topography is formed by a pied- 
mt slope extending out  from t h e  Virgin Mountains. 
The s lope  of the  land is typ ica l ly  concave with s t eep  
slopes near the  m n t a i n s ,  becoming f l a t t e r  toward t h e  
r ive r .  In  cmnon with t h i s  type of  t e r r a i n ,  the  drain-  
age p a t t e r n  i s  poorly developed which i s  typical  of  
t h i s  type of  t e r ra in .  There a r e  well-defined channels 
where canyons debauch em t h e  p iedmnt ,  but these  chan- 
nelS vanish a shor t  d is tance  downslope. The p e r v i m  



sands and gravel  forming t h e  p i e b n t  permit t h e  rapid  
i n f i l t r a t i o n  of a l l  except t h e  heavies t  storms. men 
t h e  i n f i l t r a t i o n  r a t e  i s  exceeded, runoff occurs as  
sheet  flow down the  s lopes .  

Sorth of the  r i v e r ,  t h e  land i s  more broken with f l a t  
nesas and deeply inc ised  drainage val leys .  One of t h e  
main washes dra in ing from t h e  north is  Beaver Dam Wash 
which en te r s  the  Virgin River just upstream from t h e  
I n t e r s t a t e  Highway No. 15 bridge.  This i s  an exception- 
a l l y  l a rge  wash which heads i n  the  Beaver Dm Mountains. 
Although t h e  Wash is normally d ry ,  it has a well- 
developed underflow t h a t  surfaces  about one-half mile 
above its junction with the  r i v e r .  As a r e s u l t ,  it i s  
a perennial  stream a t  its mouth. 

Geology. - The Ekaver Dam Mountains and t h e  Virgin 
River ! b m t a i n s  a r e  roughly a l inud north-south and - - 
southwest. They occur along t h e  boundary between t h e  
Colorado Plateau and Basin and Range physiographic 
provinces. Both ranges a r e  composed predominantly o f  
f au l t ed  blocks of  Paleozoic s t r a t a .  The s t r a t a  con- 
sist predominantly of limestone and t h e  e n t i r e  sequence 
ranges in age f m  Caabrian t o  Permian. Wch o f  the 
limestone is cavernous. The Cambrian g r a n i t e  gneiss  
and schist a r e  exposed i n  t h e  Beaver Dam Mountains. 
The two m t a i n  ranges a r e  separated by t h e  spectac-  
ular Virgin River Canyon. The f a u l t e d  and cavernous 
s t r a t a  are well  exposed i n  t h e  canyon f l o o r  and wal ls .  
In t h i s  ma&,  low flows of  t h e  r i v e r  disappear beneath 
t h e  course a l l u v i a l  bed only t o  reappear near  t h e  mouth 
o f  the  canyon. 

Minerals. - There is some h i s t o r y  o f  raining i n  t h e  V i r -  
g in  Mountains pr imar i ly  involving beryllium, copper, 
and mica i n  t h e  Cabin Cmyon area ,  none of which has 
been cumoercially successful .  

Vegetation. - The vegeta t ion  is  c h a r a c t e r i s t i c  of  much 
o f  the  a r i d  southwest m d  cons i s t s  pr imar i ly  of  t h e  d e s e r t  
b n u h  typs. S o ~ e  of t h e  p l a n t s  c k n l y  found a r e  c w o -  
s o t s  bush, d e s e r t  a l m d ,  blackbrush, rabbitbrush,  juni -  
per, and yucca. Willows, sa l t cedar ,  and cottonwood t r e e s  
grcrw along streams and d i t ches .  

Fish m d  wi ld l i f e /mcrea t ion .  - The animal l ife o f  t h e  
a rea  is c h a r a c t e r i s t i c  of  t h e  d e s e r t  Southwest and includes 



~ambel ' s  quai l ,  mourning doves, ringnecked pheasents, coy- 
otes ,  rabbi ts ,  kangaroo r a t s ,  nice,  and various spscids of  ' 

snakes and l izards .  M l e  deer occur i n  the surrounding 
mountains. Canadian geese and several species of ducks 
inhabit  the Virgin River area and u t i l i z e  the agricul tural  
lands as feeding gruunds during the winter months, ?'here 
are  no da ta  cm the population densi t ies  of the v a f l w ~  
animals i n  the  dif ferent  areas of the propased project. A 
wild l i fe  inventory of the  area w i l l  be made before cornpence- 
mmt of the project .  

L i t t l e  informatian is available on the Invertebmtss 
(aquatic o r  t e r r e s t r i r i )  md  amphibians i n  the  m a .  
There a re  no known specim of r a r e  o r  endangered a d -  
mals i n  the v ic in i ty  of t he  proposed project .  Huuever, 
the Virgin River fm Laverkin Springs t o  Lake h a d  i s  
the only k n m  h a b i t a t  of the  woundfin ( P Z a g q t a ~ w e  
q s t r t i - e m a ) ,  an andangered species of f ish ,  with the  
most abundant population fim LaVerkfn Springs t o  L i t t l e -  
f i e ld ,  Arizona. Other unique spscies  include Virgin 
River spinedace IqCBpi-hda m. not~bgd&), Virgin River 
bonytai 1 [Oik e k g m ) ,  the  bluehead mountain suckm 
(pantcwkua a M i  d e Z p h e w ] ,  and the flannelmuuth 
sucker (Catoatawe Zuhqdruria). The af fec t s  of the  proj- 
e c t  cm the  endangered woundfin s r e  being determined by 
the  U S .  Fish and Wildlife Service. 

No majar recreat ian f a c i l i t i e s  e x i s t  i n  t h e  area.  The 
nearby deser t  provides sordr tpportunity fo r  off-road 
vehicles and horseback r id ing  while the  nearby m t a i n s  
do of fe r  saw hiking opportunity, 

. 
I n t r u b c t h n .  - Tha C l e n d  a d  l b t s e m  Springs am a 
c d i n a t i m  of them1 springs and g m d - w a t e r  inflaws 
that discharge i n t o  the Colorado River between the mouths 
of the  Roaring Fork and the  Eagle Rivers i n  Garfield and 
Eagle Counties, Cola rda .  'The locations af the  springs 
are shown an the map i n  f igure  1-35. The springs a r e  
accessible fkam U.S. Highways No+ 6 and 24 and In te rs ta te  
Highway No. 70. 

Some of the springs ~t G l u m r o d  Springs have bum devel- 
opsd cmnerc ia l ly ,  The swiming pools shown i n  the  center 
of the  ae r i a l  photograph ( f i g .  11-23] of Glmwood Springs 
a r e  fed by thcrnal springs. The f l m s  a r t  collected fo r  



a portion of  the t& o f  Glenwood springs. Hot 
are found intermittently along the edges of the 
swimming p-1 near the center of  the photograph 
springs for year-round recreation. 

Figure 11-23 

s a l i n e  springs 
river. The large 
uses one of  the 



d i s t r i b u t i o n  t o  swimming p o d s  and the  discharge piped i n t o  
the  r i v e r .  The b t s e r o  Springs show less indica t ion  of  
manmade W f i c a t i o n s  although ra i l road  and highway con- 
s t r u c t i o n  and smll s c a l e  d i f i c a t i o n  f o r  bathing and rec- 
rea t ion  have a f fec ted  these  springs a l so .  Springs i s sue  
car both s ides  of the  r i v e r  and within i ts  bed. Some a r e  
inundated by t h e  snownelt spr ing  f lous o f  the  Colorado 
River. 

Hi s to r i ca l  and archeological sites. - X survey of  h i s -  
t o r i c a l  and archeological  resources associated with the  
Glenwood-Potsero spr ings  Projec t  fea tures  has not been 
conducted. P r io r  t o  t h e  a r r i v a l  of t h e  white man, the  
Glenwood Springs were u t i l i z e d  by t h e  Ute Indians. Both 
the  hot spr ings  a t  Glenwood Springs and those a t  Dotsero 
have been m o d i f i d  by man's a c t i v i t i e s .  The Glemod 
Springs have been developed c o m e r c i a l l y  and d is rupted  
by highway development. Those a t  Dotsen, have been 
encroached an by the  r a i l r o a d  and highway and severa l  have 
been developed i n  the p a s t ,  although they a r e  not used t o  
any known extent  at. t h i s  time. 

His to r i c  sites k n m  t o  e x i s t  i n  t h e  p r s p o s d  p ro jec t  a r e a  
include "Doc1' Holiday's grave a t  G l e n w d  Springs; t h e  Sho- 
shone Dam ( m t m c t e d  i n  1905 f o r  hydroelec t r ic  puwer pro- 
ductiun) i n  Glmwood Canyon; and the  Siloem Hot Springs 
(Dotsero) which were once developed f o r  co rns rc ia l  purposes. 

Economics. - The econany o f  t h e  surrounding area  is based 
cm r t c r e a t i o n ,  tour i sn  and agr i cu l tu re .  Comercia1 rec- 
r e a t i o n a l  use of na tu ra l  w a r m  springs a t  Glemood Springs 
has been an ecunmic  a s s e t  t o  t h e  a r e a  f o r  many years.  The 
Dotsero Springs am l i t t l e  knwn and probably of  l i t t l e  
d i r e c t  economic benef i t .  

Population. - Although M t s e r o  Springs is located i n  
Eagle County, mst p r o j e c t  f ea tu res  and i r p a c t s  w i l l  be  
located i n  & f i e l d  &nty which includes t h e  c i t y  o f  
Glsmrod Springs. Garf ie ld  County experienced a 23.3 per-  
cent  gruwth between 1960 and 1970 and Glenwood Springs 
increased by 12.9 percent .  The c m t y  (1970) populatiun, 
14,821[62] and Glenwood Springs (1970) populat ion,  4,106 
a r e  st i l l  growing. This growth is taking p lace  primari ly 
along U.S. Highways No. 6 ,  24, and 70 to  t h e  west and 
S t a t e  Highway No. 82 t o  t h e  south of  Glenwood Springs due 
t o  the  l imi ted  space ava i l ab le  wi th in  the  c i t y  i t s e l f .  
Outmigration of pos t  high school youth and i m i g r a t i o n  of 



retirement age individuals as a result of limited employ- 
msnt qportunit ies and recreational attractions s e a m  to 
characterize the area. 

With a labor force of 7,229 in the area in 1970, the 
ilportance of recreation-related employment seems to be 
a part of the two highest employment sectors. Services 
and miscellaneous account for 23.4 percent, while re ta i l  
trade (19.1 pertent) i s  second. Contract construction 
(11.8 percent) and agriculture (10.3 percent) are close 
third and fourth categories. Transportation u t i l i t i e s  
.make up 7.2 percent employment while mining contributes 
to 5.1 percent. 

The yearly average unemployment as of 1974 was 3.8 per- 
cent. This figure, however, is highly- seasonal. 

Climate. - The elevation at Glenwood Springs of about 
5700 feet and the latitude results i n  a cool climate 
and a mderate rate of winter snowfall and sumer 
rain. 

Topography , geology, and minerals. - Geologically , the 
spring m a  i s  located a t  the southeastern edge of the 
extensive White River uplif t .  The G l s n d  and Dotsero 
Springs am situated a t  opposite ends of Glemood Canyun 
which h a s  been created by the Colorado River eroding 
through very resistant rocks of the uplif t .  Many faults 
have been wipped in  the area and cay be related t o  the 
springs in the subsurface. The topography of tmth Glen- 
wood Springs and Dotsera is  cmposed of rather narrtlw 
canyons . 
The thermal springs generally issue through the gravel 
along the r iver ,  traveling to the surface through under- 
lying bedrock. Gemrally, the springs seem to  be f o d  
in areas where the cavernous Laadville Limestme outcrops, 
but other f o n ~ ~ t i i n r s  are also involved. I t  i s  also of 
significance that the Paradox Fonration is found i n  the 
vicinity of bath Dotsera and Gle tmd  Springs areas. 
ical analyses of the water fnw  the springs shw large 
amounts of both sodium chloride and calcium sulfate, and 
the Paradox Fomution contains beds of these minerals in 
the form of hal i te  and gypsm. 

Evidence of volcanism, as recent as the Pleistocene age, 
occurs in  the area and suggests the possibility that hot 



(1) Palo Vetde I r r i g a t i o n  District Unit. Cal i fornia .  - 
His to r i ca l  and archeological .  - Settlement and growth o f  
t h e  Palo Verde area has c lose ly  a l l i e d  t h e  obtaining o f  
water  r i g h t s  under Ca l i fo rn ia  h. Development i n  t h e  

i n t r u s i v e  bodies may be  prssent  i n  t h e  subsurface. An 
e x t i n c t  cinder cone and lava flow a r e  found about 5 miles 
e a s t  of t h e  Dotsem Springs and o the r  similar evidence 
e x i s t s .  

In  swmary, only very generalized geologic da ta  is ava i l -  
able  on the  Glenwoad and b t s e r o  Springs and an extensive 
explorat ion program would be n e c e s s a q  t o  de l inea te  the  
geology and hydrology. I t  is poss ib le  t o  hypothesize t h a t  
ground water i n  the  area  t r a v e l s  along f a u l t s  o r  r e l a t e d  
f r a c t u r e  zones, d issolves  out  s a l t s  p r inc ipa l ly  from t h e  
Paradox Formation, becones heated by deep-lying i n t m i v e  
bodies, and re turns  t o  the  surface  a s  warn, s a l i n e  spr ings .  

Vegetation. - The na tu ra l  vegetat ion i n  the  a r e a  cons i s t s  
p r inc ipa l ly  of juniper ,  pinyon pine,  and b i g  sagebush 
a m d  Glemood Springs and on d r i e r  s i t e s  around t h e  Dot- 
sem Springs. Where moisture condit ions a r e  mre favor- 
able ,  s e n i c e b e r r y ,  Gamble oak, and Douglas f i r  are mre 
important. Figure 11-23 shows t h e  general  types of  vege- 
t a t i o n  along the  r i v e r .  

Fish and wi ld l i f e / r ec rea t ion .  - Wildl i fe  h a b i t a t s  i n  t h e  
Glenwood-Dotsero Springs area  inc lude  cropland, r i p a r i a n  
areas ,  aquat ic  hab i t a t s ,  and t h e  m u n t a i n  brush h a b i t a t .  
The photograph, Figure 11-24 is an a e r i a l  view of the  Dot- 
s e m  Springs area  along t h e  Colorado River. The entrance 
t o  Glenwood Canyon can b e  s m  i n  t h e  qper r i g h t .  

In  addi t ion  to  t h e  developed spr ings  and swiming pool a t  
Glenwoad o t h e r  smaller  spr ings  have o r  ars being used f o r  
recrea t ion  purposes. Other r ec rea t ion  a c t i v i t i e s  i n  the  
a r e a  include ski ing ,  f i sh ing ,  camping, boating, hunting, 

'and hiking. Glmwod Canyon between t h e  Glenwood and Dot- 
s e m  Springs area is famous f a r  i ts  scunery and is a t  pres-  
e n t  a c m t m v e r s i a l  a l t e r n a t i v e  rou te  f o r  a praposed sec- 
t i o n  of I n t e r s t a t e  Highway No. 70. The area  is transversed 
by many winter  and smmr t o u r i s t s  krd a l s o  serves  as a 
major m m e r c i a l  highway and r a i l r o a d  c o m d o r .  

b. I r r i g a t i o n  sources cont ro l .  - 



Aerial view o f  the Botsero Snrings area alom the Colorado Kiver. 

Figure 11-24 
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area occurred as early as 1856, but was limited because 
of the shortage of available water. In 1877', California 
i n i t i a t ed  its water r ight  program. The f i r s t  Notice of 
Appropriation w a s  issued t o  Thomas Blythe, who had f i l ed  
for  95,000 miner's inches (about 2,375 f t3 / s )  t o  be used 
on an area of 186,150 acres i n  the Palo Verde Valley and 
on the Palo Verde Pbsa. Fron 1877 t o  1911, seven addi- 
t iona l  appropriations were made for the area. These appro- 
priations were supplemental to  the f i r s t  notice that  was 
dated July 17, 1877. The lands served by these water 
r igh ts  are within the boundaries of the  present Palo Verde 
Ir r igat ion Dis t r ic t .  

To consolidate the functions of the predecessor in te res t s ,  
the Palo Verde I r r iga t ion  M s t r i c t  was organized under a 
Special Act of the California Legislature (Calfornia Stat .  
1923. Ch. 452, p. 1067). By t h i s  Act, the  management, 
assets ,  i r r i ga t iun  works, and water r igh ts  were trans- 
ferred,  purchased, and assigned t o  the new Dis t r ic t  by 
aperation of the Lrw. Under California Law the Palo Verde 
Ir r igat ion Dis t r ic t  is  an agency of the S t a t e  of Califor- 
nia,  formed and exist ing f o r  Governmental purposes. (Cal- 
i fo rn ia  Water Code 20570). 

Pr ior  t a  the Cmstmction of Hoover Dam, developnent i n  
the luuer Colordo  River Basin, par t icular ly  i n  California, 
was hampared by periodic flaads and occasional periods of 
low flow in the r iver .  I t  w a s  apparent t h a t  further devel- 
opwnt would neccessitate the  control and storage of these 
periodic floods. The seven Colomdo River Basin States  
reached a decision t o  fomula te  an i n t e r s t a t e  compact. 
This prqrosal uas rruthorizd by Congress i n  1921 (42 S t a t .  
171), and resulted i n  t he  1922 (Santa Pe) Compact, which 
was signed NovQmber 24, 1922. 

After the Compact w a ~  approved, several b i l l s  were intro-  
d u d  in  Congress seeking the  constnrction of a storage 
reservoir  and an "All-Awrican Canal." In December 1928, 
the  Boulder Canyon Project Act was approved by Congress 
and signed m Jme 25, 1929, by President lkover. 

After the Project A c t  be- effective,  the  Secretary af 
the In te r ior  requested tha t  t he  S t a t e  of California, 
Division of Hater Ruscnuces, raake a recaimndaticm t o  the 
Sscreatry of the proper apportionments of t he  water of 
and from the Colomdo River t o  which California may be 
en t i t l ed .  Pursuant t o  said  request on August 18, 1931, 
the California Seven Party Water Agreement was adopted. 



Under th i s  agreement, the Palo Verde Irrigation Distr ic t  
agreed t o  l i i t  the acreage under i t s  1877 through 1911 
appropriations to  a to t a l  of 120,500 acres. The Dis- 
t r i c t  was then recognized as having the " f i r s t  priority" 
i n  California for 104,500 acres i n  the Palo Verde Valley, 
and an equal share in  t!!e "third priority" for 16,000 acres 
i n  that area k n m  as the ''Lower Palo Verdo Mesa." which 
is adjacent t o  the Palo Verde Irrigation Dis t r ic t .  Arche- 
ological resources of the area have e i ther  been recovered 
o r  destroyed with the expanding agriculture industry. 
Since the Palo Verde Unit wi l l  involve only those areas 
that are already developed, no additional archeological 
research w i l l  be nade. 

E c a m i c s .  - The economy of the Palo Verde Valley i s  p r i -  
marily centered around i r r iga ted  agriculture. In 1972, 
there were 91,400 acres of land being i r r igated o r  pre- 
pared for  cmps, including the large parcels tha t  a re  
presently being leased t o  large agricultural  f inrs .  Of 
t h i s  t o t a l  cultivated area, abcwt 5,000 acres were located 
on the nasa t o  the w e s t  of the valley. The crops grown 
i n  the Distr ic t  include a l f a l f a ,  cotton, wheat, melons, 
and lettuce.  The value of these crops i n  1972 was 
$21,989,000. The industry of the area is  also a l l i ed  with 
the needs of agriculture consisting of sales  and service 
industries,  c a t t l e  feedlo-, and an a l f a l f a  dehydrature 
plant. In recent years, there  has bean an increase i n  
water-oriented recreation ac t iv i t i e s  such as boating, water- 
skiing, and fishing on the Palo Verde Drain. Services 
and f a c i l i t i e s  to  provide for  these recreational needs 
have also enhanced the economy of the area. 

tand m e  aspects. - Palo Verde Irr igat ion District is a 
highly developed, intensively cultivated i r r igated agri- 
cu l tura l  area; Crops are planted and harvestEd during 
every nonth of the year. Winter vegetables , awlom, c i  t- 
rus, and f i e l d  crops including a l fa l fa ,  small grains, and 
cotton are gmwn. 

Lsndownership is held by both individuals and corpora- 
tions. Ownerships of 40, 80, 160. and 320 acre t r ac t s  a re  
c-, but most agricultural  operations a re  large consist- 
ing of 1,000- t o  3,000-acre units managed by large agri- 
cultural  corporations. Land i s  often rented or  leased for  
a specif ic  crop. Winter le t tuce is frequently grorn on 
land leased fo r  a specified number of days. Each yuar 
t3ousands of sheep are  transported from considerable dis-  
tances t o  u t i l i z e  winter pastures i n  the valley. 



Population d i s t r i b u t i o n .  - The Palo Verde I r r i g a t i o n  Dis- 
t f i c t  i s  located along the  Colorado River p r i n a r i l v  i n  
Riverside and ~ n p e r i a l  Counties, ~ a l i f o r n i a .  8 ly the ,  t h e  
largest c i t y  within the  D i s t r i c t ,  has a 1970 population 
of 7,047. The remainder of the  Palo Verde Valley has a 
1970 population of about 5,203, which includes 1,252 i n  
the  cornunity o f  E a s t  Slyt3e,  but does not include t h e  few 
in!abitar.ts t h a t  l i v e  i n  Iztperial County. 

Cl ina te .  - The c l i n a t e  i n  the  area  i s  hot and dry,  w i t h  
p r e c i p i t a t i o n  averaging l e s s  than 4 inches annually. Most 
of the r a i n f a l l  occurs i n  t h e  form of summer thunders torm.  
The m a x i m  s-er temperatures range between llsO and 
125' F. The s m e r s  a r e  long and tho winters a r e  s h o r t  and 
very mild, with an almost conplete absence of  f reez ing 
temperatures. 

Topography, geology, and minerals. - The Palo V e r b  a rea  
ccmsists of ruughly p a r a l l e l  mountains s c p a r a t d  by an a l l u -  
v i a l  basin.  Palo Verde Valley is corrrprised o f  sediments 
t h a t  were deposi ted i n  t h e  flood p l a i n  of t h e  Colorado River. 
The flood p la in  is only 3 miles wide a t  Palo Verde Dan and 
increases  t o  about 9 miles i n  t h e  Palo Verde Valley. The 
e levat ion  of  the  f lood p l a i n  a t  Blythe is 265 f e e t  above 
sea  level .  

The nwuntains, although not  very high, a r e  tugged, and rise 
abruptly from t h e  a l l u v i a l  s lopes .  The highest  surrrmit i n  
t h e  area  is more than 3,000 f e e t  above the flood p l a i n  and 
about 3,350 f e e t  above sea  level .  Most o f  t h e  o ther  mun- 
t a i n  c m t s  i n  the  area  a r e  b e l w  3,000 f e e t  i n  elevation.  

Mtwssn t h e  flood p la in  and t h e  mountains are dissec ted  
piedmmt o r  a l l u v i a l  s lopes .  In  many places  the piedmont 
s lopes  terminate i n  t e r races  bordering t h e  flood p la in .  
Although soms prospecting has taken place i n  p a s t  years ,  
the re  a r e  no known p r d u c i n g  mineral c l a i m  i n  t h e  ime- 
d i a t e  a rea  o f  the u n i t .  

Vegetation. - The na tu ra l  vegetat ion found within the 
m a  includes gteiasewood, nesqui te ,  c reosote  bush, palo- 
verds, sa l t cedar ,  and various species  o f  cacti associated 
with the Sonoran Desert. These vegetat ion types remain 
i n  those areas t h a t  have not  been used f o r  t h e  production 
of  i r r i g a t e d  crops. 

h i z o n a  S t a t e  Universi ty is cur ren t ly  typemapping t h e  vege- 
t a t i o n  along the lower Colorado River from Davis Dam t o  
t h e  In te rna t iona l  8omdary. 



Fish and wi ld l i f e / rec rea t ion .  - 
Fish. - His to r ica l ly ,  there  were only seven species of 

reported i n  t h e  lower Colorado River. lhuever, a t  
the  present  t i n e ,  there  a r e  about 55 species ex i s t ing  
i n  the  water of t h e  Lower Colorado River below Davis 
Dam. The na t ive  Colorado squawfish (P~ch.ocA&tus 
M w ) ,  is an the  Secre tary  of t h e  I n t e r i o r ' s  l is t  of 
endangered fauna, Iiay 1974. I t  has not been found 
downstrean fron Hoover Dan i n  recent  years. .The hunp- 
back sucker ( X y m h  te-zmw), has been reported i n  
t h e  v i c i n i t y  of  take Eioovalya, above Headgate Rock 
Diversion Dan and i n  t h e  v i c i n i t y  of  i J a l t e r f s  Camp. 
Other species  of  f i s h  found wizhin the Lake W v a l y a  
a rea  above Headgate Rock D a m  include t h e  largenauth 
bass,  b l u e g i l l ,  redear sunf ish ,  charmel c a t f i s h ,  black 
crappie,  yellow bullhead, threadfinshad, carp, fathaad 
mimrms, p l a i n s  minnows, and golden shiners .  These 
have a l l  been introduced i n t o  t h e  lake, mostly f o r  
s p o r t  o r  b a i t .  I t  is  a s s d  t h a t  s o w  o f  these  species 
have found t h e i r  way downriver i n t o  t h e  u n i t  area. 

Arizona S t a t e  Universi ty,  U.S. Fish and Wildl i fe  Serv- 
ice, Arizona Came and Fish Department, and Ca l i fo rn ia  
Fish and C a n e  Department are cur ren t ly  studying f i s h  
species  dens i ty  of lower Colorado River frum Davis Dam 
t o  the  In ternat ional  Bmdary. 

Wildlife.  - The [xroser Colorado River from Davis Dam t o  
-can Border provides some of t h e  b e s t  and most 
var ied  w i l d l i f e  h a b i t a t  within t h e  southwest. About 
276 species  of  b i r d s ,  40 species  o f  mamals, ,and 50 spe- 
c i e s  of r e p t i l e s  have been i d e n t i f i e d  along the  lower 
r i v e r  below Davis Dam. The b m e r  Colorado River is a 
major f a c t o r  i n  t h e  v i a b i l i t y  of t h e  Pac i f i c  Flyuay, 
f o r  it is usad as a breeding, feeding, and a r e s t i n g  
a r e a  f o r  migratory waterfowl. 

Many species  o f  b i d s  sunmer i n  t h e  area ,  nes t ing and 
r a i s i n g  t h e i r  young before migrating f a r t h e r  south &r- 
i n g  the winter. O t h e r s  winter  i n  t h e  a r e a  and then 
dgrate nor th  during the slmrper. Other spucies  that 
migrate t o  points  f a r t h e r  north o r  south use t h e  a rea  
as a stopover for r e s t i n g  and feeding. 

The water foul t h a t  a r e  cotsnonly found above Headgate 
m k  Diversion Dm, but a r e  assumed t o  a l s o  be present  
i n  the  Palo Verde a rea ,  include t h e  mallard, p i n t a i l ,  



shoveler ,  green-winged teal, cinnamm t e a l ,  gabwell, 
wigeon, goldeneye, ruddy duck, Canada goose, and h e r -  
ican coot. These species of  waterfowl a r e  most nmer-  
ous during the  winter  months following t h e  hunting 
season. 

Wading b i rds  include the  great  blue heron, b l a c k - c m e d  
night heron, snowy egre t ,  and American egre t .  Also a 
number of shore, marsh, and p l a g i c  b i rds  have been 
obsemed and include white pel ican,  pied-bil led grebe, 
double-breasted cormorant, camton g a l l i n u l e ,  Virginia 
r a i l ,  and Sonora r a i l ,  and the  endangered Ytma Clapper 
r a i l .  Sungbirds, insectivorous b i rds ,  hawks, and 
swallows are a l s o  common. 

Hammals occasiunally sighted i n  t h e  area  include gray 
fox, k i t  fox, coyote, bobcat, r i n g t a i l  c a t ,  raccoon, 
b l a c k t a i l  jackrabbit ,  d e s e r t  c o t t a n t a i l ,  u k r a t ,  beaver, 
and infrequent ly ,  a mule deer. Small mammals include 
rodents such as r a t s ,  mice, and s h r e w .  

A list of both f i s h  and w i l d l i f e  species present  i n  
both Parker and Palo Verde Valleys w i l l  be Rade when 
the  Bureau of Reclamation completes a study presently 
being made t o  determine what spec im are f m d  i n  t h e  
various reaches of t h e  Colorado River b e l w  Headgate 
Rock Diversion Dam. The species study da ta  w i l l  be 
presented i n  t h e  unit d e t a i l e d  environmntal  statement 
which w i l l  follow t h i s  statement. 

Recreation. - Recreation i n  t h e  Palo Verde area  consis ts  
of hunting game b i r d s  and aquat ic  a c t i v i t i e s  on the  lower 
m a d  of  the Palo Verde Out f a l l  Drain. Aquatic recrea-  
t i o n ,  consis t ing  m s t l y  of  waterskiing, boating, and boat 
rac ing a t t r a c t  rumeraus petuplo from t h e  ~ e t r o p o l i t a n  
areas o f  southern Cal i fornia .  

Arizona S t a t e  University is  current ly  inventorying a l l  
f o m s  of  recreat ional  a c t i v i t y  along t h e  lmer Colorado 
River froa Davis Dam t o  t h e  In ternat ional  Boundaqf. 

(2) Colorado River Indian Reservation Unit, Arizona. - 
Introduction. - The Colorado River Indian Resena t ion  l i e s  
i n  a dese r t  va l l ey  along t h e  Colorado River i n  w e s t e n  A r i -  
zona and southeastern ~ a l i f o r n i a .  I t  is completely sur-  
rounded by sparse ly  vegetated mountains. The va l l ey  is 



canposed of r iver  bottom deser t  s o i l s ,  which a re  among th.e 
most f e r t i l e  in the country when f e r t i l i z e r  and water a r e  
applied. 

The area is narmw, arrow-like shaped with the  northern 
portion twisted t o  the northeast as it follows the bends 
of the Colorado River. I t  is about 4 6  miles long, begin- 
ning 2 d l e s  north of Ehrenberg, Aritona, opposite Blythe 
California,  and extending northeasterly t o  Y o n w n t  Peak 
about 7 miles west of Parker Dam. The greates t  width of 
the  valley is about 13 miles. 

The town of Parker, Arizona, is in  the  extreme northern 
portion of the Reservation and i s  the  only major tawnsite 
i n  the area.  I t  is completely surrounded by Reservation 
lands and is the headquarters f o r  the  Colorado Riwr 
Agency and the  Colorado River Indian Tribss.  

The small settlement of Poston, t he  s i t e  of one of t he  
Japanese relocation camps during World War 11, is within 
the area. 

His tor ical  and archeological. - The Colorado River Indian 
Reservation was established by an Act of W c h  3, 1865 
(13 S t a t .  541,559) which s e t  apart  75,000 acres i n  the 
t e r r i t o r y  of Arizona f o r  an Indian Reservation. The bound- 
a r i e s  were changed a n h e r  of times before t he  present 
Rsservation w a s  established by the  Executive Order of 1915 
and Public Law 88-302. 

The 1867 Congress appropriated $50,000 f o r  constxuc- 
t i on  of the Grant-Dent i r r i ga t i on  canal diversion f m  
the Colorado River. Water w a s  turned i n t o  t h i s  canal 
i n  Ju ly  1870. The e l m t i a n  of t h e  canal headworks pre- 
vented diversions during low riverflaw and, i n  1874, 
appropriations were obtained t o  extend the  canal upstream. 
Tunnels were constructed t o  reach a diversion point now 
k n m  as Haadgate W Dam. Cave-ins required excessive 
maintenance, and the tunnels were abandoned i n  1876. 

D i v e r s i w  were than made j u s t  below the  tunnels during 
tho higher s tages  of  riverflow. A pumping plant  was  
i n s t a l l ed  by 1899 and gravity diversions were discontin- 
ued. This plant  was enlarged i n  1918 t o  its f i n a l  capac- 
i t y  of 125 f t 3 / s .  The completion of lleadgate Rock Dam i n  
1941 provided permanent diversion f a c i l i t i e s  and canal 
capacity t o  i d g a t e  a l l  of the  i r r i gab l e  lands by grav- 
i t y .  In 1942, there  were about 10,500 acres of developed 



lands. I n  1955, about 5,300 acres  of  these lands were out  
of production due t o  drainage p rob lem.  To a l l e v i a t e  t h i s  
problem, an extensive drainage system was iqs ta l l ed .  W i t h  
the improved drainage system, the  i r r i g a t e d  lands have 
s t e a d i l y  increased t o  over 60,000 acres  i n  1972. 

To encourage p r iva te  investment, t h e  Tr ibal  Council has 
sought Federal author i ty  t o  grant  long-term leases.  In 
1962, author i ty  t o  grant  99-year nonagricultural  leases 
was obtained. In 1963, a 25-year ag r i cu l tu ra l  leas ing 
au thor i ty  was granted, and i n  1965 a 40-year leas ing 
author i ty  f o r  citrus farming was granted. 

Further  incent ive  f o r  t h e  expansion of  i r r i g a t e d  a g r i -  
c u l t u r e  was provided by the adjudicat ion of the r i g h t  t o  
d i v e r t  f r m  the  Colorado River an annual quan t i ty  not t o  
excmd 717,148 acre- fee t  of  water f o r  the i r t i g a t i o n  of 
107,588 acres of land on the  Reservatian. This decree 
was issued March 9 ,  1964, i z p l e m n t i n g  the U.S. Supreme 
Courf decis ion  i n  t h e  case of Arizona vs. Cal i fornia  
(June 1963) . 
Dw t o  the h i s t o r y  of  Indian l i f e  along t h e  lower Colo- 
rado River, archeological  sites have been numerous. The 
j o i n t  Tribes of  the Reservation have constructed a museum, 
and are a c t i v e l y  pursuing the  preservat ion of t h e i r  pas t  
her i tage .  A c t i v i t i e s  r e l a t e d  t o  the  p ro jec t  w i l l  not 
a f f e c t  any c u l t u r a l  resources.  

Emmics. - The Colorado River Indian Reservation has 
entered an accelera ted  phase of ecmonic  growth, w i t h  a 
large  po ten t i a l  f o r  f u r t h e r  development. This e c o n q  
i s  centered a r m d  the expansion of i r r i g a t e d  agr i cu l tu re  
and water-oriented recrea t ional  development. 

I n  1972, abaut 60,000 acres  of i m g a t e d  land produced 
a t o t a l  crop value of about $22,616,000 and a t r i b a l  and 
personal income of $1,229,000. This included the  parce ls  
o f  land that a r e  being leased t o  la rge  a g r i c u l t u r a l  fixms. 
?4ajor c m s t r u c t i o n  programs have been i n i t i a t e d ,  involving 
canals ,  l a t e r a l s ,  and the  r e h a b i l i t a t i o n  of  t h e  d r a i n s .  
In  addi t ion ,  land c lea r ing  and level ing  w i l l  be necessary 
t o  prepare f o r  crap production. Crops grm on the Reser- 
va t ion  include excel lent  yielcis of  cot ton ,  l e t t u c e ,  corn, 
a l f a l f a ,  wheat, bar ley ,  maize, and melons. 

Recreation and tourism a r e  important sources of revenue, 
both on t h e  Reservation and i n  the  tm of  Parker, Arizona. 
In  1972, t h e  t r i b a l  income from these  sources w a s  $51,500. 



Industr ia l  firms have indicated in t e r e s t  i n  the Reservation 
for  several years, but development has been slow. Activity 
is presently limited t o  cotton gins and c a t t l e  feedlots. 
Comercial leases and mineral i x m e  produced $146,400 i n  
1972. 

Land use/cultural factors .  - The land in, the Colorado River 
Indian Reservation i s  used p r f m r i l y  for f rrlgated agricul- 
tu re  and recreational-orienied a c t i h t i e s .  ~-~rog- re ; s ive  
t r i b a l  government has developed an cxtensiv6 leasing proj- 
ect  which w i l l  eventually include 102,000 acres of land. 

When the reservation was established i n  1865, e f for t s  
were made t o  bring a l l  Yohaves t o  t h e  Colorado River 
Indian Reservation. Those who came fomed the nucleus 
of the Colorado River Indian Tribus, The l'ribes rep- 
resented on the Colorado River Indian Rescrvatibn are 
the Mohave, the Chmehuevi, the Navajo, and the Hopi. 
In 1945, 16 Hopi f an i l i e s  were relocated on the  Reser- 
vation. During subsequent years, 114 Navajo f an i l i e s  
and 3 Havasupai f an i l i e s  were colonized on i r r iga ted  
lands an the  Reservation, but this program was stopped 
i n  1952. 

A l l  of the Havajo w d  Hopi Indians wha remained on the  
Colorado River Indian Reservation a f t e r  1952 have o f f i -  
c i a l l y  been adapted as munbers of the C a l m d o  River 
Indian Tribes. 

The t o t a l  d e r s h i p  l iving on o t  near thm Reservation 
approximates 1,840 Indians. Appmximately SOU Wmbers 
l i ve  off  the  Resenation and i n  d i s t an t  cities, 

The Mohavs Indians have l ived i n  this wea since bafore 
the white man cam to t h i s  country. fhuy are classed by 
anthropologists i n  the Ranchsria Tribes, their language 
being c l a s i f i e d  as Yrman. They l i v e d  along the C o l d  
River, subsist ing by small -scale  farning, gathering wi ld 
vegetable f d s r  hunting, and fishing. They used flood- 
waters t o  p d u w  craps of corn, melons, and pumpkins, 
and la te r ,  b e m ,  cantaloupes, and wheat were added t o  
t h e i r  crops. 

The &mshusvi Zn8ims l lveb an the Chsaehuevi Reserva- 
tim below Needlea, California,  mtil  t h e i r  i r r igab le  
land w a s  f lwded by the construction of Parker Dam. A t  
tha t  time, they were mved t o  t h e  Colorado River Indian 



Reservation. They a r e  classed by anthropologists  i n  t h e  
Plateau Rancheria g r w p  with t h e i r  language c l a s s i f i e d  
as Shoshonean. They uere o r i g i n a l l y  a Cal i fornia  o r  
southern Sevada dese r t  t r i b e  c lose ly  associated w i t h  t h e  
Paiute Indians whose mans  of  subsistance w a s  seasonal 
p lan t  gathering and hunting i n  t h e i r  area. Only l imited 
t r i b a l  o r  r e l ig ious  ceremnies  a r e  prac t iced .  

Savajo adopted members. - These peuple a r e  classed as 
belonging t o  the widespread Athapascan l i n g u i s t i c  family. 
The Xavajos genera l ly  a r e  nomadic and obta in  t h e i r  l ive -  
lihood f m  the  grazing of l ivestock.  The adopted Savajo 
m s h e r s  l iv ing  m t he  Colorado River Indian Reservation 
have adjusted well t o  becming farmers and ind ica te  t h e i r  
primary purpose in  re loca t ing  on t h e  Colorado River Indian 
Reservation was t o  take  advantage o f  t h e  apportunity 
afforded them t o  provide a b e t t e r  l i fe  f o r  themselves and 
t h e i r  chi ldren.  

Hopi adopted h e r s .  - These p q l e  a r e  classed as belong- 
ing t o  the Shoshonean l i n g u i s t i c  family and are preteni- 
nsn t ly  a r s l i g i o u s  peaple much of their time, e spec ia l ly  
i n  the  winter ,  being &voted t o  cc remnies  concerning t h e  
gmuth  o f  crops. The Hopis have been f a m e n  f o r  centu- 
r i e s ,  s o  they adjusted v e y  e a s i l y  t o  t h e i r  new l i f e  as 
msmbers of t h e  Colorado River Indian Tribes.  Like the  
Navajo, they indicate t h e i r  primary purpose i n  r e loca t ing  
on the  Colorado River Indian Reservation uas t o  take  advan- 
t age  o f  the o p p o r t m i t y  afforded then t o  pruvi& a b e t t e r  
l i f e  f o r  th6mselves and t h e i r  chi ldren.  

A t  t h e  present  tim, t h e  f a u r  Tribus make their l i v e l i -  
hood by f a d n g ,  some cattle ra i s ing ,  ranch work, and 

' snployr~snt  by the G o v m e n t  and p r i v a t e  business i n  the 
surrounding caammity. 

The M a v e ,  Chenshuevi, Navajo, and Hopi Indians enrol led  
as members of the Colorado River Indian Tt ibas  and l iv ing  
an the C o l o r a h  River Indian Reservation together  form a 
t r i b a l  group known as 'The Colorado River Indian Tribes ." 
Thay have accepted t h e  Indian Reorganization Act o f  1934, 
have adopted o cons t i tu t ion  and bylaws, and have a Tr iba l  
Council of n ine  m a b e t s  who g o v e n  t h e  Reservation. These 
council members am e lec ted  by popular vote  o f  the  adu l t  
w n b e r s  o f  t h e  Tribes by s e c r e t  b a l l o t .  They a l s o  have 
adopted a t r i b a l  law and order  code and maintain t r i b a l  
po l i ce  and t r i b a l  cour t  f a c i l i t i e s .  



Population d i s t r i b u t i o n .  - Parker, k i z o n a ,  is the larg-  
e s t  tom on the Reservation with a 1970 ~ o p u l a t i o n  of 1,948. 
I t  i s  estimated tha t  another 2,000 people res ide  along the  
Colorado River north o f  town; an addi t ional  2,000 people 
res ide  cm t h e  Reservation i n  Parker Valley. This papula- 
t im is expected t o  expand rapidly  with t h e  increasing 
recreat ional  and a g r i c u l t u r a l  development i n  t h e  a rea .  

Climate. - The climate is hot  and dry, w i t h  7 r e c i p i t a t i o n  
averaging l e s s  than 5 inches annually. %st of the ra in -  
f a l l  occurs i n  the  f o m  of sunmer thunderstorms. The aver- 
age humidity is  about 15 percent.  The average man temper- 
a tu re  is  71' F. The average 1w temperature is 39' F .  The 
maximum suwer tenperatures range betueen 115' and 125' F. 
The winters  a r e  shor t  and very mild, with an a lnos t  conplete 
absence of  freezing temperatures. 

Topography, geology, and minerals. - This a rea  cons i s t s  of  
roughly p a r a l l e l  munta ins  separated by an a l l u v i a l  basin. 
p a r k '  va l l ey  i s  comprised o f  sediment-s t h a t  were deposited 
i n  t h e  flood p l a i n  of  t h e  Colorado River. The flood p l a i n  
i s  l e s s  than 1 mile wide near Parker and then increases t o  
9 lailes i n  t h e  Parker Valley. The e levat ion of t h e  f l m d  
p l a i n  near Parker is a b w t  360 f e e t  above man sea  level .  

The mountains, although not very high, a r e  rugged, and rise 
abruptly from the a l l w i a l  slopes. The highest  sumit i n  
the  a rea  i s  more than 3000 f e e t  above t h e  f lood p la in  and 
about 3350 f e e t  i n  elevation.  

Between t h e  f l o d  p l a i n  and t h e  mountains a r e  d i s sec ted  
p i d a m t  o r  a l l u v i a l  s lopes.  I n  many places the pied- 
mant s lopes terminate i n  t e r races  bordering the  f lood 
p la in .  No major ninural r e s w r c e s  are cur ren t ly  being 
produced fmm the area. Sand and gravel  leases do, has- 
ever,  add severa l  thousand d o l l a r s  u, t h e  ucmq of  t h e  
Reservatiun. 

Vegetation. - The na tu ra l  vegetat ion found within t h e  
a r e a  includes greasewoud, mesquite, creosote bush, p d o -  
verds, sa l t cedar ,  and t h e  saguaro and o the r  species o f  
cacti associated w i t h  the Sonoran Desert. These types 
o f  vegetation remain i n  raany areas  but  i r r iga t i cm has 
made it poss ib le  to convert some a l l u v i a l  b o t t o l  lands 
i n t o  high 1 y productive crop 1 and. 

Fish and wi ld l i f e .  - The f i s h  and w i l d l i f e  on t h e  (Zolo- 
rado River Indian Reservation and adjacunt a rea  i s  t h e  



sane a s  described under iten ( I )  Palo Verde I r r i g a t i o n  
District Wit ,  Cal i fornia .  These two areas ,occupy 
approxinately the sane range of l a t i t u d e ,  with the  Palo 
Verde area occupying most of t h e  area  west of the  r ive r ,  
and the  Indians the area eas t  of t h e  r i v e r .  Sonw of 
the Indian lands a r e  a l s o  located on the  west s ide  of 
the  r i v e r .  The e f f e c t s  of a decreased flaw i n  Poston 
wasteway xpon the  f i s h  and w i l d l i f e  species associated 
with the  wasteway w i l l  be studied.  

Recreation. - The 3-mile-long reach of the-Colorado 
River, i m e d i a t e l y  above Headgate Rock Dan, within the  
Colorado River Indian Reservation i n  Cal i fornia ,  has 
been developed o r  M t t e d  t o  developnent f o r  recrea- 
t i o n a l  purposes. In  t h e  upper 1-1/2 miles, mobile home 
subdivisions have been es tabl ished on a l l  s u i t a b l e  r ive r -  
bank areas  along both banks. In  the  l w e r  1-1/2 miles 
of t h e  reach, l i t t l e  development has taken place except 
f o r  the  Bluewater Marine Park constructed as a recrea- 
t i o n a l  park by the  Tribe. This park consis ts  of  a 
2,500-foot sandy beach, two large  cabanas, a res taurant ,  
boat se rv ice  f a c i l i t i e s ,  p icn ic  areas ,  and m b i l e  home 
and t r a i l e r  parks. 

The Tribe has a l s o  made severa l  recreat ion-oriented 
leases ,  t h e  l a r g e s t  being f o r  7,800 acres  along 9 miles 
of  r i v e r  frontage i n  Cal i fornia .  A golf course, country 
club, marinas, hones, schools, motels, boate ls ,  shops, 
and camuni ty  building a re  planned. 

P e d t s  t o  hunt and f i s h  on t h e  Reservation can be obtained 
from the  Tr iba l  administrat ion.  Abwt 60 miles of  Colorado 
River, associated backwaters and sloughs, and 250 a l e s  of 
i r r i g a t i o n  canals  are open t o  fishermen. 

Lake Mwvalya is considered as one of  t h e  b e t t e r  water- 
sk i ing  areas of t h e  southwest. Many boat and s k i  clubs 
spmd weekads on the  Colorado River, and severa l  nation- 
a l l y  sanctioned boat  and s k i  races  are held each year. 
Many beaches a r e  ava i l ab le  f o r  swimef t  and sunbathers. 

(3) Uinta Basin Unit,  Utah. - 
Introduction.  - The Uinta Basin Unit a r e a  includes t h e  
Ducheme River drainage, Ashley Creek drainage,  and 
Brush Creek drainage areas  of t h e  Green River Basin i n  
northeastern Utah. The Uinta Basin l i e s  between t h e  



Uinta bkuntains on t h e  north and t h e  Tavaputs Plateau 
on the south. U.S. Highway No. 40 and S t a t e  roads pro- 
vide access t o  the  Uinta Basin. Pr incipal  c i t i e s  
include Duchesne, b o s e v e l t  , and Vernal ( f ig .  11-25] . 
History. - The her i t age  of t h e  Uinta Basin is i ts  indig- 
enous population and mineral uea l th .  In 1860, the hydro- 
carbon mineral,  g i l s o n i t e ,  was discovered and t h e  g rea t  
inf lux of i n e r s  and ranchers t o  t h e  area prompted Pres- 
ident  Lincoln, i n  1861, t o  proclaim t h e  Uinta Basin as 
an Indian Reservation, t o  p ro tec t  t h e  r i g h t s  of the  U t c s  
t o  t h e i r  homeland. The ea r ly  mining a c t i v i t i e s  contrib-  
uted considerably t o  the  turmoil between t h e  Indians and 
t h e  whites and t h e  sca r s  o f  t h e i r  s t rugg le  are evident ,  
in that the  Indians possess the b d l a n d  regions of t h e i r  
f o m r  1861 Reservation and t h e  whites possess the  f e r -  
t i l e  regions. The g i l s o n i t e  mines a r e  rel ics o f  t h e  
pas t  t h a t  have been replaced by o i l  wells  and prototype 
developmsrrts f o r  the  ext rac t ion of o i l  from o i l  shales.  
Y e t  t h e  w d e r n  developmmts i n  t h e  Basin today a r e  t h e  
d i r e c t  r e s u l t s  of t h e  labor of  the-  mineral and agr icul -  
t u r a l  i n d u s t r i e s  of t h e  whites. 

Archeology. - The f i r s t  known inhabi tants  of t h e  Uinta 
Basin were members of t h e  Desert Archaic culture. The 
o ldes t  remains of t h i s  c u l t u r e  have been found i n  Thorna 
Cave, near Janssn, Utah. After the technology t o  pro- 
duce corn was i n t r d u c e d  t o  t h e  Southwest from Mexico 
around 1,000 B . C . ,  then the nomadic l i fe  o f  these  peo- 
p l e  w a s  abandaned by 500 A.D., thus t h e  Desert Archaic 
c u l t u r e  was replaced by the Pueblo c u l t u r e  o f  t h e  
Southwest. 

The F r e m t  c u l t u r e  w a  a branch of t h e  Pueblo culture 
t h a t  occupied the Uinta Basin and r e m i n d  i n  the area 
u n t i l  about 1,250 A.D., uhen a drought of about 25-years' 
durat ion forred  t h e i r  migration t o  Arizona and New Mex- 
i c o  where they weru assimilated by the Pueblo cu l tu res  
o f  those  araas. Archeologists s t a t e  that t h e  Uinta 
Basin was heavily occupied by p r e h i s t o r i c  cu l tu res .  
Over 400 archeological  sites a r e  reconled i n  Uinta and 
Uuchestle Counties. 

After  the Uinta Basin was vacated by t h e  Fraaoat cult-, 
then the Shoshanean peoples o f  the Great Basin Desert 
cu l tu re ,  a branch of t h e  older Desert Archaic c u l t u r e  
(presently ca l l ed  the Southern Paiutes)  reoccupied the 





Basin together with another branch of the old Desert 
Archaic culture that had acquired the horse and copied 
the Plains culture [presently called the Utes). Today 
the Basin i s  inhabited by dascendants from the Southern 
Paiutes and the Utes. 

Historic s i t e s  include: Old Fort Duchesne, the Uintah- 
Ouray Indian Reservation, Desolation Canyon, Sheep Creek 
Geological k e a ,  Dinosaur Sational Llonument, Indian Pet- 
mglyphs in Dry Fork Canyon, and Fort Robideaux. The 
Bureau w i l l  comply with the guidelines contained i n  
T i t l e  36, CFR Parts 60, 63, and 800. 

Economics. - Agriculture has long been the base and s tabi-  
l iz ing  industry of Uinta Basin. I t  has only been i n  the 
past 10 yeam o r  so tha t  the value of sales  by any other 
industry has exceeded that  of agriculture.  Tourism is 
a lso  important t o  the area. U.S. Highway No. 40, a 
major transcontinental highway, mosses the Basin f r m  
eas t  t o  west and i s  the principal transportation link 
with Sa l t  Lake City and Dsnver. Transportation is one 
of the major obstacles i n  development of the Basin's 
resources. The nearest ra i l road is located nearly 
100 miles may a t  Craig, Colorado. Airport f a c i l i t i e s  
f o r  l igh t  planes can be found a t  each of the  major c i t i a s  
but f a c i l i t i e s  f o r  larger comercia1 planus a m  available 
anly a t  the Vernal Airport. 

Because of i t s  isolat ian and attendent transportation 
problems, the natural resources of the Basin have been 
slow i n  developing. For example, o i l  and gas deposits 
were knuun t o  m i s t  as early m 1925, but not un t i l  
1941 were they used commercially. A t  that  time natural 
gas was delivered from the  Ashley f i e l d  t o  the Vernal 
area. The noteworthy Redwash f i e l d  was not developed 
un t i l  1951. Knuuledge of the presence of large quanti- 
t i e s  of o i l  shale goes back even farther,  and although 
there has been periodic attempts a t  development (or 
rumors of development), nothing has rea l ly  been done. 

Since 1970, the area has experienced a boom grcwth r a t e  
as o i l  exploratiun md production workers have w e d  
in to  the area. In  1960, the value of a l l  minerals pro- 
duced i n  the Basin was $27,582,000. In 1973, the  value 
of gas and o i l  alone totaled $72,060,000. People, busi- 
nesses, new enrploynent, and overall economic development 
resulted from t h i s  o i l  and gas exploration. 



In 1962, the per capita income i n  the Uinta Basin was . 
80 percent of the per capita income for  the S ta te  of 
Utah, and 73 percent of the  United States  per capi ta  
incone. By 1972, however, because of the o i l  boon and 
an extremely low unetmploymnt r a t e ,  the  Basin per capi ta  
incone w a s  nearly 90 percent of the State  and 75 percent 
of the national average. 

Future gruuth and development of the Uinta Basin is 
d i rec t ly  proportional t o  the o i l  shale industry. With- 
out o i l  shale development the Basin w i l l  grow, but a t  a 
r a t e  mch slower than it has i n  the  past  feu years - 
probably a t  a ra te  equal t o  the 1930-1970 r a t e  of jus t  
under 2 percent annually. With a viable o i l  shale indus- 
t r y ,  the growth could reach prqort icms ranging f r m  a 
low estimate of 3 percunt t o  over S percent annually. 
Other aining industr ies ,  while iaportant,  w i l l  have less  
e f f ec t  on the overall  g m t h  ra te .  

Land use/cultursl  factors.  - The f i r s t  settlements by 
white men i n  the Uinta Basin were rude by miners who 
were continuausly a t  odds with the Indians. In 1905, 
when the Indian Reservation was opened t o  hwresteaders, 
the famers  and ranchers s e t t l ed  most of the agricul-  
t u r a l  land. These three factions s t i l l  ex i s t  i n  the 
Basin today, namely, the famers  and ranchers, the o i l  
m n ,  and the Indians. 

Uinta Basin Unit area erncompasses about 4,400 square 
miles. About 350 square miles of cropland a re  i n  the 
Basin. About 80 percent of the i r r iga ted  cropland 
(170,000 acres) and over SO percent of the dry cropland 
(1,500 acres) produce f e d  for  l ives  to&. Over 
5,000 acres are  used for  storage reserrofrs  and ponds 
for  late season i r r iga t ion .  Lass than two-tenths of 
1 percent of the lend within the agr icul tural  commrnity 
is  used by industry. Lands used miscellanewsly consist  
of farrajteads, res ident ia l  yards, stockyards and feud- 
lots, urban, and abandoned farmsteads ( t o t a l  6,540 acres).  
[ A l l  acreages w e r e  compiled from Utah Division of Water 
Resources, 1971, Staff  Ruport No. 7.) 

Population dis t r ibut ion.  - The present population is cen- 
tered around the c i t i e s  of Vernal and Maeser i n  Uintah 
County, and Rmsevelt and Duchesne i n  Duchesne County. 



Indians from the  Ute Tr ibe  a r e  primari ly located i n  west- 
ern Uintah County i n  the  area  of F t .  Duchesne. Only 
9 p r c e n t  o f  t!!e population i s  c l a s s i f i e d  as a minority. 

The tabula t ion  on the  following page i l l u s t r a t e s  popula- 
t i o n  t rends  i n  the counties and pr inc ipa l  c i t i e s  of the  
Uinta Basin s ince  1930 and the  change, expressed i n  per-  
cent ,  t h a t  has occx-red between r e p o r t i - ~ g  dates .  In t h e  
S a s h  the  population changed l i t t l e  between 19M and 1970, 
with Duchesne County slowly losing population and Uintah 
County showing a very d e s t  .rowth. 

Clisate. - The cl imate i n  the  ' l i c t a  Basin is extremely 
m e .  The summers a r e  ncr-.-I?y ho t ,  with low humid- 
i t y ,  and t h e  winters  a r e  rela:. .:ly severe.  Extreme f luc-  
tuot ions  i n  p r e c i p i t a t i o n  and T e r a t u r e  occur over the  
a rea .  

The climate of t h e  Uinta Basin ~ z i - i o s  from semiari, +.o 
wet, depending on the e levat ion ,  The approximate . -:- 
vation ranges and cl imates (baszd on t h e  standarr. -' . . 
Index (241) are a s  follows : 125) 

Elevation Climate 

4500 t o  6000 Seniar id  
6000 t o  7000 Subhumid 
7000 t o  10,000 Humid 

10,000 t o  13,500 Wet 

The a g r i c u l t u r a l  a reas  genera l ly  l ie  below 7,000 f e e t  
and a r e  i n  the  semiarid and s:tYhmid types of  cl imate.  

P r c c i p i t a t i a n  in the  Uinta Basi? ;lea v a r i e s  d i m c t l y  
w i t h  tqmgraphy. Yatiunal Weat;!L*r S e m c e  records fror 
1931 t o  1960 i n d i c a t e  t h a t  t h e  average annual p rec ip i t a -  
t i o n  ranges frart l e s s  than 6 inches i n  t h e  Ouray a r e a  
(near  the mouth of the Ihchesne River) to mrs than 
40 inches i n  the peak areas o f  t h e  Uinta Mountains. The 
average annual p r e c i p i t a t i o n  i n  mst va l l eys  and a g r i -  
c u l t u r a l  areas va r i e s  from 6 t o  16 inches a year .  [25] 
The Southeast s lope  of the Uintas is t h e  p r inc ipa l  a r e a  
o f  heavy thunderstorm a c t i v i t y  i n  t h e  S t a t e  o f  Utah. 

T ~ e r a t u r e  extremes have ranged from minus 43. IJ t o  
106 F i n  the  a g r i c u l t u r a l  a reas .  Average annual t e rp -  
e r a t u t e s  range from 20' F a t  e levat ions  above 10,000 f e e t  
t o  about 47' F for the  lower r i v e r  va l l eys .  



POPULATION TREHUS - UINTA BASIN 1930 TD 1973 

1940 1950 1960 1970 1973 Percent 
Counties  and 1930 Per- Per- Per- Par- Per- channe 

p r i n c i p a l  c i t i e s  (n~nnber) cen t  w n t  cent con t cent  1930-to 
Number change Number change Number change Number change Number clrange 1973 

Duchesne County 8,263 8,958 8.4 8,134 -9.2 7,179 -11.7 7,299 1.7 12,000 64.4 45.2 
Duchesne C i t y  590 907 53.7 804 -11.4 770 -4.2 1,094 42.1 
Myton C i t y  395 437 10.6 435 - .S  329 -24.4 322 -2.1 

M R o o s e v e l t C i t y  1,051 1,264 20.3 1,628 28.8 1,812 11.3 2,005 10.6 
Y 

5 Uintah County 9,035 9,898 9.6 10,300 4.1 11,582 12.4 12,684 9.5 15,200 18.8 68.2 
Mmser C i t y  428 643 50.2 929 44.5 1,248 34.3 
Vernal C i t y  2,119 2,848 34.4 3,655 28.3 3,908 6.9 

To ta l  Basin 
( 3  Counties) 17,298 18,856 9.0 18,434 -2.2 18,761 1.8 19,'985 6.5 27,200 36.1 57.2 

Source: U.S. Department of Commerce - .Bureau o f  t he  Census - 1930-1970 
Utah Economic and Business RevPeu, December, 1973 



'Re f r o s t - f r e e  p e r i d  va r i e s  g rea t ly  with elevation.  
Freezing tenperatures nay occur anytine i n  the  higher 
m n t a i n  areas.  The average f r o s t - f r e e  period ranges 
from 20 days o r  l e s s  at e levat ions  above 10,000 f e e t  t o  
mre than 130 days i n  the  lower va l leys .  The average 
f ros t - f r ee  period i n  most val leys  and a g r i c u l t u r a l  a reas  
ranges *on a b w t  80 t o  120 days. 

S o i l s ,  topography, geology, and Rinerals .  - 
S o i l s .  - The s o i l s  o f  the  Uinta Basin have developed 
7 In a semiarid cont inenta l  cl imate.  Parent mater ia ls  
a r e  mainly sha le  and sha le  interbedded with sandstone 
and l i m s t o n e .  Most of the s h a l e  is gypsiferous and 
s a l i n e .  Consequently, m y  of t h e  soils a r e  sa l ine .  
They a r e  a l s o  low i n  organic matter ,  n i t rogen,  and 
phosphates; however, t h e  s o i l  does contain la rge  
anwnts of  lime carbonate and s a l t s  o f  calcium, potas-  
s i u n ,  sodium, and magnesium. 

The a t a b l e  s o i l s  an t h e  deep, medium, cmd moderately 
f i n e  textured  s o i l s  on a l l u v i a l  fans and f lood p l a i n s  
and t h e  gravel ly  o r  shallow soils over hardpan on the 
benches and m s a s .  The cu l t iva ted  s o i l s  a r e  o f t en  i n  
r e l a t i v e l y  smal l -pa rce l s  surrounded by mesa escarp- 
nents  and sandstone and sha le  h i l l s .  

Many o f  the  s o i l s  a r e  underlain a t  &pths o f  5 t o  
50 f e e t  by i r iperviws,  s a l i n e  shale.  In  mst of  t h e  
i r r i g a t e d  area, the sha les  dip d e r a t e l y  t o  t h e  
nor th  i n t o  t h e  Uinta W i n  Synclinal  S t ructure .  This  
restricts the mvsnsn t  o f  water and causes the water 
t a b l e  t o  s tand c lose  to t h e  surface .  Poorly drained 
s o i l s  that! are s t m g l y  s a l i n e  cmd a l k a l i  a r e  thus  
widespread and intermingled with o the r  soi ls .  

Topography. - The Uinta l h n t a i n s  provide rugged 
momtain peaks to over 13,000 f e e t  and form an i r p r e s -  
s i v e  backdrop f o r  the  & v e l g e d  areas of t h e  Basin. 
These wnmtains,  with t h e i r  f o r e s t s ,  va l leys ,  lakes, 
and stmuns provide spectacular  scenery i n  a wilder- 
ness atmosphere. The landforms o f  t h e  lower eleva- 
ticms cons i s t  of r o l l i n g  h i l l s ,  benches, va l l eys ,  and 
s e a i a r i d  f l a t l a n d s  t h a t  fu rn i sh  a d i v e r s i t y  o f  v isual  
experiences. 

The Uinta Basin form the  northern d iv i s ion  o f  t h e  
Colorado Plateau,  and its southern bomdary i s  the  



9mk C l i f f s ,  whic5 a l so  mark the  northemi l imi t  of 
the Canyonlands division.  

Geology. - During the  l a t e  !,Iesozoic and ea r ly  Ceno- 
zoic time, as the  Uinta bIountains u p l i f t e d  t o  forn an 
eastward trending a n t i c l i n e ,  great  volumes of  sediment 
were producod by erosion and d e w s i t e d  i n t o  a subsid- 
ing synclinal  Uinta Basin, which para l le led  the  
southern flank of the  Uinta Mountains. The Basin was 
occupied in te rmi t t en t ly  by large lakes tha t  received 
sedinent from these highland areas .  

These deposits  now c o n s t i t u t e  t h e  th ree  pr incipal  
formations found i n  the  Basin; (1) the'Green River, 
(2) t h e ' u i n t a ,  and (3) t h e  Duchesne River. 

Minerals. - The Green River Fomaticm is t h e  p r inc i -  
pa l  source f o r  o i l ,  na tura l  gas, o i l  shale ,  coal ,  
and g i l s o n i t e .  In addit ion,  a considerable amount 
of sand and gravel is produced from t h e  lkchesne 
River Formation. 

Ve e t a t i o n .  - The Utah S t a t e  Division of  Water Resources 
as s u  ivided t h i s  region i n t o  s i x  l i f e  zones based li+x-- 

upon the  lands vegetat ive cover - these subdivisions 
and t h e i r  approximate area of coverage a re  tabulated 
below : 

Approximate area 
Vegetative cover (iquare miles) 

1. Conifer-aspen 2,400 
2. Munta in  brush 300 
3. Herbs-shrubs 700 
4. Grasses-sedges 500 
5. River htta (phreatophytes) 1 50 
6. Cropland 370 

(Adapted frw Utah Division of Water Resources, 1971, 
S t a f f  Report No. 7, Map No. 12.) 

The prominent p l a n t  species i n  t h e  Uinta Basin Unit area 
adjacent  t o  the cu l t iva ted  lands include Utah juniper 
and pinon pine a t  higher e levat ions ,  shadscale,  grease- 
wood, fourwing sa l tbush,  g a l l e t a  p a s s ,  sagebrush, and 
rabbitbrush a t  lower elevations.  and willow, a lde r s ,  



box e l d e r ,  Russian o l i v e ,  and cottonwood t r e e s  along 
the  r i v e r s  and t h e i r  t r i b u t a r i e s .  The main crops grown 
i n  the  a rea  include a l f a l f a ,  pasture grasses,  and small 
gra ins .  

Fish and wi ld l i f e / r ec rea t ion .  - -- 
Wildl i fe .  - The Uinta Basin area  contains a wide va r i -  
e t y  of w i l d l i f e  h a b i t a t  t h a t  supports an abundant 
and varied population of animals, b i r d s ,  and f i snes .  

Cul t iva ted  lands general ly support populations of  
pheasant, mourning dove, and Ca l i fo rn ia  q u a i l .  Cot- 
t o n t a i l  r a b b i t s  a r e  abundant throughout the  area .  A t  
higher e levat ions  i n  t h e  Basin are chukar par t r idge ,  
ssge  g r w s e ,  f o r e s t  grouse, and Ilungarian par t r idge .  
Other b i r d  species  including nmerous songbirds, 
golden eagles ,  and p r a i r i e  falcons re s ide  o r  migrate 
thmugh the  area.  The Utah Division of Wildl ife  
Ra~ources  has compiled the  following upland game 
da ta  f o r  Duchesne and Uintah Counties f o r  the  1965- 

Upland game 
species  

Pheasant 
I h r n i n g  dove 
Qlukar pa r t r idge  
Sage grouse 
Forest  g r w s e  
Quail 
liungarian pa r t r idge  
Cot ton ta i l  r abb i t  

Percent of 
S t a t e  hunters  

6.0 
2.5 
4.1 

14.4 
3.8 
6.6 
1.2 

11.4 

Percent of  
S t a t e  harves t  

7.4 
2.2 
4.9 

18.3 
3.7 
4.9 
1.2 

16.3 

The Uinta Basin is m important r e s t i n g  a r e a  for 
waterfawl migrating through e a s t e r n  Utah i n  t h e  
Pac i f i c  Flyway. I n  addi t ion ,  the lakes, streams, 
marshes, bot tanlands ,  and farmlands i n  t h e  Basin 
a f fo rd  sume nes t ing  h a b i t a t .  Species that nes t  i n  
the  area include mallards, gadwall, p i n t a i l ,  cinna- 
mon t e a l ,  shoveler ,  redhead duck, ruddy duck, and 
Canada goose. Duck and goose hunting i n  the  Basin 
is cansidered g a d .  

The main b i g  game species  i n  the Uinta k i n  a r e  
mule deer ,  e l k ,  and moose. Antelope, bighorn sheep, 



and munta in  goat a l s o  inhabi t  the  area,  but i n  l e s -  
s e r  nmbers.  

Nongme species inhabi t ing  the  Rasin include black 
bear ,  munta in  l i o n ,  and 5obcat. Coyote, porcupine, 
beaver, muskrat, nink, nar ten ,  weasel, skunk, and 
badger are  a l so  found i n  t h e  area .  The Canada lynx 
i s  r a r e  i n  Utah but i s  found i n  the  Uinta Hountains. 

Of t h e  f u r  animals, the  beaver i s  t h e  mst econoni- 
c a l l y  important. Good beaver and rmskrat h a b i t a t  i s  
found along mst of  the  streams i n  the  Rasin. 

The highland areas  of  t h e  Basin support a population 
of  anphibian and r e p t i l e  species  includlng the  clouded 
t i g e r  salamander, mountain toad, western chorus frog,  
western leopard f rog ,  sagebmsh l i z a r d ,  Great Basin 
skink,  Rocky !4ountain d b e r  boa, wandering g a r t e r  
snake, western s m t h  p e n  snake, Great Basin gopher 
snake, Utah ringed snake and t h e  Great Basin ra t t lesnake .  

Fish. - The Uinta Basin streams support a wide va r i e ty  - 
of f i s h e s  including game and nongame species.  Popula- 
t i o n s  o f  brawn, cu t th roa t ,  brook, and rainbow t r o u t  
occur i n  t h e  upper reaches of  t h e  streaas. The North 
Fork of  t h e  Duchesne River contains rainbow, brook, 
cu t th roa t ,  and hybrid cut throat - ra inbm t r o u t ,  sculp in ,  
and mountain suckers. The West Fork contains c u t t h r o a t ,  
brook, rainbow, and brown t r o u t .  The Duchesne River 
above Duchesne and below Rock Creek supports brown, 
brook, cu t th roa t  and rainbow t r o u t ,  mountain white- 
f i s h ,  sculp in ,  and a few m t a i n  suckers. Straw- 
berry River contains brook, rainbow, cu t th roa t  and 
bnmn t r o u t ,  speckled dace, sculp in ,  and very few 
flannelmouth suckers. Upper Ashley Creek supports 
rainbow, c u t t h r o a t ,  and hybrid rainbou-cutthroat 
t r o u t ,  sculp in  and very few whi tef ish .  The upper 
reaches of Brush Creek support brawn, na t ive  cu t -  
t h r o a t ,  and rainbow t r o u t  along with some sculpin ,  
mountain sucker, and speckled dace. 

In the  lower p r t i o n s  o f  the  streams the  f i s h  
p p u l a t i o n s  a r e  primari ly of nongane species.  
The lower reaches of t h e  Duchesne River contain 
sculpin,  dace, f lannelnouth sucker and a few 
chubs. TWO endangered species, the  Colorado 
squawfish and the  I b p b a c k  chub, a r e  knoun t o  
=cur i n  t h e  I)ucl~esne River. Thcy probably 
n i g r a t e  upstream from the  Green River. Since 



endangered species  a r e  found i n  the  g e ~ e r a l  
v i c i n i t y  o f  the  z ro jec t ,  c learances may be 
o b t a i ~ e d  during the  course of inves t iga t ions .  
R:e lower reaches of Ashley Creek contain an 
abundance of  carp,  and a few mallmouth bass 
S t a t  were ~ l a n t e d  experimentally. In the  
lover Srush Creek, the  f i s h  p o y l a t i o n  p r i -  
marily includes sculpin ,  dace, f l anne lmuth  
suckers, and channel c a t f i s h .  

Recreation. - Established recrea t ion  areas  located 
i n  the  general v i c i n i t y  of t h e  Basin a rea  a r e  Dino- 
saur  National ?bnument, Flaning Gorge Sa t iona l  Recre- 
a t ion  m a ,  Natural History S t a t e  Park a t  Vernal, 
Steinaker Lake S t a t e  Recreation Area, and Big Sand 
Wash Reservoir, and Ste inaker  Lake S t a t e  Beaches. 
The National Forests  are a l s o  used extensively f o r  
recrea t ion  including mainly camping, hiking, s igh t -  
seeing,  s k i i n g  and s n w m b i l i n g .  P a r t s  of  Ashley, 
rlinta, and Plasatch 3at ional  Fores ts  a r e  locatad 
i n  the  Ehsin. The Iligh l l intas Primit ive Area 
(237,177 acres)  received about 121,000 vis i tor -days  
of  use i n  1972. (271 Bot t l e  Hol lm Resort and t h e  
Green River a l s o  provide r e c ~ e a t i o n a l  oppor tuni t ies .  

The rese rvo i r s  in the  area a t t r a c t  many v i s i t o r s .  In 
1972, the  estimated recrea t ion  u t i l i z a t i o n  o f  Starva- 
t i o n  and Strawberry Reservoirs w a s  645,000 v i s i t o r -  
days.[27] The use o f  Ste inaker  Reservoir w a s  about 
45,000 recreation-days pe r  year  during the  1971-73 
period.  [27] 

(4) Lower Cunnison Basin U n i t .  - -. 

Introduction.  - The Lower Gunnison Basin Unit encompasses 
the  G m i s o n  River drainage b e l m  t h e  Black Canyon. The 
U n i t  includes por t ions  o f - ~ e l t a ,  Montrose, and Ouray 
Counties i n  west-central  Colorado. An a e r i a l  view o f  
the  p r o j e c t  lands of the area  is shown i n  f igure  11-26, 

H i s t o r i c a l  and archeological .  - The Spanish were t h e  f i r s t  
E u m ~ e a n s  t o  e m l o r e  the  area  and Father Escalante ' s  1776 
exp&ition cros;ed the Gunnison Basin. The Ute Indians 
used t h e  area  u n t i l  1881 when they re located  on t h e  Uintah 
Reservation i n  Utah. In t h e  l a t e  1800's. many miners w e d  
through the a r e a  and were subsequently followed by fanners, 
who by 1900, developed most o f  t h e  r ead i ly  ava i l ab le  sources 



h e r  Gunnison Basin Unit nroject lands. 

Figure 11-26 



of i r r i g a t i o n  water.  The Ute biemrial  S i t e  located 2 miles 
south of  Hontrose i s  l i s t e d  i n  t h e  National Register  of 
His tor ic  Places. There a r e  archeological  sites within t h e  
!hit 's  boundaries although i n  areas of ex i s t ing  developmnt,  
they have largely  been disturbed o r  destroyed. In areas  of  
po ten t i a l  p r o j e c t s ,  such as the  Fruit land Mesa Projec t ,  arch- 
eological  f i e l d  surveys w i l l  5 e  c o q l e t e d  p r i o r  t o  i r r i g a -  
t i o n  development. I f  any arckeological  o r  h i s t o r i c a l  fea-  
t u r e s  a r e  located,  the  procedures out l ined i n  36 CFR 60, 63, 
and 800 w i l l  be followed. 

Economics. - The ecunony of  t h e  Lower Gunnison Basin i s  
based primari ly an a g r i c u l t u r a l  en te rp r i ses .  Fruit farm- 
ing ,  together  with general  and cash crop farming and the  
ptaduction of forage and g ra in  crop f o r  l ives tock feed 
are the pr inc ipa l  types of a g r i c u l t u r a l  cropping. Non- 
i r r i g a t e d  lands a r e  used p r inc ipa l ly  f o r  l ives tock  graz- 
ing.  Urban areas s e r v i c e  t h e  a g r i c u l t u r a l  indus t ry  and 
s m  l i g h t  indust ry  haa developed i n  t h e  l a r g e r  towns o f  
Delta and h.lantmse. 

Land use /cu l tu ra l  f ac to r s .  - The Lower Cunnison has h i s -  
t o r i c a l l y  been an i r r i g a t e d  a g r i f u l t u r a l  a rea .  Towns 
were b u i l t  t o  accommdate t h e  farracnmers, laborers ,  and 
t o  develop a business base f o r  obtaining goods and s e w -  
i c e s  r e l a t e d  t o  farming p rac t i ces .  The a r e a  has remained 
pr imar i ly  r u r a l  with l i t t l e  urban o r  i n d u s t r i a l  growth. 

Population d i s t r i b u t i o n .  - Population cen te r s  wi th in  t h e  
Lower G m i s o n  area  include Delta (3,694 people in  1970) 
and Muntrose (6,496 people i n  1970). County populations 
and p ro jec t ions  a r e  shown below. These preliminary f ig -  
m s  were furnish* by t h e  Colorado Division o f  Planning. 

.. Port ions o f  these count ies  l i e  ou t s ide  t h e  boundary area.  

Delta County 1S,286 18,621 40,000 60,000 
!fontrose County 18,366 21,500 24,000 30,000 
Ouray County 1,546 2,500 3,500 5,000 

The p r inc ipa l  highway t r anspor ta t ion  m u t e  o f  t h e  area  is 
U.S. Highway No. 50, which extends through Grand Junct ion ,  
Delta, Olathc,  and !bnt rose .  X branch o f  the  Denver and 
Rio Grande Western !tailroad serves  Montrose, Delta, Hotch- 
k i s s ,  and Paonia. Mnt rose  has a modern a i r p o r t  served by 
a commercial a i r l i n e .  



Climate. - C l i m t e  i n  the  h e r  Gunnison Basin va r i e s  
w i t h e v a t  ion but i s  genera 1 l y  considered semiarid with 
l e s s  than 10 inches of p rec ip i t a t ion  i n  t h e  lower val leys.  
Greater p rec ip i t a t ion  r a t e s  a r e  recorded i n  t h e  higher 
e levat ion  areas  of the  Basin, such as near Cedaredge, 
Colorado, which receives about 12 inches o f  p t e c i p i t a -  
t ion  annually. 

Topography. geology, S n e r a l s ,  and s o i l s .  - The Lower Gun- 
nison Basin has broad, moderately s loping val leys ,  bordered 
by low, r o l l i n g  h i l l s  t h a t  break- sharply- in to  moderately o r  
s t eep ly  sloping mesas which, i n  tu rn ,  a r e  highly d issec ted  
by s t e e p  dra inagways  and canyons. Elevations range from 
4900 f e e t  nea t  Delta t o  7000 f e e t  near  Crawford. 

The val leys  i n  t h e  Basin a r e  general ly eroded from the  
Wancos Shale which is a th ick  sequence of gray marine 
shale .  The thickness of  t h i s  sa l t -bea r ing  formation 
ranges from 3,000 t o  5,000 f e e t ,  

The Basin is bordered by t h e  San Juan Mountains on t h e  
south,  t h e  Uncompahgre Plateau on t h e  w s s t ,  by Grand Mesa 
on the  nor th ,  and by t h e  West Elk %untains on t h e  e a s t .  
The major r i v e r s  i n  the  Basin are t h e  Gunnison and t h e  
Unco~pahgre, which j o i n  a t  Delta. The North Fork of  t h e  
Gunnison jo ins  the  Gmism about 12 miles e a s t  o f  Delta. 

Coal i s  the  mst i r q o r t a n t  mineral resource associa ted  
with the  p ro jec t  area with f i e l d s  located i n  the  Paonia 
and Cedaredge areas .  Most o f  the  production is present ly  
exported with sow l imi ted  domsstic use. Other minerals 

, of importance include sand, gravel ,  and na tu ra l  gas. 

The s o i l s  found throughout most o f  t h e  basin below 
6000 f e e t  have developed under low e f f e c t i v e  p rec ip i t a -  
t i o n  on f l o d  p la ins  and on sha le  h i l l s ,  i n  alluvium and 
residuum from sandstone o r  shale .  S o i l s  general ly found 
a t  e levat ions  ranging f r o m  6000 t o  8000 f e e t  have devel- 
oped under higher e f f e c t i v e  p r e c i p i t a t i o n  on stream t e r -  
races ,  outwash fans and va l l ey  f i l l s ,  s loping uplands, 
g l a c i a l  t i l l ,  i n  sandstone and sha le  alluvium and 
residuun. [28] 

Ve e t a t i o n .  - The lower e levat ion  i r r i g a t e d  lands i n  
+Produce crops such as corn, r u g a f i e e u ,  small 
g ra ins ,  f m i t ,  hay, and pasture.  In areas t h a t  have not  
been i r r i g a t e d ,  t!!e cormon na tu ra l  vegetat ion cons i s t s  



of the greasewood o r  sa l tbush c m u n i t y .  Found in  these  
c o m i t i e s  a re  shadscale,  r ~ a t  sa l tbush,  Cardner s a l t -  
bush, rabbitbrush,  winter  f a t ,  cac tus ,  g a l l e t a ,  t h r e e  
am, and s q u i r r e l t a i l .  The greasewood i s  found on heavy 
s o i l s  with a high s a l i n e  o r  a l k a l i n e  content ,  while the  
sa l tbush type occurs on d r i e r  and b e t t e r  drained s o i l s  
t h a t  are less s a l i n e  o r  a lka l ine .  S t reans ide  vegetat ion 
i s  o f t en  dense with cottonwood, willows, and associated 
species .  Seepage areas ,  d r a i n s ,  washes, and some di tch-  
banks i n  the  i r r i g a t e d  areas support willows, t m r i x ,  
c a t t a i l s ,  greasarood, s a l t g r a s s ,  and o ther  phreatophytes . 
Figure 11-27 shows a marsh area  t h a t  has developed due t o  
i r r i g a t i o n  e a s t  of 3 e l t a ,  Colorado. A t  e levat ions  gen- 
e r a l l y  from 6000 t o  8000 f e e t  where t h e  s o i l s  have devel- 
oped, under higher prec ip i ta tkon t h e  na t ive  vegetat ion 
camonly  cons i s t s  of sagebrush, juniper ,  pinyon p ine ,  
western wheatgrass, phlox, Indian r i cegrass ,  needle-and- 
thread g rass ,  and s q u i r r e l t a i l .  I r r i g a t e d  lands on 
these  s o i l s  graw orchard crops and l ivestock feed. Fig- 
ure 11-28 shaws l ives tock grazing on i r r i g a t e d  pas tu re  
near  Crawford, Colorado. Within t h e  h e r  Gunnison 
Basin, t h e r e  a r e  a number of p r i v a t e  and Federal p ro j -  
e c t s  present ly  i r r i g a t i n g  approximately 160,000 acres .  

Fish and u i l d l i f e / r e c r e a t i o n .  - Habitat  m e s  i n  the  area  
vary frw the  semidesert h a b i t a t s  associa ted  w i t h  grease- 
wood o r  s a l t b w h  near Delta and Montrose to  those found 
i n  the mountain b m h  type a t  higher e levat ions .  i f i ld-  
l i f e  h a b i t a t s  within t h e  Unit 's boundaries have been 
g r e a t l y  a l t e r e d  by mnqs a c t i v i t i e s .  I r r i g a t i o n  devel-  
opments, f o r  example, have a l t e r e d  t h e  h a b i t a t s  that n a t -  
u r a l l y  developed i n  t h e  p r o j e c t  area. Important g m  spa- 
c i e s  adapted to the  new i r r i g a t i o n  areas include pheasant,  
Ganbel's q u a i l ,  m i n g  dove, waterfowl, and rabb i t s .  

I r r i g a t e d  crops such as corn and small grains provide 
w i l d l i f e  f o d ,  and in te r spe r sed  areas  of brush, trees, 
and grass  r e s u l t i n g  from i r r i g a t i o n  re tu rn  flows and 
seepage o r  developing on f lood p l a i n s  provide cover. 
For example, the  Gambel's q u a i l  does b e s t  i n  brush 
areas where i r r i g a t e d  lands and creek bottoms o r  t l i c k -  
ets a r e  found i n  proper combination. Pheasant range, 
d i r e c t l y  associa ted  with t h e  i r r i g a t e d  lands, is most 
extensive in t h e  U n c q a h g r e  Project  a r e a  where t h e r e  
are approximately 90 square miles o f  pheasant range. 
Proper cmbination.s  o f  cover ( t h i c k e t s ,  c a t t a i l s ,  
fence rows, etc.), feeding a reas ,  and nes t ing  a reas  



h e r  Cunnison Basin w i l d l i f e  rarsh. 

Figure 11-27 
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Lower Gunnison Basin irrigated pasture. 
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provide the  Ses t  h a b i t a t .  Breeding w a t e r f w l  consis t  
primari ly of  na l l a rds ,  green-winged t e a l ,  and coots 
w i t ! !  r i v e r  bottons p o v i d i n g  the  nost  i ~ o r t a n t  nes t -  
ing areas. Adjoining i r r i g a t e d  f a r m  with canals ,  
d ra ins ,  and ponds provide areas f o r  addi t ional  ducks. 
Large numbers of ducks winter i n  sec t ions  of t h e  Gun- 
nison and Unconpahgre Rivers and feed i n  corn and 
grain f i e l d s .  Figure 11-27 shows marsh area r e s u l t -  
ing from i r r i g a t i o n  re turn  flows. Such areas arei 
important t o  w i l d l i f e .  

Xumeruus o ther  species of  w i l d l i f e  u t i l i z e  t h e  i r r i g a t e d  
areas  and associated areas of phreatophytes. During t h e  
winter  months, phreatophyte areas  provide'  almost a l l  of 
t h e  necessary cover f o r  wi ld l i f e .  

Big game species such as a l e  deer and ells a r e  only 
important i n  the  higher elevation areas of t h e  h e r  
Gunnism Unit such as i n  t h e  v i c i n i t y  of  t h e  Grand %sa 
and Fruit land !ksa p ro jec t s .  

Fishing i n  the  area  is l imited primari ly t o  the Gumison, 
Sorth Fork of  the  Cunnison, and Uncompahgre Rivers; sev- 
e r a l  i r r i g a t i o n  reservoirs ,  and some small streiaas. I n  
the  lower elevations,  t u r b i d i t y ,  s i l t a t i o n ,  and warm sum- 
wer temperatures limit f i s h  production, while lw sunaer 
streamflows a re  a problem with t h e  small streams a t  
higher e l e v a t i m s .  Came f i s h  f m d  include rainbow and 
brown mt. 

Recreation a c t i v i t i e s  within t h e  Basin include hunting, 
f i sh ing,  and other  outdoor a c t i v i t i e s .  The higher e le -  
vat ion areas of the Gunnison River Basin a r e  reinowned 
f o r  scmery ,  f i sh ing,  and hunt in^ and a t t r a c t  m y  
t o u r i s t s .  Although f i n a l  des t inat ions  are usual ly  out- 
s i d e  t h e  Uni t ' s  boundaries, many people t r a v e l  through 
it. Crawford Reservoir, P m i a  Reservoir, and Sweitzer 
Lake provide t h e  l a rges t  areas of water-based recreat ion 
i n  the basin. k a l  comunity parks a r e  a l s o  important 
recreat ion areas. In addi t ion ,  t h e  Curecanti National 
Recreation A r e a  and t h e  Black Canyon of t h e  Cmnison 
National Monunent provide p o t e n t i a l  recreat ional  ac t iv -  
i t ies.  A w i l d l i f e  inventory w i l l  be  undertaken during 
the  course of the  inves t igat ion.  

The h e r  Cunnison Basin Unit lies outs ide  the Gunnison 
Wild and Scenic River study a rea  which extends f ron t h e  



upstrean (southern) boundary of t h e  Black Canyon of  the  
Gunnison Sat ional  !!onwent t o  t h e  confluence of t h e  
North Fork. 

c. Diffuse source con t ro l .  - 
(1) Big Sandy River hit, Wyoming. - 

Introduction.  - The Big Sandy Riser  o r ig ina tes  i n  the  
Wind River I4ountains of scdthwestern h'yomin~ and flows 
southerly t o  the  Big Sandy Reservoir and D a n  where nost  
of t!!e flow i s  d ive r t ed  t o  i r r i g a t e  t!!e Eden Projec t  
( f i g .  11-29). Fron Big Sandy Dan, i t  flows southwest- 
e r l y  t o  the  Green River. Near t h e  nountains, t h e  water 
is of high q u a l i t y  containing l e s s  than 50 mg/l of d i s -  
solved s o l i d s .  After flowing across severa l  miles o f  
d e s e r t ,  the  dissolved s o l i d s  increase  from 70 t o  120 mg/l 
a t  Big Sandy Reservoir.  Below Big Sandy Dm, t he  r i v e r  
picks up the  i r r i g a t i o n  re tu rn  flows from t h e  Eden Proj- 
e c t  and m y  s a l i n e  seeps along t h e  r i v e r  channel. No 
s i n g l e  point  source along the  r i v e r  cont r ibutes  a la rge  
amount of s a l t .  The Big Sandy River annually discharges 
t o  the  Green River approximately 180,000 tons o f  dissolved 
s o l i d s  a t  concentrat ions ranging from 300 t o  3,900 xg/ l .  

History.  - Present i r r i g a t i o n  development i n  t h e  a r e a  
was i n i t i a t e d  in 1907. The Big Sandy Dam uas con- 
s t r u c t e d  by the  Bureau o f  Reclamation i n  1952 t o  replace 
an e a r l i e r  constructed Eden Dm. This new dam and rese r -  
v o i r  opened up new lands t o  i r r i g a t i o n  as well  as sup- 
p ly ing the areas already receiv ing water. Much of  the  
r e t u r n  flows fmm t h e  Eden Pro jec t  cont r ibute  t o  t h e  
s a l i n i t y  o f  t h e  lower Big Sandy River. 

Economy and land use /cu l tu ra l  f ac to r s .  - Coal mining, 
o i l ,  and na tu ra l  gas production, t rona  and phosphate 
nining,  and power production a r e  the  main i n d u s t r i e s  
in the general  l o c a l i t y .  The areas  adjacent  t o  t h e  
Big Sandy River are used m s t l y  f o r  ag r i cu l tu re  and 
grazing. 

l a t i o n .  - The 1970 population o f  t h e  main c i t ies  !iF- towns of t h e  a rea  were as follows: Rock Springs, 
11,657; Green River, 4,196; Kerrrerer, 2,292; Eden, 220; 
and Fatson, 50. Sone growth has occurred i n  t h e  l a rge r  
cities pr imar i ly  due t o  the  development o f  i n d u s t r i e s  
and t h e  cons t ruct ion  of the Flaming Gorge and Fonte- 
n e l l e  Dans. For ins tance ,  Rock Springs, Green River, 
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and Kemerer populations i n  1930 were 10,856, 3,189, 
and 1,667, respect ive ly .  

Climate. - The c l i m t e  is cold and dry  i n  t h e  winter  -- 
with ninirnum temperatures o f t en  40" F below zero. The 
nveragc tenpcrature f o r  Decenber i s  a h ~ t  14" F ,  Janu- 
a ry  about 9" F ,  and February, about 15" F. The s m e r s  
a r e  dry and mild with maxima terrrperatxes only occa- 
s i o n a l l y  r i s i c g  about 30" F. 

S o i l s  t o  o aphy, geolo , and minerals.  - S o i l s  o f  
M e a  a v e r l d e  ~ o c e n ' e m e r  Shales.  
These shales  a r e  dense, s a l i n e ,  and re l&ivc ly  inper- 
neable. possibly ro turn  flows pick up s a l t s  f ron  these  
sha les  t o  add t o  t ! e  s a l i n i t y  o f  t h e  Big Sandy River. 

The geology and topography of  t h e  Upper Green River 
b s i n  have been influenced by t h e  surrounding nountain 
ranges. The core o f  the  Uinta >iountains through which 
the Green River flows i s  q u a r t z i t e  o f  pre-Cambrian age. 
The high e levat ion  of  t h e  Basin f l o o r  north o f  the  Uintas 
is the  r e s u l t  o f  erosion r e s i s t a n c e  by this hard material  
and d m c u t t i n g  by the  r i v e r .  During the  Eocene age, a 
th ick  s e r i e s  of  s e d i m n t a r y  n a t e r i a l s  o f  f l u v i a t i l e  and 
l acus t r ine  o r i g i n  was deposited i n  t h e  Green River Basin. 
Sow k n m  a s  t h e  Wasatch, Green River, and Bridger Fornra- 
t i o n s ,  these  deposi t s  have remained f a i r l y  c lose  t o  
t h e i r  o r i g i n a l  hor izonta l  pos i t ion .  As t h e  Green River 
cut  through the  Uinta Mountains, erosion o f  t h e  level  
surfaces  increased and formed t h e  present  s t r e a u  pat -  
t e r n s  o f  narrow bottom lands with strips of p a r a l l e l  
benches and t e r r a c e s .  

'Vegetation. - Since t h e  exact s i te  o f  t h e  Big Sandy 
s a l i n i t y  cantml p r o j e c t  has not  been se lec ted  it is 
d i f f i c u l t  t o  determine the  type of  vegetat ion i n  t h e  
area.  Where the  water i s  extremely s a l i n e ,  below the  
i r r i g a t e d  area, vegeta t ion  cons i s t s  primari ly o f  grease- 
wood and grasses  while various o t h e r  types o f  bushes 
are found along the  streambanks. Upon f i n a l  s e l e c t i o n  
o f  a p r o j e c t  s i te ,  a complete inventory will be made. 

Fish and wi ld l i f e / r ec rea t ion .  - Fish i n  t h e  Big Sandy 
River belaw Farson cons i s t s  o f  suckers,  carp and b m  
t r o u t .  This reach is a poor h a b i t a t  and therefore  i t  
i s  not stocked and i s  r a r e l y  f ished.  



Wildlife  i n  150 a rea  cons i s t s  m s t l y  of b i rds ,  ante-  
lope, deer ,  coyotes, r a b b i t s ,  p r a i r i e  dogs, and o ther  
rodents.  An inventory of  f i s h  and w i l d l i f e  w i l l  be 
;aade during L!e course of  i n v e s t i z a t  ions. 

Recreation i s  l i n i t e d  t o  possibly sorae hunting i n  the  
area.  The area  is  not a t t r a c t i v e  f o r  picnicking o r  
o the r  t p e s  of recrea t ion .  However, within t h e  gen- 
e r a l  watershed the re  a r e  nany man-days o f ,  f i sh ing ,  
backpacking, hiking,  r id ing ,  and s ightsee ing.  

H d ro lo  . - The flow of t h e  Big Sandy River below +-= E en 0.1 milo below Simpson Gulch averaged over a 
19-year period wm 32,170 acre- fee t .  The flow i n  
water year 1973 was 46,690 acre- fee t .  A gage was 
i n s t a l l e d  i n  May of 1972 on t h e  Big Sandy River near  
Gasson Bridge which is about 12 miles downstream from 
S i q s o n  Gulch. The f l w  f o r  water year  1973 a t  t h i s  
s t a t i o n  was 58,170 acre-feet .  The diversions f o r  irri- 
gat ion  a r e  nade upstream from these  gages u i t h  t h e  
gages recording re tu rn  flows seeps,  s p i l l s ,  and 
bypassed water ,  The w j o r  p a r t  of t h e  s a l t  pickup 
occurs between these two gages. 

2 Price ,  San Rafael,  and Dirty Devi 1 River Units,  Utah. 

Introduction.  - The Pr ice ,  San Rafael, and Dirty Devil 
Rivers o r i g i n a t e  i n  the  munta ins  of  t h e  Wasatch and Aquar- 
i u s  Plateaus and a r e  t r i b u t a r y  flows o f  t h e  G r e e n  and Colo- 
rado Rivers in eas t -cen t ra l  Utah ( f i g .  11-30). Elevations 
i n  these  r i v e r  basins range from about 4000 f e e t  above s e a  
l e v e l  an the Colorado River t o  over 11,000 f e e t  above sea  
l eve l  i n  t h e  w u n t a i n  ranges and high p la teaus  t o  t h e  west. 
The drainage areas  contain about 1,800 square miles- fo r  the  
Pr ice  River, 2,050 square R i l e s  f o r  San Rafael River and 
4,350 square miles f o r  the  Dirty Devil River. I n t e r s t a t e  
Highway No. 70, U.S. Highways No. 6 and 50 and S t a t e  roads 
provide access t o  t h e  area.  The p r inc ipa l  c i t y  i n  t h e  
a rea  is Price.  

History and archeology. - Early man, according t o  arche- 
o l o g i s t s ,  has occupied the Canyon Lands Rsgion o f  t h e  
Colorado Plateau f o r  thousands of  years .  By 100 A.D. ,  
t h e  Pueblo people l i v i n g  i n  t h e  southwest had developed 
a d i s t i n c t i v e  c u l t u r e  based on agr i cu l tu re .  The cu l tu re  
t h a t  developed nor th  of the  Haterpocket Fold and west 
o f  t h e  Colorado River w a s  t h e  Fremnt  and was b a s 4  on 
farming and hunting as t h e  ch ie f  occupations of t h e  
people. The Navajo's c a l l e d  these  peoples t h e  Anasazi, 





a word t h a t  means the ancient ones. The Anasazi reached 
t h e i r  c u l t u r a l  climax i n  t h i s  area  about 1300 A.D.; but  
a 25-year drought forced then t o  abandon t h e i r  homes 
and f i g r a t e  southward t o  Arizona and N e u  ?dexico, where 
they were a s s i a i l a t e d  by t h e  Pueblo cul tures  of  those 
areas . 
In the uatershed, drained by t h e  Pr ice ,  San Rafael, and 
Dirty Devil Rivers ( the  th ree  basins area) ,  t h e  Anasazi 
fa= were located mainly on t h e  b l u f f s  and i n  t h e  can- 
yon bottoms where the  strearas d e v e l q e d  flood pla ins  
wide enough t o  farm. S m  of the  remains of t h e i r  cul -  
t u r e  are occasionally found today i n  t h e  t h r e e  basins 
area ,  such as i r r i g a t i o n  d i t ches  along t h e  b l u f f s ,  
apartnant-type c l i f f  dwellings i n  t h e  canyons, p ic to-  
graphs and petmglyphs i n  caves and on c l i f f s .  A r t i -  
c l e s  of jewelry, po t t e ry ,  and basketry found i n  the  
i m e d i a t e  area of t h e i r  dwellings depict  t h e i r  sk i  11s 
as craftsmen. 

Br ief ly ,  t h e  mdern h i s t o r y  o f  t h e  area  can be divided 
i n t o  t h r e e  p a r t s :  (I) a period of explorat ion,  by white 
men f ran  about 1827 t o  1877; (2) a period of settlement, 
from 1877 t o  1906, which included the' establishment o f  
t h e  f i r s t  pemanent se t t lenent-s ,  opening of t h e  f i r s t  
coal mines, establishment of t h e  f i rs t  i r r i g a t i o n  diver-  
s ions  frara master streams, and (3) a period of  develop- 
ment, frcm 1906 t o  the  present ,  when f luc tua t ing  national  
and local  economies have control led  t h e  local  a c t i v i t i e s  
of t h e  Region. 

, Economics. - Economic developtwnt i n  t h e  a rea  i s  d i r e c t l y  
proport ional  t o  t h e  development of mineral resources, p r i -  
marily coal .  There a r e  t h r e e  Utah counties which a r e  t h e  
p r inc ipa l  contr ibutors  t o  t h i s  area; Carbon, through which 
the  Price River nms; Emery, which contr ibutes  to a l l  three  
r i v e r s  ; and Wayne County, which provides najor  drainage fo r  
t h e  Dirty Devil River and t h e  Fremont River, a t r i b u t a r y  of 
t h e  Di-y Devil. 

Tota l  persanal income has increased as  has a l l  t h e  o ther  
economic indicators .  Wayne County, which i s  more depend- 
e n t  upon agr icu l tu re  than Carbon and Emery, has a l s o  shown 
grawth and maintained a s t a b l e  population f o r  a r u r a l  ag r i -  
c u l t u r a l  county i n  these  tims of  fewer but  l a rge r  fanas 
with more mechanization. The market value o f  a l l  agr icul -  
t u r a l  products sold i n  t h e  th ree  counties i n  1969 i s  s h w n  
i n  t h e  following tabulat ion:  



Total Forest Lives tock and 
County value - Crops products the i r  products 

Carbon $1,910,710 467,655 500 1,422,555 
Emry 2,629,268 299,578 200 2,329,490 
Wayne 1,463,384 120,542 - 1,342,842 

As shown in  the tabulation, agricalture is primarily 
devoted t o  livestock which can u t i l i z e  thousands of 
acres of publicly owned grazing lands. Lack of suf- 
f ic ien t  i r r iga t ion  water and short growing seasons 
l i n i t  crap production to hay and grain fo r  livestock 
feeds. 

m e  coal industry, easi ly  the -st significant econolic 
factor  for  the area today, is experiencing a revival of 
in te res t  not only locally and statewide, but nationwide 
as well. This in te res t  is largely due to  the increased 
demands for  e l ec t r i c  energy and s t e e l  production. Coal 
is  a valuable c m o d i t y  for  both those industries.  Utah 
coal production is centeni i n  Carbon and E l w r y  Counties 
where about 95 percent i s  mined. m e  gross value of 
coal produced in  the area is i n  excess of $30,000,000 
annually . [29] 

The Utah Pwer and Light Company has already completed 
t h e i r  f i r s t  unit  of a four-unit, 435-neg~ratt  stean- 
e l ec t r i c  powerplant i n  Emery County, and the second 
d t  is under construction. This plant when completed 
w i l l  have an ins ta l led  capacity of nearly 2,000 mega- 
watts and w i l l  consume approximately 5.6 million tons 
of coal annually. [SO] 

'Ihe Carbon F u e l  Conpany through i t s  parsnt cmpany, 
YcCullough O i l ,  recently signed a contract t o  deliver 
l40,OOQ ,000 tans of coal to  a mdwest power company 
over a 2s-year period. 

Transportation f a c i l i t i e s  a re  adequate. The area is 
served by a major railroad, In ters ta te  1-70, and nun- 
e m s  other State  and Federal highways. There is, hw-  
ever, no mmerc ia l  a i r  s e ~ c o  to  the area, although 
there are  small county and c i ty  airports  adequate fo r  
small a i r c ra f t  use. 

Land we/cul turs l  factors.  - The f i r s t  permanent s e t t l e -  
ments in  the area were established by b m n  pioneers, 
for  the purpose of agriculture, along the eastern flank 
of the High Plateaus section of the Colorado Plateau. 



I t  is within the  lligh Plateaus t h a t  the  headwaters of 
each o f  the  three  r i v e r s  o r ig ina te .  The drainage areas  
o f  the r i v e r s  can be subdivided i n t o  th ree  sec t i ans  and 
designated the  Upper, Centra l ,  and Wer  Basins. These 
ssbbasin designations can be used throughout t h e  t h r e e  
r i v e r s  area,  the  Upper 3asin sec t ion  covering the  High 
Plateaus por t ion ,  the  Central Basin sec t ion  covering 
the a g r i c u l t u r a l  and nos t  populated por t ions ,  and t h e  
h e r  Basin covering the  badlands port ion.  Cul tura l  
and physical  f ea tu res  of  these  areas  a r e  described 
below : 

The upger sec t ion  cons i s t s  of  high plateaus contain- 
ing  f o r e s t ,  lakes,  and m a d w s .  This sec t ion  i s  
used as  a na t iona l  f o r e s t  and provides multiuse 
b e n e f i t s  such as r ec rea t ion ,  t . inber , and l ives tock 
grazing. 

The c e n t r a l  sec t ion  includes i r r i g a t e d  cropland 
(93,785 acres)  ; dry cropland (35 acres) ;  farmsteads 
and abandoned f a n s t e a d s ,  urban and r e s i d e n t i a l  yards, 
a.nd stockyards and feed lo t s  (6,102 acres) ;  i n d u s t r i a l  
a reas  (350 acres)  ; open water surfaces  (1,4 16 acres)  ; 
and phreatophytes (34,007 acres) .  Thus, water-related 
land use cons i s t s  of  a b w t  212 square niles, o r  about 
2.4 percent of the  area.  This sec t ion  a l s o  supports 
most of the coal  mining a c t i v i t y  i n  t h e  area ,  and i n  
addi t ion ,  contains well f i e l d s  t h a t  produce a s i g n i f -  
i c a n t  port ion of Utah's na tu ra l  gas. 

The lower sec t ion  is dominated by the San Rafael des- 
ert and s imi la r  t e r r a i n .  I t  has been explored f o r  o i l  
and gas although the re  are no carrrmercially productive 
wells .  This sec t ion  is  the site of many mineral pros- 
pec t s ,  ch ie f ly  c a r n o t i t e  and vanadium as a source f o r  
uranium production. In pas t  years  the  area has con- 
t r i b u t e d  a s i g n i f i c a n t  p a r t  o f  the  Sa t ion ' s  nuclear  
f u e l  reserves.  The v a s t  open areas a l s o  provide win- 
t e r  grazing f o r  l ivestock.  

Population d i s t r i b u t i o n .  - Cormunities near and within 
the  ~ r o i e c t  a rea  include Pr ice ,  Cas t l e  Gate, Dragerton, . - 
Helpr, Hiawaths, and Sunnysids i n  Carbon county; Hunt- 
ington,  Cast le  Dale, and Ferron i n  E m e r y  County; and 
Loa, Bicknell,  Torrey, and lfanksvil le  i n  Wayne County. 
Population t rends  f o r  these  cities f o r  the  period 1950 
t o  1970 and the  percent change an shown i n  t h e  follrrw- 
ing  tabula t ion .  [31] 





County population t o t a l s  f o r  t h e  t h r e e  counties a r e  a l s o  
shown and a re  extended t o  1973. [32] Population d a t a  f o r  
cities and toms are  not ava i l ab le  f o r  1973. P r i ce  i s  
the  l a rges t  c i t y  in  the  area  and serves as t h e  7 r inc ipa l  
business center .  The 9 percent increase  i n  Carbon County 
and 32 percent increase i n  Emery County i s  due t o  the  
increased a c t i v i t y  in coal mining and the  construct ion of  
the  Huntington Canyon Powerplant by Utah Power and Light 
Company. 

Climate. - The climate i n  t h e  Price, San Rafael, and Dirty 
Devil g iver  Basins va r i e s  widely u i t h  elevaticm and loca- 
t ion .  The c l i m t e  va r i e s  from a r i d  i n  t h e  lower va l leys  
t o  humid i n  t h e  upper m u n t a i n s .  The Unit s tudy areas 
o f  these  B a s i n s  includes p r inc ipa l ly  t h e  lower por t ions  
o f  each Basin. These areas a r e  mainly d e s e r t ,  with an 
a r i d  t o  semiarid cl imate.  The summers a r e  hot  and dry  
and t h e  winters  a r e  usually dry  and cold.  

P rec ip i t a t ion  i n  t h s  t h r e e  basins area  vaxies d i r e c t l y  
with topography. National Weather Service records 
(1931-1960) ind ica te  t h a t  t h e  average annual p rec ip i t a -  
t i o n  ranges frm about 5 inches i n  low-lying areas near 
Green River and Hanksville t o  nore than 40 inches i n  t h e  
peak areas of the Wasatch Plateau. The average annual 
p rec ip i t a t ion  in t h e  lower areas ranges from 5 t o  about 
8 o r  9 inches. [33] Winter p r e c i p i t a t i o n  f a l l s  i n  the  
fonn of r a i n  or snan u h i l e  s m e r  p rec ip i t a t ion  is char- 
a c t e r i  zed by extensive thunderstorn a c t i v i t y  . These 
thunderstorms cause f l a s h  f l o d s  and a r e  camon over 
mch of  t h e  area.  They cause considerable drurags and 
can be  a ser ious  hazard t o  t r a v e l  i n  the d e s e r t s  and 
myoa areas.  

Tempratures  vary widsly i n  t h e  t h r e e  basins a rea  because 
o f  seasonal e f f e c t s  and elevation.  Temperature extremes 
have ranged fm minus 35' t o  112' F i n  t h e  study area.  
Average annual temperatures range from below f reezing a t  
e levat ions  above 10,000 feet t o  about 53' F f o r  t h e  lower 
r i v e r  val leys.  

The average f r o s t - f r e e  period (above 32' P) ranges from 
about 20 days in t h e  higher mountains to nore than 180 
i n  t h e  lower va l l eys .  The average f r o s t - f r e e  period i n  
t h e  lower study areas ranges from about 120 t o  160 days. 



S o i l s ,  topography, geology, and d n e r a l s .  - 
S o i l s .  - The s o i l s  i n  the  a g r i c u l t u r a l  areas of t h e  - 
watersheds of  the  Price, San Rafael, and Dirty Oevil 
Rivers were derived from si l ts  tones, mudstones, sand- 
s tones,  and shales  : with the  exception o f  t h e  upper 
F remnt  River Valley - which i s  t r i b u t a r y  t o  the  
Dirty Devil River - where the  s o i l s  a r e  a l s o  derived 
f r o m  l ines tone  m d  volcanic rocks. !-lost o f  t h e  s o i l  
~ r o f i l e s  h a w  develored on l eve l  t o  p n t l y  s lo?ing 
benches, uplands, f o o t h i l l s  , flood p la ins ,  and a l h -  
v i a l  va l leys .  The Mancos Shale under l ies  most of  the  
s o i l s  i n  the  a g r i c u l t u r a l  areas adjacent  t o  the  High 
Plateaus and Book C l i f f s ;  t h e  fornat ion is a gray c a l -  
careous nar ine  shale .  O t h e r  formations upon which 
s o i l s  have fomed,  usual ly  near  streams, are t h e  
Yoenkopi and Morrisan Formations and Ter t i a ry  vol-  
c a n i c ~ .  The !benkopi Formation is a dark brown si l t-  
stone,  t h e  volcanics  usua l ly  weather t o  a grayish  o r  
whit ish c l ay ,  and t h e  M r r i s o n  Fornation is a f l u -  
v i a l  sandstone and mudstons t h a t  varies f roa  a reddish- 
bmwn t o  l i g h t  gray. 

The soils a r e  lou in organic  mat ter  and ni trogen.  
Such s o i l s  have concentrat ions o f  calcium and mag- 
nesium carbonates t h a t  p r d u c e  calcic horizons. 

Topography and geolom. - The t h r e e  basins area  l i e s  
in  t h e  eas t -cen t ra l  p a r t  of t h e  S t a t e  occupying the 
northern s e c t i o n  of t h e  High Plateaus and t h e  north- 
west sec t ion  of the  Canyon Lands sec t ion  of t h e  Colo- 
rado Plateau.  The three drainage bas ins  am bounded 
ern the  north by t h e  Book C l i f f s ;  on t h e  e a s t  by t h e  
Green River and Orange C l i f f s ;  on t h e  south by the 
H a y  Hountains, t h e  Circle C l i f f s ,  and t h e  Aquarius 
Plateau;  and on t h e  w e s t  by t h e  Awapa, Fish Lake, and 
Wasatch Plate-. 

Drrring the l a t e  !!esozoic and e a r l y  Cenozoic time, Utah 
was a f fec ted  by a gemlogic d is turbance  knomt as the  
Larmide  Orogeny (a period of mountain bui ld ing 
accomplished by folding,  f a u l t i n g ,  and u p l i f t i n g  o f  
the  e a r t h ' s  surface) .  The Colorado Plateau was 
u p l i f t e d  during t h e  orogeny by nagma (nobile  rock 
mater ia l  generated within t h e  ear th)  upwelling from 
below. Weak s t r a t a  overlying t h e  m a p  gave way t o  
the underlying pressures ,  i n  some areas ,  t o  form 



dikes and l a c c o l i t h i c  nountains; i n  o the r  areas ,  
such as the San Rafael Swell, pronounced unwarping 
produced tension cracks on the  upper surface of the  
sedimentary fornat ions  ~ a k i n g  them highly suscept ib le  
t o  erosion.  Thus, t h e  nountains, plateaus,  basins,  
canyons, and swells a r e  a product o f  t h i s  orogeny. 

?lost of  the  Ter t i a ry  Pornations have eroded from 
the three  bas ins  area (exccpt f o r  those  located i n  
the High Plateaus and b o k  C l i f f s  on t h e  western 
and northern periphery of t h e  bas ins) ,  so  t h a t  
Mesozoic and some Paleozoic Fornations a r e  present ly  
exposed. Yany of t h e  Mesozoic Foneations w e t e  depos- 
i t e d  under marine condit ions;  thus, t h e  formations are 
interbedded with s a l t s  and clays t h a t  con t r ibu te  t o  
the  mineral izat ion of water moving over o r  through 
them enroute to the Colorado River. 

!iinerals.  - Along t h e  west f lank of t h e  San Rafael 
Swell,  outcrcops of g p s u n  (CaSO,, ZH20) and anhy- 
d r i t e  (CaSO,,) occurring i n  t h e  Camel and S m m r v i l l e  
Formations cont r ibute  t o  t h e  mineral izat ion o f  water 
i n  the  San Rafael and Dirty Devil River systems. The 
t o t a l  resources o f  these  minerals i n  both fomat ions  
i s  estimated a t  50 n i l l i o n  tons.  Su l fu r  and s a l i n e  
deposi t s ,  p r inc ipa l ly  h a l i t e ,  a l s o  l ie  within t h e  
watershed of  t h e  th ree  bas ins  area .  

Uraniua and vanadium minerals have been found i n  t h e  
Chinle and Morrison F o m t i o n s  i n  q u a n t i t i e s  s u f f i c i e n t  
f o r  raining, and a few o i l  and gas accumulations have 
beem discovered i n  t h e  Paleozoic F o m t i o n s  o f  Cas t l e  
Valley. The chief  coal-producing formations i n  t h e  
bas ins  a r e  i n  the  Black Hawk and F e m n  Sandstone. 

Vegetation. - The vegeta t iun  i n  the t h r e e  bas ins  area  
v a r i e s  with t h e  e levat ion  and locat ion.  The vegetat ion 
i n  the  lower e levat ion  desert- type p o r t i a u  o f  t h e  a r e a  
i s  l imi ted  t o  drought- res is tant  p lan t s .  The vegeta t ive  
cover i n  t h e  d e s e r t s  is  usual ly  sparse ,  with few areas  
of  verdant growth. A s  s o i l  condit ions a r e  important i n  
determining vegeta t ive  cover, t h e  deep s o i l  a w a s  o f  t h e  
d e s e r t  f l o o r  are usual ly  covered by t h i n  s t rands  of  na t ive  
grasses.  I n  t h e  poor s o i l  a reas  o f  the d e s e r t ,  shrubs and 
c a c t i  seem t o  dominate. The vegetat ion along the  r i v e r s  
and s n a l l  streams of  the d e s e r t  is  verdant where s o i l  con- 
d i t i o n s  permit.  The more c o m n  p l a n t s  o f  t h e  d e s e r t  



areas include cottonwood t r e e s ,  greasewoods, sagebrush, 
shadscale, g a l l e t a  grass,  Indian r icegrass ,  c a c t i ,  and 
numerous forbs . 
Vegetation i n  the  lower f o o t h i l l s  o r  intermediate eleva- 
t ions  includes pinon, juniper,  mountain mahogany, sparse  
stands of nat ive  grasses ,  and forks.  Stands of pinon and 
juniper are  usual ly  t h i n  and stunted.  Ground cover of 
na t ive  grasses and forbs is a l s o  t h i x  t o  sparse.  The 
nore c o m m  v a r i e t i e s  of p lan t  l i f e  i n  t h e  lower moun- 
t a i n s  include ponderosa pine,  maple, pinyon, juniper,  
nlnrntain ash, chokecherry, and o t h e r  mountain brush. 
Vegetation i n  the m u n t a i n  and higher elevation areas  
includes pines,  hardwoods, mountain shrubs, and grass  
on the slopes. The stream channels are usually choked 
with l i v e  and dead vegetat ion.  

Fish and wi ld l i f e / rec rea t ion .  - 
Fish. - Fish resources of the  a rea  r e f l e c t  the gen- - 
era1  a r i d i t y  of t h e  climate. St rean f i s h e r i e s  a r e  
genera l ly  poor, except i n  t h e  headwater port ions.  
Amng t h e  b e t t e r  streams a r e  upper Pr ice  River, and 
Huntington a d  Cottonwood Creeks, both t r i b u t a r y  t o  
t h e  San Rafael River. The Fremnt  River ( t r ibu ta ry  
t o  the  Dirty Devil) a l s o  provides h a b i t a t  f o r  t r o u t .  
Reservoir and lake f i s h e r i e s  a l s o  a r e  mainly confined 
to the headwater areas. Good examples a r e  Scof ie ld  
Reservoir an Price  River, Joes  Valley Reservoir i n  
t h e  San Rafael River drainage ( C o t t o n w ~  Creek), and 
Fish Lake i n  t h e  Dirty Devil River drainage (Frenont 
River). Fish Lake, famous f o r  i t s  mackinan Trout, is  
m g  t h e  S t a t e ' s  best t r o u t  waters. 

The headwaters o f  t h e  streams contain both gana and 
nongans species  of f i s h .  Upper Pr ice  River supports 
b m ,  rainbow, and na t ive  cu t th roa t  t r o u t ,  sculpin,  
speckled dace, n w n t a i n  sucker, Utah chub, carp, and 
redside shiner .  Browa t r o u t  a r e  t h e  dominant game 
f i s h .  The following species  of  f i s h  are found i n  t h e  
upper port ion of  Huntington Creek : cu t th roa t ,  brown, 
rainbow and brook t r o u t ,  speckled dace, mmntain 
sucker, and mottled sculpin .  The brown t r o u t  popula- 
t i o n  is se l f - sus ta in ing  and the o the r  trwt a r e  stocked 
pe r iod ica l ly  by t h e  Utah Division of  Wildlife Resources. 
Upper Cottonwood Creek has a s i m i l a r  population o f  f i s h .  
Ferron Creek a l s o  contains a small population of t r o u t  



and sane nmgam f i sh .  Fish which a r e  believed t o  be  
bonyta i l  chubs, but have not y e t  5een pos i t ive ly  ide.n- 
t i f i e d ,  have been col lec ted  near t h e  confluence o f  
Ferron and Cottonwood Creek drainages i n  t h e  San Rafael 
basin.  [SO] 

The upper sec t ion  of  Muddy, Creek (Dirty Devil River) 
supports a few t r o u t  and some nongame species but  is  
not  considered a gwd f i she ry .  Doninant species  
include c u t t h m a t  t r o u t ,  speckled dace, and m u n t a i n  
suckers. The Fremnt  River above T o r y  has severa l  
sec t ions  t h a t  a r e  excel lon t  t r o u t  f i s h e r i e s .  

In the lower reaches of t h e  P r i ce ,  San Rafael, and 
Dirty Devil Rivors, t h e  f i s h  populations a r e  e i t h e r  
nonexistent  o r  printarily of nongam species.  The 
lcmer Price River conta ins  channel c a t f i s h ,  f lannel -  
mouth suckers,  and carp. A l i t t l e  f a r t h e r  upstream, 
the re  are also sculpin and speckled dace. The lower 
Sm Rafael contains suckers,  carp,  and c a t f i s h .  Both 
o f  these  r i v e r s  are dry on occasion (several  days i n  
severa l  d i f f e r e n t  years) .  The lower Dirty Devil is 
dry during J u l y  o r  longer almost every year. When 
flowing, however, t h e m  are usually some nongame 
f i s h  i n  it, such as carp and suckers.  

Wildl ife .  - I . h y  species  of mammals, birds ,  and rep- 
t i l e s  a r e  present  i n  t h e  Price-Dirty Devil area. ?hie 
deer ,  mountain l ion ,  bobcat, bear ,  e l k ,  badger, coyote, 
fox,  mink, porcupine, turkey, grouse, pa r t r idge ,  and 
rabb i t  all occur a t  various X e c a t i w  i n  the high coun- 
try. The semiarid and wid lowlands provide addi t ional  
h a b i t a t  for ~ a u n t a i n  l i o n ,  bobcat, coyote, buffalo,  
antelops,  d e s e r t  b i & o n  sheep, r abb i t ,  q u a i l ,  par- 
t r i d g e ,  grcwse, pheasant,  and dove. 

I n  addi t ion  t o  the birds listed above, the a r e a  a l s o  
has waterfoul, rmnemus songbirds, vultures, falcons,  
hawks, pinon jay,  dese r t  t h w h ,  and golden eagles. 
Gmum d e n t s  include mice, r a t s ,  jackrabbi ts ,  cot-  
t o n t a i l s ,  squf r r o l s ,  chipmunks, and prair ie  dogs. 
Rqtiles include lizards, toads, and snakes. The 
Utah p r a i r i e  dog and peregr ine  falcon,  both l i s t e d  
a s  endangered species ,  inhabi t  por t ions  of t h i s  gen- 
e r a l  a rea  of Utah. 

Recreation. - Nith its unique na tu ra l  f ea tu res  and 
sparse  population, tho  three-basins area  has abundant 



resources f o r  recrea t ion ,  including s ightsee ing,  pho- 
tography. picnicking, exploring, rock hunting, hbking, 
backpacking, swimming, boating,  waterskiing, f i sh ing ,  
and hunting. The fores ted  higher e levat ion  por t ion  
and the  nore a r i d  lower e levat ion  port ion of the  a rea  
each have fea tu res  t h a t  a r e  a t t r a c t i v e  t o  recrea t ion  
seekem.  Port ions of Uinta, Manti-LaSal, Fishlalce, 
and Dixie Xational Forests  a r e  located i n  the  a rea .  
These foredts  a l s o  contain abundant w i l d l i f e  and num- 
e m s  streams and small lakes which support f i s h .  The 
a r i d  and semiarid lower e l e v a t i m  por t ion  of  t h e  a r e a  
i s  charac ter ized  by deep gorges and spectacular  canyms 
caused by centur ies  of erosion by wind and water ,  h b -  
emus s t range  and i n t e r e s t i n g  rock formations e x i s t  
throughout the  area.  The uniqueness o f  t h e  scenery has 
r e su l t ed  i n  the  formation o f  two nat ional  parks and a 
na t iona l  recrea t ion  area.  Several  State-developed 
f a c i l i t i e s  a r e  a l s o  f o u d  i n  t h e  area .  The major 
a t t r a c t i o n s  a r e  l i s t e d  i n  t h e  f o l l w i n g  tabula t ion:  

Recreational s i t e s  and s c e n i c  a t t r a c t i o n s  i n  t h e  
v i c i n i t y  of the Prica-Dirty Devi 1 a r e a  

Capitol  Resf National Park 
Canyonlands National Park 
Glen Canyon National Retreafisfi h b b  
Goblin Valley S t a t e  Reserve 
San Rafael Swell 
Scof ie ld  Lake S t a t e  Recreation Area 
Pr ice  Canyon Recreation Area 
Banbe rge r  5funment 
Huntington Lake S t a t e  Beach 

, Wedge Overlook 
Natural Arch 
Sand Dunes 
Petroglyphs and pictographs and Indian ru ins  
Cedar lkunta in  Recreation Area 
Desert Lake Waterfowl Reserve 
Clevehnd - Lloyd Dinosaur Quarry 
Henry Wuntains 
S t a m  Springs Recreation Area 
Lonesane Beaver Recreation Area 
Numerous rock  hounding areas  
Waterpocket Fold 
Cathedral Valley 
Joes Valley Reservoir 
Fish take 



(3) !!cPlno Creek ; I n i t ,  Colorado. - ---- 
I t i s to r i ca l  and archeological .  - The Bureau of  Land Yanage- - 
nent has v i sua l ly  inventoried a t  l e a s t  nine archeological 
s i t e s  on land they administer within and adjacent  t o - t h e  
?reposed evaporation pond. The a r t i f a c t s  found a t  these  
s i t e s  a r e  fron an ancient  Pueblo Indian group t h a t  once 
l ived i n  t h e  area. Seven s i t e s  contain shard, o r  earthen 
vesse l ,  and chip evidence sca t t e red  on t h e  ground, indi -  
ca t ing  poss ib le  ru ins .  Two o the r  s i t e s  contain the  rubble 
of h i l l s i d e  pueblos. One has two kiva  depressions,  o r  
ceremonial chanbers. Such archeological  s i t e s  a r e  very 
cannon throughout the southwest. Fran those ac tua l ly  
inventoried a! pub l i c  land, it i s  reasonable t o  assume 
t h a t  the re  are s imi la r  s i t e s  on t h e  adjacent p r i v a t e  
lands. The Bureau w i l l  comply w i t h  t he  guidel ines 
contained i n  T i t l e  36 CFR Par t s  60, 63, and 800. 

Economics. - In 1970 [59] , Monte zuma County had a popula- 
t i o n  of 12,952 and a cancentrat ion o f  only 6.2 people per 
square mile. I n i t i a l  growth of t h e  population was d i m c t l y  
r e l a t e d  t o  mining. Agriculture became s i g n i f i c a n t  t o  t h e  
economy aEter  1890 when water f o r  i m g a t i o n  w a s  f i r s t  
de l ive ted  t o  the  Mantezuraa Valley. Unt i l  1950, most o f  
the population g m t h  was a r e s u l t  o f  the expanding agr i -  
c u l t u r a l  industry and growth was r e l a t i v e l y  u n i f o m  u n t i l  
the 1950-60 decade. A t  t h a t  time t h e  annual growth r a t e  
increased t o  3.25 percent  due to a great deal  of  o i l  explo- 
r a t i o n  within t h e  arm. Following 1960, t h e  explorat ion 
dwindled and the population decl ined sharply.  Between 
1960 and 1970, t h e  County lost 7.6 percent o f  i t s  p p u l a -  
t ion .  Current estimates of t h e  population of  t h e  c i t y  o f  

xCmtez stand at 15,125. Unfortunately, the  youth of the  
a r e a  cant inus  to leave following higb school t o  seek 
mplayarsnt. They are more than replaced,  h m e w r ,  by an 
in-migration of people predminan t ly  i n  the ret irement,  
col lege ,  and post-college age groups a t t r a c t e d  by the  l i f e -  
s t y l e  and scenery of the area.  

Xgr icul turs  is t h e  s i n g l e  l a r g e s t  industry,  employing 
22.3 percant  of t h e  population. Dry land beans, wheat, 
and i r r i g a t e d  hay a r e  the p resen t  mjor crops, while 
orchard fruits are a l s o  produced. Government employ- 
mt, including education, a c c m t s  f o r  19.5 percent  of 
the  employnmt. Retail trade and s e ~ c e s  account f o r  
16.6 and 8.6 percent ,  respect ive ly .  



!!anufacturing an3 3inir.g make up 7.6 and 5.0 percent  o f  
t h e  employment force ,  respect ive ly .  

Unemployment is especia l ly  a problem f o r  t h e  two n inor i ty  
groups present .  Unemployment f o r  the  Indians was estimated 
a t  35.1 percent  i n  1971[60] while t h e  Spanish-American mm- 
ployment r a t e  was 16.5 percent  i n  1970.[61] 

S o i l s ,  t o~ography ,  geology, and minerals.  - Topographi- 
c a l l y ,  the  area  is charac ter ized  by gently r o l l i n g  and 
s loping t o  gent ly  r o l l i n g  mesas i n c i i e d  by long, narrow, 
and s t e e p  g u l l i e s .  The doninant f ea tu re  is Ute !$fountain 
t o  the  southwest. The s i t e  of t h e  evaporation p n d  is a 
r e l a t i v e l y  f l a t  and gent ly  s loping despression which grad- 
u a l l y  narrars toward the  confluence of k d  Cmek and %Elm 
Creek. The dans i t e  is located  i n  a shallow draw bordered 
by low b l u f f s  ( f i g .  11-31), 

Yud Creek Evaporation Fond site is located approximately 
5 miles southwest of Cortez, Colorado, and one-half mile 
west of  t h e  !+mtezuma County Airpor t .  Several  farms and 
abuut 5 miles of County mads l ie wi th in  t h e  a rea .  The 
e levat ion  is  s l i g h t l y  under 6000 f e e t .  

Geology. - The guulogy o f  t h e  McElro Creek Unit includes 
t h e  s t e e p ,  high-walled WcElm Canyon, the flood p l a i n  of  
Montezuma Valley, and t h e  prec ip ice  o f  sedimentay  rocks 
of Masa Verde. This  arm is  located i n  t h e  northwestern 
por t ion  of t h e  Four Comers P l a t f o m  geologic province. 
YcElno Canyon w a s  c rea ted  by the entrenchment o f  H c E k  
Creek through Dakota Sandstone and Sbrriscm F o m t i o n  of  
t h e  Cretaceom and J u r a s s i c  periods,  respect ive ly .  This 
entrenchment forms the a s i n  western drainageway f o r  lilonte- 
zuna Valley, and t h e m f o r e  rece ives  mater ia l  t ransported 
from the Valley itself and t h e  adjacent  c l i f f s  o f  Mesa 
Vsrde t o  t h e  s w t h e a s t .  The hard, e ros ion- res i s t an t ,  
buff-colo& Dakota Sandstane and t h e  var iga ted  shales  
of t h e  ?brrison Formtion a m  exposed i n  prominent out- 
crops along Mlm Canyon; hwever ,  it is t h e  Cretaceous 
fornat ion  of Mancos Shale beyond the canyon which pro- 
duces a p r r m m c e d  e f f e c t  upon t h i s  drainage system. 
>hem Shale is extensively exposed on t h e  si&s of  Mesa 
Verde, under l ies  t h e  Mmtezuna Valley, and is the parent  
ma te r i a l  fram which t h e  Vulley's r e s idua l ,  c l a y  s o i l  is 
derived.  This  f o m a t i b n  o f t en  has high concentrat ions 
of  carbanate, s u l f a t e ,  and assoc ia ted  m n e r a l s  ( c a l c i t e ,  
gypsum, e t c . )  which a r e  q u i t e  so luable ,  and the re fo re  



Mud Creek waporatian pond site. 

Figure 11-31 



a r e  picked u? as dissolved s o l i d s  i 2  water increas ing 
the  s a l i n i t y  of  the  McEho Creek cirainage. Eie s o i l s  
extending from tbc rock formitions o f  !hsa Verde across 
t h e  blontezma Valley a r e  gray t o  grayish brawn, lean t o  
f a t  clays which a l s o  c m t a i n  t h e  soluahle  minerals pres-  
en t  in  the  parent Plmcos Shale. !!owever, these  r e l a -  
t i v e l y  deep (sonetrnes over  20 t o  30 f e e t  deep), res idual  
c lays  grade i n t o  a t h i n  ~ a n t l e  o f  brown t o  reddish brown, 
leari c lay  and s i l t  near  t h e  r i n  of McElno Canyon. About 
25 t o  30 f e e t  of grayish 3ram clay  E o n s  t h e  channel 
f i l l  of HcElno Canyon. 

Land use. - !,!cE!rx, Creek or ig ina tes  ir. Fbntezluoa County 
i n  southwestern Colorado and flows i n t o  the  San Juan 
River i n  t h e  southeastern corner o f  Utah. The creek 
dra ins  350 square miles,  including a large  area  i n  Colo- 
rado's  !4ontezuma Valley which i s  i r r i g a t e d  with water 
d ive r t ed  from the  Dolores giver .  

I r r i g a t i o n  re tu rn  flws from ~ ~ t e z m a  Val ley cont r ib-  
u t e  a s u b s t a n t i a l  amount of s a l t  t o  >fcElm Creek and 
F.4~3 Creek, a t r i b u t a r y  o f  !tcElmo Creek which d ra ins  t h e  
southern p a r t  of t h e  Valley. The land i s  derived from 
and underlain by ?lances Shale,  a brackish and impervious 
marine formation. 

Vegetation. - Approximately h a l f  of t h e  evaporation pond 
s i t e  i s  i r r i g a t e d  famland .  The n a t i v e  vegeta t ive  growth 
in the  i m d a t e  a r e a  which is shown i n  f i g u r e  11-31, is 
a d e s e r t  sagebnuh-grass c o m m i t y  dominated by b i g  
sagebrush. 

Other shrubs include greasmood, mountain mahogany, c l i f f-  
rose ,  and .- t e a .  A feu  c o t t o n w d  t r e e s  grow along 
s t reanbeds  and i r r i g a t i o n  d i t ches .  

Several  types o f  grasses a r e  in te r spe r sed  among t h e  shrubs 
and the  f m  trees. These genera l ly  provide a good q u a l i t y  
o f  range f o r  w i l d l i f e  and l ives tock forage, bu t  the  sparse  
quan t i ty  limits t h e  nraber o f  an ina l s  which t h e  a r e a  can 
support .  

Fish and w i l d l i f e .  - There are severa l  animal species  i n  
and near  the  pond area .  lble deer ,  t h e  l a r g e s t  m m a l ,  
migrate i n t o  the  a rea  dur ing  t h e  winter  fro; Ute Mountain 
to  t h e  west. The h a b i t a t  a l s o  sunports  Gunnison p r a i r i e  
dog, deer  muse, jackrabbi t ,  and c o t t o n t a i l  r a b b i t .  



Due to  limited nesting and feeding s i t e s ,  the area does 
not support a large population of birds.  There is no 
sustaining waterfoul habitat ,  but several species have 
been observed within the proposed evaporation pond s i t e .  
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CHAPTER I11 - ZNVXRO?H€STAL IYPACTS OF PROPOSED ACTIOS 

A. Cumulative I m a c t s  i n  the  Basin 

The CRWQIP w i l l  have d iverse  i apac t s  upon a n u ~ b e r  o f  d i f f e r e n t  
aspects  of  the  environnent, ranging from loca l  s i t e  a r e a s  t o  t h e  
e n t i r e  Colorado River Basin. By progran design,  the  general  soc ia l  
and economic aspects  o f  the  human environment w i l l  be enhanced while 
c e r t a i n  aspects  o f  t h e  na tu ra l  environment w i l l  be enhanced and 
o t h e r s  impaired, The major benef ic ia l  impacts a r e  presented i n  terms 
of reducing both na tu ra l  and manmade sources o f  po l lu t ion  subsequently 
r e s u l t i n g  i n  general water q u a l i t y  irrprovenent. Some adverse impacts 
have been determined while o the r s ,  a s  y e t ,  remain undetermined o r  
wtquantified. 

The purpose of  t h i s  sec t ion  is t o  present  a regional  overview of  the  
cumulative impacts of the  t o t a l  CRWQIP i n  the  Colorado River 8asin and 
adjacent gmgraphic areas .  This overview considers  major irrpact t rends  
a s  measured agains t  a representa t ive  yards t ick  o f  key environmental 
f ac to r s .  Later,  i n  t h i s  chapter ,  a more de ta i l ed  desc r ip t ion  o f  the  
s p e c i f i c  impacts o f  the  advance cont ro l  u n i t s  and o the r  u n i t s  o f  the  
progran w i l l  be discussed. 

The overa l l  ob jec t ive  o f  the  CRWQIP is t o  reduce t h e  s a l i n i t y  o f  
t h e  Colorado River and maintain the q u a l i t y  o f  water a t  acceptable 
l eve l s  so t h a t  fu ture ,  benef i c i a l  use o f  water is assured under con- 
d i t i o n s  o f  continued water resource development. The CRWQIP i s  a 
comprehensive appl ica t ion  of  pol lu t ion  cont ro l  technology t o  mini- 
n ize  s a l i n i t y  cont r ibut ions  t o  the  r i v e r  and optimize t h e  water 
q u a l i t y  benef i t s  t o  Basin water use r s ,  A s  a r e s u l t ,  t h e  program 
is designed t o  y ie ld  cos t -e f fec t ive ,  s a l i n i t y  reductions i n  t h e  
r i v e r  which can be m a s w e d  d i r e c t l y  by economic b e n e f i t s  t o  peo- 
p le .  The adverse impacts, however, o f  water q u a l i t y  improvement 
e x t r a c t  a ''cost" o f  o the r  na tu ra l  resources i n  t e r m  of  land, energy, 
water, and s o l i d  wastes. 

In order  t o  show the  e n t i r e  range o f  judgemental environmental f ac -  
t o r s  and accompanying long-term t rends  expected with u l t imate  devel- 
oprrent of  the  various u n i t s  under CRWQIP, a summary matrix i s  shown 
i n  t a b l e  111-1. The matrix was derived from i n t e r d i s c i p l i n a r y  team 
judgements based on ava i l ab le  i n f o m a t i o n .  General t rends  such a s  
gains,  losses ,  no change, and unknown a r e  indicated f o r  each con t ro l  
un i t  and re la t ed  areas of  influence.  For those impacts t h a t  can be 
quant i f ied  according t o  ava i l ab le  planning da ta ,  the  cumulative, 
estimated na tu ra l  resource impacts o f  both t h e  i n i t i a l  u n i t s  f o r  con- 
s t r u c t i o n  and o t h e r  authorized units a r e  sunnarized i n  t a b l e  111-2. 
This t a b l e  summarizes major impacts on land use,  water deple t ions ,  





TABU 111-2. - Cumulative Estimated Impacts fo r  
L a ,  Watcr, Solid Wastes, and Energy 

Control u n s  

Laa Vegas Wash - 
F i r s t  s t y o  
Socond stago 

Crystal Gsysor 
Paradox Val lay 
Grand Valley 

Impacts of I n i t i a l  
u 
w uni t s  auttrorizod 
M fo r  constnlct  1011 
I 

Crr 
LaVerkin Springs 
L i t t l e f i e ld  Springs 
Glenwood-Dotsero 
Palo Vordo ID 
Colorado Rivor IR 
Uinta Basin 
Lowe r G u n  i son 
Big Sandy Rivor Unit 
Prico, San Rafael, Dirty 

Devil Rivors 
McElmo Crcok 

Total program 
potent ia l  i m p ~ c t s  
fo r  a l l  u n i t s  

1,ancl 
d i r e c t l y  
affoctod 
.Iactes] 

725 
735 
160 

3,452 
1.000 

5,3374,347 

680 
750 

1.700 

1 

8,477 

Wbter 
depletions 

Solid wastes 
removed (sa 1 t] 

g.000 ,- -- tons/year] 

Change in 
sa l  t con- 
cent ra t  ion 
a t  Irnparlal 

Dam 
Emg/ 13 --- 

Energy 
consumed 

lo6 kwh/yr 

3.6 
68.2 

0 
10.0 
0 

22.4-87 

30.3 
1.5 
I 

1 

* 
* 
1 

ii8.8 - 
P l a n n i n ~  not f a r  orrough advanced t o  provide spec i f ic  impact duto 



s o l i d  wastes, water qua l i ty ,  and energy conslmed. The t a b l e  does not 
necessa r i ly  show a l l  water user  impacts i n  the  lower basin. I t  should 
be noted t h a t  some of these  est imates a r e  now being f ina l i zed  f o r  t h e  
i n i t i a l  un i t s  while o t h e r  da ta  i s  not  ye t  ava i l ab le  f o r  the  remaining 
u n i t s  s t i l l  i n  e a r l y  planning stages.  Hence, t o t a l  cumulative impact 
ana lys i s ,  i n  recognizing t i n e  and locat ion l i m i t a t i o n s ,  can only be 
out l ined a t  t 3 i s  point .  The following discussions o f  t h e  cumulative 
program impacts and re la t ed  environmental f a c t o r s  a r e  intended t o  give 
added dimensions t o  the  t abu la r  and matrix da ta  presented. 

1. A i r  Quali ty 

'Ihe u l t imate  e f f e c t  of CRWQIP on a i r  q u a l i t y  of t h e  Colorado River 
Basin w i l l ,  on a long-term b a s i s ,  a s  indica ted  i n  t a b l e  111-1, be 
negl ig ib le .  Some temporary d e t e r i o r a t i o n  of  a i r  q u a l i t y  can be 
expected during const ruct ion ,  pr imar i ly  from blowing dus t .  

Blowing dus t  can normally be expected from const ruct ion  a c t i v i t i e s  
requi r ing  moving large  volumes of e a r t h ,  such a s  w i l l  Se needed f o r  
dike and pond const ruct ion  a t  t h e  various u n i t s .  However, due t o  
t 5 e  na tu ra l  condit ions of wind erosion,  low h u i d i t y ,  and f i n e  s o i l s  
such local ized ,  manmade excursions may be "masked" by na tu ra l  events .  
Clearing of land w i l l  requi re  removal and d isposal  o f  na t ive  vegeta- 
t ion .  Open burning of  vegeta t ion  w i l l  he r e s t r i c t e d  and only ?er -  
n i t t e d  when s o  allowed by local  ordinance. Some temporary po l lu t ion  
can be expected f r o s  operat ion o f  mechanized vehic les  a t  the  construc-  
t i o n  s i t e .  No e s t i n a t e  of t h e  amount of emissions t o  be released to  
t h e  a t m s p h e r e  i s  ava i l ab le .  Construction r e l a t e d  a i r  po l lu t ion  can 
be expected t o  r e s u l t  i n  i n s i g n i f i c a n t  proport ions a s  measured agains t  
t h e  vas t ,  r u r a l  and renote a i r  sheds of the  Basin. 

Observations o f  e x i s t i n g  b r ine  d isposal  ponds ind ica te  t h a t  no 
adverse influence t o  a i r  q u a l i t y  would r e s u l t  from t h e  various 
proposed b r ine  holding ponds. Blowing dus t  and s a l t  spray dur-  
ing periods o f  high winds i s  expected t o  be nonexistent  o r  
minimal and local  in  its e f f e c t .  

Some hydrogen s u l f i d e  gas has been encountered a t  t h e  Paradox 
Valley Projec t  S i t e  and hence the re  is  a p o t e n t i a l ,  during 
p ro jec t  opera t ions ,  f o r  sone o f  t h i s  gas t o  escape t o  the  a t m s -  
phere. As w i l l  be explained i n  chapter  IV, plans c a l l  f o r  co l -  
l e c t i o n  o f  t h e  gas and d isposal  by oxidat ion.  Consequently, t h e  
p o t e n t i a l  se r ious  impact o f  H2S being re leased t o  t h e  atmosphere 
near  the  Paradox Valley Wnit i s  considered h ighly  r e m t e .  



2. Water Q u a l i t y  

m e  o v e r a l l  cons idera t ion  of r e l a t i n g  s a l i n i t y  c o n t r o l  e f f e c t s  t o  
cumulative s a l i n i t y  i npac t s  of a n t i c i p a t e d  water resource develop- 
m n t  w i l l  r equ i r e  w n t i n a i n g  i n t e n s i v e  study. In  f a c t ,  t h e  Bureau 
o f  Reclanation w i l l  i n i t i a t e  a conprehensive environmental s ta tement  
i n  1977 t o  address  t he  c u r u l a t i v e  i a p a c t s  o f  reclamation a c t i o n s  on 
t h e  Colorado River. In o r d e r  t o  provide sose e a r l y  perspec t ive ,  
however, f o r  a prel iminary overview o f  p ro j ec t ed  s a l t  add i t i ons  and 
reduct ions ,  a surrmary t a b l e  and graph o f  e m u l a t i v e  s a l i n i t y  i npac t s  
i s  provided on the  following page, and i n  f i g u r e  111-la. 

There a r e  t h r e e  major c r i t e r i a  i n  p r e d i c t i n g  f u t u r e  s a l i n i t y  condi- 
t i o n s  i n  t he  Colorado River  system; q u a n t i t y  o f  rwroff,  r a t e  of  
developnent,  and implementation of s a l i n i t y  con t ro l  p r o j e c t s .  Var- 
i ous  e n t i t i e s  have made these  p r o j e c t i o n s  i n  t h e  p a s t  and have 
a r r i v e d  a t  d i f f e r i n g  s a l i n i t y  e s t ima te s  dependent upon t h e i r  input  
c r i t e r i a .  The Progress Report No. 8, W a l i t y  of  Water - Colorado 
River Basin [67],  uses  t h e  hydrologic records f o r  t h e  per iod  1941- 
1974, t he  only  period having ex tens ive  concurrent  runoff and q u a l i t y  
d a t a  during which t h e  aean anma1  v i r g i n  runoff  a t  Lees Ferry was 
a p p r o x i m t e l y  13.9 n i l l i o n  ac re - f ee t .  The corresponding dep le t ion  
l e v e l  f o r  t he  yea r s  1990 and 2000 a r e  p ro j ec t ed  t o  be 13.5 and 
13.9 m i l l i o n  a c r e - f e e t ,  r e spec t ive ly .  Pa r t  o f  which a r e  suppl ied  
by inflows below Lees Ferry. Any dev ia t ion  from t h e  g ro j ec t ed  
dep le t ion  schedule and water  y i e l d  w i l l  change t h e  p red ic t ed  s a l i n -  
i t y  concent ra t ion  a t  Imperial  Dan. 

The graph d i sp l ays  t h e  s a l i n i t y  p ro j ec t ions  on a time sca l e .  
Curve A shows the  shape and nagnitude o f  s a l i n i t y  e f f e c t s  o f  a n t i c -  
ipa ted  basin development wit3out any s a l i n i t y  con t ro l  programs. 
Curve A r ep re sen t s  t h e  e f f e c t s  o f  45 p r o j e c t s  inc luding  planned 
Federal developments which a r e  dependent on au tho r i za t ion  a s  well 
a s  s t a t e ,  l o c a l ,  and p r i v a t e  developnent.  Table VIII-1 l i s t s  
t n e  ind iv idua l  Upper Basin water resource development p r o j e c t s  
which are f u r t h e r  d i scussed  i n  t h e  progress  r epo r t .  The Lower 
Basin water resources development p r o j e c t s  included t h e  Cent ra l  
Arizona P ro jec t ;  S o u t h e n  Nevada Water Supply P ro jec t ,  Stage 11; 
Colorado River Indian Reservation add i t i ons ;  For t  Yojave Indians;  
Chenhuevi Indians;  C i t y  o f  Kingman, Arizona; Lake Havasu I r r i -  
ga t ion  and Drainage 3 i s t r i c t ;  I b j a v e  Steamplant;  and 3 i x i c  Proj-  
ect a l t e r n a t i v e  which were a l s o  taken i n t o  account i n  t h e  progress  
r epo r t .  Curve B shows s a l i n i t y  e f f e c t s  o f  t h e  developnent shown by 
Curve A accompanied by t imely  cons t ruc t ion  o f  t h e  au thor ized  s a l i n -  
i t y  con t ro l  u n i t s  under Publ ic  Law 93-320. Curve C shows t h e  e m u -  
l a t i v e  e f f e c t s  of incorpora t ing  s a l i n i t y  con t ro l  u n i t s  both aa thor -  
ized  and under s tudy,  i n t o  t b e  development curve. In o rde r  t o  
a t t a i n  t h e  1976 s a l i n i t y  s t z i d a r d ,  a d d i t i o n a l  c o n t r o l ,  augmentation, 



SUMMARY OF CUMULATIVE SALINITY IMI'ACTS AT YEAR 2000 
(Avoragc ,annual condit ions)  

Tot a1 S a l t  removal 
deplotions S a l i n i t y  conc. t o  mninraii~ 

(1 ,000 Snl t addod a t  Imperial Dam 879 mg/lit  ra  
Development leva 1 acro- fcot  ) (1,000 tons] (mg/ 1 i t r e )  (1,[)0[) tons) 

*Prosant modified (1974) 11,500 - 86 1 - 
Ident i f ied  projocts2  13,900 8 8 1214 2900 

Srrlinitv control  maasures 
. . . .~ 

Authortzccl (4 un i t s )  

S a l t  removed l 
(1,000 tons) 

Concentration roductio~t  a t  
Imperial Dam (mg/l i t rc)  

4 8 

Undcr investigation (13 un i t s )  1,187 123 

Total 1 ,Gl6 171 

Present m d i f i o d  r e f e r s  t o  h i s t o r i c  condit ions (1941-1374) modified t o  r e f l e c t  a l l  upstream 
e x i s t i n g  projec ts  for  t h e  fir11 period. 

From t a b l e  111-2 + Mcckcr Dome Unit. 
Exist ing and Projcctod. 
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o r  management s t e p s  w i l l  be necessary a s  shown by the dashed l i n e  
o f  Curve D. Thus, weather m d i f i c a t i o n ,  vege ta t ion  management, 
watershed improvement, a d d i t i o n a l  d e s a l t i n g ,  and vari0u.s nonstruc- 
t u r a l  neasurss  remain t o  be considered and s tud ied  i n  d e t a i l .  

In e s t ima t ing  f u t u r e  s a l t  loads ,  i t  has been assumed t n a t  a l l  new 
i r r i g a t e d  land w i l l  con t r ibu te  2 tons  p e r  a c r e  o f  a d d i t i o n a l  s a l t  
loading,  un less  a r e t u r n  flow s tudy  has determined s p e c i f i c  loading 
f o r  t h e  p ro j ec t .  The " ident i f ied1 '  water  resource  p r o j e c t s  would 
c o n t r i b u t e  an add i t i ona l  587,000 tons  p e r  year  t o  t h e  system by t h e  
year  2000. However, t hese  new salt  loading sources would be o f f s e t  
by s a l t  removal from t h e  system by o t h e r  of  t h e  " ident i f ied"  p m j -  
e c t s  through t r ansbas in  d ive r s ion  and "no-salt  re turn"  p o l i c i e s  
appl ied  t o  indus t ry .  Consequently, t h e  ne t  a d d i t i o n a l  sal t  loading 
would 5e only  88,800 tons  p e r  year  which w i l l  have an impact of  
10 mg/litrtr  a t  Imperial  Dam. This  i nc rease  i s  on ly  3 percent  of  
t h e  t o t a l  increase  (353 m g l l i t r e ]  expected by t h e  year  2000 without 
s a l i n i t y  con t ro l .  The remainder i s  due t o  increased  water deple-  
t i on .  Reservoir  dep le t ions  due t o  evaporat ion and o t h e r  s y s t e n  
consunption a r e  a l r eady  r e f l e c t e d  i n  t h e  p re sen t  m d i f i e d  base 
condi t ions .  

The phys ica l  o b j e c t i v e  o f  t h e  s a l i n i t y  con t ro l  program has been gen- 
e r a l l y  e s t a b l i s h e d  a s  r e c o m n d e d  by t n e  1972 EPA Enforcement Con- 
fe rence  [ 4 ] .  The conference recommended t h a t ,  i n  genera l ,  s a l i n i t y  
is t o  be kept a t  o r  below p resen t  l e v e l s ,  while t h e  Upper Basin con- 
t i n u e s  t o  develop its compact-apportioned water ,  recognizing t h a t  
s a l i n i t y  l e v e l s  may r i s e  u n t i l  con t ro l  measures a r e  made e f f e c t i v e .  

La ter ,  t h e  adoption of  numeric s a l i n i t y  criteria as proposed by t h e  
Basin S t a t e s  under Public  Law 92-500 requirements and EPA r e g u l a t i o n s  
provided-'even nore  s p e c i f i c  program ob jec t ives .  The Seven-State 
Colorado River  Basin S a l i n i t y  Control Forum proposed t h e  fol lowing 
flow-weighted average annual numeric s a l i n i t y  c r i t e r i a  f o r  t h r e e  
l o c a t i o n s  in t h e  lower main stem o f  t h e  r i v e r  system a s  follows: 

S a l i n i t y  i n  m g i l i t r e  

Below Hoover Dam 
Below Parker  3am 
Imperial  Dam 

EPA approval o f  t he  Basin S t a t e s 1  proposed s a l i n i t y  c r i t e r i a  was 
announced i n  December 1976. A s  sach, t h e  s a l i n i t y  c r i t e r i a  a t  
Imperial  Dam (879 m g l l i t r e ]  provides a new base l ine  o r  o b j e c t i v e  
on which t o  conpare f u t u r e  cumulative salt  a d d i t i o n s  and reduct ions.  
Control o f  t h e  p o i a t ,  d i f f u s e ,  and i r r i g a t i o n  sources  under s t ady  



The decrease i n  s a l i n i t y  shown in f igure  111-lb f o r  the  period 1977- 
1979 is due t o  projected re l eases  o f  excess flows from s torage  pass- 
ing Imperial Dam. These r e l e a s e s  would be required because an aver- 
age inflow of 15.0 mi l l ion  acre- fee t  would occupy a l l  ava i l ab le  

would provide a reduction o f  about 1.6 mi l l ion  tons annually. A s  
snown in  the t ab le ,  t h i s  level  represents  a concentrat ion reduction 
o f  about 171 mg/ l i t re  a t  Imperial Dam in  the  year  2000 which only 
p a r t i a l l y  o f f s e t s  the  expected m x i m  t o t a l  concentration o f  
1214 mg/ l i tw.  

The Colorado River Basin S a l i n i t y  Control Forum analyzed an a r ray  
o f  runoff and deplet ion l e v e l s  in  developing the  s a l i n i t y  standards. 
The r e s u l t s  o f  one of  t h e i r  analyses a r e  p lo t t ed  i n  f i g u r e  111-lb. 
Curve a represents  the  s a l i n i t y  e f f e c t s  o f  the  an t i c ipa ted  basin 
development without s a l i n i t y  control  neasures. Curve b represents  
the  e f f e c t  of adding the  4 authorized s a l i n i t y  cont ro l  p ro jec t s ,  
12 o f  the  s a l i n i t y  cont ro l  p ro jec t s  under inves t iga t ion ,  and t h e  
adoption of a Ifno s a l t  returnt' policy t o  i n d u s t r i a l  development. 
The Fonun has concluded t h a t  the  s a l i n i t y  s tandards can be main- 
ta ined through 1990. However, recognizing the  inherent  d i f f i c u l t y  
i n  projec t ing  cumulative fu tu re  impacts i n  the  basin,  a key provi- 
s ion  allows f o r  reassessment and review o f  s a l i n i t y  c r i t e r i a  every 
3 years. 

The method of analys is  used by the  Forurn and t h e  Bureau o f  Reclama- 
t i o n  a r e  s i n i l a r .  The input assumptions, however, were d i f f e r e n t  
and the  r e s u l t i n g  projected 1990 s a l i n i t y  l eve l s  a r e  d i f f e r e n t .  
The following is a comparison o f  t!!e assumptions t h a t  went i n t o  
each study: 

Virgin runoff 13,900,000 acre- fee t  15,000,000 ac re - fee t  
(Lees Ferry) 

Depletion level  13,500,000 acre- fee t  12,600,000 ac re - fee t  

S a l i n i t y  c o n t r o l  Completion o f  4 
authorized and 
13 p ro jec t s  under 
inves t iga t ion .  
Assumed no s a l t  
r e tu rn  from la rge  
i n d u s t r i a l  
developaents. 

Completion o f  4 
authorized and 
12 inves t iga ted  
p ro jec t s  (Meeker 
Dome not included) . 
Adoption o f  a "no 
s a l t  re turnfv  pol icy  
t o  i n d u s t r i a l  
development. 
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storage i n  the  basin before the  deplet ion r a t e  reached a level  capa- 
b l e  of consuming the  inflow. The Fomm deple t ion  projec t ions  
include mst o f  the  same p ro jec t s  and developments a s  those of the  
Bureau of Reclamation, however, the  an t i c ipa ted  da te  o f  completion 
f o r  some o f  these is  l a t e r  and t h e i r  projected t o t a l  deple t ions  by 
1990 is  less .  The long-term r ~ ~ ~ o f f  a t  Lees Ferry (1906-1974) is  
14.9 mi l l ion  acre- fee t  and the  Forum adopted a fu tu re  water y ie ld  
c l o s e r  t o  t h a t  number in  t h e i r  a s sessmnt .  

Because of t3e complexity o f  predic t ing  fu tu re  runoff and develop- 
ment in the  basin,  it i s  not a t  a l l  su rp r i s ing  t h a t  the  s a l i n i t y  
predic t ions  a r e  not iden t i ca l .  The fu ture  use o f  mathematical 
m d e l s  w i l l  provide new too l s  i n  projec t ing  and analyzing the  com- 
p lex  operat ion of the  r i v e r  a s  well as the  e f f e c t s  o f  o the r  fu tu re  
s a l i n i t y  control  options.  Improved cumulative impact ana lys i s  w i l l  
depend on continuing, de ta i l ed  conputer-aided s t u d i e s  t o  keep pace 
with a rapid ly  changing r i v e r  system. 

.%reover, a s a l i n i t y  cont ro l  program should be regarded a s  only one 
face t  of  a comprehensive plan f o r  management of  t h e  t o t a l  water 
resources o f  the Colorado River Basin. Total  water management nay 
o f f e r  the  bes t  way t o  plan and contro l  the  i n t e r r e l a t e d  s t r u c t u r e s  
and the  nonstnrctural  aeasures t o  conserve and use l imi ted  basin 
water resources. Under such mnagement, the  e f f e c t s  o f  s a l i n i t y  
would be cont ro l led  a t  l eve l s  s u i t a b l e  f o r  t h e  many uses t o  which 
t h e  water i s  placed. A program t o  accomplish t h i s  ob jec t ive  would 
e n t a i l  evaluat ion and se lec t ion  o f  the  s a l i n i t y  cont ro l  measures 
t h a t  bes t  f i t  within the  t o t a l  water management concept. The bas ic  
concept underlying t o t a l  water management involves: 

0 In tegra t ing  water resources management, water qua l i ty ,  and 
land use planning, 

0 Planning and con t ro l l ing  o f  i n t e r r e l a t e d  s t r u c t u r e s  and 
physical f ea tu res  f o r  improved system nanagenent , 

Examin ing  and evaluat ing  the  e x i s t i n g  systems, i n s t i t u t i o n s ,  
and l ega l  requirements, 

l Displaying a l t e r n a t i v e  plans t o  examine i n t e r r e l a t e d  q u a l i t y  
and quan t i ty  impacts within a r i v e r  basin,  and 

0 Deriving e f f i c i e n t  opera t ional  and managemnt modes f o r  the  
r i v e r  system. 

Under t h i s  approach, more planning e f f o r t  w i l l  be placed on t h e  
evaluat ion of e x i s t i n g  s y s t e m ,  i n s t i t u t i o n s  and l ega l  frameworks 
t o  determine whether operat ions and f a c i l i t i e s  could o r  should be 
m d i f i e d  t o  achieve b e t t e r  managemnt i n  l i g h t  o f  new goals  and 
values. 



The primary, benef ic ia l  impact of water q u a l i t y  i~provement is 
measured i n  econonic terms f o r  U.S. water use r s  i n  the  Colorado 
River Basin. P h y s i c ~ l l y ,  t h e  c o l l e c t i v e  inpact  of the  i n i t i a l  
s a l i n i t y  cont ro l  u n i t s  w i l l  r e s u l t  i n  a decrease in s a l i n i t y  con- 
cen t ra t ion  i n  water de l ivered  t o  m n i c i m l ,  i n d u s t r i a l ,  and a g r i -  
c u l t u r a l  use r s  downstream e o n  t h e  cont ro l  points .  On an annual 
bas i s ,  t h e  estimated i n i t i a l  reduction aeounts t o  over 630 ,200  tons  
of  s a l t  with concentrat ion reduction of  4d ~ g / l  a t  Im?erial 3 m .  
Overall progran impact, a s  now envisioned, could r e x v e  about 
1.6 mi l l ion  tons of s a l t  p r  year from the  r i v e r  system with a 
concentrat ion reduction o f  150 ~ g /  1 a t  Imperial Dan. The bene- 
f i c i a l  irnpacts of s a l i n i t y  reduction w i l l  be r e f l e c t e d  region- 
wide in  s t a b i l i z e d  ua te r  qualities del ivered  t o  over 3 mil l ion  
a c r e s  of i r r i g a t e d  farmland and over 17 mi l l ion  people. Moreover, 
s a l i n i t y  cont ro l  w i l l  allow Upper Easin water resource developnent 
t o  proceed by o f f s e t t i n g  projected s a l i n i t y  increases  accampanying 
new water deple t ions .  Based on recent  Rureau of  ReClamation e s t i -  
mates,f6] t h e  t o t a l  darnages a t t r i b u t a b l e  t o  s a l i n i t y  l eve l s  of t h e  
Colorado River average $230,000 per mg/l increase i n  s a l i n i t y  a t  
Imperial Dan. 

The b e n e f i t s  o f  water q u a l i t y  improvenent t o  a g r i c u l t u r e  a r i s e  
from increased crop y ie lds ,  improved d i v e r s i t y  of crops, decreased 
leaching requirements, and decreased land management wsts f o r  the  
farmer. In t h e  municipal and i n d u s t r i a l  sec to r ,  the  benef i t s  a r i s e  
pr imar i ly  from decreased water treatment cos t s ,  decreased pipe 
corros ion and appliance wear, decreased consumption r a t e s  of soap 
and detergents ,  and inproved p o t a b i l i t y  of  drinking water. Direct 
e f f e c t s  o f  lower s a l i n i t y  o r  lower hardness i n  drinking water on 
human hea l th  remains i n  doubt a s  t o  r e l a t ed  incidences of hea r t  
d isease ,  l i f e  expectancy, and o the r  hea l th  d isorders .  

In t h e  long-term, water q u a l i t y  improvement w i l l  a id  i n  s t a b i l i z -  
ing a g r i c u l t u r a l  industry i n  t h e  Basin and should extend e x i s t i n g  
land use and t h e  a g r i c u l t u r a l  industry segments of the  economy. 

Another benef i c i a l  e f f e c t  of s a l i n i t y  reduction w i l l  be r ea l i zed  
i n  t h e  s t a b i l i z e d  q u a l i t y  of r i v e r  water used t o  recharge ground- 
water r e se rvo i r s  in t h e  water se rv ice  a r e a s  of t h e  Lower Basin. 
Iience, sources of water supplied frum ground-water s torage  recharged 
with r i v e r  water w i l l  have long-term a v a i l a b i l i t y  t o  meet f u t u r e  
demands i n  various se rv ice  a reas .  

Under recent  agreements, t h e  q u a l i t y  of  Colorado River water 
de l ivered  t o  t h e  Republic of Mexico is based on s a l i n i t y  l e v e l s  a t  



Imperial Dam. Thus, s a l i n i t y  con t ro l s  under the  CRPJqIP become very 
important t o  continued in te rna t iona l  g o d w i l l  and w i l l  a l s o  r e s u l t  
in  an acceptable water  q u a l i t y  t o  water users  in  the  Mexicali- 
San h i s  Valley of  Fdexico where approximately 430,000 a c r e s  of  
i r r i g a t e d  a g r i c u l t r u a l  lands nay be a f fec ted .  

Adverse e f f e c t s  on water q u a l i t y  assac ia ted  with the  program 
r e s u l t s  p r i m r i l y  f ron  construct ion a c t i v i t i e s .  Construction of  
f a c i l i t i e s  i n  o r  ac ross  ex i s t ing  flowing streams o r  r i v e r s  w i l l  
cause same temporary increase  i n  t u r b i d i t y  downstrean from t h e  
cons t ruct ion  area.  The tenporary t u r b i d i t y  w i l l  have no s i g n i f i -  
cant  e f f e c t  on s e d i n e n t ~ t i o n  i n  inpoundments. Fish species  inhab- 
i t i n g  these  s t r e a m  however may be temporarily a f fec ted  by tu rb id  
condit ions.  Hater q u a l i t y  could be reduced i n  t h e  i m e d i a t e  a rea  
during periods o f  t u r b i d i t y ,  and assoc ia te3  rec rea t iona l  a c t i v i -  
ties, where allowed, m y  be temporarily inpaired.  

In the  long term, however, construct ion of d i f f u s e  source cont ro l  
u n i t s  w i l l  suppress na tu ra l  erosion r a t e s  and reduce sedinents  
c a r r i e d  i n t o  t h e  t r i b u t a r i e s  of the  Colorado River. 

Evaporation ponds associa ted  with several  cont ro l  u n i t s  a r e  expected 
t o  be l ined  o r  su i t ab ly  t r e a t e d  t o  insure  tha t  br ine  o r  o ther  waste 
ma te r i a l s  do not  contaminate nearby surface  o r  ground-miter systems. 
The ponds w i l l  be designed t o  accommdate floodflows and accuarulated 
sediments . 
3. Water Quantity 

Aside f r o m  t h e  benef i t s  of water q u a l i t y  improvenent, t o t a l  water 
ava i l ab le  i n  t h e  r i v e r  system f o r  downstream u s e r s  w i l l  be reduced 
by the  point  source and d i f f u s e  source cont ro l  u n i t s  o f  t h e  Colo- 
rado River Water Q m l i t y  Improvenent Program. These water deple- 
t i o n s  w i l l  r e s u l t  p r i m r i l y  fran evaporation t o  t h e  atmosphere from 
br ine  impoundment. Tota l  deple t ions  fo r  a l l  cont ro l  u n i t s  range 
f ron 36,720 t o  116,370 ac re - fee t  per  year a s  shown i n  t a b l e  111-2. 
This  level  of  water deple t ion  due t o  s a l i n i t y  cont ro l  may have 
some l ega l  implicat ions concerning l o s s  a l l o c a t i o n s  between t h e  
Basin S t a t e s  according to  t h e  present law of the  r i v e r .  

The 116,370 ac re - fee t  m a x i m  pro jec t  deple t ion  represents :  

(I) About 1 percent o f  e x i s t i n g  Colorado River Basin deple- 
t i o n s  f o r  1974, and w i l l  drop t o  l e s s  than 1 percent 
in  year  2000; 

(2) only 1 percent o f  the  t o t a l  hydroelec t r ic  energy generated 
on the  Colorado River System annually; 



(3) about 13.7 percent o f  ?&I diversion* f o r  1980, 6.9 per-  
cent  o f  H&I d ive r s ions  f o r  year  2000, and 4 .2  percent 
o f  M&I divers ions  f o r  year  2020. 

+ Diversion requi reaents  f o r  the  Lower Basin excluding d ive r -  
s ions  t o  southern Cal i fornia ' s  Metropolitan Water D i s t r i c t .  

The water losses  accrued t o  cont ro l  point  and d i f f u s e  sources may 
be somewhat o f f s e t  by p o t e n t i a l  reductions in divers ions  expected 
fnwn i r r i g a t i o n  e f f i c i ency  inprovements. This  assumes t h a t  some 
p o t e n t i a l  water remaining i n  t h e  r i v e r  by way of  decreased irri- 
gat ion  d ivers ion  wwld be ava i l ab le  f o r  uses in o the r  places.  
This would requi re  a l l  water r i g h t s  within the  basin area  a d  
downstream reaches t o  be f u l l y  recognized and necessary works con- 
s t ruc ted  t o  d e l i v e r  the  water. 

4.  Land Use 

The const ruct ion ,  operat ion and naintenance o f  the  proposed u n i t s  
w i l l  requi re  long-term use  of land for t h e  pernanent and a t tendant  
f a c i l i t i e s .  Temporary use o f  t h e  land w i l l  be needed during con- 
s t r u c t i o n  fo r  borrow a reas ,  equipment s torage ,  se rv ice  a reas ,  and 
trailer camps. 

Overal l ,  mre than 8,000 a c r e s  o f  land ( t ab le  111-2) may be 
d i r e c t l y  and adversely a f fec ted  due to inundation from br ine  
evaporation ponds and o t h e r  s t r u c t u r a l  f ea tu res .  The land- 
r e l a t e d  impacts include t h e  rights-of-way required f o r  cont ro l  
u n i t  purposes, involving p r iva te ,  S t a t e ,  and Federal lands. 9hch 
of  t h e  d i r e c t l y  a f fec ted  land use w i l l  r e s u l t  i n  a r i d ,  rangeland 
conversions t o  s a l i n e  aqua t i c  ecosystems. Secondary land-use 
changes a r e  a l s o  expected t o  b associa ted  with i r r i g a t i o n  effi-  
c iency improvements which could bring marginal lands i n t o  
product ion. 

Brine impoundment. - Many of t h e  s t r u c t u r a l  nudes o f  s a l i n i t y  
control  involve t h e  r m v a l  o f  s a l t s  a t  t h e  source by c o l l e c t i o n  
systems, irapoundnent, and evaporation. The primary land changes 
a r e  associa ted  with water impoundments or b r ine  evaporation 
ponds replac ing a r i d  rangeland, grazing land and m e  a g r i c u l t u r e  
1 and. 



Impoundment r e se rvo i r s  must be designed not only t o  accumulate 
and s t o r e  t h e  dissolved s a l t s  but would a l s o  provide storage 
space f o r  sedinent  and f lmdf lows.  

The Bureau of Reclamation is  cont inual ly  researching f o r  b e t t e r  
q u a l i t y  l i n e r s  o r  permanent sea l ing  methods in  e f f o r t s  t o  pre- 
vent leakage. Texas Gulf Inc. in !hab a s  well a s  o the r  sources 
has been inves t iga ted  in  t h i s  regard t o  obtain i n f o m a t i o n  
gained e i t h e r  through ac tua l  experience or experiments. Design 
c r i t e r i a  f o r  pond sea l ing ,  types of l i n e r s ,  pe rneab i l i ty ,  and 
geology may vary a t  d i f f e r e n t  s i t e s  and appl icable  c r i t e r i a  
w i l l  be discussed i n  t h e  individual  EIS o r  a s s e s s m n t  f o r  each 
u n i t  t h a t  f e a t u r e s  an evaporation pond. 

The a rea  o f  rangeland and a g r i c u l t u r e  lands inundated m l d  vary 
due t o  per iods  of drought or  high evaporation r a t e s  and some 
f luc tua t ion  i n  water depth should be expected. Evaporation would 
reduce t h e  b r ine  valune, leaving the  sediment and s a l t  i n  t h e  
impoundment area .  The concentrat ion of these  s a l t s  a s  well a s  
the  volume o f  water inpounded w u l d  gradually increase with t i n e .  
Impoundment sites w i l l  be se lec ted  t o  provide a minimum evapora- 
t i o n  pond l i f e  of 50 t o  100 years. With t h e  f i l l i n g  o f  the  
b r ine  pond, t h e  remaining salt, sediment, and d e b r i s  w i l l  be 
reevaluated t o  a s su re  t h a t  t h e  so l id  waste n a t e r i a l s  do not  
r een te r  surface  o r  ground-uater s y s t m s .  

With some exceptions, during t h e  e a r l y  s t ages  o f  operat ion,  t h e  
b r ine  evaporation ponds could be inadver tent ly  used a s  water 
supply f o r  l ives tock o r  t o  nearby w i l d l i f e  hab i t a t .  Table 111-3 
shows t h e  maximum concentrat ions of dissolved s o l i d s  t h a t  can 
be to le ra ted  by domestic animals without danger o f  in jury .  
However, t h e  to lerance  of animals v a r i e s  considerably and is 
thought to depend upon m n y  f a c t o r s  including heal th ,  s a l t  
content  of t h e  d i e t ,  and t h e  nature  of  t h e  s a l t s  involved. A s  
a r u l e ,  no animal w i l l  by choice dr ink  s a l i n e  water when b e t t e r  
water is avai lable .  Consequently, i n  general ,  b r ine  ponds w i l l  
be se l f - l imi t ing  t o  animals and wi ld l i f e  use  a s  concentrat ions 
increase.  

An important na tu ra l  phenomenon having an Impact on t h e  q u a l i t y  
o f  inpounded b r ine  water is s t r a t i f i c a t i o n .  However, t h e  devel- 
opment of  s t r a t i f i c a t i o n  and accmpanying anaerobic condi t ions  
a r e  not expected t o  be a problem unless  excessive q u a n t i t i e s  of 
n u t r i e n t s  or organic  mtcritl f ind  t h e i r  way i n t o  t h e  impound- 
ments. ?loreever, a s  t h e  impoundments a r e  r e l a t i v e l y  s b l l o w ,  
t h e  prevai l ing  wind Conditions w i l l  induce a c e r t a i n  amount of 



Table 111-3 

S.UE UPPER LIY4ITS 01: I)IS.WI.\'ED SOLIDS 
CONCEY'TUTIONS IS WATER FCR LIVESTOCK 1661 

Threshold s a l i n i t y  
concentrat ion fmg/ 1) 

Poultry 
Pigs 
Horses 
Dairy c a t t l e  
B e e f  c a t t l e  
Sheep 

nixing which w i l l  reduce m y  s t r a t i f i c a t i o n  of  layers containing 
d i f fe ren t  d e n s i t i e s  of  minerals i n  solut ion.  Sane r n ~ t r i t i o n a l  
pol lu t ion o r  eutrophicat ion can he expected and w i l l  be charac- 
t e r i zed  by excessive algae growth. However, t h e  projected high 
dissolved s o l i d s  concentrat ions i n  wst of the impounded waters 
m y  l i m i t  t h e  presence of  most tpes of algae. 

Wind erosion of br ine  i n p x m h m t s  would be c o n f i n d  t o  the  
beach and f l o o r  areas  of t h e  r e s e m o i r  d u r i n ~  periods when t h e  
pools a r e  a t  very low leve l s  or empty. The a f f e c t s  of  wind 
erosion and blowing s a l t  should be neg l ip lh le  because of the  
cementing ac t ion of t h e  various p rec ip i t a ted  s a l t s  f r o m  t h e  
br ine .  

Rapid and l i k e l y  severe changes i n  t h e  vegetat ion now r i m i n g  
the  inpunding  sites can be expected as  the sediments mnd s a l t s  
accumla te .  A zone devoid of  any na t ive  vegetation is expected 
t o  develop a t  l e a s t  thtaugh the high wat.ennark. Some halophytic 
vegetat ion can be expected t o  invade t h i s  zone i n  t h e  i n i t i a l  
pond use, but these toa may f a i l  with t i n e .  Brine ponds m y  
contr ibute  to t h e  m s q u i t o  prohlen, a t  l e a s t  i n  the  i n i t i a l  
s t ages ,  After the  brines begin concentratfng and pond vege- 
t a t i o n  is eliminated, condit ions fo r  maintnining vector  h a b i t a t  
w i l l  change. In t h e  long term, concentrated br ines  i n  t k e  ponds 
w i l l  he h o s t i l e  t o  m s q u i t o  production. The land surface  thus 
a f fec ted  w i l l  not only be sterile, but nay be something less 
than e s t h e t i c a l l y  p leas ing t o  t h e  eye. 



,U tu ra l  salt playas and dry  lakebeds a r c  sca t tered  throughout 
t h e  Colorado River Basin and g ive  testimony a s  t o  fu tu re ,  long- 
term land and vegeta t ive  inpac t s  of br ine  impoundment. In t h e  
shor t  o r  mid-term, evaporation ponds w i l l  contain watar and 
w i l l  give t h e  appearance of  e i t h e r  na tu ra l  lakes o r  small nan- 
made rese rvo i r s .  F r o n  t he  a i r  such water would appear t o  have 
a d i s t i n c t i v e  blue c a s t  r e s u l t i n g  from t h e  presence of t h e  s a l t s .  
In sone aspects ,  t h e  br ine  ponds envisioned m y  a l s o  resemble 
the  a r t i f i c i a l  o r  i n d u s t r i a l  ponds s i t e d  near p p u l a t e d  areas .  
In such cases,  t h e  s i t i n g  of t h e  ponds w i l l  be such a s  t o  not  
be i n  disharmony with t h e  surrounding a rea .  

I t  is not  expected t h a t  any surface o r  ground-water contamina- 
t i o n  w i l l  t ake  p lace  due t o  br ine  impoundment, s ince  t h e  reser- 
vo i r s  w i l l  be confined t o  remote areas  of r e l a t i v e l y  inpermeable 
s o i l  condi t ions  and favorable geology. Impervious ponds o r  
embankment l in ings  w i l l  be used in  s p e c i f i c  areas  where b r ine  
cannot be contained s a f e l y  under known site condit ion.  

Biological environmental impacts o f  b r ine  impoundment ponds 
a f f e c t i n g  w i l d l i f e  can only be iden t i f i ed  in general tcrns 
a t  t h e  present  time. Brine impoundments have been i d e n t i f i e d  
i n  t h e  pas t  with outbreaks of  avian h t u l i s m  and fowl cholera 
a f f e c t i n g  only wi ld l i f e .  

A t  p resent ,  commercial use f o r  t h e  s tored  s a l t  i n  t h e  br ine  
ponds i s  no t  economically f e a s i b l e .  Future commercial use of 
accuwla ted  salt i s  a p o s s i b i l i t y  and w i l l  be considered, 

I r r i ~ a t i o n  inrprovements. - Under t h e  CRWQIP, the  implementation 
o f  the  Water Systems Improvement (WSI) program complemented by 
the  I r r i g a t i o n  Management Services (MS) program and t h e  onfarm 
I r r i g a t i o n  Systems and Management Improvement Frogran should 
s i g n i f i c a n t l y  reduce t h e  salt loading o f  t h e  Colorado River by 
i r r i g a t i o n  i n  the  Basin. 

Under t h e  new techniques o f  i r r i g a t i o n  improvements, t h e  primary 
cumulative environmental inpac t s  of  these  prograns w i l l  be i n  
land and water use,  and vegetat ion e f f e c t s .  

The land-related impacts of t h e  i r r i g a t i o n  source cont ro l  u n i t s  
on s o i l s  would he t o  reduce t h e  leaching of n u t r i e n t s  from t h e  
r o o t  zone. In addi t ion ,  theze  would probably be a gradual 
increase  i n  t h e  s a l i n i t y  o f  the  lower sail p r o f i l e  with time 
and same change i n  s o i l  s t r u c t u r e s  r e s u l t i n g  from lowered water 
t a b l e s  and reduced water movement through t h e  s o i l  p r o f i l e s .  



Improved i r r i g a t i o n  e f f i c i ency  w i l l  r e s u l t  i n  lower gmund 
water l eve l s  and reduce the  c a p i l l a r y  use and p rec ip i t a t ion  of 
s a l t s  i n  the  root  zone. 

The concrete l i n i n g  of  the  canals  and l a t e r a l s  would el iminate 
t h e  erosion problems associa ted  with present  l a t e r a l s  and canals .  
Reduced surface  runoff from f i e l d s  due t o  more e f f i c i e n t  i r r i g a -  
t i o n  p rac t i ces  could a l s o  reduce erosion horn these  f i e l d s .  
Reduced flows i n  d ra ins  and hashes due t o  m r e  e f f i c i e n t  water 
use  would reduce erosion along these  waterways. The erosion 
reductions would r e s u l t  i n  a soils saving i n  t h e  loca l  irrie- 
t i o n  a r e a s  p lus  a reduction i n  s i l t a t i o n  and s a l t  loading of 
t h e  Colorado River. 

Preliminary data  ind ica te  t h a t  through proper app l i ca t ion  of 
water and i q r o v e d  f a r n  systems, a 60 t o  70 percent onfarm irri- 
gat ion  e f f i c i ency  could be reached, as measured agains t  present  
l e v e l s  of 30 t o  40 percent.  To reach the  ef f ic iency,  f u l l  coop-. 
e ra t ion  of t h e  i r r i g a t o r s  i s  necessary with strict adherence 
t o  the  lblS and WSI programs. Sane expected water d ivers ion  
savings could be achieved if allowances were made to mike t h e  
"saved" water ava i l ab le  f o r  o the r  uses.  Since the  I?!S program 
and the  onfarn i r r i g a t i o n  improvements program is  now voluntary 
and water use r  organizat ions a r e  under no contrac tual  ob l iga t ion  
t o  reduce salt loading of r e tu rn  flows, t h e  overa l l  impacts of  
widespread program app l i ca t ion  a r e  d i f f i c u l t  t o  predic t .  

Conditions conducive to t h e  WSI program and re turning a por- 
t i o n  of  i d l e  land t o  p r d u c t i o n  a r e :  (1) l i n i n g  of canals ,  
(2) i n s t a l l i n g  new, improved s t r u c t u r e s  f o r  better water con- 
trol, (3) combining cana l s  and l a t e r a l s ,  (4) using enclosed 
pipe,' (5) t imely app l i ca t ion  of water i n  proper amounts and 
(6) onfarm i r r i g a t i o n  improvements. I d l e  lands located i n  
s a l i n e  seep a r e a s  near  canals  and those located near t h e  
Colorado River should eventual ly become productive a reas  with 
a combination o f  proper water management, drainage, and onfarm 
improvements. These kinds of s t r u c t u r a l  neasures,  (1) thmugh 
( 6 ) ,  a r e  subjec t  t o  negot ia t ion  f o r  cost-sharing arrangements 
with Federal Funds. 

The acreage est imate o f  reclaimed would depend upon t h e  d e s i r e  
and wil l ingness o f  t h e  individual  landowners i n  these  unproduc- 
t i v e  a reas  t o  attempt t o  reclaim these  lands. 

Agriculture lands. - Abaut 1,100 a c r e s  o f  i r r i g a t e d  pas ture ,  
orchard,  a l f a l f a  and general  f i e l d  crops w i l l  be required f o r  



a desal t ing plant,  evaporation ~ n d  and water r igh ts  t o  spring 
flow. In addit ion t o  the production loss  of these lands t o  
agr icul ture ,  a small mount of pheasant and other wi ld l i fe  
habi ta t  w i l l  be l o s t .  Also, about three  families l iv ing on 
farms within the  t o t a l  Basin area w i l l  be displaced. 

B a r r o w  areas.  - Pmjec t  construction within un i t  areas con- - 
taining inadequate or msui t ah l e  ea r th  materials  will require 
excavation of adequate na t e r i a l s  from borrow areas.  The u t i l i -  
zation of areas fo r  borrow w i l l  be r e s t r i c t ed  and controlled. 

Borrow areas  required for  construction w i l l  destroy exis t ing 
vegetation and displace associated wi ld l i fe  a t  the  borrow s i t e .  
The extent of the  impact on es thet ic  values, natural  vegetation, 
and wi ld l i fe  habi ta t  w i l l  be considered in  choasing the  location, 
s ize ,  and configuration of the  borrow areas .  Nomally, no 
seeding o r  replanting of the  borrow areas is required under the  
general construction specifications.  Where construction w i l l  
have a high impact, the  areas wi l l  be restored t o  t h e i r  o r ig i -  
nal condition a s  muc5 as  possible. In areas where str ipping,  
grubbing, o r  removal of topsoil  w i l l  be required t o  provide 
access t o  the desired material,  the  replaced topsoil  should 
contain adequate seed f o r  revegetation. 

Restoration of borrow areas  w i l l  be accomplished hy reshaping 
the p i t  t o  blend with surrounding te r ra in .  The areas w i l l  be 
provided with gradual slopes and drainage features  t o  prevent 
erosion and undesirable pnd ing  of water. In some s i tuat ions ,  
the  en t i r e  borrow areas m y  be covered with topsoil  if feas ible .  
The area w i l l  be scar i f ied or  ripped on the  contour t o  c rea te  a 
mugh surface capable of entrapping moisture, thereby enhancing 
natural  and supplemental revegetation. Stagnation of pond water 
and possible mosquito breeding may a lso  x c u r  a t  t ines .  I r r i -  
gation may a l so  be considered t o  a s s i s t  with the  reestablishnent 
of native vegetation i n  borrow areas when feasible .  

Precipitat ion w i l l  generally control  the  recavery t i n e  neces- 
sary for  vegetation and ear th  materials  t o  reach a level  of 
e s the t i c  acceptance f o r  each segment of the  project .  Limited 
res torat ion of native vegetation i n  borrow areas w i l l  5e 
attempted when feasible .  

Transmission l ines .  - Rights-of-way w i l l  be required for  
transmission l ines  t o  the  desalt in^ plants and to  other proj- - - 
e c t  f a c i l i t i e s .  The anount of land iequired f o r  t h i s  purpose 
has not been estimated. I t  is p r o ~ s e d  t o  construct  these 



l i n e s  along e x i s t i n g  cor r idors  and tapped i n t o  ex i s t ing  l i n e s  
t o  t h e  g r e a t e s t  extent  p s s i b l e .  Substat ions w i l l  be located 
a t  t3e desa l t ing  c o ~ p l e x .  ';he power source f o r  t h e  d e s a l t i n g  
complexes is present ly  under study. 

The p r inc ipa l  i apac t  of t h e  i n s t a l l a t i o n  w i l l  be v i sua l  by 
nature .  The t m m i s s i o n  l i n e s  w i l l  be constructed on s ing le  
wood poles approximately 60 f e e t  high and w i l l  follow e x i s t i n g  
c o r r i d o r s  and rights-of-way t o  t h e  g r e a t e s t  extent  poss ib le .  

Construction access mads  and camps. - Construction access 
roads w i l l  be necessary t o  f a c i l i t a t e  t h e  work and al low s a f e  
t r a v e l  of  cons t ruct ion  personnel.  Exist ing roads i n  t h e  cont ro l  
u n i t  a reas  w i l l  be used where poss ib le  f o r  access  t o  t h e  con- 
s t r u c t i o n  area .  Some new road const ruct ion  o r  road improvement 
n igh t  be required f o r  access t o  any a l t e r n a t i v e  s i t e  se lec ted .  
Sone roads w i l l  need t o  be inproved t o  handle t h e  necessary 
increase i n  cons t ruct ion  t r a f f i c .  Exist ing roads i n  good con- 
d i t i o n  and capable of handling t h e  an t i c ipa ted  increase  i n  
t r a f f i c  w i l l  need t o  be maintained i n  t h e i r  present  o r  improved 
condit ion.  Ind i sc r i a ina te  c r e a t i o n  o f  new t r a i l s  w i l l  be con- 
t r o l l e d  on Federal lands under provisions of  Executive Order 
No. 11644. 

Construction roads and o n s i t e  equipnent s torage  a reas  necessary 
f o r  o rde r ly  cons t ruct ion  w i l l  be located within t h e  p ro jec t  
right-of-way whenever p s s i b l e .  Construction access  m a d s  w i l l  
5e closed t o  t h e  general y b l i c .  R e  closed roads should l i m i t  
t h e  con t rac to r ' s  l i a b i l i t y ,  promote public  sa fe ty ,  and prevent 
unnecessary disturbance o f  surrounding u n s p i l e d  d e s e r t  a reas .  
Uwn completion of cons t ruct ion ,  a l l  used o r  use less  equipment, 
supplies ,  buildings,  and personal property w i l l  be dismantled 
and/or removed from t h e  cons t ruct ion  a rea  and disposed of i n  
an acceptable manner and i n  conformance with current  policy. 
Temporarily d is turbed a reas  w i l l  be r e s to red  o r  returned a s  
nea r ly  a s  p rac t i cab le  t o  the  o r i g i n a l  condit ion o r  t o  comple- 
ment t h e  na tu ra l  surroundings. 

Kith t h e  exception o f  small tenporary t r a i l e r  camps, no new 
const ruct ion  camps f o r  personnel h i l l  be required. The only 
t r a i l e r  camps an t i c ipa ted  are those associa ted  with t h e  con- 
s t r u c t i o n  f i e l d  o f f i c e s .  Piis would include o f f i c e s ,  mainte- 
nance f a c i l i t i e s ,  and l ive - in  s e c u r i t y  guard quar ters .  Water 
and sewage f a c i l i t i e s  i n  these  areas  of concern a r e  nonexist- 
en t .  Temporary water and sewage f a c i l i t i e s  m e t i n g  t h e  requi re-  
ments of Federal and S t a t e  hea l th  laws w i l l  be es tabl i shed.  



Temporary t r a i l e r  camps w i l l  be provided with por table  chemical 
f a c i l i t i e s  when other  appropriate methods of sewage d isposal  
a r e  not ava i l ab le .  

Exist ing towns i n  t h e  general a r e a  o f  cons tmct ion  w i l l  provide 
temporary housing, n a t e r i a l  s torage and const ruct ion  f i e l d  
o f f i c e  sites. The s a n i t a t i o n  f a c i l i t i e s  i n  some smll towns 
nay have t o  be supplemented t o  neet  t h e  increase i n  temporary 
population and const ruct ion  o f f i c e  locat ions .  These problems 
w i l l  need t o  be resolved by t h e  local  community in compliance 
with t h e  appl icable  r egu la t ions  of  t h e  concerned S t a t e  Health 
Departments and the  Environmental Protec t ion  Agency. One 
a r e a  o f  concern may be t h e  occasional construct ion worker 
who m u l d  use  a camp t r a i l e r  o r  pickup-type camper temporarily 
within t h e  construct ion v i c i n i t y .  Responsibi l i ty f o r  l imi t ing  
t h i s  type of housing m u l d  r e s t  pr imar i ly  with t h e  landowner. 
Contractor 's  employees nay be discouraged from t h i s  p r a c t i c e  
by t h e  con t rac to r ' s  work schedule, cont rac tual  r e l a t ionsh ips ,  
and t h e  establishment o f  adequate f a c i l i t i e s  within t h e  r i g h t -  
of-way boundaries or nearby communities or on p r i v a t e  lands. 

Environmental impact of  these  construct ion f a c i l i t i e s  w i l l  
be t e n p r a r y  i n  nature.  The removal o f  bui ld ings  and f a c i l i -  
t ies w i l l  eventual ly r e t u r n  t h e  a r e a  t o  the  bas ic  o r ig ina l  con- 
d i t i o n .  The temporary disturbance o f  vegetat ion,  w i l d l i f e ,  
and e s t h e t i c  values w i l l  be eliminated soon a f t e r  construct ion 
i s  conpleted. 

Waste mater ia l  d i s p s a l .  - Normally, a l l  excavated n a t e r i a l  
m s d  f o r  embankment cons t ruct ion  within t h e  projec t .  
Areas required f o r  disposal  of  excess material  w i l l  be evalu- 
a ted  along with t h e  po ten t i a l  borrow a reas  t o  lesson any neg- 
a t i v e  aspects .  The d isposal  of excavated waste mater ia l  w i l l  
cause a temporary l o s s  of ex i s t ing  vegetat ion and e s t h e t i c  
values i n  and around t h e  d e p s i t  a r e a ,  K i l d l i f e  i n  t h e  i m e d i -  
a t e  v i c i n i t y  may be d is rupted  by the  construct ion a c t i v i t y .  
Kaste mater ia l  w i l l  be placed in low p r o f i l e  a r e a s  and shaped 
to conform t o  na tu ra l  l i n e s  and ex i s t ing  t e r r a i n .  

h e  t o p s o i l  containing vegetat ion,  seeds, and material  unsui t -  
a b l e  f o r  cons t ruct ion  purposes w i l l  necessa r i ly  be noved. The 
n a t e r i a l  w i l l  be deposited i n  such a manner t h a t  t h e  upper l aye r  
w i l l  support na t ive  vegetat ion.  Planting of na t ive  vegetat ion 
w i l l  be accmpl i shsd  whenever f e a s i b l e .  

lanb-rotated impacts an t h e  hman environment. - These impacts 
\ i x - a t i o n .  ~ m o -  
graphic projec t ions  for '  t h e  colorado River Wsin  ind ica te  an 



i~crease in population and concanitant land use. These pro- 
jections are not dependent upon ccmstruction of the salinity 
control units Ror upon in~rtation of augmentation water. 
Indications are that the ~pulation will continue to grow in 
water-short areas in spite of the existing water shortages. 

5. Vegetation 

The overall inpacts of the construction of project units u F n  
the plant communities would 5e t5e loss of ap?roximately 8,000 
acres of vegetation. This would involve the loss of vegetation 
through clearing and construction activities along canals and 
construction of desalting plants and evaporation ponds. 

The long-tern effect of the project on vegetative growth would 
be directly related to the changes in the surface and ground 
water. Lowering of water tables, reduced flows in drains and 
washes, artd the drying un of seep areas would affect the native 
plants. Some changes would occur rapidly, for example the drying 
up of a seep area below a leaking canal. Other changes k w l d  be 
gradual, as several years would ~ s s  before a new equilibrium 
between surface and ground waters becanes established. 

Impenriaus concrete canals would cause seep areas to dry up 
and become unsuitable for phreatophytes and hydrophytes. Eou- 
ever, some lined canal leakage can he expected through cracks 
and expansion joints. These probable reductions in phreato- 
phytic growth are difficult to quantify at this time, but could 
be substantial. With the decline of vegetation in these areas, 
fiowever, corresponding reductions in vector ppulations could 
be expected with the reduction of seep areas and marsh habitat. 

In general, as depth to ground kater increased, some plant g m p -  
ings could becme less vigorous and more scattered. One species 
might replace another; for examle, deep-mted greasewmd plants 
might replace the relatively shallow-rooted willow in local areas, 
or willow might replace cattails in others. In the riparian 
habitats along the Colorado River and its tributaries, m j o r  changes 
would not be expected because the river would maintain water levels 
along the flood ?lains. 

It is possible tbat windblown salt from evaporation ponds could 
affect native vegetation in the inmmediate surrounding land, but 
the extent of this i w c t  is not knowt. Algae erowth within the 
evaporation ponds is expected to occur on a short-tern basis but 
would subside as salinity concentrations reach intolerable level. 



The revegetat ion process would be slow and uould be a c c o ~ p l i s h e d  
by seeding and t ransplant ing  along canals  and o ther  a r e a s  following 
const ruct ion .  Considerable na tu ra l  revegetat ion would be expected 
t o  occur e spec ia l ly  i n  r i p a r i a n  a reas  present ly  denuded o r  where 
vegetat ion is  inhibi ted  due t o  s a l i n e  flows. 

6. Wetlands 

Small a reas  of hydrophytes occttr throughout t h e  Basin. Onfarm 
I r r i g a t i o n  Systems and Management Improvement, I r r i g a t i o n  Yanage- 
ment Services,  and Water Systems Improvement m y  a f f e c t  such land 
areas.  

When s i t e  s p e c i f i c  improvements are proposed, the re  w i l l  be an 
evaluat ion of s i t e  s p e c i f i c  impacts on w i l d l i f e  h a b i t a t  t h a t  w i l l  
include determining wetland type (USFKS Circu la r  39, Wetlands o f  
t h e  U.S.) and quanti ty.  

I t  i s  expected t h a t  ground-water l e v e l s  will be lovered somehwhat 
with improvement i n  i r r i g a t i o n  e f f i c i e n c i e s  and reductions i n  dra in-  
age r e t u r n  flows. Consequently, a change is an t i c ipa ted  i n  t h e  
p a t t e r n s  and dens i ty  of vegetat ion dependent on ground water. 
Drainage w i l l  continue t o  be provided i n  i r r i g a t e d  a reas .  A lower 
water t a b l e  would e l iminate  same seep areas ,  thus  reducing vector  
(mosquitoes) hab i t a t ,  thereby reducing t h e i r  population and publ ic  
hea l th  hazards. 

7. Recreation 

The o v e r a l l  ~ o g m  w i l l  genera l ly  have an adverse e f f e c t  on 
recrea t ion .  Large t r a c t s  of open space will be needed f o r  t h e  
various br ine  evaporation ponds. The a r e a s  f o r  t h e  p n d s  a r e  
mostly dese r t  land and t h e  major form of recrea t ion  ef fec ted  
will be off-road vohic le  (ORV) use. I t  i s  expected, however, 
t h a t  cons t ruct ion  of t h e  var ious  f a c i l i t i e s  and access  m a d s  cauld 
open up o t h e r  adjacent  lands t o  ORV use. The cumulative losses  
of water due t o  s a l i n i t y  cont ro l  u n i t s  w i l l  no t  adversely a f f e c t  
t h e  main streamflows and re la t ed  r e c r e a t i o n  po ten t i a l  o f  r i v e r s  
adjacent  t o  u n i t  a reas .  

A s  mentioned under the  discussion of Vegetation Impacts, t h e  
reductfan of vegetat ion as a result Qf th6  TbfS and WSI programs 
w i l l  lead t o  reduction af w i l d l i f e  using this  h a b i t a t .  This  
w i l l  i n  tu rn  r e s u l t  i n  a reduction i n  hunter use of s n a l l  game 
and b i r d s  that use  t h i s  h a b i t a t .  



Sharp local  reductions i n  s a l i n i t y  of  waters enter ing  t h e  Colorado 
River nay have a benef i c i a l  e f f e c t  on f i s h  l i f e  in  those a reas ,  
i . e . ,  Poston rmsteway and Palo Verde d ra in .  I f  f i s h  l i f e  were 
t o  improve i n  these  areas  then the re  could be a corresponding 
increase  i n  fisherman use of  the  sane a rea .  

Construction of  the  b r i c e  evaporation ponds could provide a su r -  
f ace  water source th t  could be u t i l i z e d  f o r  l i n i t e d  rec rea t iona l  
purposes i n  various water contac t  recrea t ion  forms.' 

L a s  Vegas lbsh  is p resen t ly  a green b e l t  i n  t h e  Ias Vegas Valley 
t h a t  supports  var ious  types of  uncontrolled recrea t ion .  The tas 
Vegas Wash Development Connit tee is formulating a master plan 
f o r  the  r ec rea t iona l  use o f  t h i s  Wash. The Las Vegas Wash Unit 
of CRWQIP K i l l  have sane inpact  on recrea t ion  in  t h a t  about 
400 a c r e s  of land w i l l  be set a s i d e  f o r  p ro jec t  f a c i l i t i e s  pre-  
cluding rec rea t iona l  use. Chapter IV will d i scuss  in  nore d e t a i l  
how Reclamation is working with t h e  C m i t t e e  t o  minimize recrea-  
t i o n a l  impacts t o  t h e  public .  

Crys ta l  Geyser has, over t h e  years ,  become a t o u r i s t  a t t r a c t i o n .  
Access t o  t h e  s i te  is over a rugged road ~ e c l u d i n g  t r a v e l  by a 
l a rge  segment o f  t h e  public. A f e a t u r e  of the  Crys ta l  Geyser 
u n i t  is the  cons t ruct ion  of a roadway t o  t h e  Geyser which w i l l  
a l s o  improve access t o  t h e  s i t e  by v i s i t o r s  wishing t o  see t h e  
pe r iod ic  erupt  ions .  

Since many of  t h e  u n i t s  a r e  still undergoing study, a t o t a l  e s t i -  
mate of  r ec rea t iona l  user-days e i t h e r  l o s t  o r  gained through t h e  
CRWQIP is not ava i l ab le .  Information on s p e c i f i c  u n i t s ,  t o  t h e  
extent  it is ava i l ab le ,  is presented in o the r  por t ions  of t h i s  
chapter  o r  w i l l  be discussed i n  f u t u r e  environmental statements 
o r  assessments. 

8. Wildl i fe  Resources 

The cumulative impacts of t h e  cons t ruct ion  of  p ro jec t  u n i t s  would 
have o v e r a l l  adverse e f f e c t s  and would r e s u l t  i n  t h e  l o s s  of  
8,000 ac res  (previously mentioned under vegetat ion) o f  w i l d l i f e  
h a b i t a t  ( includes h a b i t a t s  of amphibians, r e p t i l e s ,  b i rds ,  and 
mamarals). Wild l i fe  d e n s i t i e s  a s  a h o l e  a r e  low i n  t h e  p ro jec t  
u n i t  a reas .  The drying up of  seeps along canals  would lead t o  
a reduction i n  t h e  phreataphytes which i n  tu rn  would lead t o  a 
reduction i n  t h e  t o t a l  w i l d l i f e  populat ions.  Valuable nes t ing  
and cover a reas  would be l o s t  f o r  many songbirds, game b i rds ,  
and small mammals. Various species  of amphibians and r e p t i l e s  
would a l s o  experience a reduction in  :habitat. 



Small game hunting and trapping oppor tuni t ies  would be reduced 
according t o  t h e  l o s s  of hab i t a t  i n  t h e  projec t  u n i t  a reas .  

5lasquito-breeding a r e a s  w i l l  be eliminated a s  seep a reas  dry  up. 
However, evaporation p n d s  w i l l  provide new mosquito-breeding 
s i t e s  on a short-term bas i s ,  but a s  t h e  buildup o f  salt l e v e l s  
occur i n  t h e  ponds, insec t  reproduction should be inhibi ted .  

The p o s s i b i l i t y  e x i s t s  fo r  t h e  d e v e l o y e n t  of  anaerohias is  (con- 
d i t i o n s  void of  a i r )  i n  t'ne mudflats o f  evaporation pmds  and 
could lead t o  t h e  propagation of  avian b t u l i m .  Since these  
w n d s  m l d  provide an a rea  usable by migratory waterfowl a s  
r e s t i n g  a r e a s  and poss ib ly  some feeding, chances e x i s t  f o r  an 
outbreak o f  avian botulism. Also, another avian d isease ,  fowl 
cholera has been t raced t o  brackish and f resh  waters and has been 
reported i n  t h e  l i t e r a t u r e  t o  occur i n  t h e  waterfowl populations. 

This  ana lys i s  should not  assume t h a t  outbreaks of e i t h e r  o f  these  
avian d i seases  w i l l  occur due t o  t h e  implementation o f  t h e  pm- 
posed contro l  u n i t s ,  but t h e  condi t ions  t h a t  may lead t o  an out- 
break w i l l  nonetheless be present .  There i s . a  p o s s i b i l i t y  that 
shorebirds and waterfowl h i i c h  inadver tent ly  u t i l i z e  the  b r ine  
ponds f o r  nes t ing  a r e a s  m y  become covered with s a l t .  This  could 
r e s u l t  i n  bird n o r t a l i t i e s  due t o  hypothemia and s a l t  accunulation 
on fea the r s  r e s t r i c t i n g  mobility. 

9. F i she r i e s  Resoumes - 
The o v e r a l l  impacts frm t h e  construct ion of  p ro jec t  u n i t s  m u l d  
be b e n e f i ~ i a l  t o  f i s h  populations. Some l oca l  a r e a  changes m u l d  
be exptxted t o  occur including a reduction of  sediments and t u r -  
b i d i t y  and increased water qua l i ty .  Some n o v m n t  o f  f i s h  pop- 
u l a t i o n s  t o  higher flow and b e t t e r  ha te r  q u a l i t y  a reas  would be 
expected t o  occur a s  streamflows are reduced a t  u n i t  s i t e s .  

Soae species o f  f i s h e s  have becone adapted to l i v i n g  i n  more 
s a l i n e  waters, and a few freshwater  species  have been reported 
to occur i n  na tu ra l  waters with a salt concentrat ion o f  15,000 
to 20,000 ng / l .  1641 Fish can Secome accl ina t ized  slowly t o  higher 
salinities than those  t o  which they a r e  accustomed. In t r i b u -  
t a r i e s  now devoid of  f i s h  populations, m e  f i s h  species  ( f o r  
exanple, c p r i n i d s ,  suckers, c a t f i s h e s ,  and s a l m n i d s )  may become 
accl imatized and es tabl i shed following reductions i n  t o t a l  d i s -  
solved s o l i d s .  



Because dissolved s o l i d s  may influence the  t o x i c i t y  of  heavy metals 
and organic compounds t o  f i s h  and o the r  aquat ic  l i f e  i n  an antag- 
o n i s t i c  manner, chemical and physical da ta  alone may be insuf f i -  
c i e n t  t o  predic t  t h e  overa l l  r e s u l t s  of the  s a l i n i t y  cont ro l  u n i t s .  
A s  individual  u n i t  b io logica l  f i e l d  s tud ies  a r e  conpleted f o r  t h e  
respect ive  environmental statements, the  da ta  should permit addi- 
t i o n a l  p red ic t ions  and conclusions concerning f i s h e r y  h a b i t a t s  
and standing crops.  

The water q u a l i t y  improvement p r o g m  is expected t o  have a 
decreasing e f f e c t  on sediments and t u r b i d i t y  which i n  tu rn  could 
r e s u l t  in increased s i g h t  feeding o f  f i s h e s  and reduced clogging 
o f  g i l l s .  Egg survival  w u l d  a l s o  increase i n  a r e a s  o f  reduced 
s e d h e n t s .  Increased a t e r  q u a l i t y  could r e s u l t  i n  increases  i n  
s tanding crop and egg survival ,  and expanded distribution of var-  
ious  f i s h  populations. 

Sene unforeseen e f f e c t s  may occur a s  t h e  s a l i n i t y  cont ro l  u n i t s  
a r e  constructed.  I t ' s  p s s i b l e  t h a t  some f i s h  species  which depend 
upon tu rb id  aquat ic  condi t ions  w i l l  be a f fec ted  adversely. For 
example, t h e  eldanger& woundfin i n  the  Virgin River drainage could 
be subjected t o  higher predation a s  s i g h t  feeding increases  i n  
o the r  f i s h  spec ies  following reduced t u r b i d i t y  and sedinents .  

10. Endangered Species 

Endangered species  inves t iga t ions  have not ye t  been cmwleted but 
a r e  cu r ren t ly  underway. I t  is known t h a t  some endangered species 
e x i s t  i n  var ious  a reas  of  t h e  Colorado River Basin but with excep- 
t i o n  of some poss ib le  local a r e a s  it appears t h a t  t h e  e f f e c t  w i l l  
be minimal. 

X s tudy i s  present ly  underway, funded by the  Fish and Wildl ife  Serv- 
i c e  and Bureau o f  Reclamation on the  Virgin River t o  determine what 
t h e  e f f e c t  o f  t h e  Laverkin Springs and L i t t l e f i e l d  Springs Projects  
would have on the  woundfin f i s h .  Indica t ions  a r e  t h a t  t h e  decrease 
i n  s a l i n i t y  may have an adverse a f f e c t ,  but t h i s  w i l l  not  be known 
u n t i l  t h e  study is completed. 

A rnrmber o f  endangered p lan t  species may e x i s t  in t h e  Colorado 
River Basin. The p r o j e c t s  e f f e c t s  upon these  however, a r e  not 
known a t  the  present  time. A list o f  endangered species  of  p l a n t s  
has been made but has not  ye t  been approved by t h e  Department of 
t h e  I n t e r i o r .  The l ist  has been included in appendix A f o r  infor-  
mation. Further inves t iga t ions  w i l l  be made when t h e  list becomes 
o f f  i c i a  1. 



11. Scenic Resources 

The overa l l  e f f e c t  of t h e  CRWQIP on t h e  scenic resources of  t h e  
Colorado River Basin w i l l  be adverse. Construction a c t i v i t i e s  
w i l l  l eave  sca r s  on the  landscape t h a t  will be slow i n  r e s to r ing  
themselves, p a r t i c u l a r l y  i n  d e s e r t  regions. Most Program fea tu res  
a r e  located i n  rm te  areas  and t h e  placement o f  mamade f e a t u r e s  
such a s  p ipel ines ,  s t r u c t u r e s ,  transmission l i n e s  and roads w i l l  
have a d ispleas ing e f f e c t  f o r  t h e  majori ty of people seeing them. 
The r e m t e n e s s  o f  t h e  locat ions ,  however, Ki l l  tend t o  lessen that 
impact . 
Brine holding and evaporation p n d s  w i l l  p lace d ispleas ing white 
sca r s  on t h e  landscape t h a t  w i l l  be v i s i b l e  t o  varying degrees a t  
t h e  individual  f ea tu res .  Mud f l a t s  a t  t h e  outer  edges o f  t h e  evap- 
o ra t ion  ponds may a l s o  form. These impacts w i l l  be f e l t  i n  vary- 
ing degrees by p o p l e  using adjacent highways and f l y i n g  overhead 
i n  commercial and noncommercial a i r c r a f t .  

Sane of  t h e  Program f e a t u r e s  are heing constructed near  na tu ra l  
scenic a r e a s  or National Parks and should not have s i g n i f i c a n t  
e s t h e t i c  inpact  on r e c r e a t i o n i s t s  t r ave l ing  through t h e  a reas .  

12. Agr icul tura l  M u c t i o n  

The implementation of t h e  u n i t s  proposed i n  t h e  Program would 
leave l i t t l e  e f f e c t  on present  o r  f u t u r e  a g r i c u l t u r a l  production 
i n  t h e  Upper Basin. fIowever, downstream e f f e c t s  in t h e  lower 
basin wwld be s i g n i f i c a n t .  A complex re la t ionsh ip  i s  involved 
in r e l a t i n g  s a l i n i t y  o f  i r r i g a t i o n  water t o  crop y ie ld .  Factors 
involved a r e  s o i l  condit ion,  crop type and v a r i e t y ,  drainage, 
c l imate ,  and i r r i g a t i o n  p rac t i ces .  Generally, high-valued crops 
a= g r o m  with Colorado River water. In mast cases  such crops 
have a low s a l t  to lerance ,  therefore ,  y ie ld  is  repressed by t h e  
s a l i n i t y .  Increased crop y ie lds  and improved crop q u a l i t y  a r e  
expected through improved water q u a l i t y ,  t imely i r r i g a t i o n  app l i -  
ca t ions ,  and proper amunts .  These p rac t i ces ,  along with improved 
d i s t r i b u t i o n  s y s t m s ,  w i l l  g r e a t l y  enhance i r r i g a t i o n  e f f i c i e n c i e s .  

Grazing and some i r r i g a t e d  a g r i c u l t u r e  would be eliminated a s  a 
result of  t h e  cons t ruct ion  o f  evaporation ponds and o t h e r  perma- 
nent s t ruc tu res .  Agriculture production lost dde to  these  a c t i v -  
i t ies  wwld be r e l a t i v e l y  small,  less than 1,100 bCrtS.  

The improvement i n  water qua1 i t y  combined Kith the = I ,  fils, and 
Onfarm I r r i g a t i o n  Systems and Management Improvenent Programs w i l l  



reduce t h e  operat ions and mintenance  c o s t s  t o  t h e  i r r i g a t e d  agr i -  
c u l t u r e  water u s e r ' s  on about 1 mi l l ion  ac res  of a g r i c u l t u r a l  
land i n  t h e  downstream area.  Improvement such a s  use  of  l ined 
canals  and buried pipe w i l l  reduce conveyance losses  and sub- 
sequently, r e t u r n  flows. The water saved through improved irri- 
gat ion  and drainage systems u i l l  pennit  t h e  farmers t o  re turn  
i d l e  land t o  a g r i c u l t u r e  production. Expected benef i t s  include 
increased crop y i e l d s  and reduced water de l ive r i e s ,  leach and 
labor requirements, f e r t i l i z e r  cos t s ,  and drainage requirenents .  

13. Economic Resources 

The development o f  t h e  CRKQIP u n i t s  w i l l  have a p o s i t i v e  impact 
i n  terns of local  employment and incmes ,  and g o d s  and services  
on small nearby comnunities in support of u n i t  construct ion and 
operat ion.  Implementation of t h e  u n i t s  c w l d  a l s o  have negative 
impacts an local education, r ec rea t ion ,  hws ing ,  s a n i t a t i o n ,  and 
hea l th  f a c i l i t i e s .  Federal ounership of the  u n i t s  will have a 
minor impact on t h e  t ax  base by removing lands from t h e  tax  r o l l s .  

The primary, benef i c i a l  impact of s a l i n i t y  cont ro l  i s  measured i n  
economic terms f o r  t h e  water use r s  i n  t h e  Colorado River Basin. 
Physical ly,  t h e  c o l l e c t i v e  impact of  t h e  i n i t i a l  s a l i n i t y  control  
u n i t s  w i l l  r e s u l t  i n  a decrease i n  s a l i n i t y  concentrat ion i n  water 
del ivered  t o  municipal, i n d u s t r i a l ,  and a g r i c u l t u r a l  use r s  down- 
stream f r o m  t h e  con t ro l  points .  k s e d  on recent  Bureau o f  Recla- 
na t ion  est imates,  [6 )  t h e  t o t a l  d i r e c t  md i n d i r e c t  damages a t t r i -  
butable t o  s a l i n i t y  l e v e l s  of t h e  Colorado River average S230,OOO 
per mg/l increase  i n  s a l i n i t y  a t  Inper ia l  h. Assuning contin-  
ued Basin development of  h a t e r  and t h i s  rate of s a l i n i t y  damage, 
t h e  i n i t i a l  s a l i n i t y  cont ro l  u n i t s  are estimated to  show t o t a l  
econonic" b e n e f i t s  of a b u t  $10 m i l  l i on  per year. Total program 
inpact  f o r  al l  cont ro l  u n i t s  under t h e  CRWIP couId reach over 
$34 mi l l ion  per  year.  

Canstruction and operation of t h e  u n i t s  provided f o r  i n  t h e  Colo- 
rado River Basin S a l i n i t y  Control Act, can be expected t o  have 
inpac t s  o f  na t ional  s igni f icance .  These impacts concern aspects  
o f  po l lu t ion  con t ro l ,  nationwide product iv i ty ,  the cost of the  
p r o j e c t  t o  taxpayers, and t h e  use  of data d d e s a l t i n g  technology 
f o r  s imi la r  p ro jec t  planning, There will be a measurable increase 
i n  t h e  product iv i ty  of  t h e  Colorado Rive* Basin betause o f  t h e  
increased water q u a l i t y  ava i l ab le  to sustain a g r i c u l t u r a l  and 
r e l a t e d  conmerce and se rv ice  industry production. A s  r e l a t e d  t o  
t h e  na t ional  economy, t h e  impact of t 5 e  program wfll probably be 
small conpared t o  changes i n  production of o the r  a g r i c u l t u r a l l y  



r i c h  a reas  o f  the  Nation. However, t h e  program w i l l  sus ta in  the  
long-tern product iv i ty  of i r r i g a t e d  cropland in  the  Basin, and 
thus  in- tum w i l l  help t o  assure the  U t i o n  of abundant food and 
f i b e r .  The financing of conveyance improvements i n  Grand Valley 
w i l l  be on a cost-sharing basis, 75 p x c e n t  nonreinbursahle t o  
t h e  Federal Treasury and 25 ~ r c e n t  from Basin Power revenues. 
I t  represents  a s i g n i f i c a n t  Federal c o m i t n e n t  t o  mnage water 
resources on an advanced lonp-range ? laming  level .  Such an 
investnent w i l l  produce in tang ib le  benef i t s  of pol lu t ion  con t ro l ,  
improved q u a l i t y  of l i f e ,  and general environmental enhancement. 

14. Social  Aspects 

To comprehend the  f u l l  s igni f icance  of  o v e r a l l  Program soc ia l  
impacts, t h r e e  aspects  a r e  u t i l i z e d ;  (1) the  q u a l i t y  of l i f e ;  
(2) s o c i a l  w e l l  being; and (3) r e l a t i v e  soc ia l  r e l a t ionsh ips .  
These aspec t s  do not  lend themselves r e a d i l y  t o  q u a n t i t a t i v e  
ana lys i s  o f  inpacts  o r  e f f e c t s .  However, t h e  i n a b i l i t y  t o  make 
q u a n t i t a t i v e  comparisons does not mean t h a t  such aspects  cannot 
be used on t h e  b a s i s  o f  q u a l i t a t i v e  considerat ions which have 
t h e i r  own values ,  many o f  which a r e  discussed elsewhere i n  t h i s  
sec t ion .  I t  m y  not be poss ib le  t o  measure t h e  percentage improve- 
ment in  t h e  q u a l i t y  o f  l i f e  of the  17 mi l l ion  people who r e l y  i n  
some way on t h e  waters of t h e  Colorado River, but it i s  s t i l l  use- 
f u l  t o  know t h a t  t h e r e  w i l l  be an improvement and t h a t  t h i s  improve 
Rent can be i m ~ r t a n t  i n  the  o v e r a l l  determination o f  t h e  q u a l i t y  
of  l i f e  i n  a community. 

Construction of  t h e  s a l i n i t y  control  u n i t s  a r e  not expected t o  
have any s i g n i f i c a n t  a f f e c t  on t h e  p w t h  pa t t e rns  of  t h e  Basin. 
Therefore, an ana lys i s  of growth as it r e l a t e s  t o  t h e  above asnects  
i s  not  addressed in t h i s  statement. Demographic projec t ions  far 
the  Colorado River basin ind ica te  an increase in  population regard- 
less of s a l i n i t y  w n t r o l  projec ts .  In f a c t ,  i nd ica t ions  a r e  t h a t  
growth will occur in s p i t e  of  ex i s t ing  mter shortages. 

W l i t y  of  Life 

The concern for q u a l i t y  o f  l i f e  is r e l a t e d  t o  the  individual  and 
f d l y ,  and encogpasses t h e  s o c i a l  d e s i r e s  which have psrsonal 
meaning f o r  most people. These have o f  necess i ty  been general-  
ized i n t o  such categor ies  a s  good heal th,  reasonable standard o f  
l iv ing ,  proper development o f  chi ldren  (education and hea l th ) ,  
happy f a n i l y  l i f e ,  decent home and neighborhood, peace o f  mind, 
r ec rea t ion ,  and a confidence i n  t h e  s t a b i l i t y  of t h e  c o m i t y .  



Several p ro jec t  funct ions  w i l l  have m e  bearing on these  con- 
s ide ra t ions  as they apply t o  t h e  q u a l i t y  of l i fe .  

a 

In the  shor t  term t h e r e  w i l l  be b t h  p o s i t i v e  and negative 
impacts r e l a t i v e  t o  construct ion operat ions.  Dust, noise ,  
t r a f f i c ,  and t h e  in f lux  of construct ion uorkers w i l l  vrobably 
5e annoying, an inconvenience, and may place a s t r a i n  on l o c a l l y  
ava i l ab le  services .  The degree t o  which these  i v a c t s  acc lve  
w i l l  depend on the  locat ion of t h e  a c t i v i t y  r e l a t i v e  t o  t h e  
locat ion  of t h e  r e s iden t s .  On t h e  pos i t ive  s ide ,  the re  would 
be an increase i n  t h e  s a l e  of local  goods and services  which 
m u l d  enhance loca l  economies. There m y  a l s o  be an increase  
i n  loca l  employment oppor tun i t i e s  a s  a r e s u l t  of  p ro jec t  con- 
s t r u c t i o n .  Although these  e f f e c t s  a r e  tenporary, they could 
have a long-term inf luence  on ones q u a l i t y  of l i fe ,  i.e., addi-  
t i o n a l  income even t h w g h  temporary could enable an individual  
o r  family t o  procure an amenity which t o  them would increase  
t h e i r  standard o f  l iv ing ,  add t o  t h e i r  f e e l i n g  of personal o r  
family secur i ty ,  r ec rea t ion  o r  even a s s i s t  with t h e  families 
concept o f  c h i l d  dwelopment. 

Some a g r i c u l t u r a l  and p r i v a t e  land w i l l  be required f o r  p ro jec t  
f a c i l i t i e s .  Such land m l d  probably be obtained by f e e  t i t le .  
However, it m u l d  s t i l l  pose a m j o r  s o c i a l  adjustment f o r  t h e  
proper ty  owner. Such a c t i v i t i e s  are genera l ly  very d i s tu rb ing  
t o  most people. I n  general  such land acqu i s i t ion  w i l l  be small.  
I t  is  s i g n i f i c a n t  t h a t  a t tendant  with land acqu i s i t ions  on ly  
t h r e e  f ami l i e s  in  t h e  e n t i r e  Colorado River Basin a r e  expected 
t o  be displaced.  For these  t h r e e  f ami l i e s ,  however, the re  w i l l  
be a se r ious  s o c i a l  adjustment. The degree of t h i s  e f f e c t  w i l l  
be d e t e d n e d  t o  a l a r g e  extent  by t h e  family 's  a b i l i t y  t o  cope 
with change. 

The liming of canals with concre te  and t h e  c m s t m c t i o n  o f  evap- 
o ra t ion  ponds w i l l  pose an added s e c u r i t y  hazard. The *act 
o f  t h i s  hazard wwld be pr imar i ly  r e l a t e d  t o  t h e  young w h o  f r s -  
quently v i m  any body of water a s  a rec rea t ion  o p p r r u n i t y .  The 
degree of  t h i s  hazard w i l l  be  r e l a t e d  t o  t h e  a c c e s s i b i l i t y  of 
t h e  f a c i l i t y  t o  thase who would be a t t r a c t e d  t o  it. 

To t h e  extent  t h a t  l ined  cana l s  and evaporation ponds a r e  acces- 
s i b l e ,  they  may c o n s t i t u t e  a source o f  wmy and l o s s  of peace 
of mind f o r  sane parents ,  p a r t i c u l a r l y  thdse  with young ch i ldmn.  

Several o f  t h e  proposed u n i t s  will d i r e c t l y  a f f e c t  Indian lands. 
These impacts v w l d  pr imar i ly  be associa ted  with a v e r a l l  improved 
a g r i c u l t u r a l  condi t ions .  These improvenents w i l l  enhance t h e  



product iv i ty  of t h e  land which in tu rn  increases not only t h e  
monetary s t a t u s  of t h e  Indian but possibly t h e i r  p r ide  a l s o  a s  
t h e y a c h i e v e  g rea te r  success. 

Operation a d  mintenance  of most of  t h e  s a l i n i t y  cont ro l  u n i t s  
w i l l  provide enploynent opportunities e i t h e r  d i r e c t l y  o r  indi- 
r e c t l y  through t h e  sus ta in ing influence of t h e  increased water 
q u a l i t y  on agr i cu l tu re ,  munic ipal i t ies  and industry. This over- 
a l l  economic gain is  expected t o  enhance the  q u a l i t y  of  l i f e  o f  
m n y  Basin re s iden t s .  

Social  Well-being - 
Social  well-being is  defined herein a s  an e x ~ r e s s i o n  of s a c i a l  
va lues  a t  t h e  commnity level .  I t  i s  concerned with t h e  s t a -  
b i l i t y  of organizat ions,  including p r iva te ,  business, and g ~ -  
e m e n t .  I t  includes various l eve l s  and types of a c t i v i t i e s ,  
e .g. ,  education, hosp i t a l s ,  nonprofi t  groups, and those  organized 
f o r  soc ia l  o r  economic purposes. 

The s igni f icance  of  t h e  s a l i n i t y  con t ro l  e f f o r t  i t s e l f  combined 
with m e  of  t h e  unique approaches t o  con t ro l l ing  it, e.g., 
desa l t ing  p lan t s ,  well f i e l d s ,  and o t h e r  s p e c i a l l y  engineered 
e f f o r t s  designed not only to acccnnplish the  spec i f i ed  objec t ive  
but a l s o  t o  h a m n i z e  with t h e  environment, provide a study wor- 
t h y  of  note. A s  such, c e r t a i n  f a c i l i t i e s  w i l l  undoubtedly become 
o b j e c t s  o f  educational i n t e r e s t .  The main t h r u s t  o f  t h i s  i n t e r e s t  
would probably stera from higher educational i n s t i t u t i o n s .  

Some governwnta l  e n t i t i e s  mnrld be impacted from pro jec t  con- 
s t m c t i o n  and operation. Most notably mid be i r r i g a t i o n  d i s -  
t r icts  who a r e  d i r e c t l y  involved with s a l i n i t y  con t ro l  of  irri- 
gat ion  return flows. The success of such organizat ions would 
a s s i s t  t o  enhance t h e i r  s o l i d a r i t y  and v i a b i l i t y  as  community 
leaders.  A s  indiv iduals  and f a n i l i e s  view the  s w c e s s  of t h i s  
example, they may tend t o  extend t h e i r  expectat ions and conf i -  
dences i n t o  o t h e r  sec to r s ,  sane of which perhaps w i l l  be f a r  
removed froR water problems. This  s m s e  of confidence and com- 
h t y  p r ide  could enhance both t h e  s t a b i l i t y  and v i a b i l i t y  of 
many s o c i a l  organizat ions wi th in  t h e  community. 

Relat ive Socia l  Relat ionships 

Rela t ive  s o c i a l  r e l a t ionsh ips  refers to  the  status of various 
s o c i a l  groups f r o m  d i f f e r e n t  f inanc ia l  o r  s o c i a l  backgrounds. 



This includes such broad ca tegor ies  a s  t h e  wealthy, t h e  disad- 
vantaged, the  middle c l a s s ,  races,  aged, creeds,  o r  o t h e r  groups 
whose tpmnan circumstances have led t o  spec i f i c  i d e n t i f i c a t i o n .  

The s a l i n i t y  cont ro l  p ro jec t s  discussed i n  t h i s  document a r e  not  
expected to !?me any s i g n i f i c a n t  i m v c t  on r e l a t i v e  s a c i a l  r e l a -  
t ionships  with two notable excentions discussed below. 

Indians. - A s  ?reviously mentioned some of the  u n i t s  w i l l  
-irrigated a g r i c u l t u r e  on Indian lands. The success 
of  these  programs w i l l  enhance t h e  econonic pos i t ion  of  those 
Indians a f fec ted .  Attendant with an increase  in economic 
c a p a b i l i t y  is t5e p o t e n t i a l  f o r  an increase i n  standard of  
l i v i n g  which i n  t u r n  sometimes tends t o  increase ones soc ia l  
standing i n  t h e  community. 

Upstream water use r s  versus  downstream users .  - To a la rge '  
extent  s a l i n i t y  cont ro l  measures implenented i n  the  Upper 
Basin w i l l  not  benef i t  those water users  i n  proport ion t o  
t 5 e  c o s t  of  s a l i n i t y  cont ro l .  The g r e a t e s t  k n e f i t  w i l l  be 
f e l t  by water users  i n  the  h n e r  Basin and Yorthern Mexico 
where t h e  e f f e c t  of  individual  control  u n i t s  became cunula- 
t i v e .  Ilhe g r e a t e s t  economic advantage, heal th  influence,  
and subsequent soc ia l  r e l a t ionsh ins  w i l l  be in  p r o p r t i o n  
t o  t h e  impmved water q u a l i t y  i n  a r e a s  where the  q u a l i t y  
i s  becoming c r i t i c a l ,  i.e., domstream use r s .  

15. Yunicipal and Indus t r i a l  Sector  

One of t h e  mbst important cumulative irapacts of water q u a l i t y  
improvement w i l l  be found in t h e  many a u n i c i ~ a l i t i e s  served by 
t h e  lower Colorado River. A s  indicated i n  t h e  earlier discus-  
s ions  o f  water q u a l i t y  impacts i n  t h i s  chapter ,  t h e  d i r e c t  and 
i n d i r e c t  economic benef i t s  f o r  both t h e  Chuticipal and Indus t r i a l  
sec to r  and Agr icul tura l  sec to r  have been i d e n t i f i e d  and quanti-  
f i ed .  Mst of t h e  aconomic b e n e f i t s  of  decreased s a l i n i t y  accrue 
t o  t h e  Ehmicipal s e c t o r  in t h e  f o m  of  l e s s  sca l ing  i n  plumbing, 
corrosion of appliances,  reduced water s a f t e n i n ~ ,  l e s s  denand 
f o r  bo t t l ed  water, and decreased soap use. C i t i e s  such as tas 
Angeles, San Diego, Phoenix, Tucson, and Las Vegas w i l l ,  o r  a r e  
expected t o ,  experience improved water q u a l i t y  i n  municipal water 
supply. 

On a regional  bas is ,  improvement of water suppl ies  o r  r euse  of  
a g r i c u l t u r a l  returns flows could support i n d u s t r i a l  expansion i n  
t h e  8asin. The a v a i l a b i l i t y  of add i t iona l  water suppl ies  may be 
c r i t i c a l  t o  t h e  full development of t h e  coal, o i l  sha le ,  and o t h e r  
energy resources found in t h e  basin.  



In the  various cont ro l  u n i t  l o c a l i t i e s ,  o ther  inpacts  w i l l  occur 
i n  t h e  smaller cornuni t ies  due t o  inf lux  of construct ion and 
opemtions  and mintenance  ~ r s o n n e l .  Thus, both temporary and 
long-term inpacts  w i l l  a f f e c t  local  housing, sewage f a c i l i t i e s ,  
water  supply, u t i l i t i e s ,  hosp i t a l s ,  schools, and o the r  municipal 
services .  

16. . ~ c h e o l o g i c a l .  I l i s tor ica l  and Cul tcra l  Xesources -- -- 
Arckeological a ~ d  h i s t o r i c a l  s tud ies  have Seen p e r f o n e d  on sone 
of the  proposed fea tu res  and work is planned on o thers .  A l l  
Program fea tu res  w i l l  be surveyed as  t o  t h e i r  c u l t u r a l  resources. 

To da te ,  no major c u l t u r a l  resources have h e n  l m a t e d  tbt  would 
be damaged o r  e f fec ted  by construct ion of the  f e a t u r e s  although 
ninor  archeological  sites have been discovered. A continuing 
program is underway, on a case by case basis, t o  evaluate each 
site discovered. Chapter IV d e s c r i ' k s  the  p m e d u r e s  Reclamation 
w i l l  use in  t h e  protec t ion  of discovered c u l t u r a l  resources. 

There a r e  no known s i t e s  l i s t e d  on the  National Register  of flis- 
t o r i c  Places that w i l l  be a f fec ted  by Program fea tu res .  

There should be na e f f e c t  on the  c u l t u r a l  resources of t h e  Colo- 
rado River Basin a s  a r e s u l t  of construct ion and operation of  t 5 e  
Program. 

17. Energy Consungtion 

Construction and operat ion of the  CRhQIP wi l l  requi re  consumption 
of  e l e c t r i c a l  power and o the r  forms of energy. 

Gasoline, o i l ,  and d i e s e l  f u e l  will be consmed during t h e  con- 
s t r u c t i o n  process by var ious  types  of  vehic les .  So est imates 
a r e  ava i l ab le  a s  t o  t h e  quan t i ty  of f u e l s  t h a t  w i l l  be consumed 
f o r  t h e  individual  u n i t s .  The impact of f u e l  consumption is not 
considered s u b s t a n t i a l  as it i s  dependmt on t h e  a v a i l a b i l i t y  of  
t h e  product in a n  open market, f r e e  en te rp r i se  system and repre-  
s e n t s  the  bas i s  f o r  which t h e  f u e l s  were o r i g i n a l l y  pruduced. 

E lec t r i ca l  energy w i l l  be required t o  operate d e s a l t i n g  p lan t s  
and pumping p l a n t s  t o  be constructed under t h e  var ious  f ea tu res .  
Power t o  operate u n i t s  constructed in  t h e  Upper Colorado River 
Basin w i l l  be taken from Reclamation's Colorado River Storage 
Project  (CRSP) whereas p o w e r  f o r  lower basin f ea tu res  w i l l  be 
purchased f r o m  public  u t i l i t y  companies i n  t h e  respect ive  f ea tu re  
a reas .  U t i l i z a t i o n  of CRSP power f o r  *per basin u n i t s  w i l l  not 
r e s u l t  i n  c u r t a i l e d  d e l i v e r i e s  t o  ex i s t ing  customers within t h e  
mP systen.  



The total cumulative energy consumption of planned units under 
tke CRWQIP is in excess of 100 nillion kWh/yr. This rate of 
energy cowunptlon bmuld require a poarer?lant operating at a 
firm capacity of 14 megawatts. In perspective, the level of 
energy resources required for salinity control will be very insig- 
nificant when conpared to other electrical power requirenents in 
the Xest; e.~., recent data published by the Western Systens Coor- 
dinating Council {WSCC) show that the installed electrical gen- 
erating ca~acity for the 11 western states as of December 31, 
1374, is nearly 82,000 negawatts.[35) The projected generation 
capability necessary to serve these states during the next 20 years 
is shown in the following tabulation: 

Peak-  Generat ing 
loadf capabilityff 

Calendar year hBI !ICI 

+ Set f i m  December paakload less any 
f i m  transfers into WSCC from areas 
outside of WSCC. 
If December generating capability (nat 
reduced for scheduled maintenance). 

Operation of the CRWQIP will cause a araxincum of 116,370 acre- 
feet of water to be removed from the Colorado River System annu- 
ally principally through evaporation. Removal of this water 
represents a theoretica1,loss of approxinately 110 million kWh 
per year of potential hydroelectric generation if this water hsd 
passed through the river's system of dams. The avemge a m m t  
of hydroelectric energy generated in the river system has approx- 
imated 10.6 billion kWh per year. Hence, the anticipated m i -  
mun loss of hydro potential energy due to CRWQIP represents about 
1 percent of the capability of the system. 



18. Minerals 

A t  t he  present time it has been found uneconomical t o  recover 
t h e  s a l t s  which would be col lec ted  in  t h e  projec t  evaporation 
ponds. A possible fu tu re  potent ia l  m y  e x i s t  i n  t h e  recovery of 
s m e  minerals from t h e  s a l t s  deposited in these  ponds. Limited 
comercia1  use is now made of salts extracted from t h e  Paradox 
Valley. Brine is used i n  t h e  Union Carbide Cmpanyfs uranium 
processing plant  a t  hhcla, Colorado and a s  a d r i l l i n g  f l u i d  f o r  
o i l  exploration i n  t 3 e  v i c i n i t y  of the  projec t .  Although not 
within t h e  Colorado River Basin, minerals have f o r  m e  time 
been recovered f o r  comercia1  use from t h e  Great S a l t  Lake, i n  
Utah. I t  i s  unknown a t  present ,  t h e  extent of mineral recovery 
t h a t  could economically be made o r  when t h i s  would occur. 

S m e  chemicals w i l l  be needed f o r  t h e  pre t rea tnent  processes i n  
the  desa l t ing  p lan t s ,  p r inc ipa l ly  lime and sada ash. The use of 
these  and o the r  chemicals w i l l  r e s u l t  in t h e  deplet ion of  minerals 
required f o r  development of the  chemicals, but on t h e  o ther  hand 
w i l l  increase the  a c t i v i t y  of indus t r i e s  t o  produce them. 

The creat ion of evaporation ponds w u l d  prevent t h e  mining of  min- 
e r a l s  from the  area  covered by the  brine.  A t  t he  present t h e  
the re  a r e  no known po ten t i a l s  f o r  mineral excavation frum t h e  
evaporation pond a reas  with t h e  possible exception of sand and 
gravel  and possibly same c a r n o t i t e  o r  uranium o r e  in  t h e  Paradox 
Valley arm. A few a c t i v e  mines are located on t h e  mesas around 
t h e  periphery of Paradox Valley and a few undeveloped claims have 
been found i n  Dry Creek Basin near t h e  proposed site of t h e  evap- 
o ra t ion  pond. 

Construction and operat ion of t h e  CRIIQ(IIP w i l l  contr ibute  s i g n i f i -  
can t ly  t o  any po ten t i a l  noise  pol lu t ion of areas  of t h e  Colorado 
River Basin. 

Temporary noise  p l l u t i t m  w i l l  occur throughout t h e  construction 
period of each un i t .  Construction noise w i l l  be a f a c t o r  i n  the  
,displacement of  w i l d l i f e  that may occur a t  individual un i t s .  

After c m s t r u c t i o n ,  those fea tu res  that have desal t ing  f a c i l i t i e s  
or  pumping f a c i l i t i e s  w i l l  experience some local  noise, genera l ly  
as a low hum. This noise w i l l  only be experienced with a maximum 
of ZOO f e e t  of t h e  fea tu re .  



A t  no time during construction or  operation of the project are 
noise levels expected to  be high enough so as to be uncomfortable 
t o  human m g s .  

B. Impacts of Authorized Features 

1. In i t i a l  Control Units for Constmction 

a. Car Ve as Wash lhrit. - The impncts described hcreln w i l l  
have - t e l r  g r e a t e s m e c t  on Las Vegss Valley i n  Clark County 
Yevda. me fol lming discussion i s  intended to describe local 
impacts af bdth constmction and operation of t h e  Las Vegas 
Wash U n i t .  

(1) m a 1  economic resourees[57~. + The pmjcct w i l l  d i tect ly 
impact Las Vegas Valley employment and incomes through local 
labor and products and services plrcha~ed for con- 
struction and operation. Up t o  about 50 construction jobs 
could be potentially developed during any one year of the 
5-year construction period. Local papo l l s  for the same 
tfme period have been est imted a t  8 t o  1Q million dollars. 
A b u t  tm, new penaanent jobs m l d  k~ created following c m -  
p l e t i m  of t h e  project. In the Las Vegas ValIsy area, there 
exists  a multiplier effect of hasic industry  job^. This is 
reflected in the requirement of 1.54 support jobs for each 
basic job created. ' h re fo re ,  the actual effect of p j e c t  
completion and operation could be abwt  five permanent jobs 
created. Howwer, these jobs and the constmction and 
operation purchases muld be minor relative to the overall 
economic act ivi ty irr the area. Regardless af whether o r  not 
a sal infty control project is  constructed in  ¶as Vegas Wash, 
the economic growth in Clark Cwnty is estimated t o  pmceed 
a t  least  thraugh 1990 with per capita incame remaining 
h i g h e r  than the national average. 

Construction of a second-stnge desalting plant after the 
t u n  of the century m l d  probably creata an opportunity for 
canstmetion cqloylmnt similar in magnitude t o  t h a t  of the 
f i r s t  stage. Campletion md subsequent cp r a r i an  of a 
desalting plant could create up t o  44 new pnranent jobs 
w i t h  an a m 1  present wrth of $632,000 in salaries. Adding 
the areas current 1.54 multiplier muld resul t  i n  about 68 new 
jobs. The worall effect  of these fobs in addition t o  local 
purchases and salaties during construction would prabebly be 
less  significant i n  year 2000 than t h e  f i r s t  stage w i l l  be 
currently due to t h o  magnitude of expected economic act ivi ty 
and growth projected for the Las Vegas area. 



Canstruction of t h e  proposed project  would remove over 
800 acres  of p r i v a t e  land from the  county's taxable prop- 
a r t y  base. The land i s  cur ren t ly  undeveloped and r m t e  
i n  r e l a t i o n  t o  o the r  developed areas and, therefore,  does 
not c o n s t i t u t e  a s ign i f i can t  source of income f o r  t h e  
county. 

I t  has been d e t m i n e d  t h a t  the re  is a 24 percent probabil- 
i t y  that t h e  land use fo r  brine disposal  would 5e f u l l y  
developed by year 2000 i f  it were not to be used f o r  br ine  
water evaporation and a 76 percent chance that no develop- 
ment a t  a l l  would occur a t  the s i te  even i f  it were a v a i l -  
a b l e  f o r  development. Alternatively,  there  i s  a 48 percent 
p robab i l i ty  t h a t  half  of  t h e  site would be developed by 
year 2000 and a 52 percent probabi l i ty  of no development a t  
a l l .  The comespcmding p r o b a b i l i t i e s  of  f u l l  development 
by 1980 and 1990 a r e  5 percent and 11 percent,  respectively,  
based on expected demands fo r  use of  t h e  s i t e  by those 
years. I t  has a l s o  beun determined t h a t  even with t h e  maxi- 
mum population projec t ions  t h e  impact of t h e  p ro jec t  on 
these  lands would cause less than an 8 percent reduction in  
the  population growth of t h e  c i t y  of  Henderson. 

Under t h e  p ro jec t s  first s tage  operat ion,  t h e  conposition 
of p rec ip i t a ted  s a l t s  in the  br ine  evaporation ponds would 
probably be similar t o  the  current  d i s t r i b u t i o n  of s a l t  i n  
water col lec ted  a t  Pabco Road. The average percent by weight 
d i s t r i b u t i o n  of  s a l t  i n  samples taken from May t h r w ~ h  
Ju ly  1975 are a s  follows: S d i u n ,  24 percent; potassium, 
1 percent; calcium, 15.5 percent; magnesium, 9.6 percent;  
bicarbonate, 9.1 percent; chlor ide ,  17.6 percent; and su l -  
phate, 23.2 percent.  Pr incipal  ccmpounds m l d  k calcium 
and magnesium nrlphates and sodium chlor ide  s a l t s .  I t  i s  
doubtful whether any economic importance could be attached 
t o  these  substances a t  t h e  present time. 

(2) Land use. - The im-cts on land use of  t h e  Las V-s 
Wash Unit w i l l  be primari ly re la ted  t o  excavation, access  
ruads, mater ia ls  s torage,  e q u i p e n t  movement and service  
areas.  In addit ion the re  w i l l  be a permanent commitment 
of  over 700 ac res  t o  p ro jec t  fea tures .  These inpacts  a r e  
itemized below. 

B o r r o w  Areas 

Project  construction within areas  containing inadequate 
o r  unsui table  e a r t h  mate r i a l s  f o r  backf i l l  o r  roadbed 



purposes w i l l  require excavation of adequate materials 
from borrow areas. brrow baterial3 are  available f m  
exis inp:  commercial f a c i l i t i e s  or f m  s i t e s  previously 
used during the construction of the f i r s t  stage of the 
Swthern Nevada Water Project. Borrow from impervious 
backfil l  could be obtained from a s i t e  described in 
chapter II .  The area is  near existing source nater ial  
excavation in a sparsely vegetated creosote commity .  
Fine surface s i l t  contributes t o  blowing dust. Ekcava- 
t ion of clay materials would not significantly Increase 
blowing dust, however, the excavated p i t s  -Id be sub- 
ject  t o  f i l l i n g  wi th  seep water that could present a 
potential health hazard i f  ni t igat ion measures were not 
inplenented. Such measures are discussed i n  chapter N. 

Access Roads - and Constructton C I W I I  

Access roads w i l l  be necessary to facflltats c6nstmc- 
t ion  work and to  allow safe travel of constmction per- 
sonnel. Existing roads in t h e  pwjec t  are8 w i l l  provide 
general access for most ac t iv i ty  areas. Approxhtely 
10 miles of new road wuld  be required during the con- 
struction period. These mads along wIth the pipeline 
rights-of-way w i l l  u t i l i z e  about 61 acres of desert hab- 
i t a t  (primarily creosote bush corrmunity) and a b u t  7 acres 
of deser t  r iparian habitat. The ef fec ts  of t h i s  ac t iv i ty  
w i l l  change the use of t h i s  land from w i l d l i f e  suppr t ive  
t o  unsupportive and barren unt i l  vegetation is able ta  
naturally reestablish i t s e l f .  

Due t o  the close proximity of Las Y w s ,  Henderson, md 
Wider City with  thafr rttdndant services, no tonstruc- 
t ion canp w i l l  be established. A temporary, -11 f i e ld  
off ice may be required for  f i e l d  headquarters, maintenance 
and live-in sCcurity guard quarters. Such &TI office,  if 
required, would use an estimated 1 to 2 acres for a b u t  
2 years. 

Waste Mator5 a1 Bispasrl 

Excavated material i n  t h e  evaporation pond r i t a  w l d  be 
used for  esubanhent with no disposal required. Material 
excavated during construction of the pipelines would be 
reused as  campacted backfil l .  Any excess not used for  



backf i l l  or for  road construct ion would be evenly d i s -  
t r ibu ted  over the  53-acre r ight-of-bay area .  The w i n -  
c i p a l  type of land af fec ted  would be t h a t  cu r ren t ly  sup- 
por t ing  t h e  d e s e r t  creosote bush c o m n i t y .  Material 
excavated from t h e  cutoff  t rench hmld  be la rgely  reused 
a s  bath pervious and inpervious com?acted backf i l l  a s  
described in  chapter  I ,  o r  a s  f i l l  and topso i l  f o r  t h e  
desa l t i ag  p lant  s i t e .  Any renaining waste n a t e r i a l  
could be spread over the  9-acre area  used f o r  temporary 
s torage  as described below. The placement of a l l  d i s -  
posal material  wi l l  be i n  accordance with Reclamation 
policy and local  regula t ions  with any adverse impacts 
mit igated a s  descri5ed in chapter  I V .  

Storage o f  ? la ter ia l  s 

A n  8-acre s i t e  of p r i n a r i l y  s a l t  hush community immediately 
downstream of the  proposed in tercept ion  f a c i l i t y  and s o u t ? ~  
o f  t h e  current  channel could be used f o r  temporary storage 
of m t e r i a l  excavated from t h e  cu to f f  t rench.  Use of t h e  
area  would destroy ex i s t ing  vegetat ion and d isplace  wild- 
l i f e  f r o m  t h e  a rea .  The 8 a c r e s  represent  2 percent o f  
t h i s  type of  h a b i t a t  i n  t h e  wash study a rea  a s  shown i n  
chapter  I1 ( f i g .  XI-5). 

Equipment Storage and Service Areas 

The s torage  and servic ing of cons tmct ion  equipnent and 
r e l a t e d  temporary h i l d i n g s  w i l l  probably be es tabl i shed 
in  t h e  f i e l d  o f f i c e  area.  Some equipment maintenance nay 
be perforned i n  o the r  areas a s  well .  These a reas  w i l l  

'genemlly be located near or within p ro jec t  rights-of-way. 
S m i c e  a reas  w i l l  d i s m p t  t h e  environment with continual  
a c t i v i t y ,  noise,  and pl-oblms associa ted  with r e p a i r  and 
maintenance of heavy-duty equipment. Although t h e  con- 
t r a c t o r  w i l l  be required t o  cont ro l  s p i l l s  and dispose 
o f  waste products i n  accordance t o  Bureau, S t a t e ,  loca l  
and o the r  appl icable  regula t ions ,  the  na ture  o f  mainte- 
nance a c t f v i t i e s  a r e  such t h a t  o i l ,  d i e s e l  fue l ,  grease, 
and solvents  may be s p i l l e d  on t h e  ground. me land area  
a f fec ted  by these  waste p-roducts m u l d  be small,  but t h e  
adverse inf luence  they bould have on t h e  r e e s t a b l i s h t e n t  
of vegetat ion mid l a s t  considerably longer than t h e  
2-1/2-year dura t ion  of t h e  service  a r e a s  themselves. 



Service a reas  a r e  e s t h e t i c a l l y  d ispleas ing.  This v i sua l  
impact would exist for  t h e  dura t ion  of the  construct ion 
period.  However, m m l  t r a f f i c  along Lake ?lead Drive 
would only be i n  v isual  contact  with the  in tercept ion  
f a c i l i t y  s i t e  f o r  about 1 ninute  a t  the  speeds normally 
used on t h i s  road. The same area  i s  traversed by a 500-kV 
transmission l i n e ,  and is flanked by former mining opera- 
t i o n s  of  t h e  Three Kids !line w3ich would tend t o  lessen 
t 3 e  s p e c i f i c  e s t 5 e t i c  h y c t  of projec t  construct ion.  

Service a reas  f o r  cons t ruct ion  of the  evaporation ponds 
w i l l  e i t h e r  not be v i s i b l e  f ron  ex i s t ing  highways o r  
w i l l  he incorporated near e x i s t i n g  se rv ice  a r e a s  in  t h e  
v i c i n i t y .  

Erosion o f  Disturbed Areas 

The p ro jec t  a r m  and surrounding region a r e  r e p l e t e  with 
evidence of  t h e  processes of erosion. Land forms i n  t h i s  
a r e a  are p a r t i c u l a r l y  suscept ib le  t o  the  influences of  
water and wind. Desert winds and summer t h u n d e r s t o n s  
a r e  o f t e n  in tense ,  and f l a s h  f l d s  of var ious  magnitude 
are comnon. Because of t h i s  na tu ra l  phenomma, any d i s -  
turbance t o  s o i l  s t r u c t u r e ,  such a s  might be caused by 
heavy equipment movement o r  excavation magnifies the  
erosion po ten t i a l .  

Following cumpletion of t h e  cons tmct ion  period the  near ly  
53 a c r e s  of land required for p i p e l i n e s  w i l l  be allowed t o  
raturn t o  a na tu ra l  s t a t e  eixcept f o r  a b u t  12 a c r e s  t h a t  
would be used as an apera t ing  mad f o r  occasional inspec- 
t i o n s .  The anount of t i m e  required for these  a r e a s  t o  
revegeta te  i s  unknown. 

Althwgh much of t h e  20 a c r e s  of r i p a r i a n  and 8 a c r e s  of 
s a l t  bush and t h e i r  a s soc ia ted  h a b i t a t s  w i l l  €m remved 
during excavation o f  t h e  in te rcep t ion  f a c i l i t y  it i s  a n t i c -  
ipa ted  t h a t  t h i s  major const ruct ion  impact w i l l  be t w o -  
r a ry .  The -ace of the  compacted b a c k f i l l  w i l l  r equ i re  
p ro tec t ion  fram floodflows as described i n  chapter  I .  This 
is  to be accamplished by covering the  surface  with r ip rap .  
Since this p ro tec t ive  su r face  w i l l  b a t  grwnd l eve l ,  t h e  



v o i l s  o f  the  r ip rap  w i l l  be sa tura ted  and w i l l ,  with t i n e ,  
f i l l  i n  with sedinent.  Phrea tqky tes  and bydrophytes w i l l  
f.ind t h i s  a rea  a su i t ab le  growth mediun and it i s  expected 
t h a t  vegetal  encroacl..nent w i l l  begin a l m s t  immediately 
following construct ion completion. Eventually, t h e  con- 
s t r u c t i o n  s c a r  would be near ly  obscured with vegetal  
growth. The t i a e  required f o r  t>is growt!~ t o  occur w i l l  
derend on flow and nu t r i en t  condit ions.  

P.e 21 acres required f o r  the  access road t o  the  intercep- 
t i o n  f a c i l i t i e s ,  t h e  transmission l i n e ,  and the  desa l t ing  
corrplex w i l l  be permanently conunitted t o  new use. 

Approxinately 625 a c r e s  w i l l  be conmitted t o  t h e  evapora- 
t ion  pond. This use would preclude t h e  use  o f  t h e  land 
f o r  o t h e r  purposes. Desert creosote bmsh hab i t a t  would 
be l o s t .  

Alluvial  fan depos i t s  a r e  t h e  primary source o f  sand and 
gravel  i n  Las V q a s  Valley. These areas  t o t a l  about 
327,500 ac res  i n  the  Valley not counting those a r e a s  t h a t  
have been developed f o r  !!&I purposes. Although the re  a r e  
no p lans  t o  develop t h i s  type of resource i n  t h e  p r o ~ s d  
evaporation pond area ,  construct ion of  t h e  pands would 
r m v e  0.18 percent of  t h e  po ten t i a l  source of sand and 
gravel  i n  t h e  Valley. 

(3) Social  aspects[S?]. - The impacts o f  the  Las Vegas Wash 
Unit on t h e  c u l t u r a l  and soc ia l  f i b e r  of  the  Las Vegas Valley 
a r e a  a r e  presented i n  t h r e e  general ca tegor ies :  (a) soc ia l  
functions,  (b) s o c i a l  sec to r s ,  and (c) soc ia l  a g g r e p t i o n s .  
Def in i t ions  of these  ca tegor ies  are presentad under t h e i r  
separa te  head f ngs . 

(a) Impacts on soc ia l  functions.  - Water p ro jec t s  a r e  
d e s i p e d  to f u l f i l l  c e r t a i n  goals  o r  functions uhich 
d i r e c t l y  r e l a t e  to t h e  soc ia l  a q e c t s  of man's cu l tu re .  
A b r i e f  ana lys i s  of the  inpacts  of t h e  !as Vegas Wash 
Unit on some of these  funct ions  is described below. 

Transportat ion.  - S t a t e  Highway Yo. 41 is one of t h r e e  
roads providing access f m m  t h e  Las Vegas-Henderson area  
t o  the  Lake Mead .Utional  Recreation Area. A s  such, it 



c a r r i e s  a heavy t r a f f i c  load tht  is p a r t i c u l a r l y  pro- 
nounced on weekends and 5olidays.  Yovaent  o f  construc-  
t i o ~ v e h i c l e s  along, on-off,  and i n  the  v i c i n i t y  of a 
major thoroughfare can d i s rup t ,  d i s t r a c t ,  and impede t h e  
n o m l  flow of t r a f f i c .  Such a disturbance g r e a t l y  
iricreases the  po ten t i a l  t r a f f i c  hazard. 

Life Sunport . - The major impact of the  p ro jec t  on t h i s  --- 
fanct ion  l i e s  with t h e  p r o j e c t s  c a p a b i l i t y  t o  provide - - 
?table  water f o r  Las Yegas ~ a l l e ~ :  ~t the  prksent t i m e ,  
surfacing ground water, while providing f o r  t h e  na tu ra l  
enhancenent of the  Wash "green be l t , "  does not  serve t o  
increase  the  p t e n t i a l  benef ic ia l  water supply of Las 
Yegas Valley, s ince  r e t u r n  c r e d i t  from Nevada's average 
annual a l loca t ion  of water from Lake Head is not  pres-  
e n t l y  granted. This  c r e d i t  f o r  r e t u r n  flows' will 
become c r i t i c a l  i n  t h e  f u t u r e  a s  Nevada's use  of  Colo- 
rado River water begins t o  approach i t ' s  annual e n t i t l e -  
ment of  300,000 acre- fee t .  The q u a l i t y  of  t h e  16,200 
ac re - fee t  of product water from t h e  desa l t ing  p lan t  
may have some added value as a po ten t i a l  benef i c i a l  
source of  water. 

Secur i ty .  - The exis tence  af a 625-acre e v a p r a t i o n  pond 
would p s e  some danger t o  pnd  v i s i t o r s  in  terms of  t h e  
p t m t i a l  of drowning accidents ,  which mwld still e x i s t  
even though t h e  ponds rmuld be fenced. The ~ o x i m i t y  o f  
t h e  c i t y  o f  Henderson to the  ponds makes them f a i r l y  
access ib le  t o  youngsters on bicycles.  

Production i n  ag r i cu l tu re .  - Since a g r i c u l t u m  i s  not 
considered a major as+ of  the  Valley 's  cawtercial  
output ,  e i t h e r  p resen t ly  or i n  t h e  near  fu ture ,  desa l -  
i n i z a t i o n  inpacts  a r e  considered ins ign i f i can t .  

Downstream effects o f  s a l i n i t y  cont ro l  would appear t o  
be s ign i f i can t .  A very complex re la t ionsh ip  i s  involved 
i n  r e l a t i n g  s a l i n i t y  of i r r i g a t i o n  water t o  crop y ie ld .  
Major f a c t o r s  involved a r e  s o i l  condit ions,  crop type 
and va r i e ty ,  drainage, climate and i r r i g a t i o n  p rac t i ces .  
M y  high-valued crops are grown with Colorado River 
water. Cemerally such crops have a low salt tolerance,  
thus  y ie ld  i s  repressed by t h e  s a l i n i t y .  The improved 
s a l i n i t y  of downstream waters r e s u l t i n g  from pro jec t  
opera t ion  would mhance t h e  prwluction o f  t h e s e  crops. 



(b) Im a c t s  on soc ia l  sec to r s .  - While t h e  f o r e g o i n ~  
--Ti 

- 
evaluates t e inpacts  of t i e  t a s  Vwas Wash Unit on var-  
b u s  functions t b i c a l l y  served by k t e r  ?m'jects,  t h i s  
sec t ion  pursues a d i f f e r e n t  p r s p e c t i v e ,  t h a t  o f  t h e  soc ia l  
sec to r s  whic5 com?rise a community and which serve as sep- 
a r a t e  f o c i  of public  i n t e r e s t  and concern. 

While it is obvious t h a t  t h e  Las V q a s  Wash Unit m y  only 
remotely a f f e c t  some soc ia l  sec tors ,  nos t  soc ia l  sec tors  
of inportance a r e  presented, both t o  c o n f i m  t h e  presence, 
lack o f ,  o r  ins igni f icance  or' possible impacts and t o  t ake  
note of these  impacts which, while r e l a t i v e l y  small and 
perhaps a l s o  q u i t e  i n d i r e c t ,  jo in  with o ther  such inpacts  
t o  be inpor tant  i n  the  aggregate. 

Education. - Because of the  s i r e  of t h =  education sec- 
t o r  alone, i f  not f o r  o the r  reasons, any water p ro jec t  
which s i g n i f i c a n t l y  a f f e c t s  the  community o r  community 
a t t i t u d e s  i n  almost any forn can be expected t o  a f f e c t  
education. The p r o p s e d  p ro jec t  with i ts relevance 
to  po l lu t ion ,  conservation, and natura l  resources,  
w i l l  probably he discussed at many l e v e l s  of education. 
When completed, t h e  second-stage d e s a l t i n g  p lan t  can 
be expected t o  be v i s i t e d  by student  groups, and i t s  
functioning and impacts can be expected t o  be t h e  sub- 
j e c t  of study and research by s tudents  a t  t h e  higher 
l e v e l s  of education. 

Economic base, enplo,ment, and income. - The projec t  - 
w i l l  d i r e c t l y  inpact  h-s Vegas emplosen t  and incomes 
through local  labor and p r d u c t s  pufchased f o r  projec t  
cons t ruct ion  and operat ion.  Such purchases w i l l  be 
minor r e l a t i v e  t o  t h e  o v e m l l  economic a c t i v i t y  i n  t h e  
a rea  as noted under "(1) Local Econmic Resources" d i s -  
cussed previously,  

H o u s i .  and neighborhoods. - The evaporation ponds of --- -- --- 
t h e  proiec t  w i l l  r e m v e  land near Henderson i ron  p t e n -  

a - 
t i a l  developnent. The l m d  a reas  involved could accon- 
nodate approximately 4,000 persons a t  t h e  0.151 acres  
per  person land use r a t i o  employed by t h e  Clark County 
Regional Planning Council in i t s  land use  projec t ions ,  
n e t  o f  rural and suburban land uses. As es tabl ished 
i n  t h e  sec t ion  on ''Land use'' however, the re  is only 
a 24 percent  p robab i l i ty  t h a t  t h i s  land would be f u l l y  
developed by year 2000 even i f  it were ava i l ab le .  



1Iousing t h a t  n ight  have been constructed a t  the  evap- 
o ra t ion  p n d s  w i l l  be sh i f t ed  t o  o the r  p a r t s  of  Hender- 
son and elsewhere i n  t h e  va l l ey .  This impact m l d  not 
involve m r e  than 8 percent o f  t h e  projected p p u -  
l a t  ion of  Ilenderson . 
The soc ia l  sec to r s  o f  hea l th ,  law and j u s t i c e ,  c o r n -  
n ica t ions ,  and s e c i a l  se rv ices  w i l l  not be inpacted 
s i g n i f i c a n t l y .  

(c) Social  aggregations. - To comprehend t h e  f u l l  s i g n i f i -  
c a n c e a f  socioeconomic impacts of such general na ture  a s  
t h a t  i n  regard t o  po l lu t ion ,  consemat ion and r e l a t e d  a t t i -  
tudes people have concerning themselves, t h e i r  community 
and f requent ly  a l s o  t h e i r  pos i t ion  i n  t h e  comuni ty ,  i t  is 
necessary t o  provide a bas i s  f o r  aggrewt ion .  These a re :  
(1) the  q u a l i t y  of  l i f e ;  (2) soc ia l  well being; and (3) rel- 
a t i v e  s o c i a l  pos i t ion .  These log ica l  aspects  do not  lend 
themselves r e a d i l y  t o  q u a n t i t a t i v e  a n a l y s i s  of  impacts o r  
e f f e c t s .  The i n a b i l i t y  t o  m k e  quan t i t a t ive  analyses does 
not  mean that such aspec t s  cannot be used on t h e  bas i s  of 
q u a l i t a t i v e  cons idera t ions  uhich have t h e i r  own values.  
For example, it m y  not  be p s s i b l e  t o  measure t h e  impact 
o f  t h e  p ro jec t  i n  terms of a percentage iaprovement i n  
the  q u a l i t y  o f  l i f e  of impact a r e a  r e s iden t s ,  but  it is 
still useful  t o  know t h a t  t he re  w i l l  be an improvement 
and t h a t  t h i s  improvement can be important i n  t h e  overa l l  
determination of  t h e  q u a l i t y  of  l i f e  i n  a c o m i t y .  

f h a l i t y  o f  Life 
& P 

A s  used here, t h e  q u a l i t y  of l i f e  is or ien ted  toward 
the  individual  and family. I t  embraces t h s r  s o c i a l  
goals  which have personal maning f o r  most pmople, 
such a s  good heal th ,  a reasonable standard o f  l i v i n g ,  
heal thy development of chi ldren ,  a happy family l i f e ,  
a decent hue and neighbrhood,  peace of mind, recrea-  
t i o n  and, perhaps above a l l ,  a confidence i n  c m i t y  
s t a b i l i t y  as it impacts on individuals  and fami l i e s .  

When aggregated i n t o  e f f e c t s  on t h e  qumilty o f  life, 
t h e  r e l a t i v e l y  mall pos i t ive  e f f e c t s  of t he  p ro jec t  
plan on severa l  soc ia l  funct ions  and s e c t o r s  rrake a 
s i g n i f i c a n t  cont r ibut ion  on community s t a b i l i t y  a s  
it impacts an individuals  and famil ies .  



Social  Well-being 

t 

While the  q u a l i t y  o f  .life is  an aspect  expressing t h e  
~ e g r e e  t o  which individuals  and famil ies  can enjoy 
t h e i r  l i v e s  on a personal bas is ,  soc ia l  well-being is 
evaluated a t  a s t ep  higher in  the  level  of  aggregation. 
I t  i s  t h e  expression of soc ia l  values a t  t h e  l eve l  of  
t h e  c o m n i t y  and i ts  const i tuent  groups. *fa1 well- 
being therefore  i s  concerned with the  v i a b i l i t y  and 
s t a b i l i t y  of  organizat ions and i n s t i t u t i o n s  i n  the  com- 
munity, including both p r i v a t e  groups such as business 
organizat ions,  governmental e n t i t i e s  t o  include those 
a t  a l l  l eve l s  and i n  a l l  types of a c t i v i t i e s  including 
education, nonprofi t  organizat iuns,  hosp i t a l s  and a l l  
o the r  examples of  hmm organizat ion i n  s o c i a l  o r  eco- 
nomic purpose. 

Aggregation t o  t h e  organiza t ional  l e v e l ,  i.e., t h e  
l e v e l  of soc ia l  well-being, br ings  i n t o  focus t h e  
melded impacts, p o s i t i v e  o r  negative, of t h e  p ro jec t .  
I n s t i t u t i o n s  a r e  genera l ly  s t rengthmad by successful  
conmnurity ac t ion  and p a r t i c u l a r l y  by r e a l i z a t i o n  o f  
ccmmunity ob jec t ives  which have widespread public  
acceptance. To t h e  extent  tha t  the  project is suc- 
cess fu l ,  i t  would serve a s  a bui lder  of t h e  s t r eng th  
and continued v i a b i l i t y  o f  s o c i a l  organiza t ions  and 
soc ia l  well-being. 

Rela t ive  Social  Relat ionshias 

Evaluation o f  p ro jec t  impacts can be completed with 
a view from t h e  perspectives of soc ia l  groups in d i f -  
f e r e n t  f i n a n c i a l  and s o c i a l  status, i.e., t h e  waalthy; 
t h e  middle c l a s s ;  the  disadvantaged by race, age, 
e d u c a t i m a l  disadvantage o r  o the r  cause; and o ther  
groups whose c m m n  circtunstances have led to t h e i r  
i d e n t i f i c a t i o n  a s  groups i n  d i f f e r e n t  soc ia l  r e l a t i o n -  
sh ips  and pos i t ion  than t h e  nrajority o f  those  i n  a 
commcnity. 

The p ro jec t  i s  not expected t o  have any s i g n i f i c a n t  
impact on r e l a t i v e  s t x i a l  r e l a t ionsh ips .  



(4) Archeological, h i s t o r i c a l .  and c u l t u r a l .  - The archea- 
1 o g i v  Archeologi- 
cal-Eurvey, Southern Branch, located a t o t a l  of  4 h i s t o r i c  
and 40 archeological  sites within the  o v e r a l l  p ro jec t  a rea .  

The h i s t o r i c  s i t e s  include two recent  dumps, one associated 
with a mining complex, and t h e  o the r  r ecen t ly  used 5 y  t h e  
c i t y  of Henderson, Nevada. The remaining two h i s t o r i c  
s i t e s  include a hause foundation and t h e  remains of a 
s tone  walled s t r u c t u r e  of unknown age and function.  f i e  
l a t t e r  s i t e  (26 CK-1277) w i l l  be a f fec ted  by construct ion 
o f  t h e  subsurface in tercept ion  f a c i l i t y .  The recent  c i t y  
dump 26 CK-1279 w i l l  be af fec ted  by t h e  b r ine  p ipe l ine  
from t h e  desa l t ing  p lant .  

The o the r  dump w i l l  not be a f fec ted .  The h i s t o r i c  house 
foundation i s  naar  t h e  in tercept ion  f a c i l i t y  and desa l t ing  
p lan t .  

Of t h e  40 archeological  s i tes,  27 a r e  considered t o  be f rag-  
i l e  as they c o n s i s t  of su r face - rcna ins  such a s  stone sleeping 
c i r c l e  r ings ,  and are very suscupt ib la  t o  damage 4r d i s t u r b -  
ance. The remaining 13 a r c h m l a g i c a l  s i t e s  conta in  fea tures  
such a s  rock s h e l t e r s ,  a r t i f a c t  concentrat ions and rack 
alinemsnts. 

A t o t a l  o f  s w e n  archeological  sites w i l l  be  a f fec ted  by 
t h e  p ro jec t .  The b r ine  p ipe l ine  from t h e  d e s a l t i n g  p lan t  
w i l l  pass  t h r w g h  a port ion o f  s i t e s  26 CK-1x20 and 26 
CK-1140. The in tercept ion  f a c i l i t y  and p ipe l ines  t o  t h e  
d e s a l t i n g  p lan t  w i l l  a f f e c t  por t ions  of sites 26 CK-1282, 
26 CK-1138, 26 CK-1120, 26 CK-1126, and 26 CK-1159. 

The f i n a l  r q m r t  of t h e  a r c h s a h g i c a l  ~ r V e y  ~ ~ ~ ~ t f b t e s  suit- 
a b l e  n i t i g a t i o n  measures to be carried out for any s i g n i f i -  
can t  sites which w i l l  be affected by t h e  pxoj6ct. I t  a l s o  
prunrides da ta  f o r  evaluat ing  t h e  s ign i f i cance  of t h e  cu l -  
ttml r e s m u s  in terns of e l i g i b i l i t y  f o r  m i n a t i o n  t o  
t h e  N l t i m l  Regis ts r  of  His to r i c  Places in accordance with 
36 CFR 800. 

Since Nuwda's S t a t e  Historic Preservat ion Of f i ce r  does 
no t  have au thor i ty  t o  evaluate  c u l t u r a l  n a t e r i a l  for n m i -  
na t ion ,  t h e  e n t i r e  final repor t  of t h e  survey has been sent  
t o  t h e  M t i o n a l  Park Sarvice in Washington, D.C., f o r  
proper evaluat ion of the- resource. 



(5) A i r ,  noise,  and v i sua l  impacts. - During const ruct ion  
of  the  projec t  sone iccrease  i n  loca l  a i r  pol lu t ion  levels 
will be noticed,  p a r t i c u l a r l y  during periods o f  high winds. 
Blowing dust  is inherent in  construct ion a c t i v i t i e s  that 
requi re  moving subs tan t i a l  volumes of ear th ,  such a s  t h a t  
required f o r  construct ing t h e  evaporation ponds. The vol- 
ume of  p a r t i c u l a t e s  t o  he introduced i n t o  t h e  loca l  atnos-  
phere w i l l  be a function o f  the  wind ve loc i ty  occurring 
a t  any given time. During periods of high wind (20 t o  
30 mph) local ized blowing dust  could be subs tan t i a l .  7he 
local ized  increase in oxidents and o the r  products of  com- 
bustion from construct ion equipment a r e  expected t o  be 
minimal and ins ign i f i can t  r e l a t i v e  t o  prevai l ing  condit ions.  
Chapter IV w i l l  d i scuss  methods and procedures cons t ruct ion  
con t rac to r s  w i l l  have to  follow t o  avoid excessive dust  
problems. 

However, r e l a t i v e  t o  e x i s t i n g  condi t ions  during high winds, 
cons t ruct ion  a c t i v i t i e s  a r e  not e x p a e t d  t o  be too  s i g n i f i -  
cant .  Since t h e  Wash is t h e  a i r  drainage cor r idor  from 
Las Vegas Valley, mst p a r t i c u l a t e s  m l d  be d i s s ipa ted  
i n  r m t e  a r e a s  away frwr municipal development. 

During const ruct ion  operat ions,  noise l e v e l s  w i l l  increase 
s u b s t a n t i a l l y  over w h a t  they present ly  a re .  The local 
a r e a  p resen t ly  has no developnent and noise is not con- 
s idered  a problem. The use of heavy cons tmct ion  equip- 
ment and o the r  a c t i v i t i e s  by warkers wi l l  increase  noise  
l e v e l s  i n  t h e  area and w i l l  cont r ibute  t o  t h e  temporary 
displacement of  loca l  w i l d l i f e .  Impacts f m  noise  w i l l  
be temporary and w i l l  discontinue a f t e r  cons tmct ion  is 
completed. Noise l e v e l s  w i l l  no t  reach a point  t h a t  
would be harmful t o  people working in t h e  pmject area .  

Noise levels in t h e  project a r e a  after const ruct ion  w i l l  
be higher in  t h e  v i c i n i t y  o f  t h e  pumping plant .  The noise  
l eve l  to be expected w i l l  be on t h e  o r d e r  of a low hum 
which may prove object ionable t o  some w i l d l i f e  reoccupying 
t h e  area .  Noise l a v e l s  from pro jec t  operat ions w i l l  not  
be harmful t o  humans. The buildings a r e  expected t o  make 
pump noise unnoticeable 200 f e e t  away, adding only s l i g h t l y  
t o  t h e  ambient noise  level.[63] 

Construction o f  t h e  p ro jec t  w i l l  r equ i re  c l e a r i n g  o f  over 
700 acres of land f o r  p ro jec t  f a c i l i t i e s .  This c l ea r ing  
w i l l  cause an e s t h e t i c a l l y  d ispleas ing appearance i n i t i a l l y .  
Those lands c leared  i n  t h e  wash area  w i l l  revegeta te  i n  a 



few years but  cons tmct iun  sca r s  made through dese r t  lands 
w i l l  be long term and revegetation w i l l  be slow. The very 
e x i s e n c e  of physical s t ruc tu res  and necessary peripheral  
construction i n  o r  near that which is now considered a green- 
belt area,  could tx considered detr imental  t o  t h e  Mash a s  
both a natura l  and po ten t i a l  recreat ional  a rea  i n  t h a t  nan- 
made s t ruc tu res  a r e  not always viewed a s  complinentary. 

The complex w i l l  not be read i ly  v i s i b l e  from local  high- 
ways and v i sua l  impacts w i l l  not tx f e l t  by many people. 

An exception t o  t h i s  would be one f a n i l y  res id ing adjacent 
t o  Lake Yead Drive a h u t  1-1/2 miles south of  t h e  p ro jec t  
f a c i l i t i e s .  Their ldeat ion would be j u s t  west of  t h e  pro- 
posed access  mad  and they are v i s u a l l y  ldeated to observe 
t h e  a c t i v i t i e s  of both construction and o p r a t i o n .  A l l  
impacts r e l a t i v e  t o  noise,  dus t ,  and visual  e s t h e t i c s  would 
bz more keenly f e l t  by t h i s  family due t o  t h e i r  locat ion.  

The evaporation ponds t o  be constructed may have a v i m 1  
impact, p a r t i c u l a r l y  f o r  those t r ave l ing  by air overhead. 
A s  the  waste br ine  avaporates it may leave a white s t a i n  
around t h e  edge of  t h e  water surface  of t h e  pond a s  the  
water level  f luc tua tes .  The p d s  w i l l  not be r e a d i l y  v i s -  
i b l e  from g m d  leve l  a s  they w i l l  be surrounded by earthern 
benns, but  they w i l l  be v i s i b l e  from t h e  a i r .  Cnmercia l  
a i r c r a f t  using k c a r t a n  I n t a r n s t i m a l  Airport  t o  service 
Las Vegas o f t en  make t h e i r  approach over Las Vegas Wash and 
t h e  evaporation ponds mwld be v i s i b l e  t o  them. 

(6) Vtr e t a t i o n .  - The s t m c t m a l  f ea tu res  of  t h e  Las Vegas 
Wash d-- n t a r e  t o  be constrvcted through a number of vegeta l  
c m m m i t i e s  e x i s t i n g  in  and adjacent  t o  t h e  wash. A t o t a l  
of 700 acres o f  land will be subjugated f o r  p ro jec t  f ea tu res  
a f f e c t i n g  p r i n c i p a l l y  por t ions  of t h e  creosote  bush, sal tbush,  
barren,  and marsh canmurities. The in te tcsp t ion  f a c i l i t y  
and c o l l e c t i o n  system which includes t h e  in take  w i n g  p lan t  
w i l l  r equ i re  c lea r ing  20 acres of land f o r  construction 
a f f e c t i n g  p r inc ipa l ly  t h e  sa l tbush and marsh cwmnmities. 
Impacts fmm t h i s  c l ea r ing  w i l l  be temporary a s  t h e  area  
involved s h l d  ravegeta te  within a fan  years. 

An access  road t o  t h e  complex from S t a t e  Ilighway No. 41 
w i l l  r equ i re  about IS acres,  p r i n c i p a l l y  i n  t h e  sa l tbush 



comnunity, but w i l l  genera l ly  follow an exis t ing ,  well- 
t raveled  d i r t  road. Pemanent operat ing fea tu res  w i l l  p- 
elude vegetat ion rees tab l i sh ing  i t s e l f .  

Construction of  t h e  wapora t ion  p n d s  w i l l  r equ i re  625 ac res  
of land in  pr imar i ly  creosote-brush community. Based on 
t h e  experience of t h e  ex i s t ing  evaporation p n d s  lecated t o  
t h e  south of  t h e  proposed new ponds, some vegetat ion,  pmb- 
ably  representa t ive  of t h e  sa l tbush comuni ty ,  w i l l  e s t a b l i s h  
i t s e l f  on t h e  periphery of  t h e  ponds ht 90 t o  95 percent of 
t h e  a r e a  subjugated w i l l  r a i n  void of vegs ta t ion  during 
p ro jec t  operat ions.  Approximately 53 ac res  o f  land w i l l  be 
required f o r  t h e  bypass, b r i n e  and in take  water p ipe l ines  
t r ave r s ing  sa l tbush,  creosote bush, and t r a n s i t i o n a l  r ipa r -  
ian communities. The p ipe l ines  w i l l  be  covered with t h e  
a rea  allowed t o  r e e s t a b l i s h  itself na tu ra l ly  with t h e  excep- 
t i o n  of  an oparat ing road. The vegetat ion i n  t h e  s a l t b w h  
c a ~ ~ u n i t y  i s  e x p c t e d  t o  r e e s t a b l i s h  i t s e l f  within a few 
years whereas t h e  o the r  camrmnities may t ake  many years t o  
r e t u r n  t o  t h e i r  former s t a t e .  

Emergent vegetat ion along the  psriphery of  t h e  ponds may 
temporarily con t r ibu te  t o  mosquito breeding, although t h e  
e f f e c t  would be minor conpmd t o  t h e  p o t e n t i a l  within t h e  
Wash itself. 

Throughaut t h e  planning ~ e s s  and p l b l i c  involvement pro- 
gram f a r  t h e  Las Vegas Wash Unit and t h e  county's at tendant  
proposal t o  t r e a t  damstic wastes a t  the  advanced wastewater 
t r e a t m n t  p lan t ,  t h e  public  has expressed a f e a r  t h a t  t h e  
m r g e n t  greenbelt  of t h s  las Vegas Wash would be l o s t  a s  
i ts water supply was removed. I t  is an t i c ipa ted  t h a t  t h e  
county w i l l  r e l e a s e  advanced wastewater t r - t m n t  p l m t  

. -eff luent  i n t o  t h e  upper reach of t h e  wash f o r  maintanmce 
of  the  w i l d l i f e  hab i t a t  and rec rea t iona l  and educational 
values.  A ~ ~ d a t i m  f o r  t h e  s t s t a i n i n g  of  t h e  upper 
wash men was made t o  t h e  Clark County Board of  Conmissioners 
by the  Las Vegas Wash Developlent Omtittee on Apri l  5, 1974, 
and again on January 21, 1975. A l l  advanced wastewater t r e a t -  
ment p lan t  flows not  requi red  f o r  maintenance o f  t h e  wash 
would be bypassed around t h e  ground-water in tercept ion  sys- 
tm  and v w l d  be used t o  maintain the  lower reach o f  the  
wash. 

(7) Fish and wi ld l i f e .  - 
(a) -- Fish. - A bio logica l  inventory of  Las Vegas Wash 
indicated t h a t  four  species  of f i s h  nay b found in 



Las Vegas Wash. They included t h e  goldfish, carp, 
mosquitofish, and bluegi l l .  In each case it was indi-  
cated t h e i r  occurrence was rare .  Construction and oper- 
at ion of the project in conjunction with operations of 
Clark County's proposed advanced wastewater treatment 
plant w i l l  reduce the volume of water passing through 
the wash. However, t h i s  reduced volume in  the upper 
wash w i l l  not adversely a f fec t  f i sh  habi ta t ;  t h i s  i s  
already very w o r .  The uni t  i s  not expected t o  have 
any s ignif icant  e f f ec t  on the aquatic habitat  of Las 
Vegas Bay of Lake 'Mead. Tha improved qua l i ty  of water 
in the wasn downstream from t h e  project features may 
r e su l t  in  the establishment of a greater var ie ty  of 
f i sh  species i n  t h i s  reach. 

( b  Wildlife. - During project  constmction,  any lub- 
itat -ion w i l l  a f fec t  wi ldl i fe .  Behavioral pat-  
t e rns  of wildl i fe  tha t  u t i l i zed  t h e  area near the main 
complex will b the  most affected. During construction, 
wi ldl i fe  w i l l  tend t o  avoid arm of hmm act iv i ty .  

Soma amphibians w i l l  be disturbed during construction 
of the  interception f a c i l i t y  but these iapacts should 
be temporary a s  the area w i l l  rapidly res tore  i t s e l f  
a f t e r  completion. 

Canstruetion of the main casplex, the  brine and bypass 
pipelines,  and the avapomtim 'ponds v i l l  a f f ec t  the 
habi ta t  of some of the  reptiles i n  the  project  area 
iden t i f ied  in chapter 11, k b i t a t  loss  fo r  the  ma- 
plex and evaporation ponds w i l l  be pmmnent while res- 
torat ion of habi ta t  wsr the buried pipelines w i l l  take 
many years to occur" natumlly.  
. -. 

A t o t a l  of 252 species of b h d s  u s  k r ~ n  t6 u t i l i z e  
the  wash on e i the r  s s e a m 1  or yea r -mnd  bas13, The 
t y p  of  use, i .e. ,  nesting, cover, feeding, is noted in 
appendixes. Construction a c t i v i t t e s  w i l l  a l t e r  use pat- 
t a rns  of b i d s  i n  the  area of the f a c i l i t i e s  krt t he  d i s -  
turbances ~ b l d  be tcltpomry, Subjugation bf 700 se res  
for  pmjee t  ficllitirs w i l l  elbinate tha t  much habf- 
tat, which m y  not be s ignif icant  when comparsd W the  
13,960 acres  of habi ta t  available i n  the  study a rea  of 
the  wash. 



There i s  a poss ib i l i ty  that  shore birds and waterfowl 
which inadvertently u t i l i z e  the brine p n d s  fo r  nesting 
areas may be covered with salt. This could r e su l t  in  

'- bird n o r t a l i t i e s  a s  s a l t  accunnrlates on feathers and 
r e s t r i c t s  nobi l i ty .  

(c) Endangered species. - The biological inventory 
conducted by the Department of Biological Sciences, 
University of ~ e v a d a  a t  Las Vegas, ident i f ied the - 

andangered brown pelican, Southern bald eagle, and 
peregrine falcon as  possibly u t i l i z ing  the wash on 
a migratory basis. Construction and aperstion of the 
project should not cu r t a i l  or  impair use of the wash 
by these species. 

(8) Recreation. - As indicated in chapter '11, recreational 
we of the wash is multifaceted and p r h c i p a l l y  unregulated. 
Construction and operation of the project  w i l l  c u r t a i l  r e -  
reation use in  the  ar- of the  project  features.  .% e s t i -  
mate of =-days of recreation los t  is available. 

Concern over recreational use of the  wash has been expressed 
by the genersl public f o r  sometine. The various types of 
use have i n  the past come in to  conf l ic t  with each other 
because of incompatibility, i .e., hunting versus picnicking, 
hiking or off-mad vehicle w e .  Chapter TV gives an sxpanded 
discussion of sons of the  recreational concerns of the  gcn- 
era1 public and how they night interface with t h i s  project .  

A s  a mmary of the forgoing impacts, the  following tabu- 
la t ion  indicates the  principal ecological inpacts of the 
project. 



Tabulated Ecolbgiea~ Impacts 
Las Vegas Wash, Unit 

Acres Percent of Principal type ef permamant 
Habitat type disturbed* habitatC* wildlife affected++* 

Creosote 43-7' 0.4 Rqt i l e s ,  birds, mice, 
squimel, badgef, rabbit ,  

186-P 1.9 kt 

Sal tbush 8 -7' 1.9 Bird, mica, squimefr 

Desert riparian 4 -7' 0.8 Reptiles, birds, d e b ,  rabbit 
7-P 1.5 squirrels, badger, c o p t e  

Riparian c l i f f  H/A Y/A - - - - - -  
Transitional 9-T 0.5 Bats, mite, skunk, tapt i les  

riparian (particularly the Yucca 
535-P 30.0 night l i z z u b ,  red racer, 

gopher snake, and 
sidewimdm) 

Urban 

Harsh 

Qpen water 

3-7' 0 .7  Reptiles Ipar t imlr r ly  
chuclcaualla lizzard] , mice 

7-T d,b Fmgsi, t d s ,  n t m  birds, 
mice, skfnk, bats 

Temporary turbidity h s t ~ c c r a  may have a Item- 
porary effect an few f i s h  .and water birds. 

625 -P 0.0 etlerrs ponds that may Strve 
as resting and escape areas 
for  migrating waterfowl 
for up t o  5 to  10 years. 

+ T-Temporary, P-Pemanent 
*+ Percent of Study Arm 
++* Thass specifically mentioned are corravon to abundant in s p e l f i e d  
cormunities . See appendixes 6-3 (Amphibians), 0-5 (Reptiles), 
B-7 (Birds), B-9 -1s). 



( 9 )  Water supply and qua l i ty .  - The Las Vegas Wash Unit 
is  designed t o  reduce the salt cont r ibut ion  o f  t h e  Las -- Vegas Wash t o  Lake %ad and the  Colorado River r e s u l t i n g  
in  an eventual improvement i n  t h e  water q u a l i t y  of t h e  
r i v e r  system. During construct ion t h e r e  w i l l  be m e  
increase i n  t u r b i d i t y  and sedinent t ranspor t  due t o  exca- 
vat ion a c t i v i t i e s  i n  t h e  wash. This increase wi l l  extend 
throughout t h e  construct ion period of t h e  in temept ion  
f a c i l i t y .  There w i l l  not be any permanent adverse e f f e c t s .  

The removal of salts from wash flows is not expected t o  
have a mater ia l  influence on a l g a l  b l o m s  i n  Las Vegas 
Bay of Lake Yead. The a lgae  problem t h a t  has occurred 
r a t h e r  frequently i n  t h e  lake i s  more c lose ly  r e l a t e d  
t o  t h e  n u t r i e n t s  i n  sewage ef f luent . ,  Construction o f  t h e  
Clark County AKT Plant  would reduce the m t  of  p h s -  
p h o m  and o the r  n u t r i e n t s  t h a t  cont r ibute  t o  t h e  a lgae  
problem. [58] 

Depletions t o  t h e  Colorado Rivar w i l l  amaunt t o  3,600 
acre- fee t  f o r  t h e  f i r s t  s t age  and w i l l  decrease t o  about 
1,450 acre- fee t  under the  f u t u r e  second s tage .  These 
annual deple t ions  and o the r  developments in Las Vegas 
Valley were analyzed by t h e  simulation model discussed 
i n  chapter  11. When t hese  r e s u l t s  wore evaluated in  
accordance with t h e  probable fu tu re  upstream developments 
a s  s e t  f o r t h  in  t h e  Departlssnt of I n t e r i o r ' s  biennial  
publ ica t ion  " W l i t y  of Water, Colorado River Basin - 
Progress Report No. 7" dated January 1975, t h e  following 
r e s u l t s  were noted: 

Future Water Quali ty Effec ts  of Las 1980 1990 2000 
Vegas Valley Development (mgll) H I H 1 ti I 

First-Stage SEnrP 5 8 7 11 10 16 
Second-Stage SNW 0 0 5 8 13 2 0  
Total  SNKP (First and Second Stages) 5 8  12 19 23 36 
NPDES Pennits  0 0 -6 -7 -4  -7 
First-Stage Las Vegas Wash - CRBSCP 0 0 -4 -4 0 0 
Second-Stage Las Vegas Wash - CRBSCP 0 0 0 0 -8  -8  

Sote: SNWP = Southern Nevada Water Projec t  
H 3 Hoover Dam 
X = Imperial Dam 



(10) Energy consumption. - Operating f a c i l i t i e s  fo r  the  
Las Vegas Wash Llnit w i l l  be by e l ec t r i c  power. The f i r s t  
stage vjll require an estimated 3,575,000 kWh p r  year. 
After the addition of the second stage,  the energy require- 
ment u i l l  be 68,155,000 kWh per year. 

The re la t ionship of t 3 i s  energy use i s  best described i n  
conparison t o  the peak denand f o r  e l e c t r i c  energy provided 
by the Nevada Power Company, the  principal  supplier  i n  the 
southern Sevada area. nis cumpay u i l l  a l so  supply the  
energy f o r  the desal t ing plant.  During 1975 the peak 
demand was 1,007 megawatts. The energy required f o r  the  
f i r s t  stage of the  Las Vegas Wash Unit would mount t o  
.04 percent of t h i s  t o t a l  demand. Projecting t o  year 2000, 
t h i s  percentage m l d  increase t o  about .28 percent of the  
cmpanies expected damand. 

b. Crystal Geyser U n i t .  Utah. 

(1) Local aconcmylresources. - The impact on the  local  
economy f roa  d a v e l o p m t  of the  Crystal Geyser project  
would be h i n a l .  No formal attempt muld  be d e  t o  
enhance the f a c i l i t y  as a tuu r i s t  a t t rac t ion ,  which is 
the only way the project  could s ignif icant ly  a f f ec t  the  
economy. %me increase in tourism, however, might r e su l t ,  
a s  a s ide  benefit ,  froa the  proposed road improvement 
which would provide wr i s t s  eas ie r  access to the geyser. 
The dike around the  geyser muld  be formed by a compacted 
ear th  mbanhan t ,  and the  pond l ined with a p l a s t i c  am- 
b m e  t o  prevent seepage. 

Othm temporary aconcmic impacts m l d  r e su l t  during con- 
s t ruct ion.  Construction manpawer wwld purchase materials, 
housing, and other  pods and services in Green River, Utah 
o r  nearby areas. Sme q l o y n e n t  opportunit ies mu ld  a l so  
be created. In addit ion t o  construction materials ,  fue l  
and lubr icants  would be used in the operation of equipment 
and t rave l  to  and fnm the project .  

(2) land uselcul tural  factors.  - About 160 acres of land 
w i l l  be a f fec ted  by construction of t he  evaporation pond 
while about 2 acres w i l l  be affected during construction 
a m d  the geyser. The m a p r a t i o n  pond is locnted about 
3 miles from the geyser. Except f o r  limited cul t ivat iun,  
none of the  land in the  area affected by the  project  i s  
presently used. Wildlife inhabiting t he  area i s  sparse 
and therefore wi ld l i fe  losses would be negligible.  The 



pro jec t  w i l l  have no s ign i f i can t  effect in t h e  c u l t u r a l  
pa t t e rns  of  the  area.  
C 

(3) Social aspects .  - The impact on humans m l d  be s ig -  
n i f i c a n t  only during construction of the  projec t  when 
sonre employment oppor tuni t ies  could be avai lable  t o  local  
res idants ,  and some demands created f o r  local  goods and 
s e m i c e s .  Following construction,  t h e  impact on l x a l  
r e s iden t s  would 5e reduced t o  occasional v i s i t s  fram tour-  
ists o r  operation and maintenance forces  passing through 
t h e  area .  

(4) Archeological and h i s t o r i c a l .  - Constlvction of t h e  
evaporation ponds w i l l  a f f e c t  th ree  archeological s i t e s .  
These s i t e s  were discovered within t h e  boundaries of  t h e  
proposed evaporation ponds in  a preliminary survey made 
by t h e  Utah S t a t e  His to r i c  Preservation Office. The S t a t e  
o f f i c e  had been contacted t o  make t h e  survey upon r e f e r n 1  
by t h e  National Park Service. These s i t e s  a r e  probably 
archaic  in  c u l t u r a l  a f f i l i a t i o n  based on t h e  presence of 
an Elko Side-notched point ,  several  la rge  point  fragments 
and the  t o t a l  absence of  pot tery .  Based on t h e  data  a v a i l -  
a b l e  none o f  t h e  s i t e s  appear to 
qua1 i t y .  P r io r  to cons tmct ion ,  
w i l l  follow t h e  procedures i n  36 

(5) A i r ,  noise,  v i sua l  impacts. 
construction work, M addi t ional  

be of  National Register  
t h e  Bunau of Reclamation 
CFR Part 60, 63, and 800. 

- After completion of  
impacts w i l l  r e s u l t  t o  

t h e  a i r  q u a l i t y  o r  noise.  

The evaporating ponds with s a l t  a m s t a t i o n s  o r  d q o s -  
its might be unsightly a t  c e r t a i n  times of t h e  year. 

(6) V e  e ta t ion .  - Sons sparse vegetat ion i n  t h e  geyser 
a rea  -8-6- w i l l  e destroyed by t h e  d ike  and by e a r t h i n g  equip- 
m u n t  used f o r  cans tmet ion .  Up t o  105 acres of  sp rse  vege- 
t a t i o n  i n  t h e  evaporating pond a rea  w i l l  a l s o  be destroyed 
by t h e  br ine  and pond dike. A 1.3-mile reach o f  p ipel ine ,  
t h a t  w i l l  convey water ftaa t h e  geysur t o  t h e  l ined wap-  
o ra t ion  pond, will be buried under t h e  unsurfaced country 
road. The a rea  overlying t h i s  port ion of t h e  p ipe l ine  
t m c h ,  therefore ,  w i l l  not r equ i re  revegetation. The 
remaining 1.7 miles of p ipe l ine  with a 32-inch-wide back- 
f i l l e d  trench rould c r e a t e  l imited landscape disturbance. 
The a r i d  nature of  t h e  area  g rea t ly  r e s t r i c t s  vegeta t ive  
growth to t h e  extent  t h a t  t h i s  n a r r o w  b d  o f  landscape 



disturbance would hardly be seen. Any attempt t o  reveg- 
state by t ransplant ing  and possibly sp r ink le r  i r r i g a t i o n  
m l d  w e a t e  an unnatural green s t r i p .  With t h e  e l h i n a -  
t i o n  of the  s a l i n e  flow t o  t h e  Green River, sons willows 
and o t h e r  vegetat ion may grow a l o n ~  t h e  banks where they 
a m  presen t ly  denuded. Otherwise, t h e r e  w i l l  be no e f f e c t  
on vegetat ion.  

(7) Fish and wi ld l i f e / r ec rea t ion .  - Several species  o f  
minnows, suckers, and c a t f i s h  occur in  t h e  Crystal  Geyser 
area .  The endangered Colorado squawf i s h  and humpback- chub 
wew reported i n  the  l i t e r a t u r e  t o  occur within t h e  Green 
River i n  the  Crys ta l  Geyser area.  The decrease i n  salt 
from t h e  Crys ta l  Geyser may have a mall i d i a t e  hene- 
f i c i a l  e f f e c t  t o  f i s h  l i f e  where the  discharge is now 
m t e r i n g  t h e  Grem River. Otherwise, e f f e c t s  t o  f i s h  
l i f e  w i l l  be neg l ig ib le  because of t h e  mall m t  of 
salt and water involved when compared t o  t h e  t o t a l  i n  t h e  
Green River. The salt  load from t h e  geyser amounts t o  
only 0.12 percent  of that i n  t h e  Green River a t  Green River, 
Utah, and t h e  flow is only about 0.004 p r can t  o f  t h e  flow 
of t h e  G m  River. 

F r a n  t h e  b io log ica l  inves t iga t ions  conducted by Brigham 
Young Universi ty,  it was determined that t h e  e f f l u e n t  o f  
t he  Crystal Geyser lam l i t t l e  o r  no detr imental  e f f e c t  on 
t h e  macroinvurtebrate populat ions of  t h e  region o f  Green 
River blow t h e  point  where the  mineral-laden waters o f  
t h e  geyser enter .  This  i s  due t o  the  infrequency o f  m p -  
t i o n s  and t h e  r a p i d  d i l u t i o n  of  t h e  e f f l u e n t  i n  t h e  G r e e n  
River. There w i l l  be n e g l i g i b l e  change with cont ro l  of 
t h e  d ischarge  f n m  t h e  geyser. 

The American peregr ine  falcon is t h e  only endsngerd  wild- 
l i f e  species  reported i n  the  literature to accur i n  t h e  
props& project area. No nes t ing  sites exist in  the 
v i c i n i t y  of t h e  p ro jec t .  The overall impacts of t h e  proj-  
ect upon the  various species o f  w i l d l i f e  (includes amphib- 
ians, reptiles, b i rds ,  and -1s) is expected to  be 
neg l ig ib le .  

Recreation n i g h t  increase with developllunt of t h e  s i t e  a s  
a tourist attractian due t o  t h e  access mad i r rpro~ammt 
as described previously under ''Local econmy/resources .It 

(8) Water supply and qua l i ty .  - The present  geyser d i s -  
charges are so  widely separated and small compared t o  the  



Green River itself that t h e  flow d i f f e n n c e  i n  t h e  r i v e r  
be twen  t h e  present  condit ions and those with t h e  geyser 

.eontrol led would be extremely small. The geyser flow is 
a h t  150 t o  200 acre-fee t  per year a s  compared t o  about 
4,000,000 acre-fee t  per year in  the  Green River a t  Green 
River, Utah. 

The removal of h t  3,000 tons of s a l t  from t h e  Green 
River would reduce t h e  t o t a l  dissolved s o l i d s  concentration 
o f  the  Colorado River a t  Imperial Dan by about 0.3 n g l l .  

An adverse e f f e c t  would be t h e  l o s s  fmm evaporation of 
about 150 t o  200 acre-fee t  of  water annually. Present 
Utah water laws require  evidence of  benef ic ia l  use to 
e s t a b l i s h  water r igh t s .  An in te rp re ta t ion  of  whether o r  
not  t h i s  water use is benef ic ia l  should bs detsrained by 
t h e  S t a t e  of Utah. 

2. Other Control Units f o r  Construction 

Paradox Valley Unit, Colorado. - 
(11 Local economic resources. - The construction o f  t h e  
project m l d  temporarily increase ecmonic a c t i v i t y  i n  
and adjacent  t o  the  projec t  area.  The t o t a l  cos t  of con- 
s t r u c t i e n  can be categorized i n t o  mater ia ls ,  equipment, 
f r e igh t ,  labor  and miscellaneous items. A p p r o x h t e l y  
$5,000,000 would be spent f o r  m t e r i a l s  d equipment 
used i n  constluct ion.  I t  is estimated t h a t  40 percent,  
o r  $2,000,000, wwld be spent i n  Colorado. 

Sa la r ius  paid t o  contrac t  l a b  will r e s u l t  i n  a payroll  
e s t i m t e d  to, be about $3,220,000. Assuiing a 3-year con- 
s t m c t i o n  p l o d ,  annual take-how pay would average 
$539,000. This would temporarily increase employment 
oppor tuni t ies  and t h e  standard o f  l iv ing  within t h e  t r a d e  
a r e a  o f  Paradox Valley. 

Sales t a x  m e n u a s  ( tha t  port ion o f  t h e  t o t a l  tax col -  
lected by t h e  S t a t e  and returned t o  t h e  1-1 area) would 
increase.  The assessed values of  personal proper t ies  wwld 
increase  a s  a r e s u l t  of  new famil ies  l i v i n g  i n  t h e  area .  
Assessed values of cormsrcial and indus t r i a l  nachinery used 
by t h e  contrac tor  and subcantractor wwld a l s o  be added t o  
t h e  t a x  rolls. 



Miscellaneous cos t  would 5s approximately $3,000,000, con- 
s i s t i n g  of  land and rights-of-way and a t h e r  expenses. Much 
of t h i s w o u l d  be spent i n  the l oca l  area. 

Project  operat ion would not have a significant e f f e c t  on 
the  local  economy. The evaporation pond would gradually 
remove about 3,375 ac res  of land now used f o r  the l a t e  
winter and e a r l y  spr ing  grazing in Dry Creek Basin. 

The Bureau of Land Management's e r t b a t a b  carry ing capa- 
c i t y  is  .05 Aninal Unit Months per ac re  i n  the  evapora- 
t i o n  pond area.  Based on the 3,375 ac res  t o  be removed 
from grazing this would m u n t  t o  about a 170 AlPl l o s s  
i n  grazing which is miner Kith respect  to the  t o t a l  
rangaland in the  arms. Sons of the  high g ra t ing  land 
i n  D r y  Creek Basin bas 8 carry ing capaci ty  of 0.2 AUMVs 
per  acre ,  swcwhat b e t t e r  f l a r ing  when put i n  perspec- 
t i v e  with the  lower p a r t  of  the  Basin. 

The p ro jec t  w i l l  nat ddvmss ly  a f f e c t  the  present  s t a t u s  
o f  w o n m i a l l y  valuable r e somces  such as uraniua n w  
found i n  the  a r m .  Mineral ex t rac t ion  and processing 
would not be a l t e r e d ,  nor mwld i r r i g a t e d  a g r i c u l t u r a l  
land. W e  rangeland would be lost a s  a r e s u l t  of perma- 
nent s t r u c t u r e s ,  but  grazing along the  r i v e r  v w l d  pmb- 
ab ly  improve with the  disappearance of  the s a l t  f l a t s .  

(2) Land us@. - An estimated 6,000 acres ef r ight rbof-  
way r p o ~ t c q u i r 4 d  f o r  access,  work areas, and perma- 
nent  s t r u c t u r a l  sites. The majori ty o f  this land is 
p r i v a t e l y  ouned, and the  remainder is administered by 
the  Bureau of  Land b a g t l l s n t .  Grazing m u l d  be e l i d -  
natdd dur ing const ruct ion  a c t i v i t i e s ,  but  should ba 
poss ib le  oa much of the  Iand a f t e r  na tu ra l  revegetat ion 
has o c c u r r d .  The acreage occupied by physical  surface  
s t r u c t u r e s  would bm p m e n t l y  l o s t  t o  nonproject uses. 

Surveillants would ba maintained by project opera t ion  
p r m n n e l  a t  a l l  t b S  t o  see t h a t  my breaks or leaks 
i n  the  pipellns,  w i n g  p l a n t s ,  d ikes ,  or nal funct ions  
of  the  hydrogsn ~ u l f i d e  s t r ipp ing  p lant  would be repai red  
M d i r t e l y  to prevent excessive br ine  s p i l l s  or r e l e a s e s  
o f  any hydmgen s u l f i d s  gas tha t  may cause daaags t o  the 
environaent. In  the  event o f  a imjor I+& i n  t h s  pipe- 
l i n e  o r  a failure i n  the  hydrogen sulfide s t r i p p i n g  p l a t ,  
p p i n g  wuld  bs closed down a u t o n a t i c a l l y  t o  minimize the  
s p i l l s .  



(3) Social  aspects .  - The impacts r e su l t ing  f m  the inf lux  
o f  construct ion w r k e r s  t o  t-le Paradox Valley area  w u l d  
be temporary. Employment during the 3-year construct ion 
period would peak a t  approximately 100 workers in  the second 
year. The c i t y  of  Naturi ta  (population 820) is the  most 
l i k e l y  set t lement locat ion.  Although Hontmse County (pop- 
u la t ion  11,333) experienced a high growth r a t e  of 20.5 per- 
cent  between 1960 and 1970, the  western hal f  of the county 
(population of about 4,000). which contains the  projec t  
a rea  suffered a high population decl ine  of 27.7 percent .  
Sew demands f o r  addi t ional  housing, sewage d isposal ,  muni- 
c i p a l  water, schools, and medical f a c i l i t i e s  w i l l  be created.  
Some of these denands could be met by workers commuting from 
communities with ex i s t ing  ava i l ab le  f a c i l i t i e s .  Since there  
a r e  e s s e n t i a l l y  no r e n t a l  u n i t s  ava i l ab le  i n  the  va l ley ,  
arrangements by new res iden t s  would have t o  be made f o r  new 
housing const ruct ion ,  mobile homes, o r  r e loca tab le  un i t s .  
Present school f a c i l i t i e s  would need t o  be expanded a s  would 
municipal water, sewage treatment, and possibly medical 
f a c i l i t i e s .  Unfortunately, these demnds tend t o  Inpact 
p r i o r  t o  provision o f  expanded f a c i l i t i e s .  A por t ion  o f  
the  new jobs w u l d  be taken by permanent local  res idents  
(4.6 percent unemployed i n  19731, and p a r t  by young people 
cu r ren t ly  migrating out f o r  oppor tuni t ies  elsewhere. 

Only f i v e  long-term jobs f o r  operat ion and maintenance w i l l  
be created.  The most s ign i f i can t  long-term impacts t o  peo- 
p l e  w i l l  r e s u l t  from the  use of  improved qua l i ty  o f  water 
by downstream water users .  

(4) Archeological and h i s t o r i c a l  impacts. - The a r e a  w i l l  
be evaluated by an archeologist  o r  o ther  appropriate pro- - -  - 
fess ional  who will make a deterninat ion  i n  consul ta t ion  

.with the  S t a t e  Historic Preservation Officer.  Their  work 
w i l l  be an evaluat ion of c u l t u r a l  resources which would 
be af fec ted  by the  pmposed ac t ion  and e l i g i b i l i t y  f o r  
inclusion i n  the National Register  of His to r i c  Places. 
Should such resources be found, the Bureau of  Reclamation 
would mi t iga te  the impact of the  undertaking on any cul -  
tual resources found during construct ion and would follow 
the  procedures out l ined i n  36 CFR 800. 

(5) Air, noise,  odor, and v isua1 impacts. - The projec t  
would not a l t e r  the  q u a l i t y  of  a i r  on a permanent bas i s .  
The e l e c t r i c  power required f o r  the would amount t o  
about 2,230 ki lowat ts ,  with 18.8 mi l l ion  kilowatt-hours 



of  energy which vould be obtained from the  Colorado River 
Storage h o j e c t ;  and, therefore ,  w i l l  not r e s u l t  i n  a i r  
pol lu t jgn  o r  addi t ional  noise, odor, o r  v isual  impacts. 
A salt f l a t  would eventual ly develop around the  evapora- 
t i o n  pond during summer months. Wind-driven s a l t  spray 
and loose s a l t  c r y s t a l s  could degrade a i r  qua l i ty  in the 
immediate area.  This,  however, would occur only occasion- 
a l l y .  The hydrogen s u l f i d e  s t r ipp ing  p lan t  and f a c i l i t i e s  
would be under constant survei l lance  t o  insure  no escape 
o f  hydrogen s u l f i d e  gas i f  a malfunction o r  b r e a k d m  
occurred. Failure i n  the  hydrogen su l f ide  s t r ipp ing  p lan t  
could c r e a t e  an obnoxious stench which would requi re  c l o s i a g  
down the  plant  f o r  r epa i r s .  

Local v i sua l  q u a l i t i e s  ~ u l d  k impaired by the  s t r u c t u r a l  
f a c i l i t i e s  of  the projec t .  Wellhead housings, transmission 
l i n e s ,  and access mads  would be v i s i b l e  i n  t h e  r i p a r i a n  
vegetat ion along the  Dolores River. Since the  b r ine  pipe- 
l i n e  t o  t h e  evaporrrtion pond would be buried, these  v i sua l  
impacts uould gradually disappear a s  revegetat ion occurred. 
The transmission l i n e  along t h e  p ipe l ine  from S t a t e  High- 
way %. 90 t o  t h e  l a s t  pumping s t a t i o n ,  f igure  1-6, would 
a l t e r  the  scenery, although m ~ c h  o f  it would be obscured by 
the t r e e s  i n  the  higher e levat ions .  The se lec ted  evaporrr- 
t i o n  p o d  would a f f e c t  the  na tu ra l ,  open range scenery of  
D r y  Creek W i n .  

(6) Ve e t a t i o a .  - Approxiaately 11 ac res  o f  r i p a r i a n  habi- 
t a t  an + 4 ac res  o f  sparse  dese r t  vegetat ion would be p e r m -  
nen t ly  l o s t  along the  Dolores ~ i v e r - a s  a r e s u l t  of  the  well 
f i e l d ,  c o l l e c t i o n  system, access roads,  and appurtenant 
f a c i l i t i e s .  An add i t iona l  12 a c r e s  of r i p a r i a n  vegetat ion 
would be dis turbed during const ruct ion ,  but wwld r e t u r n  
t o  its present  condit ion a f t e r  the coupletion o f  work. 
Since the  wal ls  would be d r i l l e d  i n  s x c e s s i v e  stages,  with 
intervening t e s t i n g  programs, the impacts would occur grad- 
ual ly .  Figure 111-1 shows the r i p a r i a n  hab i t a t  t y p i c a l  o f  
tho  well s i t o s  an the west bank o f  the  Dolores River. 

7hs const ruct ion  of the  b r ine  p ipe l ine  would remove about 
52 ac res  of  spars4 grasses  and sagebrush a t  lower eleva- 
t i o n s  (f ig.  111-2) and about 10 acres  of  Pinyon pine and 
juniper  roodland an the mesas between Paradox Valley and 
Dr)l Creek Basin. Since the  p ipe l ine  would be buried, t h e  
vegetat ion would be u a t u r a l l y  o r  a r t i f i c a l l y  rees tabl i shed 
along t h e  a l i n e w n t .  However, regrowth would be q u i t e  slow 



- - - 

Xest Bank habi tat  of  the well s i te .  

Figure 111-2 



Upper slopes of proposcd evaporation pond site Dry Creek Basin. 

Figure 111-3 



a s  a r e s u l t  of the  semiarid c l ima t i c  condit ions.  Very lit- 
t le  habi ta t  would be removed f o r  the  transmission l i n e  
Eights-of -way. 

The evaporation p n d  would gradually inundate up t o  3,375 
ac res  of sparse sagebrush and grass ( f ig .  111-3) during 
the  l i f e  of  the projec t .  No vegetat ion would grow on t3re 
deposited s a l t s  and the loss  would be permanent. I t  i s  
poss ib le  t h a t  windblown s a l t  could a f f e c t  na t ive  vegeta- 
t ion  in the  immediate surrounding land, but the  extent  o f  
this @act  is  not known. 

Riparian vegetat ion along the  Dolores River downstream 
from the  p ro jec t  could tm anhanced by the improvement i n  
water qual i ty .  Uuder e x i s t i n g  condit ions,  s a l t  encrusta- 
t i o n s  frequently build up along the  s t reau 'channel  and the 
adjacent  lowlands, possibly i n h i b i t i n g  vegetat ive growth .' 
(7) Fish and wi ld l i fe / recrea t ion .  - 
diver ted  above Paradox Valley a a i n l y  
deple tes  the streamflows i n  the  l a t e  
almost a no-flow condition. 

The Dolores River is 
for i r r i g a t i o n  which 
sumsr m n t h s  t o  

The main f i s h  species  that l i v e  i n  t h e  Paradox Valley por- 
t i o n  of the  Dolores River a r e  the  red  shiner ,  m n d t a i l  chub, 
speckled dace, and the  flannelmouth sucker. Thsse species  
have adapted t o  the e r r a t i c  nature of the  strermflous - high 
spr ing  m f f ,  and very low flws during tha swmer months. 

The flow pa t t e rn  w i l l  remain e s s e n t i a l l y  unalterud by the  
projec t .  The reduction i n  s a l i n i t y  of the  Dolores River nay 
provide an iarptoved hab i t a t  f o r  the  na t ive  species.  The lou- 
f l w  condit ions will ba e s s e n t i a l l y  unchanged i n  the  suager 
months and t h i s  aspect  m y  be w r e  s i g n i f i c n n t  to the  popula- 
t i o n  l eve l s  than s a l i n i t y .  I t  is therefore  expected t h a t  
the f i s h l i f e  i n  the Dolores River w i l l  rumain e s s e n t i a l l y  
unchanged by t h e  p ro jec t  a c t i v i t y  with a chance f o r  s l i g h t  
improvement as a r e s u l t  of the  lower annual s a l i n i t y  l eve l .  
This improvement may be o f f s e t  by the deple t ion  of approxi- 
nmtely 5 cubic f e e t  per second due t o  the  evaporation of 
s a l i n e  g m n d  water. 

The well f i e l d ,  co l l ec t ion  system access roads,  and appur- 
tenant  f a c i l i t i e s  w i l l  u t i l i z e  11 ac res  of r i p a r i a n  vegeta- 
t i o n  and 4 acres  of  sparse d e s e r t  vegetation. The evapora- 
t i o n  pond would gradually remove 3,375 ac res  o f  sagebrush 



P m p o s d  s i t e  of the evaporation pond i n  3ry Creek 3asin.  

Figure 111-4 



and grass.  The br ine  p ipel ine  w i l l  remove about 52 acres 
o f  sparse grasses and sagebrush and about 10 acres  of pinon 
W p e r  woodland. 

The loss  of  11 acres  o f  r ipa r i an  hab i t a t  f sa l t cedar ,  cotton- 
wood, and willow) will have an e f f e c t  on b i rds  and o ther  
animal l i f e  tha t  frequent the r i v e r i n e  environment. The 
ringneck pheasant is found primari ly on i r r i g a t e d  lands in 
the  western port ion of Paradox Valley and i n  the  dense hab- 
i t a t  adjacent  t o  t h e  Dolores River. Since the  11 acres  w i l l  
be used f o r  permanent f a c i l i t i e s ,  t h i s  small loss  of r i p -  
a r i a n  hab i t a t  will be long term. 

Other game b i rds  such a s  dove, a s  well a s  r ap to r s ,  a l s o  u t i -  
l i z e  r i p a r i a n  h a b i t a t  f o r  p a r t  of t h e i r  l i f e  cycle.  Again 
t h i s  small a m u n t  of hab i t a t  w i l l  be permanently l o s t  and 
w i l l  be unavailable f o r  nest ing,  roos t ing ,  and feeding areas .  
Riparian hab i t a t  a l s o  provides an important niche f o r  a nm- 
ber  of  nongaas b i rds  and o ther  animal l i f e .  

The upland hab i t a t  t h a t  will be disturbed by the  p ipel ine  
and covered by the  evaporation pond will reduce lands ava i l -  
ab le  t o  sage grouse, mule deer ,  coyote, and o the r  forms of  
aninal  l i f e .  While the  evaporation pond area  is large ,  wild- 
l i f e  d e n s i t i e s  a r e  low and the  removal of this acreage f o r  
p ro jec t  f ea tu res  is not expected t o  be not iceable  on popu- 
l a t i o n  numbers. 'Ihe pipel ine  w i l l  be buried, therefore ,  the  
h a b i t a t  disturbance w i l l  bu shor t  tern and the  p ipel ine  w i l l  
not present  a surface b a r r i e r  t o  animal mvement. 

The evaporaticm pond w i l l  gradually f i l l  with br ine  and w i l l  
cover about 2,200 ac res  a f t e r  10 years. 

The b r ine  in the pond w i l l  h so s a l t y  (estimated a t  
312,000 mg/l a f t e r  13 pars) that it rill not be u t i l i z e d  
by w i l d l i f e  a s  a source of water. 

The operat ion of the pumps w i l l  cause minor disturbance t o  
w i l d l i f e  species i n  the  iumediate a r e a  of t h e  pumps. Routine 
operat ion and maintenance a c t i v i t y  w i l l  a l s o  cause only a 
minor disturbance s ince  the  a r e a  where the  pumps and roads 
will tm i n s t a l l e d  is undeveloped. 

Waterfowl m y  be a t t r a c t e d  by the  brinepond. M s t  of the  pres-  
e n t  waterfowl use is located southwest o f  the  p ro jec t  f ea tu res  
i n  small ponds and i n  t h e  a g r i c u l t u r a l  lands. Studies a r e  now 
being conducted t o  determine i f  accumulation o f  s a l t  on the  
b d i e s  on c e r t a i n  species  o f  waterfowl together  with temper- 
a t u r e  e f f e c t s  may r e s u l t  i n  r e s t r i c t i o n  o f  f ly ing  a b i l i t y  and 
poss ib le  mor ta l i ty .  



With the reduction i n  s a l i n i t y  of the Dolores River, aquatic 
o r  emergent plant l i f e  should gradually increase in  areas 
where jpgh s a l i n i t y  levels have kept growth t o  a ainirmm. 

The project  area is not a major recreation area  and most of 
the current recreation ac t i v i t y  is by local  residents.  Such 
uses a s  .hunting, hiking, horseback r iding,  and canping will 
be essen t ia l ly  unchanged by the well f i e ld  and evaporation 
pond. 

Hunting f o r  pheasants, sage grouse, and deer will be temporar- 
i l y  impaired while construction a c t i v i t y  is taking place on 
the wells and evaporation ponds. 

I f  a portion of the Dolores River i s  included in  the National 
Wild and Scenic River system, the designation alone would 
have a tendency t o  a t t r a c t  addit ional v i s i t a t i on  use. I t  
i s  doubtful i f  the inclusion of any reaches of the r i v e r  
would a l t e r  exis t ing recreational opportunities i n  the  area 
influenced by the project  wells because of the very e r r a t i c  
nature of the streanflons and the agr icul tural  development 
i n  the  valley. 

(8) Water a p p l y  and qual i ty .  - The qua l i ty  of water i n  
the Dolores River downstreaa f roa  Paradox Valley would be 
substant ia l ly  improved. The average annual s a l t  concentra- 
t i on  i n  the r i ve r  w u l d  be reduced by about 502 ng/l imme- 
d i a t e ly  blow the project  whereas the average da i ly  concen- 
t r a t i on  w u l d  be reduced by about 9,430 mg/l. The average 
s a l i n i t y  of the Colorado River would be decreased by a b u t  
16.3 el a t  Imperial Dam. This s a l t  concentration mduc- 
t im would r e su l t  i n  an overal l  improvement of water qual- 
i t y  which would have long-term benef i ts  t o  downstream water 
users. Saw of there  benefits  would be: (1) increased crop 
yie lds ,  (2) reduction of operation, maintenance, and replace- 
ment costs ,  (3) re turn t o  production of unproductive acres ,  
(4) mrter and f e r t i l i z e r  savings due t o  reduced leaching, 
(5) reduced use of soap and detergents,  and (6) reduced scal-  
ing i n  plumbing and reduced water softening needs. 

The flow of the Dolores River wu ld  be depleted by approxi- 
mately 5 cubic f ee t  per second, o r  3,620 acre-feet  per year, 
due to the evaporation of sa l ine  ground water. 

b. Grand Valley unit, Colorado 

(1) -1 economic resources. - Economic impacts would occur 
i f  the Grand Valley %I program is b u i l t  and the IMS progran 



now underway becomes a permanent program. Invest igat ions 
are s t i l l  i n  the  e a r l y  s tages  and firm da ta  a r e  not ava i l ab le  
w t  the  present time. Indicat ions,  however, point  t o  th ree  
s ign i f i can t  1-1 impacts: Reduced appl ica t ions  of i m i g a -  
t i o n  water, increased crop y ie lds ,  and economic e f f e c t s  due 
t o  cons tmct i an  and operation of the  projec t .  

Concrete l in ing  of e x i s t i n g  canals  and l a t e r a l s  and construc- 
t i o n  o f  b e t t e r  and nore permanent s t r u c t u r e s  would not mate- 
r i a l l y  change the water d i s t r i b u t i o n  system i n  the  Grand Val- 
ley. A few l a t e r a l s  w u l d  be combined which would mean t h a t  
same open d i t ches  m u l d  be f i l l e d  i n  and leveled. After  irri- 
gation scheduling is  i n  e f f e c t ,  t he re  m u l d  be a change in  
the  amount of  water appl ied  per  acre. 

I r r i g a t o r s  in  the  Graad Valley a r e  n w  achieving about 
33 percent e f f i c i ency  in water use. Preliminaxy da ta  ind i -  
c a t e  that w i t h  improved onfann i r r i g a t i o n  system and proper 
i r r i g a t i o n  lranagement a 60 percent o n f a n  ef f ic iency could 
be reached. Based on a present  d ivers ion  of between 7 t o  
8 acre- fee t  per ac re  appl ied  t o  57,000 ac res ,  an annual 
reduction i n  d ivers ions  of approximately 128,000 acre- fee t  
might be achieved. 

There a r e  8,600 acres of i d l e  farnlaud in the  p ro jec t  area.  
S m a  of this might be supplied with water saved through 
el imination of nonbeneficial uses such a s  consumption by 
hydraphytes and phreatophytes. In order  t o  a c c m p l i s h  this, 
present  water r i g h t s  including d i r e c t  flow, s torage o r  
exchunge agreements may have t o  be d i f i e d  o r  n w  r i g h t s  
es tabl i shed and some add i t iona l  construct ion work done. 

The IMS program in t h e  Grand Valley has not b n  in operat ion 
long wwgh to determine the  impact on crop y ie lds .  One var- 
i a b l e  t h a t  w i l l  inf luence the e f f e c t  on crop y ie ld  is the  
wil l ingness of the  i r r i g a t o r s  t o  follow the  recommendations 
o f  the Pmgrsa.  In January of 1974, t h s  Buram of Reclama- 
tion published the Annual Report of the  Minidoka Projec t  I r r i -  
ga t ion  Management Services Program, f o r  i t s  four th  year o f  
operatima. I t  is recognized t h a t  r e s u l t s  achieved i n  Idaho 
may not necessar i ly  be the  same as those in Grand Valley 
but  ars presented as an example u n t i l  the  d a t a  on Grend 
Valley a r e  avai lable .  Ihs Yinidoka Projec t  r epor t  based on 
67,570 acres reported an increase of $28.46 per  a c r e  due t o  
increased crop y ie lds .  This represents  a 13 percent increase.  
I f  t h i s  same increase were applied t o  the  Grand Valley Proj- 
e c t  an add i t iona l  p o s i t i v e  impact o f  $1,60O,OM] pe r  year 
would be r e a l i z e d  by t h e  farmers o f  the  Grand Valley. 



A s  a result of constructing the project, it has been es t i -  
mated that about $15,000,000 would be contributed t o  local 
payrolls aver a 5- to 10-year period. T h i ~  would be basic 
or a e w  income and would have a multiplying effect on the 
etconmy. Virtually a l l  this payroll would be spent locally, 
and a secondary iplpact would produce new payrolls and prof- 
i ts  for persons i n  the sewice industries. 

Increasd demands for goods and sewices w i l l  impact prior 
t o  the development of fac i l i t i e s  t o  meet these demands. 
Facil i t ies  developed t o  meet the short-term increased demands 
for goods and services during the construction phase of the 
project my be in surplus as these demands decline, 

The present cost of $7.50 per acre fo r  apemtim, mlntcrhmee, 
d itplacement of irrigation systems would be reduced to  $5. 
This would create an rnntul savings of about $142,000 per 
year. 7 h  mual cost of operating and maintmining the pro j -  
ect would be $285,000. About $170,600 of th is  amwnt would 
be for labor and the reuinder for equipment, supplies, and 
materials, mbst of which muld be purchased iocslly. The 
IMS program muld pmvidc the equivalent of about 10 ful l-  
time jobs if  it m r e  universally adopted as a pemmtnt 
program i n  the valley. I t  is assumed that the pmgram would 
be fuuded by the i rr igators i n  the valley. 

RaalitatPan of tho p p s e d  salinity contr6l p ~ g r a m  would 
result i n  very minor effects on topography, geology, or 
minerals. a l l  changes in topography would result whero 
any constaction w te r i a l s  were borrowed such as sand, &ravel, 
or embanbent materials. I t  is anticipated that clay soils  
fo r  compacted snbanknent wuld be obtained mostly from the 
undeveloped area above the Guvemnt  Highline CsRal and that 
sand and gravrl for concrete stmcturss and lining would be 
obtained adjacant to  the channel of the Colorado or Gumison 
River. Excavation of sand and gravel adjacent to the r iver  
could conceivably msul t  in local changes in the river channel. 
Changes in  topography could a l m  result i f  two or more laterals 
are combined into me lateral. In these instances the aban- 
doned channel muld be refi l led t o  the natural ground level. 
Tha only impact on minerals wuld be the use of ssnd and 
gravel for construction purposes, which uould result  i n  a 
very d n a r  reduction ih the volume of that resource available 
within the valley. 

Ths primary impact of the pmjeet on sol ls  would be the 
changes i n  sa l in i ty  in those soils overlying present water 



t ab les  which would be lowered o r  eliminated by implementa- 
t i o n  of the s a l i n i t y  control  programs. I r r iga ted  soils ih 
w c h  a pos i t ion  might be expected t o  show a gradual r e h c -  
t ion  i n  the s a l i n i t y  of the  upper s o i l  p r o f i l e  with the pas- 
sage of time. Becwse of the low p rec ip i t a t ion  i n  the area ,  
nonirr igated lands w u l d  probably continue t o  gain s a l t  in 
the  surface s o i l s  but a t  a slower r a t e  than a t  present due 
t o  the reduction of c a p i l l a r y  movement of water. 

The concrete l in ing of the va l l ey  canals  and l a t e r a l s  would 
el iminate the erosion problems associated with present l a t -  
erals and, in  same instances,  canals .  Ruduced surface runoff 
from f i e  lds  r e s u l t i n g  fram mre e f f i c i e n t  i r r i g a t i o n  prac- 
t i c e s  under t h e  INS program c w l d  a l s o  reduce erosion from 
these  f i e l d s .  Rduced flows in dra ins  and washes d w  t o  -re 
e f f i c i e n t  water use in  t h e  va l ley  would reduce erosion along 
these waterways. The erosion reductions c i t e d  a b v e  w u l d  
r e s u l t  i n  a s o i l s  saving i n  the G m d  Valley p lus  a reduction 
in s i l t a t i o n  i n  the Colorado River. In  addi t ion ,  o the r  pollu-  
t a n t s  such as f e r t i l i z e r s ,  pes t i c ides  and organic matter  would 
be reduced in the  r e t u r n  flows. 

2 Land use. - Land use t rends  with regard- t o  urbanization 
and indus t r i a l i za t ion  would not bs expected t o  change as a 
r e s u l t  o f  pmposud construction.  Thu acreage devoted t o  
canscls and rights-of-way would a l s o  r m i n  about the same. 
The most s ign i f i can t  *act would be upon t h e  pmsen t  i d l e  
and m r g i n a l  p d u c t i o n  lands. 

A s  previously indicated,  there  a r e  8,600 acres  of i d l e  farm- 
land. A small port ion of  this Land is i d l e  by choice of t h e  
mars, but much of it is i d l e  b c a u s e  of high water t ab les  
and s a l i n i t y  problems. Soth t h e  W I ,  IMS, and onfarm I r r i -  
g a t i o n  Systems and Managernut hqrovement proprapas could 
appreciably a f f e c t  t h i s  t o t a l .  Id le  land could be brought 
back i n t o  production by: (1) l in ing  canals ,  (2) i n s t a l l i n g  
new, improved s t r u c t u r e s  f b r  b t t e r  water c a n t r o l ,  (3) com- 
bining canals  and l a t e r a l s ,  (4) using enclosed pipe, (5) uni- 
form i r r i g a t i o n  with timely appl ica t ian  of water in propsr 
amounts, (6) improving drainage systems, and (7) onfarm 
i m g a t i o n  inprovemnts . 
I d l e  lands located i n  seep areas  near canals  should once 
again maintain maxima production. Other i d l e  lands, espe- 
c i a l l y  those located near the Colorado River, should even- 
t u a l l y  becaas p r d u c t i v e  a reas  with a cmbina t ion  o f  proper 
water m a g e m a t  and unfarn impmvemnts. 



(3) Social  as c t s .  - The population and its d i s t r i b u t i o n  + within is a r e a  w u l d  not be g r e a t l y  a f fec ted  by the  s a l i n -  
i t y  c o n t r d  program. Any construct ion personnel not present ly  
located i n  the  a r e a  m u l d  need housing during construct ion 
periods. More Government personnel would be needed p r i o r  t o  
and during construct ion.  Little change would be expected t o  
occur i n  long-term nanpouer needs of the  i r r i g a t i o n  companies 
found in the  area. So g rea t  pemanent in f lux  of people would 
be expected from the  proposed construct ion.  

I t  is an t i c ipa ted  t h a t  some new dra ins  w i l l  be required and 
t h a t  some ex i s t ing  open d ra ins  would be e i t h e r  t i l l e d  o r  
eliminated. Eliminating opeE .:spe d ra ins  would reduce s a f e t y  
hazards as well as iaprove tk. e s t h e t i c  appearance of t h e  
area.  

Open cancrete-l ined canals  and l a t e r a l s  are inherent ly  m r e  
dangerous than qren s a r t h  canals  and l a t e r a l s  due t o  the d i f -  
f i c u l t y  in  escaping from t h s r .  The Bureau of  Reclamation is 
aware o f  the  s a f e t y  hazards associa ted  with q e n  watenays ,  
and incorporates p ro tec t ive  f e a t u r e s - f o r  t h e  protec t ion  o f  
t h e  public .  The f e a t u r e s  a r e  w t l i n e d  in  the  sec t ion  on 
mi t iga t i an ,  chapter  N. 

The const ruct ion  of  s a f e t y  features on i n l e t s  t o  siphons, 
chutes ,  b n c h  flmes, drupr,  and check s t r u c t u r e s  w i l l  lessen 
s a f e t y  hazards a t  these  s t m c t u r e s .  Raplacing soma smaller 
open l a t e r a l  sec t ions  w i t h  pipe would a l s o  Fsduce h hazards 
i n  these  areas.  

(4) His to r i ca l  and archeological  s i t e s .  - The p ro jec t  will 
not a f f e c t  any hown sites of h i s t o r i c a l  i n t e r e s t .  Also. 
the  p j e c t  would not be expected t o  a f f e c t  any archeological  
s i t e s  because cons t ruct ion  w i l l  be l imi ted  t o  p resen t ly  irri- 
gated lands aa: s i t e s  of d s t i n g  canals  and l a t e r a l s .  

(5) A i r ,  noise,  v i m 1  impacts. - Impacts t o  a i r  q u a l i t y  
p lus  add i t iona l  c rea ted  noise would pr imar i ly  result frm 
seasonal cons t lvc t ion  a c t i v i t i e s  wer a 1 0 - y e u  period and, 
the re fo re ,  would be of temporary but reoccurring nature.  
Dust and noise crea ted  during const ruct ion  would be  confined 
t o  the  urea of  cons t ruct ion  and w i l l  have m l y  minor, i n t e r -  
m i t t e n t  e f f e c t s  cm nearby w i l d l i f e  or humans. After  e m -  
s t m t i o n ,  the  a r e a  w u l d  r e v e r t  back t o  i ts  p r e c m s t r u c t i a n  
condit ions.  

Visual impacts vould b af fec ted  by t h e  e l iminat ian  o f  weeds, 
water p lan t s ,  and o the r  vegetat ion along canal  bmJu and open 



dra ins .  Small open e a r t h  l a t e r a l s  and open d ra ins  would i n  
some cases be replaced with b u ~ i e d  pipe l a t e r a l s  and closed 
$gains. This would add t o  the  e s t h e t i c  appearance o f  t h e  
landscape. Som present ly  seeped areas  with greasewood and 
s a l t  grass w i l l  be reclaimed and planted with crops, which 
w i l l  r e s u l t  i n  an e s t h e t i c  change. 

{6) Ve e t a t i o n .  - A f l o r a  and fauna f i e l d  study of the  Grand 
Valley --!h- a1 n i t y  Control Unit i s  present ly  being conducted. 
Uata from t h i s  s tudy w i l l  be ava i l ab le  for  a separa te ,  d r a f t  
environmental statement i n  June 1976. This s tudy w i l l  pre- 
sent  d e t a i l s  of  impacts and e f f e c t s  from the  p ro jec t  upon 
vegetat ion and a n i m l  communities and reconmended mit igat ion 
m a s m s .  Information presented herein w i l l  serve as an 
introduction t o  the  impacts of t h e  environmental i q a c t  s t a t e -  
r en t  to follow. 

The immediate e f f e c t  o f  the WSI program would result from t h e  
c l ea r ing  o f  about 1,000 acres  of  vegetat ion from the  necessary 
port ions of  construct ion rights-of-way. Tllis would involve 
primari ly c a t t a i l s ,  bulrushes, sedges, annual weeds, and var- 
ious grasses from along l a t e r a l s  and canals .  Total  revege- 
t a t i o n  o f  d is turbed areas w i l l  be slow due t o  the  xeric 
condit ions.  

The long-term e f f e c t  o f  the pro jec t  on vegetation growth would 
be d i r e c t l y  r e l a t e d  t o  the  changes i n  the  surface  and ground 
water in the  val ley.  Luwering of water t ab les ,  reduced flows 
i n  d ra ins ,  and the  drying up of seep a reas  would a f f e c t  the  
na t ive  p l a n t s  i n  the  val ley.  A s  water a v a i l a b i l i t y  w a s  reduced, 
SO- p l an t  groupings could become l e s s  vigorous and mre s c a t -  
tered.  Ono species  night  replace  another; f o r  example, deep- 
rooted greasewood p l a n t s  might replace  t h e  r e l a t i v e l y  shallow- 
rooted willow i n  local  a reas ,  o r  willows might replace c a t t a i l s  
i n  o thers .  Lining of  smaller  l a t e r a l s  within the  va l l ey  w i l l  
inpact  ditchbank vugetation not only by l imi t ing  moisture 
a v a i l a b i l i t y  but a l s o  by f a c i l i t a t i n g  clean cropping p rac t i ces .  

The vegetat ian types described i n  chapter  I1  will be impacted 
i n  d i f f e r i n g  ways. The greaseuood vegetat ion t y p  is  projected 
to dec l ine  i n  the  va l l ey  because o f  the  lowering water t a b l e  
and the  less rapid s a l t  buildup. The sagebrush-saltbush type 
and the pinon-juniper type a r e  not  expected t o  s i g n i f i c a n t l y  
change as a r e s u l t  of  t h e  p ro jec t .  A marked decrease i n  the 
mrsh- type  vegeta t ion  is projected because of the rider and 
ex ten t  of marshes found adjacent  t o  unlined canals .  In the 
cottonwood type, an increased loss  i n  acreage is projected 



because of the demands for  sand and gravel by the project .  
The tamarisk vegetation type i s  projected t o  show a s l i g h t  
increase area based on the assumption tha t  uater 'saved 
from seeping out of the  canals w i l l  be administratively 
wasted down washes and may benefit  t h i s  type. 

(7) F i s h  and wifdlife/recreation.  - Fishing i s  limited i n  
the project area. The Colorado and Cmnison Rivers have 
sport f ishing potent ia l  but a r e  not used extensively. Fish- 
ery habi ta t  i n  the 4x0 r ivers  is  t rans i t iona l  between warn 
and cold water. Flsh species include the brown t rout ,  carp, 
channel cat  f i sh ,  graen sunfish,  b lueg i l l ,  largemouth bass, 
Colorado squawfish, humpback chub, speckled dace, and sev- 
e r a l  speciea of  suckers, including the hurpback sucker. 

Significant impacts from project  construction upon 'fish pop- 
ulations have not yet been ident i f ied.  The reduction i n  
s a l i n i t y  and sedimnt  m y  provide an improved habi ta t  for 
the  f i sher ies  below the pmjec t  area as well as  for  the f i sh  
species that  u t i l i z e  the washes flowing i n t o  the Colorado 
River i n  the project  area. 

Constructitm and operation af the project  would ingact wild- 
l i f e  species because of  habi ta t  changes re la ted t o  vegetation 
changes. Species tha t  utilize the desert  shrub o r  the  pinon- 
juniper habi tam would not be s ignif icant ly  irqacted by the 
project .  Projected impacts include an increase i n  agricul-  
t u r a l  hab i ta t  and s &crease in  ph~atophyt i c  shrub, marsh, 
and riwr woodlands habitat .  Concrete l in ing of canals w i l l  
greet ly  reduce canal bank v o p t a t i m  and bottom fatma and 
therefore reduce t he  use of canals by mskra t s ,  beaver, rat- 
coons, skunks, and possibly o ther  species. Ths fiuter mving 
water md st- s ides  of lined canals would create  a hazard 
t o  small mammals. DuCks would be affected t o  s o m  extent dm 
t o  rtduction of wrmwater seeps along drains which a r e  uti- 
l ized by these water birds in periods of extrsmm cold. 

the retently corripleted f l o r a  and fauna study of thb Grand 
Velley hit projected that agricul tural  habitat would incrass6 
10 to  LS percent over the area o e c u p i d  without t he  project  
ovor a lOO-year period. This pr inar i ly  rspmssnts  land t ha t  
without the  project  would have barn phreatophytic shrub hab- 
i t a t  p r f h l y  consist ing of p a s m u d .  Overall, however, 
the  qua l i ty  of the  agr icu l tura l  habi ta t  will d e e l i ~  because 
the  extent md qua l i t y  of nssociated edge )Isbitat presently 
within the  valley in the forn of fencerow$, canal banks, 
waste areas, and other  mdisturbed amas  would be reduced i n  



nunber wit!! the  project .  Representative species tha t  would 
be adversely impacted include the  cot tontai l  rabbi t ,  deer 
aousr, ring-necked pheasant, Cambelts quai l ,  murning dove, 
black-billed magpie, Amrican robin, western meadowlark, 
Brewer's blackbird, and Brewer's sparraw. Iv'aterfoul, prin- 
c ipal ly  mallards and Canada Geese, would benefit from the 
increased acreage of cropland. 

A d i r ec t  conversion of  over 200 acres of nrarsh habi ta t  t o  
croplands o r  t o  phreatophytic shrubs is projected and t h i s  
w i l l  reduce species tha t  u t i l i z e  t h i s  habi ta t  type. Repre- 
sentat ive  species tha t  w i l l  be adversely impacted include the  
h e r  muse,  long-tailed vole, western harvest mouse, marsh 
hawk, western madowlark, red-winged blackbird, brown-headed 
cowbird, Savannah sparrow, and leopard frog. . 
Any reduction in the  r i ve r  woodland (cottonwuod) hab i ta t  due 
t o  project-related gravel operations would represent a long- 
t e r n  loss  of t h i s  type and would adversely impact s p c i e s  
such as the  gray fox, beaver, raccoon, American kes t re l ,  ash- 
throated flycatcher, black-billed magpie, Bewicks wren, h e r -  
ican robin, s ta r l ing ,  and northern or io le .  

In sumrary, mst wi ld l i fe  species w u l d  be adversely impacted 
due t o  habi ta t  changes re la ted t o  the project .  S m l l  gane 
hunting and trapping opportunit ies would be reduced propor- 
t ionately  t o  the  loss  of habi ta t  i n  the  project  area. The 
project  would not have a s ign i f ican t  i rpac t  on any developed 
recreational areas i n  o r  near the  project  area. 

(8) Water supply and qual i ty .  - Illpacts on surface and ground 
water due t o  the  implenentation of s a l i n i t y  control  measures 
would be qu i t e  s ignif icant .  Primary e f fec t s  would be: reduced 
outflows i n  washes and drains,  reduced s a l t  load t o  the  Colo- 
rado River, disappearance of many seep areas and lowered water 
tables .  Feu, i f  any, changes would occur i n  t he  inflows t o  
the  valley. Sam danges  might occur i n  t he  i r r i ga t i on  deliv- 
ery  system; for  example, water night be delivered a t  d i f ferent  
points d w  t o  minor changes in canal and l a t e r a l  alimrrents. 
I t  is a l so  expected tha t  actual  water del iver ies  could be 
reduced d w  t o  the  reduction of seepage losses and irproved 
i r r i ga t i on  e f f ic ienc ies  . 
Agricultural-related consumptive use could vary with a change 
i n  cropping pat terns  due t o  t he  project .  Any lowering of 
water t ab les  and reduction of seep areas would a lso cause 
reduction i n  the  consumptive use of water by phreatophytes. 



Outflows i n  the  washes and drains would be expected t o  decrease 
s i g n i f i c a n t l y  a s  i r r i g a t i o n  e f f i c ienc ies  inprove and seepage 
l o s y  minimize i n  the  canals  and l a t e r a l s .  Increased e f f i -  
c iencies  would r e s u l t  i n  less surface runoff and l e s s  deep 
percolat ion fron i r r i g a t e d  f i e l d s .  Surface runoff is usually 
col lec ted  i n  waste d i tches  which e w t y  i n t o  a d ra in  o r  wash. 
Deep percolat ion contr ibutes  t o  the  ground-water r ese rvo i r  
which i n  turn  provides input t o  the  dra ins  and washes. Other 
inflows t o  t h e  dra ins  and washes include adn in i s t ra t ive  waste 
from t h e  canals .  A t  present ,  quan t i t a t ive  data  on t h e  poten- 
t i a l  e f f e c t s  a re  not avai lable .  

Since the  re turn  flows t o  the  Colorado River from t h e  val ley  
would be expected t o  decrease, the  tonnage of dissolved s o l i d s  
would decrease as well.  I t  is estimated t h a t  with the  imple- 
mentation of canal and l a t e r a l  l i n i n g  and i r r i g a t i o n  manage- 
mbnt, t h e  s a l t  loading t o  t h e  r i v e r  would be reduced by an 
est imated 200,000 tons pe r  year. This would be a po ten t i a l  
reduction of  about 19 mg/1 a t  Iwperial Dan. 

The changes i n  quan t i ty  and q u a l i t y  of the  surface  and ground- 
water ou t f l aus  are not expected t o  =cur instantaneously.  
Changes i n  surface runoff would be =st read i ly  apparent. 
Because of low p e m a b i l i t i e s  of the  so i l  mater ia ls ,  however, 
severa l  years would b required' for a new equilibrium t o  be 
es tab l i shed  hetueen the  surface  mad gzowrd-water system. This 
equil ibrium would involve quality 9s well as inf lm-outf low 
quan t i t i e s .  

C. Sunmazy of Po ten t i a l  I l p a c t s  of  Units Under Study 

A s  indicated i n  chapter  1, TPtlt I1 of t h e  CaPorado d v e r  Basin Salin-  
i t y  Control A c t  d i rec ted  the  Secretary ta  expedite conplet ion of  plan- 
ning repor t s  f o r  o the r  uni ts  of the  Colorado River Water Quali ty 
I q r o v e m n t  program. E n v i m n m t a l  s tud ids  have been continuing on 
these  o t h e r  u n i t s  t o  varying degrees. A t  t h i s  point  i n  ti-, s u f f i -  
c i e n t  i n f o r m t i o n  is not  ava i l ab le  ta analyza I n  depth what t h e  emi- 
ronraental inpacts  of construction of the  unit9 w i l l  be. Potent ia l  
impacts have been i d e n t i f i e d  f o r  each m i t  and are presented below. 
Studies a r e  ongoing f o r  these  u n i t s  atnd impacts w i l l  be i d e n t i f i e d  
and quant i f ied  as they becom k n m .  These i q a c t s  w i l l  be presented 
i n  individual  environmntal  s t a t enen t s  o r  assessments t o  be prepared 
as explained i n  chapter  I .  The following IS presented as an overview. 



1. LaVerkin Springs Unit, Utah 

Impacts of proposed ac t ion  

Proposed Prof ect Feature 

Bypass System - small concrete 
d ivers ion  dam, bypass pipe- 
l i n e  around springs.  

Collect ion System - small 
i n f l a t a b l e  cont ro l  dam, 
pumping plant  and p i p e l i n e  - 
14 ac res  used. 

Desalting Complex-RO plant  - 
8 acres  of land, operated 
24 h w r s  per  day, b r ine  and 
product p ipel ine ,  t r a n s -  
miss ion 1 ines . 

Brine evaporation pond - 
650 acres o f  land required. 
l in ing  mater ia l ,  fencing. 

Product discharge. 

Potent ia l  Impacts 

-Temporary increases i n  
tu rb id i ty ,  construc- 
t ion  of daq, road 
inprovment 

-Temporary increase in 
t u r b i d i t y ,  disturbance 
t o  loca l  a rea ,  6-acre 
pond created,  shor t -  
t e r n  impacts t o  ag r i -  
c u l t u r a l  a c t i v i t y  on 
2 acres ,  low-intensity 
sound f m  pumps, 
powerline above ground 

-Physical existence i f  
la rge  s t ruc tu re ,  a g r i -  
c u l t u r a l  land impacted, 
upland gaae hab i t a t  
l o s t ,  energy consump- 
t i o n ,  low-intensity 
sound emitted, OW 
personnel w i l l  be on 
duty a l l  of the  time, 
power l ines  above 
ground, economic gain 
t o  camuni ty  from con- 
s t r u c t i o n  and OW per- 
sonnel salaries 

-Desert grazing land l o s t .  
upland g m e  h a b i t a t  
l o s t ,  fencing w i l l  
limit range c a t t l e  
mmeaent 

-Lower s a l i n i t y  a t  Irrpe- 
r i a l  Dan by 11 mg/l, 
louer s a l i n i t y  i n  Virgin 
River dotmitrean f r m  
pro jec t  by about 469 mg/l 
when cumpared t o  1941-70 
flou-weighted average a t  
L i t t l e f i e l d  gags, 



Proposed Project Feature 

'C 

Potential Impacts 

enhance habi ta t  of 
native f i sh  i n  Virgin 
River including endan- 
gered woundfin, net  
esti.pated depletion 
t o  the Virgin River 
of 3.5 f t 3 / s  on an 
average annual basis 

-Reduced farn labor on 
lands served by diver- 
sions below springs to  
reduced need for  off-  
season leaching of 
accumulated s a l t s  

2. L i t t l e f i e ld  Springs Unit, .Arizona 

Inpacts of proposed action 

Proposed Pro j ect  Feature Potential Inpacts 

Collection System. 

Delivering Tank. 

Evaporation ponds - lined -Small animal habi ta t  
680 acres - flood interceptors.  eliminated, es the t ic  

impact 

Construction and operation -Duplete flaw of Virgin 
of unit .  River by 4,100 acre-fret  

per ymr ,  reduce sal in-  
i t y  a t  Imperial Dam by 
2 np/ l , unknown iuipac t s  
on native f i s h  i n  Virgin 
Uva t ,  including endan- 
gsrsd woundfin, arche- 
ological impacts unkmwn 
a t  t h i s  tiw, improve 
sa l in i ty  of lower Virgin 
Rfvm by about 50 mg/l 
when cwparud t o  1941-70 
flow-weighted average a t  
thu Li t t l e f i e ld  gage. 

-Clearing of native vege- 
ta t ion  and disturbance 
t o  small animal l i f e  

-Clearing of native vege- 
ta t ion  and disturbance 
t o  m a l l  animal l i f e  



3. Glenwood-Dotsero Springs Unit, Colorado - Impacts of proposed action 

Proposed Project Feature Potential L~pac ts  

Collection f a c i l i t i e s  - 
collected from commercial 
bathing establishment dis-  
charge pipes and springs , 
requires between 51-53 
acres land. 

Desalting plant(s)  cam- 
bined plant - 16 acres. 

c .  Brine evaporation pond(s1 
f o r  desalination plant 
df scharge (lined) combined 
plant 1,700 acres. 

d. Brine evaporation pond (s)  
as a l te rna t ive  t o  desalt ing 
plant resul t ing in  a mch 
larger pond size.  

e. Concrete pipeline - 
87 acres; cmbined desalina- 
t i on  plant - 16 acres;  indi- 
vidual plants - 41 acres. 

-Reduce flow in to  Colo- 
rado River, eliminate 
vegetation and soae 
aquatic invertebrates 

-Esthetic h p a c t s  - 
scars t o  landscape 

-Energy use 
-Gaseous missions t o  

air 
-Chemical use 
-Eliminate vegetation 
-Brine discharge 
-Product water themal  

pollution t o  r i ve r  
-Noise pollution 
-Esthetic h p a c t s  - 

scars  t o  landscape 

-Eliminate vegetation 
-Eliminate small game 

and other animal 
habitat  

-Salt disposal 
-Esthetic impacts 

-Loss of 5,300 acres of 
i r r igated farm land 

-Large pond with highly 
sa l ine  watur - s a l t  
residue could pollute 
surrounding area 

-Esthetic impacts 

-Eliminate vegetation 
and dis turb animal 
l i f e  

-Esthetic h p a c t s  - 
landscape scars 



Proposed Project Feature 

f .  C-action and operation. 

Palo Verde I r r igat ion District, Cal 

Potential  Impacts 

-Reduce s a l i n i t y  in a l l  
downstream reaches and 
a t  Irnpurial Dm a 
t o t a l  of 19 mgj l  

- Inproved dams tr e m  
aquatic habi ta t  fo r  
invertebrates,  f ish  
and f lora  

-Reduce riverflow by 
4,200 acre-feet with 
desalt ing plant [s) 

-Reduce riverflow by 
11,000 acre-feet  i f  
evaportaion method 
alone is used 

-Temporary increased 
mploymmt and sales  
within the  area a s  
well a s  increased 
demands f o r  housing, 
sewage disposal, w a t e ~  
supplies, schools and 
medical f a c i l i t i e s  

Impacts of proposed act ion 

Proposed Project  Feature Potential  Impacts 

a.  Ins ta l la t ion  of measuring -Disturbance t o  exis t ing 
flumes and weirs for canals and ditches 
regulating the  m n t  of 
water used i n  re la t ionship 
to crop rids. 

b. Lining canals and buried 
pipel ine  t o  reduce con- 
veyance losses and re turn 
flows. 

-Disturbance t o  exis t ing 
canals and lowering of 
ground water ad j acent 
t o  canals 

-Loss of native brush 
habi ta t  on periphery 
of canal 



Proposed h j  ect Feature 

DC Return flow ut i l iza t ion  
under study i s  u t i l iza t ion  
of return flaw for V e r -  
plants as cooling water 
?lus exchange agreement . 

d. Program inplementation. 

Potential Impacts 

-Reduce sa l in i ty  a t  
Imperial Dan, by 4 mg/l 
or 19 mg/1 depending 
upon al ternat ive 
selected. Impact 
associated with 
powerpl ant s 

-Increase crop yields 
-Irrigation efficiency 

increase 
-Decrease water use 
-Reduce sa l in i ty  a t  

Izperial  Dam by 3 ng/l 

5. Colorado River Indian Reservation, Arizona 

Impacts of proposed action 

Pro~osed Project Feature Potential Imacts  

a. Instal l ing measuring flumes -Disturbance to  existing 
and weirs for regulating canals and ditches 
the mount of water used in 
relationship t o  crop needs. 

-. 
c. Program implementation. 

b. Lining canals and buried -Disturbance to  existing 
pipelines t o  reduce con- canals and lowering of 
veyance losses and return ground water adj acent 
flows. to  canals 

-Loss of b a s h  habitat  
on periphery of canal 

-Increase crop yields 
-Irrigation efficiency 

increase 
-Decrease water use 
-Reduce sa l in i ty  a t  

Imperial Dam by 1 mg/l 



6. Uinta Basin Unit,  Utah 

.- Inpacts of proposed ac t ion  

Proposed Proj  ec t Feature Po ten t i a l  Impacts 

b. Program implementation. 

a .  Lining canals  and l a t e r a l s  -Eliminate or reduce 
and burying of p ipe l ines ;  seeps 
consolidat ion o r  r ea l ine -  - b r i n g  of water t a b l e s  
merit of some i r r i g a t i o n  s t r e s s i n g  c e r t a i n  p lant  
d i tches .  species and animal 

h a b i t a t s  
-Loss of various p lant  

communities and wild- 
l i f e  h a b i t a t ;  changes 
i n  p lant  and animal 
d i s t r i b u t i o n  

-Esthet ic  impacts - 
landscape s c a r s  

-Tmporary increased 
t u r b i d i t y  and sedi-  
mentation a f fec t ing  
aqua t i c  l i f e  

-Temporary increased 
mployment, s a l e s ,  
and demand f u r  housing, 
S C ~ O O ~ S ,  M N ~ C ~ S ,  e t C .  

-Decreased consumptive 
use by phreatophytes 
and weeds along canal 
banks 

-Reduced mosquito- 
breeding a reas  

-Possible l o s s  of  some 
waterfoul and game 
b i rd  hunting 

-Increased crop y i e l d s  
- I r r i g a t i o n  e f f i c i ency  

increased 
-Decreased water use 
-Reduced s a l i n i t y  i n  a l l  

reaches b l o w  pro jec t  
with a 9 mg/l reduction 
at Imperial Dam 



Proposed P ro jec t  Fea ture  Po ten t i a l  Impacts 

c.-,Possible i n s t a l l a t i o n  of  -Prevention of drownings 
fences,  escape devices ,  and and acc iden t s  of humans, 
br idges along canals. w i l d l i f e ,  and danrestic 

c a t t l e  
-Bridges would ? e m i t  

s i g r a t i o n  of  b ig  game 
along e s t ab l i shed  
rou te s  

-Es the t ic  impacts 

7. Louer Gunnison Basin Unit .  Colorado 

Impacts of  progosed a c t  ion  

Pmpased Pro j a c t  Fea ture  P o t e n t i a l  Impacts 

a.  Lining cana ls  and l a t e r a l s  -Eliminate or reduce 
and burying o f  p i p e l i n e s ;  seeps  
consol ida t ion  o r  r e a l i n e  - W r i n g  of water t a b l e s  
ment o f  soas i r r i g a t i o n  s t r e s s i n g  c e r t a i n  p l a n t  
d i t c h e s .  spec i e s  and an ina l  

h a b i t a t s  
-Loss of va r ious  p l a n t  

c m m n i t i e s  and wild- 
l i f e  h a b i t a t ;  changes 
i n  p l a n t  and animal 
d i s t r i b u t i o n s  

-Temporary increased 
t u r b i d i t y  and sed i -  
mentation a f f e c t i n g  
aqua t i c  l i f e  

-Tenporary increased  
enployramt, sales, 
and demand f o r  housing, 
schools ,  s e r v i c e s ,  e t c .  

-Decreased consmpt  i v e  
use by phreatophytes  
and weeds along canal  
hanks 

-Raduced mosquito- 
breeding areas 



Pmposed Project Feature 

b. Pmgram impler~entation. 
r C  

c. Possible ins ta l la t ion  of 
fences, escape devices, 
and bridges along canals. 

8. Big Sandy River Unit, Wyamirg 

Potential  Impacts 

- Increased arop yie lds  
- I r r igat ion efficiency 

increased 
-Decreased water use 
-Reduced s a l i n i t y  in a l l  

reaches below project 
with a reduction of 
27 ng/l a t  Imperial 
Dan 

-Prevention of drownings 
and accidents of hunans, 
wi ld l i fe ,  and domestic 
c a t t l e  

-Bridges w u l d  permit 
migration of big game 
along established 
routes 

-Esthetic impacts 

Impacts of proposed ac t  ion 

Proposed Project Feature Potential  Impacts 

a. Power controls,  puarps, -Land disturbance, mergy 
spray nozzle. To pump required, pumps in 

' r i ve r  water onto adjacent r i ve r  m y  displace 
land which w i l l  f resze  and aquatic l i f e  to  s to r -  
make a f i e l d  of ice.  age PQnd 

b. Off-stre-am starage pond t o  -Vegetation removed or  
be used a s  w i n g  s i t e .  . inundated by pond, 

aninal  l i f e  displaced 

c. Ice f i e l d  - acreage dedicated -Land dedicated t o  t h i s  
t o  the  ice f ie ld .  use eliminates othcr 

use during winter 
months 

d. Brine evaporation pond t o  -Land dedicated t o  t h i s  
evaporate t h e  brine t ha t  use w i l l  r e su l t  i n  
flows fram icef ie ld .  loss of vegetation and 

animal l i f e  i n  t h i s  
area 



Proposed Project  Feature 

e. Projec t  water supply water 
h a t  melts off the  i c e f i e l d  
during warm weather; con- 
s t r u c t i o n  and operat ion.  

Potent ia l  Impacts 

-Reduction of s a l i n i t y  
in  a l l  reaches below 
projec t  and reduct ion 
a t  Imperial Dam of 
7 ng/l  . Big Sandy. 
Green, and Colorado 
Rivers will have a 
decrease of 80,000 
tons of dissolved 
s o l i d s  

-Depletion of 2,000 acre- 
f e e t  due t o  e v a p r a -  
t i o n  a t  br ine  rpnd 

- Iroprove downstream 
aquat ic  habi ta t  

-Temporary job oppor- 
t u n i t i e s  and economic 
a c t i v i t y  during 
const ruct  ion 

9. Price  River, San Rafael River, and Dir ty  Devil River Units ,  Utah 

Impacts of proposed ac t ion  

Proposed Projec t  Feature Potent ia l  lnpacts  

a. Col lec t ion  f a c i l i t i e s .  

b. Desalting ? lant  Is). 

-Reduce flow of Colorado 
River 

-Eliminate s m e  vegeta- 
t i o n  and w i l d l i f e  

-Es thet ic  impacts - 
s c a r s  t o  the  landscape 

-Energy use  
-Chemical use  
-El in inate  vegetat ion 
-Brine discharge 
-Product water 
-Thermal po l lu t ion  t o  

r i v e r  
-Eoise po l lu t ion  
-Esthet ic  impacts - 

sca r s  t o  t h e  land- 
scape and presence 
of desa l t ing  p lant  



Proposed Project Feature 

c. Brine p a g o r a t  ion pond (s) 
fo r  desalination plant 
discharge (lined) combined 
plan. 

d. Brine evaporation pond (s) 
as a l te rna t ive  t o  desal t ing 
plant resu l t ing  in much 
larger  pond s ize .  

e. Construction a d  operation. 

Potential  Impacts 

- E l  in inate  vegetation 
-Eliminate small game 

and other anima 1 
habi ta t  

-Salt  disposal 
-Esthetic inpacts 

-Large pond w i t h  highly 
sa l ine  water - s a l t  
residue c w  ld pol l u t e  
surrounding area as  
well a s  pond area 
i t s e l f ,  eliminating 
vegetation and animal 
hgbi t a t  

-Esthetic impacts 

-Reduce s a l i n i t y  in  a l l  
downstream reaches and 
a t  I m p r i a l  D a n  a t o t a l  
of 23 mg/l 

-Depletion of 15,000- 
90,000 acre-feet of 
water annually from 
Colorado River - Improve downst rean 
aquatic habi ta t  f o r  
invertebrates,  f i sh ,  
and f l o r a  

-Tenporary increased 
employment and sa les  
within the area as 
wll  as  increased 
dmends for housing, 
sewage disposal, water 
supplies, schools, 
and medical f a c i l i t i e s  



10. MElmo Creek Unit, Colorado 

Inpacts of _proposed action 

Proposed Project Features 

a. Brine evaporation pond. 

b. Desalting plant. 

c. C o r u t ~ c t i o n  and operation. 

Potential Impacts 

-Loss of about 1,000 
acres of desert vege- 
tation and small =I- 
ma1 and 3 i r d  habitat 

-Loss of about 1,000 
acres of irrigated 
f am land and three 
home s i t e s  

-Salt df sposal 
-Esthetic [visual) 

impacts and landscape 
scars 

-Inundation of archeo- 
logical and historical 
s i t e s  by brine pond 

-Energy use 
-Cherni ca 1 us e 
-Eliminate vegetation 
-Brine discharge to 

evaporation pond 
-Product water - could 

be used for municipal 
or industrial purposes 

-7'henal pollution i f  
discharged to river 

-Noise pollution 
-Esthetic impacts - 

scars to landscape 
-Elimination of irrigated 

land for evaporation 
pond 

-Wind erosion of sa l t s  

-Depletion of about 
6,200 acre-feet/yr. 
from &Elm Creek and 
the Colorado River 
system with 
evaporation-pond mthod 

-Depletion of about 
3,700 acre-feet/yr. 



Pmposed Projec t  Feature Potent ia l  Impacts 

from McElmo Creek and 
the  Colorado giver  
system by the  
desa l t ing-plant  method 

-Treatment of  t h e  McElm 
Creek Unit w i l l  remove 
a maximum of about 9 f t3/s 
fmm the  system on an aver- 
age annual bas is .  The 
average annual flow of t h e  
San Juan River a t  the  near- 
est gaging s t a t i o n  averages 
i n  excess of  2,000 f t 3 / s .  
Hence, the  losses  w i l l  not  
adversely a f f e c t  the  
r ec rea t ion  po ten t i a l  of t h e  
downstream r i v e r  areas.  

-Create new employment and 
s a l e s  oppor tuni t ies  due t o  
cons t ruct ion  and operat ion 
as  well as increased dencaads 
f o r  housing, sewage dispos- 
a l s ,  water supplies ,  schools, 
and medical f a c i l i t i e s .  

-Removal of 40,000 tons  of  
s a l  t / y r .  reducing s a l i n i t y  
i n  a l l  reaches below the  
p ro jec t  and reducing it 
a t  Imperial Dm by 4 mg/l. 





CHAPTER IV - MITIG.4TICS AND EWANCE?!ENT 3iEASURES 

A. Overall $ l i t iga t ion  and Enhancenent Posture of t h e  Program 

Introduction 

S a l i n i t y  cont ro l  due t o  the  CRWQIP w i l l  allow Upper %sin Uater 
resource development to proceed 5y o f f s e t t i n g  ?rejected s a l i n -  
i t y  increases accom~anying new water depleticms. Physically, 
the  s a l i n i t y  cont ro l  program w i l l  enhance the  q u a l i t y  o f  
Colorado r i v e r  water del ivered t o  water users  i n  the  United 
S t a t e s  and Republic of Mexico. Overall s a l i n i t y  reduction 
w i l l  be r e f l ec ted  regionwide i n  irproved water q u a l i t i e s  
del ivered to  over 3 mi l l ion  ac res  of i r r i g a t e d  farmland and 
over 17 mi l l ion  people. 

Enhancement of  the  Region's economy is  expected t o  occur with 
d i r e c t ,  measurable benef i t s  i n  t h e  Agricultural ,  h i c i p a l  and 
Indus t r i a l  sec tors .  Assuning continued Basin developmum of 
water resources and current  r a t e s  of s a l i n i t y  damage, the  i n i -  
t i a l  four s a l i n i t y  cont ro l  u n i t s  a r e  estimated t o  show t o t a l  eco- 
n d c  benef i t s  of  about $10 mi l l ion  per  year. Total  program 
impact f o r  a l l  cont ro l  u n i t s  rmdm t h e  CRHQIP could provide t o t a l  
benef i t s  of over $34 mi l l ion  per year. 

Agr icul tura l  product iv i ty  can be enhanced pr imar i ly  a s  a r e s u l t  
of  the  appl ica t ion  of  improved water q u a l i t y  t o  sus ta in  o r  increase 
crop y i e l d s  and reduce those operat ing costs present ly  incurred t o  
c m b a t  s a l i n i t y  increases.  Other program e f f o r t s  t o  improve irri- 
gat ion  e f f i c i ency  w i l l  enhance general ha te r  use, reduce leaching 
and labor  requirements, f e r t i l i z e r  cos t s ,  and drainage requirements. 

The general pol icy  o f  t h e  Rureau of Reclanstion f o r  t h e  preserva- 
t i o n  and mhancement of  e n v i r m e n t a l  q u a l i t y  is explained i n  
Par t  376 of the  Reclamation Instzuctions.  [36] In chapter  5, 
appendix A-5, l i t i g a t i o n  i s  defined a s  follows: 'Fieasures t h a t  
a r e  proposed andlor  required t o  be undertaken to enhance, p ro tee t ,  
o r  mi t iga te  impacts upon the  environment by t h e  proposed ac t ions ,  
including any associa ted  research  o r  monitoring." 

This  chapter  descr ibes  t h e  measures which w i l l  be taken t o  mi t iga te  
the  overa l l  impacts described in chapter  111. These f a c t o r s  a r e  
c l a s s i f i e d  under two broad ca tegor ies :  (1) standard c r i t e r i a  f o r  
design and const ruct ion  and (2) n i t i g a t i n g  measures f o r  which 
funding author iza t ion  was not provided and m y  be sought i n  t h e  
fu ture .  



Standard c r i t e r i a  f o r  inproving the  appearance of a l l  s tmc tu re s  
and preserving the  landscape a t  a l l  i n s t a l l a t i ons  will be imple- 
mented. Thesa a re  applicable in  the planning, design, h d  con- 
stxuction of a l l  f a c i l i t i e s  in order t o  minimize adverse mvimn- 
mental impacts. 

Additional measures a r e  included t o  a i t i g a t e  t he  impacts of a 
specif ic  feature  i n  a par t i cu la r  area. Such features may be 
designed e i t he r  t o  mitigate an anticipated adverse e f fec t  o r  
t o  enhance the  environmental qua l i ty  of an area,  including 
vegetative habi ta t ,  f i s h  and wildl i fe ,  recreation,  es the t ic  
values and other  factors.  %sical ly ,  there a re  tro methods 
of a l l ev ia t ing  the  e n v i r o m n t a l  ramifications of a proposed 
action.  Wherever possible, measures w i l l  be taken t o  minimize 
the  extent of an impact a t  a par t i cu la r  site. In addit ion t o  
t h i s ,  features  w i l l  be included a s  subst i tu t ions  for  losses,  
thus  mitigating t h e  overal l  inpact of t h e  program and pressrv- 
ing snviromental  qua l i ty  i n  t he  general area.  Mitigating 
measures w i l l  be undertaken in coordination with appropriate 
agencies. 

Fish and Wildlife 

h e  t o  the  necessity of a r r iv ing  a t  a pronpt solution t o  t he  
internat ional  ~ l i n i t y  problem and sxpedi t ims ly  presenting the  
proposal t o  Congress f o r  authorization and funding, a f i s h  and 
wi ld l i fe  plan o r  o t h m  detailed consideration f o r  environmental 
mitigation was not included i n  the  legis la t ion.  

In order t o  comply with the  Fish and Wildlife Coordination Act 
of 1958, the  following s teps  wi l l  be taken t o  develop any specif ic  
snv immanta l  mitigation plans ccmsidsred necessary on a con- 
trol un i t  basis:  

a .  Organization of Ad Hoe Capli t tees  f o r  Fish and Plildlife. 

b. Campletion of control uni t  enviromaental s tudies  ident i -  
fying exis t ing resources. 

c .  Analysis of t h e  u n i t  t o  detennine losses of resources t o  
be i n c u d .  

d. Formulation and recammcbtions  of mitigation concepts t o  
replace those losses. 

e .  Specific n i t iga t ion  measures required fo r  individual con- 
trol un i t s  w i l l  be refined and auth-orizatiun fo r  funding and 



implementation will be sought a s  necessary. Mit igat ian i n  
SCS programs is  p a r t  of t h e  overa l l  cos t  o f  t h e  measure and 
daes not requi re  addi t ional  funding by specia l  author iza t ion .  

Es thet ics  

I t  is  expected t h a t  the  preconstruct ion planning phase would p lay  
a c r i t i c a l  role i n  preserving e s t h e t i c  q u a l i t y  by exposing many 
problens t o  be avoided. I t  is a t  t h i s  s tage  t h a t  input from other  
concerned agencies m u l d  be c r u c i a l  and welcome. The Bureau o f  
Reclamation has learned a g r e a t  deal  about r e s t o r a t i o n  problems 
from experience and consul ta t ion  with cooperating agencies. Frm 
t h i s  experience t h e  Bureau expects t o  demonstrate g rea te r  conpe- 
tence i n  t h i s  aspect  of construct ion.  

k s w e  much o f  t h e  i n t e r p r e t a t i o n  o f  e s t h e t i c s  is in tangible  and 
depends t o  a l a rge  extent  upon the  personal t a s t e s  and judgement 
o f  observers, i t  is d i f f i c u l t  t o  present  an ob jec t ive  discussion 
on t h i s  subjec t .  The Bureau of Reclamation recognizes t h a t  l ined  
canals, p ipel ines ,  evaporation ponds, desa l t ing  p l a n t s ,  and roads 
m u l d  not  be constructed without having some major long-tern 
adverse e f f e c t s  upon t h e  es the t i c s .  The ob jec t ives  of  t h e  Bureau 
w u l d  be t o  minimize adverse impacts through a process of plan- 
ning, consul ta t ion ,  ca re fu l  construct ion,  and r e s t o n t i o n .  

Past  experience and m m t  increases  i n  environmental s e n s i t i v i t y  
have given t h e  Bureau an i n s i g h t  i n t o  e s t h e t i c  problems tb t  can 
develop. I t  is apparent t h a t  t h e  various u n i t s  wauld cause soae 
s i g n i f i c a n t  adverse e s t h e t i c  impacts; it is a l s o  reasonable t o  
deduce that they would produce soras impacts t h a t ,  although f o r -  
eign t o  t h e  na tu ra l  s i tua t ion ,  would be e s t h e t i c a l l y  a t t r a c t i v e .  

There a r e  problems associa ted  with discussing t h e  mi t iga t ion  o f  
adverse e s t h e t i c  impacts in  t h i s  anvirarunsntal statement. These 
problems am: 

a. Even with ca re fu l  p recons t ruc t im planning, t h e  exact 
amunt and degree of  r e s to ra t ion  required cannot be f u l l y  
determined a t  t h i s  tine u n t i l  cons t ruct ion  is near ly  com- 
pleted.  Thw, i n  t h i s  regard, r e s t o r a t i o n  procedures 
would be f l e x i b l e  a s  well a s  comprehensive. 

b. The fact tha t  sound const ruct ion  techniques are t o  be 
appl ied  t o  d is turbed a r e a s  does not guarantee successful 
r e s u l t s .  The semiarid and a r i d  lands involved pose specia l  
problems because of severe climatic condi t ions  including 



limited r a in fa l l .  In d i f f i c u l t  s i tua t ions  e x p e r i m t a t i o n  
m l d  be warranted. 

c. A t  the present time, a l i  the  design and location plan- 
ning has not beon campleted. Existing plans ate subject t o  
environmental improvement through madification, 

d .  Through experience and Improvement developed En t es to ra -  
t ion  methodology, exis t ing res torat ion procedures may require  
a l t e r a t i on  to achieve be t t e r  resu l t s .  

Reevaluation of Proposed Plans 

The need f o r  specif ic  advance planning designed to reduce and 
minimize permanent environmental disruption and t o  provide 
effect ive  res torat ion and rehabi l i t a t ion  of disturbd rraas 
is  recognized by the  Bureau of Reclemation. I.n t h i s  regard 
the  Bureau w i l l  modify features  t o  achieve mvfromental  bane- 
f i t s  when feasible .  

Cultural Resources 

Any area t o  be affected by a project  un i t  w i l l  be evaluated by an 
archeologist o r  othar  appropriate professional who w i l l  nake a 
doternination i n  consultation with the  appropriate S t a t e  Historic 
Presenratian Officer regarding the  propsrty 's  e l i g i b i l i t y  f o r  
inclusion i n  the  National Register of I l istoric Places, Should the  
property be determined e l i g i b l e  f o t  inclusion i n  the  National Reg- 
i s t e r  of His tor ic  Places, the 'Bureau of Reclasatfm w i l l  follow 
the procedures outlined i n  36 CFR 60, 65 o r  800, as  appltcable. 

B. Program Monitoring Plan t o  Dmmnstrrte Progrur Results 

The s a l i n i t y  control  units under the CRWJIP represent r long-tern, 
cwrdinated,  basinwide e f f o r t  t o  mit igate  fu ture  s a l i n i t y  impacts 
i n  t he  lover main stem of t he  Colorado River. 

A s  such, considerable a t t m t i m  hss born di?ect&i t o  b t h  a Program 
Monitoring Plan and individual u n i t  monitoring efforts to determine 
progrrun effectiveness.  

Intensified s a l i n i t y  m i t o r i n g  on tb Colorado River coupled With 
numeric c r i t e r i a  at selected s t a t i ons  i s  expected to be established 
shortly t o  m e t  recant Environmental Protection Agency (EPA] regula- 
t ions.  Those regulations required by P.L. 92-500, t he  Federal Water 



Pollution Control Act, essen t ia l ly  established s a l i n i t y  control  
policy and procedure t o  achieve compliance with adopted standards 
by July  1, 1983. 

Consistent with t h i s  recent EPA policy, se lec t  s a l i n i t y  monitoring 
s ta t ions  a r e  a lso expected t o  yield the  annual inpact of a l l  sa l in-  
i t y  control  projects and programs. I t  can be reasonably assumed 
tha t  the  average s a l i n i t y  reductions from CRWIP a re  equal t o  the 
sun of the  individual control  un i t s  a s  measured on the  lower main 
Stem. 

This assumption tha t  f'lwps" s a l i n i t y  control e f fec t s  together for  
m i t o r i n g  and c r i t e r i a  purposes, must be tempered by considering 
the  following heterogeneous c b m c t e r i s t  i c s  of the  r i ve r  system: 

1. Upper basin s a l i n i t y  reductions will be "damped" o r  consid- 
erably "sm~othed" out by the  large storage reservoirs.  

2. A 3-year t rave l  time is expected t o  t ransn i t  Upper Basin 
s a l i n i t y  reductions t o  t he  lower main stem. 

3. The cause and e f fec t  of s a l i n i t y  concentrations i n  the  
r i v e r  system display nonlinear properties due t o  nixing, 
precipi ta t ion,  and chemical phenomena in  reservoirs.  

I n i t i a l l y ,  exis t ing monitoring s ta t ions  such a s  those shown in 
f igure  IV-1 w i l l  provide a nasswre of the  composite effectiveness 
of s a l i n i t y  control  units. I t  m y  be necessary to augment t h i s  
17 monitoring point network in the  Basin t o  neasure the  effect ive-  
ness of individual control  un i t s  or t r ibu ta ry  programs. Specific 
monitoring points w i l l  be selected f o r  each control un i t  t o  iso- 
l a t e  and evaluate individual cmtr ibut ions .  

3-h work reasins  fo r  Federal and Sta t e  agencies t o  assess  the  
r e l a t i ve  effectiveness of the  various control un i t s  and other 
control e f for t s .  More accurate d e t m i n a t i o n s  must be made of 
'bckgraund" s a l i n i t y  l eve ls  so t ha t  natural  var ia t ions  w i l l  not 
mask man-induced reductions. 

Mitigation of Construction Inpacts 

In 1974 the  Bureau of Reel-tion plblished an Emrironmental Guide- 
book for  Cmstruction.  [37] This 61-page poeket-sized book gives 
construction p p l e  ideas and suggestions about specif ic  aspects of 
mvironmuntal control  i n  everyday "on-the- job" s i tuat ions .  Speci- 
f i ca t ions  issued f o r  construction w i l l  axpress the  intent  of the  
Wlrsau i n  naintaining environmental quali ty.  



COLORADO RIVER BASlH 

Colorado River Basin, water quality station map. 
Figure TV-1 



The types of actions i n  t h i s  d i x u s s i m  include: 

a. Those incorporated into  the design of features,  

b. Those incorporated into the cmstnrct ion of features, 

c. Those incorporated in to  the operation of features,  

d. Those designed t o  lessen adverse impacts, 

e. Those designed t o  res tore  undesirable impacts, and 

f .  Those designed t o  allow investigation of and be t te r  
understanding of the  exist ing envimnasnt and of un i t  impacts 
so tha t  adverse e f fec t s  m l d  be lessened o r  avoided. 

1. Special Ccmsiderations f o r  Design and Constnaction 

Specific requirements which are included in the Reclamation 
Instructions and which apply t o  t h i s  project  are as follows: 

a. Required s tmcturos  would be located t o  take advantage 
of the natural  topography. 

b. The s t ructures  would bs designed t o  be compatible with 
the rurrcwnding area. 

c .  The external appearances of the s t m t u r e s  would be 
incorporated in to  the  design program so a s  t o  be m i r o n -  
mentally cmpat ib le  with the  s m w n d i n g s .  

d. Cut-and-fill slopes would be miniaized and blended into  
the natural t e r n i n .  

.. 
e. B o r r o w  areas  would be located within reservoir  basins 
whenwar practicable. I f  any p i t s  a r e  required outside the 
pond s i t e s ,  they would be rsshapad t o  blend with the  sur- 
rounding te r ra in ,  and gradual slopes end drainage features 
m l d  be used to prevent erosion m d  m y  undesinable ponding 
of water. 

f .  Required access roads muld follow the  natural  contour 
of  t he  land and, whsre possible, would be relocated along 
alinensnts of roads ruquired f o r  project  operation and 
maintenance. Existing mads would be used whsrwer possible 
t o  mininize new construction. Access roads muld be closed 



t o  the  general public, which should l i m i t  t he  contractor 's  
l i a b i l i t y ,  promote public safety,  and prevent unnecessary 
disturbances of d e v e l o p e d  surrounding areas. U p  t he  
completion of construction, temporarily disturbed areas 
w u l d  be restored a s  nearly a s  p a c t i c a b l e  t o  t h e i r  orig- 
i n a l  condition t o  complernmt the  natural  surroundings. 

g .  Only the  necessary amounts of vegetaticm m l d  be cleared 
within the  project  right-of-way. 

h. Features w l d  be designed t o  withstand reasonable expected 
s t resses  resul t ing frum seismic ac t iv i ty .  

i. The f i n a l  design and location of power transmission f a c i l -  
i t i e s  required f a r  un i t  features  have not been completed. 
Transmission f a c i l i t i e s  mu ld  be i n  accanbnce with ' the 
Environmental Cr i te r ia  f o r  Electr ic  T m n s a i s s i a  Systas.[38] 
These c r i t e r i a  encourage use of low p ro f i l e  concspts t o  
enhance overal l  appearance of switchyards and substations. 
Right-of-my clear ing would be m s t r i c t e d  so that long 
s t r a igh t  corr idors  would not resu l t .  

j .  Adequate l ight ing f a c i l i t i e s  would be provided t o  accmm- 
date  s a f e  wrk ing  conditions. 

k. Pumping plants  would be designed t o  prevent harnful and 
bothursom noise levels. 

Safety features  would be constructed on canals and l a t e r a l s  
under t he  WSI prograa. Fencing would be provided f o r  both 
s ides  of open concrete-lined -1s .nd l a t e r a l s  where capac- 
i t i e s  exceed 25 f t  3/s or here  the  height of concrste l in ing 
is mrs thaq 30 inches. Sam fencing would a l so  be provided 
along smaller capacity l a t e r a l s  in  urben areas where it i s  
deternined t h a t  8 spec i f ic  h a z W  exis t s .  Safety ne t s  and 
cables mu ld  be placed inasdiate ly  upstream frcm siphons, 
checks, drops, and chutes where thr canal m t a r  depth is 
3 f e e t  or greuter,  s d  safety  c rb les  would be provided f o r  
water depths l e s s  than 3 f e e t  and p i p  disasters l e s s  than 
30 inches. Safety ladders would be ins ta l led  i d i a t e l y  
upstream from siphons, checks, W p s ,  and chutes h e r e  the  
l in ing  height is  greatur than 30 inches or pipe dfaPeters 
greater  than 30 inches. Also, ladders m l d  €m ins ta l led  
on both s ides  of the  canals and l a t e r a l s  every 750 f e e t  
when the  height of l in ing is greater  than 30 inches. 



2. Protective Action During C a n s t m t i o n  

Construction contractors would be required by specifications 
provisions t o  reduce o r  avoid adverse impacts by the  follow- 
ing methods: 

a .  The contractor would abide by a l l  local ,  S ta te ,  and 
Federal laws cmceming the  prevention and control of air 
and water pollution.  

b. The contractor 's  construction a c t i v i t i e s  would include 
methods which wouId prevent the  entrance, or accidental 
spi l lage,  of sol id  matter contaninants, debris,  and other 
objectionable pol lutants  arad wastes i n t o  s t r a m s ,  flowing 
o r  dry watercourses, lakes, or underground water sources. 
Such pol lutants  and wastes would include, hut would not be 
r e s t r i c t ed  to, refuse,  garbage, cment ,  sewage effluent,  
industr ia l  waste, radioactive substances, o i l  and other 
petroleum pmducts, aggregate processing t a i l i ngs ,  mineral 
s a l t s ,  and thermal pollution. 

c. Sanitary nss tes  would be dispostd of an land by burial  
a t  approved sites o r  by other approved methods. 

d. Waste waters from aggregate processing, concrete batch- 
ing, o r  o ths r  construction opurations m l d  not be allowed 
t o  untff strearms, watercourses, ox 0th- surface waters 
without the  use of such tu rb id i ty  control methods a s  se t -  
t l i n g  ponds, g r ave l - f i l t e r  entrapment dikes, approved floc- 
culat ing processes tha t  a r e  not harmful t o  f i sh ,  recircu- 
l a t i on  sys t em f o r  washing aggregates, o r  othsr  approval 
methods. Any such waste waters discharged i n t o  surface 
waters m l d  be essen t ia l ly  f r e e  of sediment. Approved 
psnnits  t o  discharge i n to  navigable watem w i l l  be obtained 
f ro .  t he  various S t a t e  agencies, the  Environmental Protec- 
t ion  Agency o r  the Department of the  Anmy f o r  protection 
against  uncontrolled waste discharges. 

e The emission of dust  i n to  the atmosphere mwld not be 
punni t ta l  during t he  manufacturing, handling, and s tor ing 
of concrete aggregates; and the  contractor would use such 
met- and equipment as n w l d  be nmesssry f o r  the  col-  
lect ion and disposal, or prevmtion,  of dust during these 
operations. The cont rac tor t s  methods of s tor ing and hn- 
dl ing cement and pozzolans o r  ea r th  materials  would a l s o  
include mms of mininixing a m s p h e r i c  discharges of dust. 



f .  The burning of cleared t rees  and bnrsh, combustible 
construction materials ,  and mbbish would he permitted 
only when a m s p h e r i c  conditions were considered favorable 
by appropriate Sta te  o r  local  a i r  pollution or  f i r e  author- 
i t i e s .  In l i eu  of burning, such c o r h s t i b l e  materials  
would be removed from the site, chipped, shredded, o r  buried. 

g. The contractor wauld exercise care  t o  presume the  natural  
landscape and w u l d  conduct 3 i s  construction operations so a s  
t o  prevent any unnecesary destruction, scarring, o r  defacing 
of the  n a t m l  surmundings in t h e  v i c in i t y  of the  work. 
Except where clearing was required for pornanent works, fo r  
approved constnrction mads,  and for excavation operations, 
a l l  t r ee s ,  native shrubbery, and vegetation vould be preserved 
and protected from damage which c m l d  be caused by the  con- 
t r a c t o r ' s  ccmstluction operations and q u i p m t .  Movmmt 
of crews and e q u i p e n t  within the  right-of-way and ovsr routes 
provided f o r  access t o  the  work m l d  be performed in  a naarmer 
t o  prevent damage t o  grazing land, crags, or  property. 

h. The contractor ls  carp, shop, o f f ice ,  and yard areas would 
be located and arranged in  a m i n e r  t o  preserve t r e e s  and vege- 
t a t i on  t o  t he  neuimun pract icable  extent. Following the c m -  
ple t ion of constlucting a l l  camp, storage, and construction 
buildings, including concrete footings and slabs,  a l l  cmstmc- 
t i on  materials  and debr is  would be removed from the  site. The 
caap area would be l e f t  i n  a neat and natural  condition. 

i. Borrow p i t s  and quarry s i t e s  m l d  be so excavated tha t  
water vould not co l l ec t  and stand. M o r e  baing abandoned, 
the s ides  o f  b o r r o w  p i t s  and quarry s i t e s  would be bmught 
t o  s tab le  s w s ,  with s l o p  intersect ions  mded and shaped 
t o  provide a natural  sppeuance. A l l  rubbish, contractor ' s  
equipment, and s tmc tu re s  would be rumoved frum the  s i t e .  
Waste p i l e s  would ba leveled and trimnsd to r e g u l u  l i ne s  arsd 
shaped t o  provide a neat appearance. 

j.  The contractor would limit his hauling and other construc- 
t i on  operations over the  lands and property of others  where 
t h e  Govenswnt has right-of-my sasmsnts ,  including access 
m u t e s  approved by the contracting of f ice r ,  so a s  t o  minimize 
damgo t o  craps or property and t o  avoid marring t he  I d .  
Ruts and scars would be obl i tera ted;  drniage t o  ditches,  roads, 
and other  features of the  land wwld be corrected; and the  
lands wauld be restored as nearly as practicable to t h e i r  
o r ig ina l  candition before f i n a l  acceptance of the  work. 



Soil  which had been excavated during construction and not used 
would be evenly backfilled onto the  cleared area or  removed 
from the construction site. The soil would be graded to  con- 
form with the t e r r a in  and the  adjacent land, d t o p o i l  
would be replaced. Temtces and other erosion control devices 
would be constntcted a s  necessary t o  prevent soil erosion along 
and in  the v ic in i ty  of tke proposed construction. The c r e s t s  
of spoi l  p i l e s  in a r id  locations would be shaped in  a contoured 
nanner t o  re ta in  m i s t u r e .  Steep slopes on these spoil  p i l e s  
would be avoided t o  prevent erosion and to  enhance the  natural 
growth of vegetation. 

In the event of a s ignif icant  discovery of a r t i f a c t s  or fo s s i l s  
during archeological and h i s to r ica l  surveys or  during construc- 
t ion ,  t h e  S ta te  Historic Preservation Officer would be not i f ied 
so tha t  the  proper action with respect t o  protection o r  removal 
could be implmmted. This m l d  b accomplished by appropriate 
professionals following the  procedures outlined in 36 CFR 800. 

3. Restoration of Construction Disturbances 

The proposed plan provides t h a t  considerable a t tent ion would be 
given t o  carrying out construction a c t i v i t i e s  so t ha t  the adverse 
e s the t i c  impact wwld be minimal. By using the  most advanced 
metbdology available,  areas disturbed by ccmstmction a c t i v i t i e s  
would be rehabi l i t a ted  and restored. I t  is recognized tha t  
es the t ica l ly  sa t i s fac tory  r e s u l t s  wwld of ten ba d i f f i c u l t  o r  
even b q o s s i b l e  t o  obtain and tha t  sollo penaanent unnttractive 
landscape scars ercruld occur. 

I t  is a l so  acknowledged tha t  measures other than seeding would 
saaetiraes be required t o  provide sail s t a b i l i t y  and revegetation. 
This m y  include such techniques a s  wattling,-mulching, use of 
ju te  nett ing,  contauring of slopes and spoi l  p i les ,  placement of 
topsoil ,  d r i l l i n g  of s-eetl, and placanant of grass sod. The res -  
torat ion neasurus would a lso include f e r t i l i z a t i o n  of so i l ,  care- 
f u l  s e l e c t i m  of plants adapted t o  local cmdit iuns ,  and i n i t i a l  
i r r i ga t i on  watering of plants where required. 

Each construction s i tua t ion  would pose a unique s e t  of r e s tma-  
t ion problems requiring application of specif ic  maasures. The 
objectives of t he  res torat ion measures would b t o  achieve both 
s o i l  s t a b i l i t y  and reasonable es the t ic  qua l i ty  i n  the  disturbed 
areas. 



4. General Plan of Landscape Restomrat ion 

A t  p r e sun t , _ i t  is not possible t o  specify and quantiEy the  exact 
res torat ion measures tha t  would be required and applied t o  each 
feature  t o  achieve reasonably successful resu l t s .  However, i n  
general, the  following c r i t e r i a  would be applied: 

a. Restoration and/or enhancenent measures w u l d  be included 
i n  the  preconstruction planning. 

b. Input wauld be so l ic i t ed  from concerned agencies having 
jur isdic t ion in the  un i t  area. 

c .  Feature design and location would emphasize ninimization 
of landscape disturbance. 

d. The extent of land clearing f o r  road cuts  and f i l l s  and 
h a r r o w  areas m l d  be kept t o  a feas ible  minimum. Wherever 
possible, contractors mruld be r e s t r i c t ed  t o  m r k  within 
specif ic  boundaries. 

e .  The degree of slope on s ide-  h i l l s  m l d  be made as .  f l a t  
as practicable.  

f .  Mmre s teep slopes were unavoidable, contouring in to  
bunches o r  t e r races  wctuld be employed t o  improve m i s t u r e  
re tent ion and t h e  c-3 of successful s tab i l i za t ion  of 
s o i l  and growth of vegetaticm. 

g. Wherever feas ible ,  topsoi l  from the area t o  be d i s t u r b d  
rcwld be str ipped away and stockpiled fo r  l a t e r  red is t r ibu t ion  
and seeding aft-  mxuvation of m t e r i a l  o r  deposition of 
spoi l  had buen carr ied cut. Thfs item wnrld be written in to  
contract  specification$. 

h. Piecanstmction planning u w l d  ineltuie an analysis  of 
exis t ing vegetation, soil, and c l h t i c  e d i t i o n s  t o  deter-  
mine which res torat ion plans w l d  b best suited f o r  the  
p a n i c u l a r  area.  

i. Seeding and planting of shmbs would be cbapletsd as soon 
as possible a f t e r  f i n a l  contouring had bum carr ied out. Erapha- 
sis would be placed upon planting during t he  proper season of 
t h e  year and steps would be taken ( f e r t i l i z a t i on ,  a t e r i n g ,  etc.)  
t o  insure t h a t  growth b e c a ~  well sstabllshed.  



j. Permsnent spoil  p i l e s  w l d  be leveled and contoured a s  
much as  required to achieve adequate s t ab i l i t y .  Waste p i les  
near water would be sprayed with c lear ,  biodegradable s tabi-  
l iz ing m t e r i a l .  Establishment of vegetdtion would be 
attempted. Whenever feasible,  spoil  p i l e s  vwld  be kept away 
f m  strerun courses. 

k. Restoration treatments would be rwnitored u n t i l  a s table  
s i tuat ion develops. Additional treatment would be carried 
out when just i f ied.  

1. hintemance operations would be designed t o  allow stabi-  
l i za t ion  of cu t  slopes and establishment of vegetal cover. 

5. Protective Uti l izat ion During Operation and Maintunance 

Permanent access and operating mads will be p a v d  t o  e l ininate  
the dust  problem during operation of the  project. Pumps and 
motors w i l l  be housed within buildings so t ha t  the swnd enit- 
ted w i l l  be limited t o  the imnediate v i c in i ty  of the parping 
plants. 

Noise and l igh t  w i l l  be buffered by using shielding and screening 
consisting of baffl ing,  vegetation, walls, and other mans. The 
low-intensity sound and l igh t  levels a t  night w i l l  not have a 
s ignif icant  impact on wildl i fe  ot Inman a c t i v i t y  in  the area. 
Prupm sumail lance wil l  be maintained t o  assure t h a t  a11 safety 
measures such as escape ladders, cables, nets,  and fencing on 
the cansls a m  in proper condition. Diversion works, canals, 
drains, and operating roads will be pmpmly maintained. Weeds, 
t rash,  and moss removal w i l l  be rrade when nacessary fo r  improved 
efficiency, appearance, and safety. 

Oparating and maintenance crews w i l l  keep a continuad surveil-  
lame of t he  project  f sa turss  t o  reps i r  immediately any damage 
resul t ing fmm s t o m s  or  accidental causes which would allow 
breaks i n  canals o r  other f a i l u ~ e s  tha t  cause adverse impacts. 

Brine ponds w i l l  be routinely investigated fo r  -gent vegetation 
davelopent.  An accepted procedure f o r  ramoval of energents w i l l  
be in i t i a t ed  i n  instances where mergents a r e  creating recognizable 
msqui to  habitat .  

D. I n t s m a t i m l  Effects 

The United S ta tes  and Mexico have agreed i n  Himrte No. 242 of the 
International Boundary and Water C m i s s i o n  t o  a pernanent and defin- 
i t i v e  solution of the  international problem of s a l in i ty  of the 



Colorado River. Accordingly, t he  United S ta tes  will imglmmt meas- 
ures  now established under T i t l e  I of P.L. 93-320 t o  assure thot the 
approxi~mtely-1,360,000 acre-feet of water namal ly  deliverad t o  
Wexico above Morales Dam has an annual average s a l i n i t y  of no aore 
than 115 mg/l plus o r  minus 30 ng/l over the average annual s a l i n i t y  
of water amiving a t  Imperial Dam. 

T i t l e  I1  s a l i n i t y  control  measures authorized fo r  construction o r  
study by- the  Act w i l l  co l lec t ive ly  reduce the  average s a l i n i t y  a t  
Imperial Dam from 43 ng/l with the  i n i t i a l  projects and by 150 mg/l 
with f u l l  implementation of a l l  un i t s .  Since the  s a l i n i t y  of w a t e r  
delivered t o  Mexico i s  influenced by the  s a l i n i t y  a t  Imperial Dm, 
any s a l i n i t y  reductions re.sulting from Upper Basin controls  w i l l  
prove beneficial  t o  Mexican users a s  well a s  United S ta tes  users.  

E. Mitigation Heasures f o r  I n i t i a l  Control Units fo r  Construction 

1. las V e ~ a s  Wash U n i t .  Nwada 

a. Special cansiderations f o r  mitigation or anhancmsnt. - 
Aside fm the  general mitigation program p r w i w s l y  autl inad 
f o r  construction impacts, no s ignif icant  impacts a r e  expectad 
as a r e su l t  of iaplcmmtation of the  Las Vegas Wash U n i t .  

(1) Monitoring of water qual i ty .  - A monitoring program 
is  being established to  sample and analyze both ground water 
and surface flows caning i n t o  the  wash and the  flows below 
the project  f a c i l i t i e s .  These data w i l l  be used t o  monitor 
t he  effectiveness of the  un i t  apsration and t o  insure t h a t  
downstremi flows w i l l  confom t o  established standards. 

(2) Archeological and h i s to r i ca l  remurces.  - A cul tu ra l  
resources inventory was perfornsd by the Nevada Archsolog- 
i c a l  Survey i n  t he  project ares of the  Las Vegas Wash U n i t .  
A s  d iscwsed i n  chapter 111, several h i s to r i c  and archeolog- 
i c a l  s i t e s  wsrs m o u n t a d .  To the  extent possible, pmjec t  
f a c i l i t i e s  have been located and designed t o  avoid disturb- 
ance of  these sites. However, it appears t h a t  two h i s to r ica l  
s i t e s  and swan archeological s i t e s  w i l l  s t i l l  be disturbed 
t o  s m e  degree by project  a c t i v i t i e s ,  a s  presently planned. 

The f i n a l  repor t  on t he  cu l tu r a l  r e s a v c e  inventory pro- 
vides data  f o r  evaluating t he  significance of the  s i t e s  
m c m t e r e d .  The cu l tu ra l  resources ident i f ied are cur- 
r en t ly  being evaluated i n  accordance with the  procedures 



established by the  Advisory Council on Historic Presenra- 
t ion  and embodied in 36 CFR 800 of t h e  Code of  Federal 
Regulations. Indiviciunl sites a re  being studied t o  dot-- 
mius t h e i r  e l i g i b i l i t y  f o r  inclusion an the  National Regis- 
t e r  of His tor ic  Places. A detarmination of e f f e c t  w i l l  be 
made f o r  each site a s  a r e s u l t  of constmct ion and opera- 
t i o n  a c t i v i t i e s  and, if the  e f f e c t  i s  detemined t o  be 
adverse, a mit igat ion plan w i l l  be developed f o r  t h e  s i t e .  
Reclamation w i l l  perform these  functions i n  consultat ion 
and coordination with t h e  N a v a d a  S t a t e  Historic Presemation 
Off icer  and t h e  Advisory Council an Histdric Preservation. 

(3) A i r  qual i ty .  - A s  indicated i n  chapter  111, m e  tm- 
porary adverse impacts on local  a i r  q u a l i t y  can be expected 
from m s t m c t i o n  a c t i v i t i e s .  Appropriate m m u r e s  w i l l  
be taken ta lessen t h e  impact of blowing d w t ' d u r i n g  con- 
s t r u c t i o n  a c t i v i t i e s .  These lasasures include wstt ing of 
g d  surface and suspension of m r k  if blowing dus t  
creates a hazardous s i tua t ion .  

(4) Recre-ation. - The las Vegas Rash has, wer time, estab- 
l i shed  itself as an extensive greunbelt i n  t h e  southeast 
c o m e r  of t h e  Las Vegas valley: Consequently, it has bean 
used by a number of lacal res iden t s  f o r  varying rucrea-  
t i o n a l  pursuits. Recreation in the #ash is uncontrolled 
and o f ten  differemt typs  of recreat ion a r e  i n  c o n f l i c t ,  
i .e . hunting versus hiking, picnicking o r  b i rd  watching. 
The las Vegas Wash Dwelopnsnt Cumittee was established 
by Clark County t o  study the prab1m.s of t h e  Wash and 
d w e l o p  rocarmnendations f a r  solutiosrs. A cuncepturl plan 
of r c c r e a t i o r u l  d s v e l o p n t  has been prt f o r t h  by t h e  
Cmmitteu. Contact has bevn c lose ly  m i n t a i n d  between 
Reclanation and t h e  Camittee t o  d iscuss  the conceptual 
plan and t o  see how it might i n t e r f e r e  with t h e  Las 
Vegas Wash Unit of t h e  CR#91P. Public Law 93-320 d i d  
not  contain provisions f o r  recreat ional  development and 
hence no funding is a v a i l a b l e  d i r e c t l y  f o r  r ec rea t iona l  
f a c i l i t i e s .  

(5) Fish and w i l d l i f e  rssources. - lhbCh concern has beten 
axpressed by t h e  general p l b l i c  t h a t  implementation o f  t h e  
US Vegas Hush hit i n  conjunction w i t h C l a r k  County's 
proposed Advanced Waste-Water Treatment p lant  (Am) would 
des t roy t h e  natura l  greenbelt  t h a t  has evolved over t h e  
years causing extremely adverse impacts on u i l d l i f e  t h a t  
has es tabl ished r s s i d m c y  there.  Coatdinated planning 
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between Rmlamation, the County, the  S t a t e  of HcRnda, and 
other  in teres ted segments of the  Public has led t o  a plan 
whereby t h e m  should b no m j o r  adverse impacts on vege- 
t a t i on  and wildl i fe  axist ing i n  the  wash. Through periodic 
inspections of the f a c i l i t i e s ,  b i r d l i f e  will b obssrvsd 
i n  and around the  brine ponds. Although a t  p r e smt  there  
a r e  no plans t o  s e t  up bird salvage operations, i f  it 
appears t o  be necessary the appropriate f i s h  and game 
agencies w i l l  be contacted and a plan for  salvage w i l l  be 
formulated and executed. A major portion of the  t reated 
eff luent  fm t h e  Wl' plan w i l l  be carr ied by pipeline 
t o  a point jus t  downstrcsa from Reclanationls proposed cut-  
off trench where it w i l l  be released back t o  tk natuta l  
channel of the  wash. This should maintain the greenbelt 
below the  cutoff  trench to h s  Vegas Bay of lake Usad. 
Similarly a smaller portion of the  AWT eff luent  wi l l  be 
released a t  the plant s i t e  t o  the  natural churns1 which 
shourd miintain the  greenbelt b e t w m  the AWT' and the 
cutoff trench. Vegetation and wild l i fe  losses shauld 
only be nominal a s  a r e s u l t  of t h i s  plan. 

Routine inspectian a c t i v i t i e s  w i l l  i den t i fy  any p t u n t i a l  
problem with waterfowl becwing sa l t - snc rus td  on the  
ponds o r  of emergent vegetation contributing t o  mosquito 
breading. In t h e  case of waterfowl, a salvage -ram 
wil l  be adapted i n  cwnl ina t ion  with the  Nevada S t a t e  Fish 
and Cara i f  the  ponds pose a threat .  In the  case of emer- 
gent vegetation, eradication p r o g ~ m s  wu ld  be adopted. 
These d d  most l i ke ly  consist  of chemical ueatmunt. 

(6) Land Use. - Specific mitigation measures m y  be 
r s q u i m t w o  primmy areas  of concern (1) the iapsr- 
v i m s  na t a r i a l  source 9 miles west of the  interception 
f a c i l i t y  s i t e ,  and (2) t h e  8-acre temporary s torrge arm 
adjacent t o  t he  interception site. 

Impervious Material Wrce Arm 

Mitigation i n  the  forn of f i l l ,  blending, and shaping of 
the  area may be requirad after excavation t o  prevent seep 
water fram col lect ing in open p i t a .  The arua i s  current ly  
pr ivate ly  owned, and any mitigation measures would have 
t o  be in hammy with the  m m s  land use plans. 



Temporary Storage S i t e  

The material t o  be stored is rfch in organic material 
and nutrients.  I t s  composition is such a s  t o  m k e  it 
excellent fo r  use a s  top soil. Any residual material l e f t  
or disposed a t  t h i s  s i t e  would provide excellent media fo r  
regrowth. To f a c i l i t a t e  t h i s  growth it  may be desirable 
t o  reseed the area  following project completion. 

0 t h ~  n i t iga t ion  measures as pertain t o  general construc- 
t i on  a c t i v i t i e s  have been prwiously  outlined. 

(7) Safety. - To minimize the potential  drowning hazard due 
t o  the  access ib i l i ty  of the  evaporation ponds, security f e m -  
ing will be ins ta l led  and regularly inspected. 

(8) Accamdat ions  to c o n f m . u i t h  other  local, State,  o r  
Federal lms, - The projects in the  area  whic ve required 
T i G X T k F f o r t  to  recamemdate m hanmnire :i$ are the 
k s e d  park development i n  Las Vegas Wuh d t he  Cauntyls 
Am plant. Preplanning s f f o r t s  rsrs d i m s s e d  with the  Lss 
Vegw Wash Development Cami t t ee  d resulted i n  the  cwrrent 
prqmsed plan which has bean accepted as being coqmtible  with 
t he  park  dwelopnslrt,[SO] 

2. Crystal Geyser Unit, Utah 

a. Special consideration f o r  mitigation or enhancement. - 
The Cmstal Gwsm Unit is re la t ive ly  simple in both design 
and & r a t i o n . -  specif ic  p r o b l k  requiring special n i t i -  
g a t i m  asrsures  are knuun. The project  w i l l ,  as  previously 
described, potent ia l ly  d u n c e  the visual  impoct and tou r i s t  
attractim of t h s  geyser. 

Ib r t s r  qua l i ty  xmi to r ing  plan. - Water qual i ty  and quan- 
t i t y  w i l l  be a w i t o r s d  from the  outflow of the  goy- a s  
necessary to dets ra iaa  t h a  effectiveness of t h e  project. 

Plans am not yet d e f i n i t e  m ~ h  t o  es tabl ish  t he  loca- 
t i o n  of  matitoring s ta t ions .  Monitoring u y  be required 
on only a short-term basis if t h e  flow and concentration 
rsauin constant and t h e  project  operates as planned. In 
addit ion,  nonitoring of ground mter nemr the  br ine  ponds 
rroy be r ~ u i r e d .  



F. Mitigating Measures for  Other Control Units fo r  Construction 

1. Paradox Valley Unit, Colorado 

a .  Special considerations for  mitigation o r  mhancment. - 
The e t  will 
not en t a i l  any unusually hazardous f a c i l i t i e s  ar op&ations 
t h a t  would require specif ic  mitigation. General e f fo r t s  for  
the  minimizing of construction impacts and nornal operating 
pract ices  have b a n  previously covered in the  introductory 
sections of t h i s  chapter. A concern of the  Unit i s  t o  
m i t o r  i t s  effectivenass t o  assure the  utreost benefits  
of s a l i n i t y  inrprovslent and t o  ensure the  in tegr i ty  of 
t h e  ground-water systam. 

The Emeau of  ~ s t l w d o n  proposes t o  mitigate wi ld l i fe  
losses and impacts of the  undertakings on any archeological 
o r  h i s to r i ca l  propurty. The area w i l l  be evaluated by an 
archeologist  o r  other appropriate professional vho w i l l  nake 
a determination i n  consultation with the  appropriate S ta te  
Historic Presarvation Officer regarding the  property's e l i -  
g i b i l i t y  fo r  inclusion in  the  National Register of Historic 
Places. Should any h i s to r i c  er archeological resources be 
determined e l i g i b l e  f o r  inclusion in  the  natural  regis tur ,  
the procedures i n  36 CFR 800 w i l l  be followed. 

Water qua l i ty  m i t o r i n g  plan. - Water qua l i ty  and flows 
a r e  mesent ly  being m n i t o r d  above and bahw t he  Paradox 
vallby. m i n g  coir t ruct ion and open t ion  of t he  project ,  
the  watw qual i ty  monitoring w i l l  be further implemented 
to deternine the effectiveness of the  pmject, obtain 
infomat ion m the  well f i e ld ,  rrPa protect  the  shallow 
f resh  ground-water body wsst of the r iver.  

Prim to  ths hitlatiom 61 t a n ~ t T W t i ~ n ,  rddit lona~ mi- 
ta r ing  equipment a s  n d e d  w i l l  be Fnstallsd m tha 
~olarss River bmdiately dawnstream frcm Puadox Valley. 
This w i l l  record the  qua l i ty  of the r i v e r  and m b l e  p q -  
ing rates t o  l~ mdjrutsd t o  achiwe the  most desi rable  
s a l f n i t y  reduction. 

The pisooaatsr grid all alsa be m i d  h t i n g  the 
c m s t m c t i o n  and ropsration of t he  project, The da ta  
would indicate  my changes in the  growu5-wdtm systsm 
and mnrld iden t i fy  specif ic  areas trhsrs the  punping is 
e i t he r  too great  o r  too -11. This will allow t h e  



adjustment of individual plrslping r a t e s  fo r  the greates t  
overal l  efficiency.  

m e  qual i ty  of t he  brine pumping fmm the val ley will 
a l so  be continuuusly monitored. Changes in  t he  s a l i n i t y  
could indicate that excessive w i n g  f h m  one o r  more 
wells was drawing fresh ground water into the s a l t  zone. 

In addition, periodic sampling or  mni tor ing  may be 
required to  determine whether leakage from the  brine ponds 
occurs. Should the  leakage warrant control ,  provisions 
w i l l  be made for  recycling. 

2. Grand Valley Unit, Colorado 

Specific mitigation measures f o r  the  Grand Vallsy w i l l  be fur- 
ther  developed i n  the  adwancad planning s tudies  n o w  underway. 
Those areas  that require addit ional study include wi ld l i fe  
mitigation plans, revegetation requirements, and protection of 
water r igh ts .  

a. Special considerations f o r  mitigation o r  enhancenmt. - 
Aside from those areas  specified above, specific n i t i ~ a t i o n  
e f f o r t s  w i l l  concentrate- on safety  a n d F m t e r  qua l i ty  m n i -  
toring. Those e f fo r t s  concerned with canal safety  w i l l  f o l -  
low those outlined in  the introductory sections of t h i s  
chapter. 

The Bureau of Reclamation proposes t o  mitigate the  impact of 
the  undertaking on m y  archsological o r  h i s to r ica l  property 
found during constmction.  'Ihe a rea  w i l l  be evaluated by 
an archeologist  o r  other  appropriate professional who w i l l  
make a determination i n  consultation with the appropriate 
S t a t e  Historic Preservation Officer regarding the  property's 
e l i g i b i l i t y  fo r  inclusion in the National Registsr of H i s -  
t o r i c  Places. Should any h i s to r i c  or archeological resouree 
be determined e l i g i b l e  for inclusion in the  National Register, 
the  p r o c d u r ~ s  i n  36 CFR 800 w i l l  be followed. 

Water qua l i ty  mn i to r ing  plan, - Water samples and flow 
measurawnts are current ly  being taken a t  62 s ta t ions  
i n  the  G r a d  Valley (fig.  W - 2 ) ;  'Ihe sampling points 
include r i v e r  inflows, outflows fnm the mjar washes 
and drains,  and major inflows frum the surrounding 
highlands. Sixteen of these sampling points hnve an 
established Geological m e y  gage. Monitoring of a l l  
sampling points f o r  qua l i ty  and quanti ty i s  planned a t  





l e a s t  through f i s c a l  year  1978. The da ta  w i l l  b e  used 
i n  researching t h e  s a l i n i t y  problem. 

Twenty-nine observation wells have been placed on various 
farms throughout the  va l l ey  ( f ig .  IV-3). The wells were 
primayily i n s t a l l e d  t o  ob ta in  water t a b l e  information f o r  
t h e  151s progran. The wel ls  a l s o  provide a means o f  col- 
l ec t ing  g r o u n d - ~ a t e r  samples f o r  q u a l i t y  analyses.  More 
wells  a r e  expected t o  be i n s t a l l e d  a s  the  IYS program 
ex?ands. The Bureau of Reclanation is i n i t i a t i n g  a study 
a rea  i n  the  western end of  t h e  va l ley  near  Loma, Colo. 
The a r e a  i s  divided i n t o  two subareas: The Reed Wash- 
Peck and Beede Wash drainage area ,  and the  East Branch of  
Reed l a s h  drainage a rea  ( f ig .  IV-4). An i n t e n s i f i e d  
e f f o r t  t o  evaluate  WSI e f fec t iveness  a s  a s a l i n i t y  con- 
t r o l  measure w i l l  be conducted i n  the  Reed Wash-Peck and 
Beede 1h.sh area. The adjacent East Branch of Reed Wash 
a rea  w i l l  be monitored t o  obtain cont ro l  da ta  ind ica t ive  
of condit ions without s a l i n i t y  cont ro l .  Both areas  w i l l  
be extens ively  instrunented with observation wel ls ,  
piezometers, and surface  flow measuring devices. The 
da ta  w i l l  be used f o r  ca lcu la t ion  of water and s a I t  bud- 
g e t s  on a per iodic  bas is .  I t  i s  an t i c ipa ted  t h a t  moni- 
to r ing  w i l l  continue f o r  seve ra l  years .  

G .  Mitigat ion Measures f o r  Authorized F e a s i b i l i t y  Studies 

1. LaVerkin Springs Unit, Utah 

Due to the  presence of radioact ive  material  i n  the  springs water, 
and the  presence o f  an endangered f i s h  species downstream f r m  
the  springs,  spec ia l  mi t iga t ion  e f f o r t s  w i l l  be required. These 
e f f o r t s ,  along with a p a r t i c u l a r l y  local  enhancement t h a t  w i l l  
r e s u l t  from t h e  p ro jec t ,  a r e  described below: 

a. The design and operat ion o f  the  dams on t h e  Virgin River 
is such t h a t  t h e  lower contro l  d m  w i l l  be def la ted  during 
f lwdf lows ,  thus  allowing t h e  water t o  pass  without r i s i n g  
beyond normal limits. This a c t i o n  w i l l  a l s o  keep the  pond 
a rea  c l e a r  of sediment and debr i s .  

b. Determinations i n d i c a t e  t h a t  water fram the  LaVerkin 
Springs contains an average of 37 p icocur ies  per  l i t e r  of 
r ad ioac t ive  radium-226; t h e  d e s a l t i n g  p lant  w i l l  concentrate 
t h i s  t o  about 0.36 gram per  year. The Environmental Protec- 
t ion  Agency has determined t h a t  t h i s  quan t i ty  would not  be 
harmful unless  ingested.  Continued use of  the  water f o r  
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drinking,  e i t h e r  by man o r  w i l d l i f e ,  could r e s u l t  i n  a dun- 
gemus accumulation of  radioact ive s a l t s .  However, s ince  
t h e  b r ine  wastes w i l l  have a s a l t  content  s l i g h t l y  higher 
than seawater, this should not  be a problem. A s  a precau- 
t i o n ,  t h e  desa l t ing  p lan t  and t h e  evaporation pond w i l l  be 
fenced. For the  s a f e t y  of t h e  publ ic ,  employees, and wild- 
l i f e ,  a radioact ive  monitoring progran w i l l  be included i n  
tne  operat ion of the  f a c i l i t i e s  t o  provide the  necessary 
data  t o  de ternine  whether t h e  radioact ive  l eve l s  i n  the  ?and 
w i  11 r e s u l t  as  predicted.  

c. In June 1973, t h e  Bureau of iteclanation and the  Fish and 
Wildl i fe  Service i n i t i a t e d  j o i n t  funding f o r  research s tud ies  
on the  woundfin fPkrgaptents a q e n t b a h l  which is l i s t e d  
as an endangered species.  The Fish and Wildl i fe  Service has 
contracted with the  Enviromental  Consultants,  Inc., o f  Las 
Vegas, Nevada, with Drs. James E. Deacon and k'. L. Ftinckley 
a s  Co-Project Directors .  The contrac tor  is conducting stud- 
ies and inves t iga t ions  of t h e  woundfin f o r  the  purpose of 
reviewing e x i s t i n g  l i t e r a t u r e ,  assessing t h e  success of 
t r ansp lan t s  of t h e  wwndfin i n t o  Par ia  River i n  Arizona and 
Utah, IIassayanpa River i n  Arizona, adequate and p r a c t i c a l  
information regarding physiological ,  behavorial ,  and repro- 
duct ive  responses t o  s a l i n e  water; and developing a research 
design s p e c i f i c a l l y  geared t o  answer quest ions e s s e n t i a l  t o  
the  survival  of  t h e  species.  The Fish and Wildl ife  Service 
proposed t o  combine t h i s  work with s t u d i e s  on the  ecological  
l i f e  h i s t o r y  and o the r  work on the  f i s h e s  of the  Virgin River. 
This w i l l  provide data  necessary f o r  an ab jec t ive  evaluat ion 
of  the  probable results of t h e  proposed environmental nanipu- 
l a t i o n  and i ts e f f e c t  on t h e  wmndfin and t h e  o the r  f i s h e s  i n  
the  Virgin River System. 

-. 
2. L i t t l e f i e l d  Springs Unit,  Arizona 

Althwgh no se r ious  e f f e c t s  are expected as a r e s u l t  of t h i s  
p ro jec t ,  t h e  Bureau of Reclamation, i n  keeping with its policy 
of  preservat ion and enhancement of t h e  e n v i n m e n t ,  i n i t i a t e d  
j o i n t  funding with the Fish and Wildl i fe  Service  i n  June 1973 
f o r  research s tud ies  on the  endangered wwndfin f i s h  f P 7 4 p -  
WPQUB u1yenti8&m~tJ, which is knwn t o  inhabi t  t h i s  reach of 
the  Virgin River. A desc r ip t ion  of t h i s  study and ob jec t ives  
a r e  given i n  the  preceding discussion of  t h e  LaVerkin Springs 
Unit. 

Glenwood-Dotsen, Springs Unit,  Colorado 

Spec i f i c  mi t iga t ion  measures w i l l  5e  developed during feas i -  
b i l i t y  s t u d i e s  on t h e  Glenwwcl-Dotsero Unit when plans  become 
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firm. However, should construct ion a c t i v i t i e s  b e  required i n  
t h e  scenic  Glenwood Canyon, adverse impacts might b e  mit igated 
by combining t h e  p ipe l ine  construct ion with the  proposed con- 
s t r u c t i o n  of I n t e r s t a t e  Highway No. 1-70 through the  canyon. 
The Bureau of Reclasation would i n  any case, f o l l w  its stand- 
ard  pol icy  of providing i q r o v e d  appearances of a l l  s t r u c t u r e s  
and preserving the  iandscape by requir ing the  cont rac tor  t o  
adhere t o  t h e  r i g i d  environnental spec i f i ca t ions .  

Palo Verde I r r i g a t i o n  District Unit ,  Cal i fornia  - 
The major impact t h a t  nay requ i re  mi t iga t ion  i s  the  adverse 
e f f e c t  t h a t  the  reduction in re turn  flows would have on water- 
o r i en ted  rec rea t ion  on the  Palo Verde Drain i n  t h e  v i c i n i t y  of 
the  community of Palo Verde. This could be mit igated by d i v e r t -  
ing water f m  t h e  Colorado giver  t o  the  d r a i n  above Pnlo Verde, 
which would requ i re  cons t ruct ion  of a small ,  lw-head pumping 
~ l a n t  on the  r i v e r  and a feeder  canal from t he  r i v e r  t o  the  
hra in .  Dredging of sandbar areas  i n  the  d r a i n  might a l s o  m i t i -  
g a t e  some o f  the  impact caused by a reduced dra in  f l w .  Diver- 
s ion  o f  Colorado River water d i r e c t l y  t o  the  d r a i n  f o r  recrea-  
t i o n  would decrease t h e  s a l t  concentrat ions i n  the  d r a i n  below 
the  point  of introduction.  

5 .  Colorado River Indian Reservation Unit,  Arizona 

I t  is not  expected t h a t  any ac t ion  taken under t h e  proposed 
u n i t  would requ i re  specia l  mi t iga t ion  measures. 

6. Uinta 3asin Unit,  Utah 

Wildl i fe  h a b i t a t  would be eliminated from canals  and marshy 
areas af fec ted  by t h e  XMS and WSI programs. The impact of 
these  programs on w i l d l i f e  is yet  to be detemiued.  

A water  sampling program has been i n i t i a t e d  as p a r t  of the  1% 
and WSI inves t iga t ions .  Sampling w i l l  continua thrwghout the  
cons t ruct ion  arrd operat ion phases t o  determine the  e f f e c t s  of 
these  programs on the  water q u a l i t y  i n  the  Uinta Basin and of 
inflow t o  the  Colorado giver .  

7. h e r  Gunnison Basin Unit ,  Colorado 

Since plans a r e  not  f o m l a t e d ,  n i t i g a t i o n  measures have not  
been developed f o r  the  Lower Gunnison Unit. The general 
measures an t i c ipa ted  f o r  the  Grand Valley Unit, hwever ,  prob- 
ably would be appropriate.  Spec i f i c  mi t iga t ion  measures, i f  
needed, n i l  1 be  determined when plans become more firm. 



8. Big Sandy River U n i t ,  Wyoming 

A progran of sampling has been established on the Big Sandy River 
and w i l l  be used i n  identifyina the  s w r c e  of s a l t s .  This w i l l  
a s s i s t  i n  fonaalizing a de f in i t e  plan. 

Special consideration I n  design of the evaporating pond w i l l  be 
required t o  prevent concentrated dissolved s a l t s  from sp i l l i ng  
back in to  the  stream system. 

The area w i l l  be evaluated by an arc!eologist or other appro- 
p r i a t e  professional who w i l l  nake a deternination in  consulta- 
t ion w i t h  the  appropriate S ta te  His tor ic  Preservation Officer 
regarding the  property's e l i g i b i l i t y  fo r  inclusion ,in the 
National Register of His tor ic  Places. Should the  property be . 
determined e l i g ib l e  f o r  inclusion i n  the  National Register of 
Historic Places, t h e  Bureau of Reclamation w i l l  follow the  pro- 
cedures outl ined i n  36 CFR 800. 

9. Price River, San Rafael River, and Dirty Devil River h i t s ,  
Utah - 
Definite plans a r e  not yet formulated, hwever,  a water sampling 
program has been i n i t i a t e d  within each r i ve r  basin i n  an attempt 
t o  iden t i fy  t he  primary sources of s a l t s .  This sampling program 
w i l l  continue t o  be expanded during the construction and opera- 
t ion  phases t o  determine t h e  effectiveness of the uni t  in reduc- 
ing s a l t  loading of the Co lo rah  River. 

As a plan of control  is developed, spec i f ic  mitigation neasures 
w i l l  be detemined and cooperating agencies w i l l  be consulted t o  
ensure t h a t  environaental requirements are met. 

10. WcElno Creek Unit, Colorado 

Mitigating neasuras par t i cu la r  t o  the  McElm Creek Unit have 
not been detemined, since a spec i f ic  plan of development has 
not been foraulated. 
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CHAPTER V - USAVOIDABLE ADVERSE EFcECTS OF THE PROGRAM 

A .  Introduction 

This chapter discusses a l l  the  adverse e f f ec t s  of environnental 
impacts t h a t  a r e  considered t o  be unavoidable within t he  context 
of the present development plan. Any impacts which a re  known t o  
be avoidable with reference t o  t he  plan buuld be avoided and have 
not been included in  the  discussion. 

3leasures which w i l l  enhance the  project  o r  reduce the  extent of the  
unavoidable impacts have been presented i n  chapter IV. The follow- 
ing discussion summarizes the  mst invortant adverse e f f ec t s  which, 
under the proposed plan of development, cannot be avoided o r  f u l l y  
mitigated. 

Cumulative Adverse Effects of the  Program 

Table 111-1 reveals a t  a glance those environmental factors ,  re la ted  
t o  specif ic  un i t s ,  t h a t  have generally cunulative adverse trends.  
Overall, the  following factors  were judged t o  r e su l t  in  cumulative 
adverse e f f ec t s  and a re  discussed in fur ther  d e t a i l  i n  t h i s  section: 
Water Quantity, Land Use, Vegetation, Wildlife Resources, Endangered 
Species, Scenic Resources, Archeological and Historical  Resources, 
and Energy Resources. 

1. Water Want i ty  

Total water avai lable  i n  the  r i v e r  system for  domstream users 
w i l l  be reduced by several un i t s  of the  CRWIP. Water depletions 
o r  losses  w i l l  r e s u l t  primarily iron brine impoundment, losses,  
and evaporation t o  the atnosphere. The cumulative water losses 
for  a l l  control  un i t s  range from 37,000 t o  116,000 acre-feet  
per year a s  sham i n  t ab le  111-2. 

This level  of water depletion due t o  cumulative s a l i n i t y  con- 
t r o l s  may have some legal  inpl icat ions  concerning loss  al loca- 
t ions  between the  Basin S ta tes  according t o  the  present law of 
the  r iver .  I t  is  beyond the  scope of t h i s  statement t o  consider 
a l l  t he  ramifications of water losses t o  a water system already 
faced with predictable,  future  shortages. 

2. Land Use 

The construction, operation and maintenance of the various can- 
t r o l  un i t s  i n  the  basin w i l l  result i n  both short-  and long- 
t e rn  adverse e f f e c t s  on lands in ,  or adjacent to ,  project  areas.  



The temporary adverse e f fec t s  a r e  re la ted t o  construction bomow 
areas ,  c m s t m c t i o n  camps, access roads, transmission l ines ,  equip- 
ment storage, waste material disposal, and other right-of-way 
requirements. 

In the  long t e n ,  a m l a t i v e  t o t a l  of m r e  than 8,000 acres  of 
land (table 111-2) nay be d i r ec t l y  and adversely affected due t o  
inundation from brine evaporation ponds and other  s t m c t u r a l  fea- 
tures .  This commitment of land for  a l l  program features  represents 
a very small percentage of land in re la t ion  t o  the  254,000 square 
miles of surrounding, m s t l y  undeveloped, lands i n  t h e  basin. Much 
of the  d i r ec t l y  affected land use w i l l  r e su l t  in a r id  rangeland 
conversions t o  sa l ine  aquatic t%osystens. About 1,100 acres  of 
i r r iga ted  pasture, orchard, a l f a l f a ,  and general f i e ld  crops w i l l  
be required for  desal t ing plants,  evaporation ponds, and water 
r i gh t s  t o  spring flow. The area of rangeland and grazing land 
inundated would vary due t o  p e r i d s  of drought an high evapora- 
t ion  r a t e s  and some f luctuat ion i n  water depth should be expected. 
Evaporation would reduce the  brine volme,  leaving the  sediment 
and salt i n  the  impoundment area. 

The concentration of these s a l t s  a s  well a s  the  volune of brine 
water inpunded would gradually increase with t ine .  Impoundment 
s i t e s  w i l l  be selected t o  provide a minimum evaporation pond l i f e  
of 50 t o  100 years. 

Natural s a l t  playas and dry lakebeds a r e  scattered throughout the  
Colorado River Basin and give m t e  testimony a s  t o  the future ,  
long-term land impacts of brine impoundment. In soae areas ,  stmc- 
tured ponds may resemble those similar t o  ponds used by various 
indus t r ia l  processes. 

3. Vegetation 

The adverse impacts of the  program upon plant comaunities would 
be the  loss of approximately 8,000 acres  of native vegetation. 
Vegetation would be both temporarily and permanently destroyed 
due t o  c lear ing and construction a c t i v i t i e s  along canals a s  
well a s  the  operation of desal t ing plants  and evaporation ponds. 

The long-tern e f f e c t  of the  i r r i ga t i on  improvement control  u n i t s  
on vegetative growth would be d i r e c t l y  re la ted t o  t he  changes i n  
the  surface and ground water. Lowering of water tables ,  reduced 
flows i n  drains  and rashes, and drying up of seep areas  would 
a f f ec t  loca l ,  native plants. Sane changes would occur rapidly,  



f o r  example, the  drying-up of a seep area below a leaking canal. 
Other changes would be gradual with several years required i n  
establishing new equilitmiua between surface and ground water. 

In general, a s  depth t o  ground water increases, sane plant group- 
ings could become l e s s  vigorous and more scattered with same 
species replaced by others.  In the r ipar ian hab i ta t s  along the  
Colorado River and its t r i h t a r i e s ,  major changes muld not be 
expected because the  r i ve r  uould maintain water levels  along the  
flood plains.  

I t  is  possible tha t  wind-blom s a l t  from evaporation ponds could 
a f f ec t  native vegetation i n  the i m e d i a t e  surrounding land, but 
the  range of t h i s  lacel effect  i s  not known. 

In general, the revegetation process muJd be slow and would be 
accomplished in  those agr icu l tu ra l  areas  affected by se -d ing  and 
transplanting. 

4. Wildlife Resources 

The c w l a t i v e  impacts of the  program units would have overal l  
adverse e f f ec t s  and wwld r e su l t  i n  the loss  of over 8,000 acres  
of various types of wi ldl i fe  habi ta t  (including amphibians, rep- 
t i l e s ,  birds,  and small mammals). Wildlife dens i t i es  a s  a whole 
a r e  low i n  the project  un i t  areas.  The drying up of seeps along 
canals would lead t o  a reduction i n  phreatophytes which, i n  turn, 
would lead t o  a reduction in the t o t a l  wi ld l i fe  populations i n  
agr icul tural  areas. Valuable nesting and cover areas  would be 
l o s t  f o r  many song birds,  game birds,  and small naarnals a s  well 
a s  various species of amphibians and r ep t i l e s .  

The displacement and redis t r ibut ion of wi ld l i fe  would be expected 
with the  i n s t a l l a t i on  and long-term operation of evaporation ponds. 
In mast instances, reestablishment of wi ld l i fe  habi ta t  w i l l  occur 
in  the  v i c in i t y  of t he  ponds following revegetation, but  with 
reduced populations. 

5. Endangered Species 

The overall  impact of the  program on endangered species within 
t he  control un i t  areas or the basin i t s e l f  is  generally unknown. 
Investigations i n  t h i s  regard have not ye t  been completed. I t  
is known tha t  sane endangered species res ide i n  some of the  un i t  
areas  o r  nearby v i c i n i t i e s  but preliminary indications a r e  tha t  
the e f f ec t s  w i l l  be minimal. 



One study, now undeway, w i l l  determine the  e f fec t s  of control 
uni ts  on the  Virgin River (Laverkin Springs and L i t t l e f i e ld  
Springs) and the endangered woundfin. Here, indications a re  
such t h a t  the  decrease i n  r iver  s a l i n i t y  may have an adverse 
e f f ec t  but t h i s  w i l l  not be confirmed un t i l  the  study is  
completed. 

6. Scenic Resources 

The overal l  e f fec t  of program features  on the  scenic resources 
of the  Colorado River Basin w i l l  ba adverse. Construction act iv-  
i t i e s  w i l l  leave scars on the  landscape t h a t  w i l l  be slow i n  
res tor ing themselves, par t i cu la r ly  in  deser t  regions. Most pro- 
gram features  a r e  located i n  renote areas  and the placement of 
namnade features  such a s  desal t ing plants ,  pipelines,  s t ructures ,  
transmission l ines ,  roads, and evaporation ponds w i l l  have a d i s -  
turbing, i f  not displeasing e f fec t  f o r  the majority of viewers. 
Any manmade features  i n  these remote areas  w i l l  provide s tark  
contrast  t o  the  barren, natural  beauty of the  area.  

7. Archeological and Historical  Resources 

To date,  no major archeological resources have been located t h a t  
vould be damaged or affected by construction of any control  un i t  
features.  Nowever, stme minor Indian-related archeological s i t e s  
have k e n  discovered in some uni t  areas and continuing s tudies  
a re  evaluating the  extent and importance of each site on a case 
by case basis.  There a r e  no known h i s to r i c  s i t e s  l i s t ed  on the  
h'ationezl Register of Historic Places t ha t  w i l l  be affected by 
any program features. 

8. Enerw Resources 

Operation of the  program w i l l  require withdrawing a s  much a s  
116,000 acre-feet  of water per year fron the  Colorado River sys- 
tem. This withdrawal represents a loss  of potent ia l  hydroelectric 
energy i f  i t  were l e f t  i n  the  system and allowed t o  pass through 
the  various dams on the r i ve r .  I t  is estimated that  the  loss  of 
p t e n t i a l  e l e c t r i c  energy from withdrawal will be over 100 m i l -  
l i on  knh per year. This f igure  compares t o  a t o t a l  average of 
10.6 b i l l i o n  kNh t h a t  have been generated yearly i n  recent times. 
The m u a l  loss  estimated w i l l  only occur a f t e r  a l l  waters of 
the  Colorado River a r e  actuul ly  being diverted fo r  t h e i r  intended 
use and w i l l  vary from year t o  year, depending on reservoir  oper- 
at ion,  h y b l o g i c  conditions, energy demand, and water depletion 
schedules. 



Direct consureption of e l ec t r i ca l  energy w i l l  be required t o  operate 
un i t  desal t ing plants and pumping plants  associated with program 
features.  The t o t a l  cumulative energy consumption of planned 
un i t s  under t he  CRQIP ( table  111-2) is in  excess of 100 n i l -  
l ion kWh/yr. 

C. Unavoidable Adverse Effects of I n i t i a l  Control Units f o r  
Constiuction 

1. tas  Yegas Wash U n i t  

Construction of t h e  Las Vegas Wash Unit w i l l  cause some adverse 
inpacts on the  environment t h a t  cannot be avoided. 

Approxinately 700 acres  of land w i l l  be needed f o r  project  f a c i l -  
i t i e s  t ha t  w i l l  precludg its use for  other purposes. Approxi- 
mately 625 acres  w i l l  be required f o r  evaporation ponds. In time, 
these ponds w i l l  develop a white s t a in  t h a t  w i l l  be v i s i b l e  from 
local  highways and from the  air. The new ponds represent a 
44 percent increase in the quanti ty of land already used f o r  t h i s  
purpose in t h i s  location. 

Constmction of project  f a c i l i t i e s  w i l l  require  placing manmade 
structures in  areas  where none presently exis t .  Such an action 
will  prove t o  be adverse t o  tha t  segment of socie ty  which is 
offended by disturbance of natural  areas.  Similarly, construc- 
t ion  of same pipelines w i l l  be across deser t  lands which w i l l  
r e s u l t  in scars  on the  landscape t h a t  w i l l  take aany years t o  
b a l .  

Project aperations w i l l  r e s u l t  i n  the  depletion of 3,600 acre-feet  
of water from the  Colorado River Systee annually f o r  the  f i r s t  
stage, and 1,450 acre-feet  f o r  the second stage. 

2. Crystal  Geyser U n i t ,  Utah 

Sam landscape changes around the geyser would be created by con- 
s t ruct ion of the  dike. Additional land disturbances would occur 
i n  the  construction of 3 miles of W e d  pipeline. During con- 
s t ruct ion there  would be a tenpoxwry increase in dust  and noise 
level .  The disturbance t o  wi ld l i fe  lwwever m l d  be minimal. 
The evaporation pond and dikes covering 105 acres  m y  crea te  an 
unnatural white s a l t  f l a t  which could be observed f ron nearby 
roads. The evaporation s i t e  mu ld  not be v i s i b l e  from the r i v e r  
below the  area due t o  the  approximate 15-foot difference i n  e le -  
vation between the  gruund a t  the  evaporation pond s i t e  and the 
r i v e r  water surface. The l o s s  of 150 t o  200 acre-feet of water 



evaporated annmlly from the Colorado River System cannot be 
avoided. 

D. Unavoidable Adverse Effects of Other Control Units f o r  Construction 

1. Paradox Valley Unit, Colorado 

The 3-year construction period fo r  the proposed uni t  w l d  include 
building of new roads, m e  of which would be located on undevel- 
oped land and would d i s tu rb  exis t ing wi ld l i fe  and vegetative pat- 
terns.  There would a l so  be inpacts re la ted t o  the  frequency and 
type of use of the  new access routes. Roads used only during con- 
s t ruct ion w l d  be scar i f ied  and allowed t o  return t o  a natural  
condition when no longer required, and would have only a temporary 
adverse effect .  

Inpacts would a l so  r e su l t  from the construction of the e l e c t r i c  
transmission l ines .  These impacts would primarily he v i sua l ,  but 
would, nevertheless, be unavoidable. The pipeline would be buried, 
and the  backf i l l  m l d  be contoured t o  harmonize with t he  surround- 
ing topography and the  a rea  allowed t o  r e t u n  t o  i ts  or ig ina l  use. 
These irupacts would thus be primarily tmpotary.  

B o m w  and waste disposal areas  could be required for  project  con- 
s t ruct ion,  resu l t ing  i n  a removal of vegetative c w e r  and a change 
in exis t ing topography. This action would be mitigated through 
ntethds a s  described in  chapter I V .  

The project  would penrsnently a l t e r  land use pa t te rns  i n  Paradox 
Valley and Dry Creek Basin. Land occupied by surface s t ructures ,  
with t he  exception of the  transmission l ines ,  wwld be excluded 
from any other  use during t h e  l i f e  of the  project .  

Native vegetation would be permanently reduced, which could 
reduce the  overal l  carrying capacity of wildlifa habi ta t  i n  the  
area.  I t  is possible t h a t  a s l i gh t  reduction i n  some animal pop- 
u la t ions  c w l d  r e su l t  fron the  reduced habitat. Although these 
impacts would be -11 with respect  t o  the  vegetation and wild- 
l i f e  i n  t h e  general area, they would be permanent. 

2. Grand Valley U n i t ,  Colorado 

As i r r i ga t i on  systems become more e f f i c i en t  and l e s s  water is 
wasted, wi ld l i fe  hab i ta t  a s s o c i a t d  with seepage, high water 
tables ,  and excess waterflows would be reduced o r  eliminated. 
h a l l  gage hunting and trapping opportunit ies would b reduced 



a s  wi ld l i fe  habi ta t  m l d  be reduced. This would be an unavoid- 
able  adverse e f fec t .  

Unavoi&ble inpacts during construction would occur which could 
tesnporarily have an adverse a f f ec t  on fauna in  the  area.  

E. Sumrary of Potential  Unavoidable Adverse Effects of Units Under 
~ e a s i b i l i t y  Study 

1. Laverkin Springs U n i t ,  Utah 

Providing e l e c t r i c  power t o  t he  desal t ing corrplex m y  involve envi- 
ronmental impacts of regional scope. Even i f  exis t ing local  gen- 
era t ing capacity is  used t o  supply the  required l a d ,  t he  r e s u l t  
w i l l  be a general increase i n  the  power needs (30 x lo6 kWh/yr) i n  
t he  area.  

The Toquerville Evaporation Pond Ki l l  require permanent r m v a l  of 
650 acres  of deser t  grazing land. The extent of addit ional adverse 
e f f ec t  t o  native vegetation and wi ld l i fe  as a r e s u l t  of wind-drifted 
s a l t  spray and dust  has not been evaluated. There w i l l  be a perm- 
nent l o s s  of 8 acres  of i r r i ga t ed  pasture and orchard a s  a resu.l t  
of construction of the  desal t ing plant.  

The combined flow of t he  Virgin River and Laverkin Springs is con- 
sidered i n  a l locat ing the amount of water t o  be diverted a t  the  
Hurricane, Laverkin, and S t .  George-Washington Diversion Dms. 
This water i s  divided under exis t ing water r igh ts .  Depletion of 
t he  Virgin River by the  project  w i l l  reduce the  water supply ava i l -  
ab le  fo r  these water r i gh t s  by 2,470 acre-feet  per year. Ibwever, 
there  should not be any discernible  depletion t o  uses below the  
St.  George-Washington Diversion Dam. W i n g  most of t he  irriga- 
t i on  season, the  St .  George-Washington Diversion Dam d ive r t s  the  
e n t i r e  flow of t he  r i ve r ,  and downstream 
on re turn flows and t r i bu t a ry  inflow f o r  
change i n  the  qual i ty  of the r i v e r  below 
some influence on the  f i sh .  The impacts 
w i l l  be permanent. 

users depend en t i r e ly  
t h e i r  water needs. The 
t he  springs may have 
resul t ing from the act ion 

The r i ve r  i t s e l f  i s  not classed a s  a f ishery,  but it i s  the  habi ta t  
of t he  endangered wundfin. A s  previously discussed in  chapter I V ,  
the  Bureau of Reclamation and the  Fish and Wildlife Service jo in t ly  
funded research s tudies  which have determined tha t  t he  influence of 
t he  project  on t h i s  f i s h  species w i l l  not k adverse. 



L i t t  l e f i e ld  Springs Unit, Arizona 

Construction of the col lect ion systen w i l l  a l t e r  the  natural  flow 
of the  L i t t l e f i e l d  Springs and r e s u l t  in a minor depletion of the  
Virgin River due t o  the  exportation of the spring flow t o  evaporat- 
ing ponds. The icpacts resu l t ing  from th i s  act ion w i l l  be perma- 
nent. There may be an adverse i q a c t  t o  the  endangered noundfin. 
The extent o f  t he  e f f ec t  of the project  on t h i s  and other aquatic 
species is current ly  under study a s  mentioned in  chapter IV. 

The construction of the evaporation pond w i l l  require right-of-way 
f o r  the pond, for  the  area required t o  r e t a in  f lash floods, and f o r  
a buffer zone t o  provide f o r  operation and maintenance purposes. 
The land and vegetation w i l l  be pernanently l o s t  i f  t h i s  action is 
taken. 

The wi ld l i fe  inhabit ing the  evaporation pond s i t e  w i l l  be displaced, 
and some may f a i l  t o  survive. The pond will have an adverse impact 
on e s the t i c  qual i ty  in the area, par t i cu la r ly  because of the s a l t  
bed t h a t  w i l l  be formed a s  a r e s u l t  of evaporating the  spring water. 

The construction and operation of the uni t  w i l l  require  commitnents 
of energy resources. 

3.  G l e n w d  Springs-Dotsero Springs U n i t ,  Colorado 

7he unavoidable adverse e f f ec t s  of the Glenuood-Dotsero Springs 
Unit cannot be def in i te ly  detenrined u n t i l  fur ther  s tudies  a r e  
made. Some impacts, however, appear evident. Esthet ic  impacts 
would occur i n  the  v i c in i t y  of project  features  and brine evapo- 
ra t ion  pond(s) w u l d  replace present land uses. Some water loss  
would a l s o  occur t o  the  Colorado River system. 

Pa10 Verde I r r i ga t i on  D i s t r i c t  Unit, California 

The adverse e f fec t s  mu ld  be minimal because the  project  is primar- 
i l y  limited t o  changes i n  i r r i ga t i on  pract ices  and the  rehabi l i t a -  
t ion  of the  exis t ing d i s t r ibu t ion  systen. Implementation of the  
un i t  w i l l  r e s u l t  i n  reducing the f luus  i n  the  Palo Verde Drain and 
could cause some change i n  hab i ta t  along the  canals and drains .  

Future u t i l i z a t i o n  of  re turn flows a s  discussed e a r l i e r  would 
great ly  deplete  the flows i n  the lower reach of Palo Verde out- 
f a l l  drain,  which without mitigation would great ly  a f f ec t  wild- 
l i f e  and recreation.  



5. Colorado River Indian Reservation Unit,  Arizona 

The adverse e f f e c t s  o f  t h i s  program would be  small s i n c e  the  
a c t i o n  w i l l  be l imi ted  t o  changes i n  i r r i g a t i o n  p r a c t i c e s  through 
rmnagement and the  r e h a b i l i t a t i o n  of the  e x i s t i n g  d i s t r i b u t i o n  
system. Implementation of t h e  u n i t  w i l l  r e s u l t  i n  reducing t h e  
r e t u r n  flows i n  the  d ra in  and may cause some changes i n  t h e  hab- 
i t a t  along the  canals  and d ra ins .  I f  a v iab le  plan is developed 
t o  u t i l i z e  the  r e t u r n  flows, the  r e s u l t i n g  loss  of  water could 
have a major impact on w i l d l i f e  h a b i t a t .  

6 .  Unita Basin Unit, Utah 

Wildl i fe  h a b i t a t  w i l l  be el iminated from canals  and marshy a reas  
a f f e c t e d  by t h e  implementation of t h e  proposed WSI and INS pro- 
grams. The amaunt of  h a b i t a t  a f fec ted  cannot be determined u n t i l  
t h e  inves t iga t ion  phase o f  these  programs is completed. 

7. h e r  Gurmison Basin U n i t ,  Colorado 

A s  s tud ies  have only recen t ly  been i n i t i a t e d ,  an ob jec t ive  evalua- 
t i o n  of  adverse impacts cannot be  made. However, due t o  the simi- 
l a r i t i e s  between this Unit and t h e  Grand Valley Unit,  it is an t i c -  
ipa ted  t h a t  the  implementation o f  t h e  proposed program would have 
similar adverse impacts. These c o n s i s t  pr imar i ly  of reduced flows 
and l o s s  o f  w i l d l i f e  h a b i t a t .  

8. Big Sandy River Unit, Wyoming 

The p r i m r y  adverse e f f e c t  of the  u n i t  under t h e  present  plan is 
one o f  land use. There may Im o the r s  associa ted  with the  d iver-  
s ion  of low flaws during t h e  winter.  Current and projec ted  stud- 
ies @ l l  evaluate  and quant i fy  the  adverse impacts of  t h e  proposed 
ac t ion .  

9. Pr ice  River, San Rafael River, and Di r ty  Devil River Units,  Utah 

Habitat  will be eliminated f o r  w i l d l i f e  i n  a reas  used f o r  evapora- 
t i o n  ponds o r  desa l t ing  p l a n t s  as t he  s o i l s  become s t e r i l e  w i t h  s a l t  
a c c w l a t i o n .  The amount and locat ions  of t h e  h a b i t a t  e f fec ted  can- 
not  be determined a t  this time. I f  d ivers ion  dam and feeder canals  
t o  t h e  ponds a r e  used, w i l d l i f e  h a b i t a t  including es tabl i shed trails 
could be  d is rupted  possibly making condit ions hazardous t o  c e r t a i n  
w i l d l i f e .  S a l t s  could a l s o  b e  s c a t t e r e d  by winds, adversely a f fec t -  
ing  areas  adjacent  t o  t h e  ponds. 



Landscape disturbances caused by exeavatian fof 6 t ruc tu res  and 
d ikes ,  and construct ion of  access roads would be pernilnent except 
where r e s t o r a t i o n  i s  possible.  Some degradation of na tu ra l  scen- 
ery  would r e s u l t  from const ruct ion  o f  d ivers ion  dams and evaporat- 
ing ponds o r  desa l t ing  p lan t s .  

I f  the evaporation method is chasen as estimated annual loss o f  
water from the Pr ice ,  San .Rafaelp and Dir ty  5evil  Rivers would be 
about 30,000 ac re - fee t  each. I f  the d e s a l t i n g  method is chosen, 
the  estimated annual loss  would b e  5,000 ac re - fee t  each. 

10. WcElmo Creek Unit,  Colorado 

The p r o j e c t  would permanently a l t e r  land use pa t t e rns ,  s i n c e  t h e  
1,500 acres  i n  the evaporation pond s i te  would be excluded from 
any o the r  type o f  use. The s a l t  deposi ted i n  the a r e a  would u l t i -  
mately p roh ib i t  any vegeta t ive  growth and pernanently d i sp lace  
the  w i l d l i f e  inhabi t ing  t h e  s i t e .  Three farm f a n i l i e s  r e s id ing  
within the  s i t e  would a l s o  be permenmtly d isplaced.  Iiighly 
s a l i n e  water would he deple ted  fm t h e  Colorado River system. 





CHAFt'FR VI - THE RElATIWSHIP B E I I Y E N  IXICAL, 
lWR7'-TEW USES OF MAN'S ENVIRQNMnrr AND 

THE WAINTENANCE AHD EHHANCMEHT OF 
U)?IG -TERM PRODUCT N rrY 

Short-tern disturbances of the  enviromaent w i l l  occur during the 
construction of un i t  control f a c i l i t i e s ,  as  discussed in  Chapter 1x1. 
flanging the  appearance of the natural  se t t ing  by construction of 
the un i t s  w i l l  have long-tern e f fec t s  on es the t ic  values. Adverse 
e f fec t s  w i l l  be minimized by clearing only those areas necessary 
fo r  construction and taking only the minimum irr igated acreage nec- 
essary f o r  uni t  f a c i l i t i e s .  A l l  neu f a c i l i t i e s  w i l l  be designed 
with low prof i les  t o  blend with the  natural  se t t ing.  

A. Water Resources and Quality 

In the s h o r t - t e n  period of 10 t o  20 years, the net program e f f ec t  
w i l l  be gradually improved water qual i ty  a t  the expense of some water 
loss  (up t o  116,000 acre-feet  per year) f m  the r i ve r  system. Down- 
stream reductions i n  s a l i n i t y  and hardness w i l l  r e su l t  i n  savings i n  
the costs of cleaning campounds, vtater softening, appliances, plumb- 
ing f ixtures ,  tmilers,  food processing, and a host of other  municipal 
and indus t r ia l  applications tha t  require good qual i ty  water. Long- 
term agr icul tural  benefits  of water qual i ty  impmveaent w i l l  accrue 
to  i r r iga t ion  by increased crop production and lower costs o f  food 
production t o  the  United States  and Wexico. 

In the  long t e n ,  addit ional water qual i ty  inprovment must consider 
the  augmentation of water supply t o  the  basin t o  a lso increase the 
ava i l ab i l i t y  of water. 

a. Economy of Basin 

The long-tern productivity of agr icul ture  i n  the Imperial, Coachella, 
Gila, and Yuno Valleys and areas such as Palo Verde and Indian lands 
adjacent t o  the  Louer Colorado River i n  the  United States  and irri- 
gated lands i n  Mexico a r e  a t  s take i n  t he  t o t a l  water qua l i ty  improve- 
=;rant program. A be t t e r  qual i ty  of water would be diverted t o  the 
Hetropolitan Water Dis t r ic t  of Southern California and the L a s  Vegas 
Valley Water Dis t r ic t  due t o  the  removal of abuut 1.6 mill ion tons 
of s a l t  from the Colorado River System. I f  no control f a c i l i t i e s  
were constructed, economic losses would continue t o  occur t o  a large 
block of municipal water users i n  t h e  areas sewed by these en t i t i e s .  
iJpn completion of the Central Arizona Project, water users i n  the 
Phoenix and Tucson areas would be s imilar ly  affected. 



Long-term electrical energy requirements f o r  t h e  cont ro l  u n i t  desa l t -  
ing p lan t s  and pumping f a c i l i t i e s  w i l l  amount t o  about 100 mil l ion kWh 
annually, thus requi r ing  an annual energy source equivalent of about 
47,082 tons  of coal o r  about 178,571 b a r r e l s  of o i l .  In addi t ion ,  t h e  
long-tern loss  of  water f roa  t h e  r i v e r  system due t o  s a l i n i t y  cont ro l  
represents  a theore t i ca l  loss  of  about 110 mi l l ion  kWh of po ten t i a l  
hydroelec t r ic  generat ion.  On the  o t h e r  hand, t h e  co l l ec t ion  and poten- 
t i a l  use o f  wastewater due t o  control  f a c i l i t i e s  could enhance the  
development of t h e  v a s t  energy resources o f  t h e  basin. Reclained water 
could be used f o r  powerplant cooling, In  various energy conversion proc- 
esses,  and i n  land reclamation. 

F inal ly ,  i n  t h e  shor t  term, with the  c m s t m c t i o n  of t h e  four author- 
ized cont ro l  u n i t s ,  t h e  t o t a l  present  economic benef i t  t o  t h e  Region 
would mount  t o  about $10 mi l l ion  per  year  based on t h e  $230,000 per  
m g / l  increment f o r  t o t a l  s a l i n i t y  detriments. 

In the  long t e n ,  based on t h e  sam assumptions, t h e  economic bene- 
f i t s  a t t r i b u t a b l e  t o  t h e  accunulat ive e f f e c t s  af t h e  e n t i r e  program 
would r e s u l t  i n  about $34 a i l l i o n  p a r  year,  

C. Land Use and Wildl i fe  Resources 

Long-term cuumitmats of  over 8,000 acrw ~f rangeland, grazing 
land, and a g r i c u l t u r a l  land f o r  s a l i n i t y  cont ro l  f a c i l i t i e s  w i l l  
e s s e n t i a l l y  exclude these  lands f r m  o t h e r  use, Some present ly  
unused a g r i c u l t u r a l  lands a f fec ted  by seepage and high water t a b l e  
w i l l  be reclaimed f o r  c m p  we, T e r r e s t r i a l  w i l d l i f e  species  i n  
the r f f e c t e d  a r e a s  w e d  f o r  b r i n e  ponds md r e l a t e d  f a c i l i t i e s  w i l l  
experience long-terra population reductians. !hne long-tern l o s s m  
of a q w t i c  o r  s m i a q u t i c  w i l d l i f e  populations w i l l  b s  experienced 
with improvamunts of i r r i g a t i o n  water de l ive ry  s y s t m s .  

D, Recreation Po ten t i a l  

W i c R  the in t roduct ion  of large ponds o l  srlins uatw Emto areas o f  
e x i s t i n g  arid rangeland, t h e  accuarlr td water is expected t o  a t t r a c t  
humrn i n t e r e s t ,  The s t a r k  c a n t r u t  of my quatic emiroruaent i n  any 
water-short ISM makes p o t e n t i a l  roc re r t iona l  we a specula t ive  ven- 
tu re .  However, present  r ec rea t iona l  use of t h e  S r l t o n  Sea, Great S a l t  
Lake, Ralkar Lab, and o t h e r  s a l i n e  mtsrs Prfght suggest some f u t u r e  
though tsnwrus u s e  o f  t h e  w a p r a t i o n  ponds, 

Thu fedutsd s a l i n i t y  of the bwmr C+hra& River my result ia Song- 
t e n  f i she ry  benef i t s .  A continusd monitoring of these  updcts w i l l  
be needed t o  determine whether any long-term benef i t  is a c t u a l l y  
derived. 



I n i t i a l  Control Units for  Construction 

1. Las Vegas Wash Unit, Nevada 

Shor t - t en  disturbance of the environment w i l l  occur during t5e 
construction of t5e project features. Some minor changes on the 
natural appearance of the landscape w i l l  have a long- ten  effect 
on esthet ic  values. The long-range effect  on the productivity of 
native vegetation w i l l  be ainor. 

Construction and operation of the project w i l l -  have a long-range 
effect  on the contribution of s a l t s  by Las Vegas Wash t o  Lake Pead 
and the Colorado River System. For the f i r s t  stage, there w i l l  be a 
reduction of 46,000 tons per year of s a l t  load to  the river.  This 
w i l l  provide long-term benefits by reducing the sa l in i ty  of the Lower 
Colorado River by about 4 ng/l a t  Imperial Dam. The second stage 
w i l l  remove over 76,000 tons of s a l t  and reduce sa l in i ty  a t  I q e r i a l  
Dam by 8 mg/l. 

The long-term adverse effect  of depleting the available water sup- 
ply through brine evaporation w i l l  amunt t o  3,600 acre-feet for the 
f i r s t  stage and 1,450 acre-feet for the second stage. 

The project w i l l  be consistent w i t h  the long-tern hullsn environmen- 
t a l  and economical n e d s ,  since the reductioa in  sa l in i ty  in the 
Colorado River w i l l  be  beneficial t o  municipal and industrial  uses. 

2. Crystal Geyser Unit, Utah 

The 105 acres of par t ia l ly  used land a t  the evaporation pond s i t e  
would be comittd t o  a long-tarm rue for  evaporating geyser water. 
Long-tern r e c r e r t i o ~ l  changes could be expected i f  the geyser 
develops into a tourist attraction. As prwiously muntioned, long- 
tom reduction i n  s a l t s  w i l l  occur i n  the lower Colorado River Basin 
causing a c o r r v n d i a g  increase in  productivity. 

F. Other Cmtrol Units for  Construction 

1. Paradox Valley, Colordo 

Short-term commitments of environmental resources, particularly 
land md vegetation, would resu l t  during the construction of the 
project f a c i l i t i e s .  These would generally be slow i n  disappear- 
ing, wan aftcar regrading and ravegetation, since the a r id  c l i -  
mate mnrld inhibi t  vegetative growth. m e  economy would be stim- 
uloted by construction. 



The project would en t a i l  a long-tern commitment of the land occu- 
pied by surface f a c i l i t i e s  (3,375 acres], e l e c t r i c  power used 
(18.8 x lo6  kWh/yr), materials, monetary resources, and the  water 
component of the brine (3,620 acre-feet per year]. There could 
a l so  be a long-tern influence on the  small wi ld l i fe  populations 
i n  the area a s  a r e su l t  of the  reduced hab i ta t  on the  project 
land. These comitrnents should not r e s t r i c t  the long-term use 
of other lands in  and adjacent t o  the project area. 

The qual i ty  of water i n  the  Dolores River downstream from the pro- 
ject  and in  the  lower Colorado River would be improved on a long- 
term basis.  Freshwater f l o r a  and fauna w u l d  encounter improved 
conditions fo r  developuent. 

Grand Valley U n i t ,  Colorado 

Short- and long-tern enviromental  uses associated with the  Grand 
Valley Project include the  following. Short-term enviromental 
uses wwld occur generally during construction a c t i v i t i e s .  Adverse 
construction e f f ec t s  such a s  dust  and noise would be temporary ss 
would the  s t h u l a t i o n  of the l oca l  sconony. 

The present trend of impairnsnt of agr icul tural  prmiuctivity i n  the  
Grand Valley by s a l t  buildup, high water tables,  and seepage areas 
would be arres ted and perhaps rwersed ,  increasing the long-tern 
agr icul tural  productivity and economic base in the  valley. 

Erosion of unlined canals and l a t e r a l s  would be reduced along with 
reduced erosion in drains and washes. Damstrear, sedimentation 
would a l so  be reduced. 

Long-terr changes i n  vegetation, primarily a reduction i n  phreato- 
phytes, would be accompanied by a reduction in wild l i fe  t ha t  u t i -  
lizes t h i s  type of vegetation. 

A long-term decrease i n  urlinPty would ocru;t In  a l l  reaches d m -  
s t r e a r  from the  project  land a t  Inpar ia l  Dm t h i s  would anount t o  
abmt  19 m g j l .  

G. Units Under Feas ib i l i ty  Study 

1, Laverkin Springs Unit, U t s h  

Short-term impacts would be those associated with temporary 
construction ac t i v i t i e s .  The increase in noise, dust ,  vehicu- 
l a r  t r a f f i c ,  c lear ing of vegatation, and excavations a r e  a l l  
tsaporary. There w i l l  be no mujor permanent defacing of the  
land with the  exception of the evaporation pond. The p a d  



w i  11 have a long-term impact. The accumla t ions  of s a l t  and 
mild radioact ive  mater ia ls  w i l l  render t h i s  650-acre br ine  
disposal  si te use less  fo r  any useful  purpose. The 6-acre 
co l l ec t ion  pond forned by the  lower control  dam w i l l  be 
unavoidable but is not  considered adverse. 

Construction and operat ion of the  desa l t ing  conplex w i l l  have 
the long-range e f f e c t  of providing 5,690 acre- fee t  o f  500 mg/l 
of water t o  t h e  Virgin River i n  l i e u  of  8,160 acre- fee t  of  
9,650 mg/l of  water. This ac t ion  w i l l  reduce t h e  s a l t  load of 
the  Colorado River by removing 103,000 tons per year which have 
h i s t o r i c a l l y  entered the  Ixmer Colorado River. This w i l l  pro- 
vide long-term benef i t s  by reducing the  s a l i n i t y  of t h e  Lower 
Colorado River by about 11 mg/l a t  Imperial Dm. 

Construction o f  t h e  u n i t  w i l l  pmduce a shor t - te rn  economic impact 
on the  local  area. Increased employment with a r e l a t e d  increase 
i n  the  need f o r  services  and mater ia ls  w i l l  be of d e f i n i t e  shor t -  
tern value. There will be s- imnediate and long-tern adverse 
e f f e c t s  from t h e  reduced flow i n  t h e  Virgin River downstrear from 
Laverkin Springs, but t h i s  may be more than o f f s e t  by the  imnedi- 
a t e  and long-term benef i t s  t o  downstream users  as a r e s u l t  of  the  
reduced s a l i n i t y .  The constructed unit will be cons is tent ,  how- 
ever, with t h e  long-tern h m  environmental and econonical needs, 
s ince  t h e  reduction i n  s a l i n i t y  i n  t h e  Colorado River w i l l  be bene- 
f i c i a l  t o  municipal and i n d u s t r i a l  uses. A f eu  l o n g - t e n  jobs w i l l  
be provided by the  operat ion and aaintenance of  the  desa l t ing  p lant .  
The l o n g - t m  energy rsqufrcnrstrts w i l l  amcrunt to 30 mil l ion  ki lowatt-  
hmrs of  power annually. 

2. L i t t l e f i e l d  Springs Unit, Arizona 

Short- tern d i s tu rbsncm of t h e  e m r i r o ~ t  w i l l  occur during t h e  
construct ion of t h e  u n i t  f a c i l i t i e s .  Changing t h e  appearance of 
the  na tu ra l  s e t t i n g  w i l l  have a long-term e f f e c t  on e s t h e t i c  val-  
ues, The long-range e f f e c t  of  t h e  u n i t  on the  product iv i ty  of  
n a t i v e  vegeta t ian  f o r  w i l d l i f e  h a b i t a t  w i l l  be minor. The con- 
s t r u c t i o n  of  t h e  c o l l e c t i o n  system w i l l  have a long-tern e f f e c t  
on t h e  na tu ra l  flaws of t h e  L i t t l e f i e l d  Springs and the  Virgin 
River by d ive r t ing  t h e  spring flows t o  an evaporation pond. 

Constmction and apurat ion o f  t h e  u n i t  w i l l  have a long-range 
e f f u c t  on t h e  Colorado River by m o v i n g  16,700 tons  o f  s a l t  per 
year which have h i s t o r i c a l l y  entered t h e  lower Colorado River. 
This w i l l  provide long-term benef i t s  by reducing t h e  s a l i n i t y  
a t  Imperial Daa by alwrut 2 mul. 



Unit operations will have a long-tern adverse effect of depleting 
the combined average discharge of the springs by about 5.7 ft3/s 
or about 4,100 acre-feet per year. 

Glenwoad Springs-Dotsero Springs Unit, Colorado 

Existing commercial and recreational uses of the Glenwood Springs 
discharge would not be interfered with. Land and energy would be 
long-term w e s  of the environnent in the desalination plans. Evapo- 
ration ponds for either the total flow or the brine from the desal- 
ination plant(s1 would become devoid of aquatic life as the brine 
solution bucane more concentrated. The salt load in the Colorado 
River would be reduced below the springs to the benefit of Colorado 
water users as well as wets along the lower Colorado River. 

Short-tern uses of the environment would relate mostly to construc- 
tion activities. The construction work would stimulate the economy 
of the area while causing temporary effects such as noise, dust, or 
adverse aesthetic conditions. 

Palo Verde Irrigation District Unit, California 

The program will result in reduced return flows in the Palo Verde 
Drain. The Palo Verde Drain provides a habitat for fish and water- 
fowl. The extent of the flow reduction is problematical; however, 
any reduction will reduce the habitat and may degrade the remaining 
environment. This is considerad as a long-term impact. Included 
in this category would be depletions associated with the utiliza- 
tion of return flows which would not only affect wildlife but boat- 
ing recreation on the lower portion of the Outfall Drain. 

Under the proposed use of Palo Verde's return flow, there would 
be short-term uses only of those resources required for and during 
the constmction of the powsr generating facilities. There m l d  be 
long-term uses of lend, water, and energy resources, along with 
the required services and personnel associated with the operation 
and mintenaxe of the ganerating facility. 

5 .  Colorado River Indian Reservation Unit, Arizona 

Implementation of this program will result in a long-term effect 
in the reduction of the total amount of soluble salts returned to 
the Colorado River per unit of agricultural land irrigated. Water 
will be more rsadily available for developnent of the.rmining 
irrigable acres of Indian lard in Arizona. Increased crop yields 
will occur using z a n p e r  and fertilizer more efficiently. 



The d i s t r i b u t i o n  and drainage system provides h a b i t a t  f o r  f i s h  . 
and wi ld l i f e .  The reduction i n  flow i n  the  d r a i n  could have a 
long-term undesirable e f f e c t  on the  h a b i t a t  i n  the  area,  

Long-tern mploynent involving 10 pos i t ions  w i l l  be provided i n  
the  operat ion and maintenance of t h e  IMS and XSI programs. 

Short- tern distorbances of t h e  environment w i l l  occur during the  
construct ion a c t i v i t i e s  i n  connection with the  r e h a b i l i t a t i o n  of  
the  i r r i g a t i o n  d i s t r i b u t i o n  system. 

Should u t i l i z a t i o n  of the  r e tu rn  flows becuane v i a b l e  a t  some 
f u t u r e  da te ,  it is  expected t h a t  the  shor t -  and long-term uses 
would be similar t o  those f o r  t h e  Palo Verde Unit. 

6. Uinta Basin Unit,  Utah 

Short-term economic benef i t s  would r e s u l t  t o  those  involved with 
the  cons t ruct ion  a c t i v i t i e s  and t o  comaunities supporting the  con- 
s t r u c t i o n  forces .  Longer term economic benef i t s  t o  loca l  carmrmni- 
t i e s  c w l d  r e s u l t  from increased incoae due t o  improved crop y ie lds  
and e f f i c i ency  o f  operat ion.  

Long-term water supply f o r  i r r i g a t e d  lands nay be increased by 
reduction of  seepage losses  and more e f f i c i e n t  use  of water. Qual- 
i t y  of water used f o r  i r r i g a t i o n  nay be  improved under t h e  WSI pro- 
gram, Water q u a l i t y  i n  the  lower reaches o f  t h e  Duchesne River aay 
improve due t o  reduced s a l t s ,  pes t i c ides ,  phosphates, and n i t r a t e s .  

The f u l l  implamentation o f  the  IMS and WSI programs w i l l  remove an 
es t ina ted  10QBOOO tons of s a l t  annually. The removal of this amount 
of  s a l t  from the  Colorado River would decrease the  s a l i n i t y  concen- 
t r a t i o n  a t  Imperial Dm by an estimated 9 ng/l.  

-. . 
7. Lcmer Gunnison Basin Unit,  Colorado 

Short- and long-term environmental uses associated with t h e  Lower 
Gunnison Project  include t h e  following. Short-term uses o f  land 
would be mostly r e l a t e d  t o  cons tn tc t ion  a c t i v i t i e s  which a r e  tem- 
porary. Agricultural  product iv i ty  would be enhanced; and s a l t  
buildup, high watsr t a b l e s ,  and seepage areas  would be reduced. 
Erosion and associated sedimentation would be reduced by concrete 
l in ing .  Long-term changes i n  vegetat ion,  pr imar i ly  a reduction i n  
phreatophytes and hydrophytes, would be accompanied by a reduction 
i n  w i l d l i f e  t h a t  u t i l i z e  t h i s  vegetat ion.  



8. Big Sandy River Unit, Wyoming 

The effect of this  project would result in a long-ten s a l t  re&c- 
tion to  any downstream reaches on the Green and Colorado Rivers as 
well u to the lower portion of the Big Sandy River where fresh- 
water aquatic l i f e  could be provided amre favorable habitat in the 
river. The brine pond would be committed to a long-tem use for 
evaporation purposes. Short-term uses would be mostly related to 
temporary construction act ivi t ies.  

9 .  Price River, San Rafael River, and Dirty Devil River Units, Utah 

Some long-term changes w i l l  occur in wildlife due to the changes i n  
environment caused by saline ponds. 

The areas designated for evaporation ponds or desalting plants with 
brine disposal ponds would be committed to long-tern use, 

The effect of the construction act ivi t ies on wildlife would be tom- 
porary; however, the loss of habitat and the disruption of wildlife 
trails wauld be long tern. Additional studies mut be conducted as 
investigations prograss to  determine the effect on wildlife. 

If ponds are located where sedinent can be trapped, the dms t ruaa  
sedimmt loads w i l l  be reduced. The ponds night retard erosion in 
certain a r e u .  

m e  long-tern effect of th is  progran on downstream water quality 
would be a reduction of an estimated 260,000 tons of s a l t  annually 
from the Colorado River, which would reduce sal ini ty concentration 
a t  Imperial Dam by an estimated 23 nu1.  X loss of on estimated 
5,000 to 30,000 acre-feet due t o  evaporation would occur in each 
of the three river basins. The amount of water loss would depend 
on the control method used. 

kElm Creek Unit, Colorado 

Short-tern coaaitments of land and vegetation, would be produced 
during the construction of the project fac i l i t ies .  These would 
generally be s l w  in reappearing, wan after regrading and rwege- 
tation, since the arid climate would inhibit vegetative growth. 

The project would entail  a long-tem comitnent of the land occu- 
pied by surface fac i l i t i e s ,  materials, mnetruy resources, and the 
water component of the brine. There could also be a long-tom 
influence on the small wildlife populations in the area as a r e s u l t  



of th* loss of habitat. These cmitments  should not restrict the 
long-tam use of other lands in and adjacent to the project area. 

There would be both long- and short-tern impacts to  the fano fami- 
l i e s  that would be displaced. These could involve monetary, cul- 
tural, and social changes. 





CIWTCR VII - IRREVERSIBLE AND IRRETRIEVABLE 
C~MITEKTS OF RESOURCES 

A. Introduction - ------ 
A nunber of rasources would 5e affected by plant o r  uni t  cons tmct im 
and operation; the i r revers ible  o r  i r re t r ievable  nature of the use of 
each is  described fo r  each 3ajor resource category. 

B. Cum1 a t ive  Effects 

Water Resources 

The water los t  through pond evaporation and disposal w i l l  be 
i r r e v e ~ i b l y  l o s t  t o  the  Colorado River Basin. A t o t a l  m t  
of 37,000 t o  116,000 acre-feet  of degraded qual i ty  water w i l l  
be essen t ia l ly  isolated and removed from the surface- and ground- 
water system. 

The lmg- te rn  comitnent  o f  t h i s  volume of water w i l l  e s sen t ia l ly  
advance the  timing and sca le  of eventual augmentation of the Colo- 
rado River. Recent Bureau of Reclamation estimatcs(l5] show tha t  
the Basin water supply w i l l  be, b t h  lega l ly  and physically, f u l l y  
ccumtitted before the  year 2000. 

2. Land, Minarsl, arid Vegetative Resaurces 

Total land area ccmi t t ed  t o  f u l l  program development includes 
a b u t  7,000 acres of rangeland and about 1,100 acres o f  agricul-  
m a 1  lands which w i l l  be inundated with e i ther  brine o r  precip- 
i t a t ed  mineml salts, o r  other permanent project  features.  Most 
of these lands cannot be r e f u n d  t o  fonrar use. Total mineral 
~ s t e s  t o  be disposed of w i l l  be about 1.6 million tons per year. 
A t  present, the reclamation or  recycling of a l t s  o r  chaaicals 
f m a  t h i s  m s t e  material appears unscmamical. 

Impombmt  sites w i l l  be s e l e c t d  t o  provide a a i n h  cwapora- 
t i c m  p o d  l i f e  of 50 t o  100 years. In toms of t h i s  typical  
expected project  l i f e ,  the  lands required w i l l  r a m i n  limited 
i n  use and w i l l  represent i r revers ib le  cumitnsnts  of a natural  
rusorace. The creation of evaporation pands muld prevent the  
potent ia l  mining of any minerals from the W a t e  area affected 
by the  brine and precipitated s a l t s .  Howsvsr, there  are no known 
mineral deposits i n  t he  prospective pond are- with the  possible 
exceptiun of sand and gravel and a few uraniuo c l a i m  located on 
the  periphery of the  Paradox Valley Unit. 



Right-of-way f o r  projec t  cons tmct ion  and operation w i l  1 a f f e c t  up 
t o  8,000 acres  of na tu ra l  vegetat ion a d  a ~ r i c u l t u r a l  crops naw grow- 
ing on the  prwosed sites and along right-of-way alineetents. Included 
i a  t h i s  t o t a l  a r e  m r e  than 1,000 acres of seep-supported vegetat ion 
t h a t  would be l o s t  o r  converted t o  cropland. 

3. Energy Resources 

The e n e r w  resources c m n i t t e d  t o  construct ion and operat ion of t h e  
t o t a l  progrant w i l l  59 i r r e t r i e v a b l y  los t .  This includes e l e c t r i c  
generat ing capacity and m a x i m  energy requirements of approximately 
14 bQJ and over 100,000,000 kWh per  year  f o r  the  pulping, processing, 
t r e a t n s n t ,  and d isposal  of s a l i n e  flaws. Regardless of the  source 
of  supply, u l t imate ly  t h e r e  w i l l  be i r r e v e r s i b l e  o r  i r r e t r i e v a b l e  
c w m i t m n t s  o f  about 47,000 tons  of coll or abuut 179,000 b a r r e l s  of 
o i l  p e ~  year. Other equal energy sources mmy be used such as f o s s i l  
f u e l s ,  nuclear fuel, o r  g w t h e m a l  energy. 

Additional c o m i t m m t  o f  mter resources, l o s t  p r i n c i p a l l y  thrwrgh 
waprrration a t  u n i t  facilities, w i l l  r e s u l t  i n  a maximuu t heore t i ca l  
l o s s  o f  about 110 mi l l ion  kWh par year o f  po ten t i a l  hydroelec t r ic  
generation. This  p o t e n t i a l  saurgy l o s s  assumes t h a t  t h e  u a t m  wwld 
have passed through t h e  major dams on t h e  r i v e r  sys taa .  This same 
t radeoff  occurs i n  any consumptive deple t ion  o f  u a t e r  i n  t h e  Upper 
Basin f o r  a g r i c u l t u r a l  purposes o r  MI use. Actu41 po ten t i a l  energy 
losses  w i l l  ba dependent on r e s e r v o i r  operat ion,  hydrologic con- 
d i t i o n s ,  deple t ion  rates, and energy dseand. 

Wildl i fe ,  Recreation, and Es the t i c  Values 

Wildl i fe  w i l l  be lost m displaced in proportion t o  t h e  l o s s  of 
vegetat ion and aquat ic  h a b i t a t  r e s u l t i n g  from control  u n i t  opera- 
t ions.  " T e r r e s t r i a l  w i l d l i f e  species  i n  t h e  af fec ted  areas  used 
f o r  briite ponds md r e l a t e d  facilities w i l l  experience unknown 
population reductiau. In addi t ion ,  soa4 long-term losses  of 
aquat ic  o r  s e ~ a q u a t i c  w i l d l i f e  populations w i l l  be experienced 
with inprovments of i r r i g a t i o n  water de l ive ry  sys tms .  The 
d e t a i l e d  m v i m m e n t a l  s tatements being prepared f o r  each control  
u n i t  w i l l  quant i fy  these losses.  

The major, i r r e t r i e v a b l e  r ec rea t ion  c o d t m e n t  of resources w i l l  
r e s u l t  i n  t h e  removal of  l a rge  t r a c t s  of open-space (up t o  
8,000 acres)  f o r  t h e  various cont ro l  un i t s .  Brine ponds, stmc- 
t u r e s ,  and o the r  rights-of-way may hamper r ec rea t iona l  access t o  
open-space areas o r  new hunting areas. Since many of the u n i t s  
a r e  st i l l  under study, a t o t a l  es t imate  of  recrea t ional  use r  days 
l o s t  is not ye t  avai lable .  



! l ande  intrusions of transmission 1 ines, pipelines, desalting 
plants, evaporation ponds, etc.  w i l l  permanently change the 
esthet ic  value of the remote lands under consideration for  unit 
s i t e s .  These visual inpacts are not found near any designated 
natural scenic areas o r  National Parks but would be experienced 
by people using adjacent t r a i l s ,  roads, and highways or  flying 
overhead in a i rc raf t .  

5. Economic Resources 

Construction and operation of the proposed program features w i l l  
require a comitnent of economic resources in the form of Federal 
expenditures and Basin Wuer revenues. Installation costs for  the 
en t i re  progran are  estimated t o  be about $125 million. Some of 
the d i rec t  expenditures w i l l  be recovered i n  the annual economic 
benefits attributed t o  lawsr basin water users. Other indirect 
econonic benefits w i l l  resul t  in the f u l l  u t i l iza t ion  of available 
basin water supply and the short-tern stimulus of public works 
h d s  into the regional econory. 

C. R e m e  Cmitments  f a r  I n i t i a l  Cantrol Units for  Constmction 

h s  Vegas Wash Unit, Nevada 

The lands required by t h e  projact will represent ineve r s ib l e  
cmmitments of a nature1 resource. This will awnmt t o  about 
800 acrus. The portion of these lands actualIy usd f o r  struc- 
tures  w i l l  be cleared of vegetation and, in sane cases, topogra- 
phically modified t o  accmwdate the features. 

Operation of the  project w i l l  resul t  in  the rewval of about 
3,600 acre-feet per year of water from the  system. This deple- 
t ion  of the flows will  be an i r retr ievable  cowitmmt of the 
mter resoume. This ccaritrsnt will  ba reduced t o  1,450 acre- 
fee t  per year upon completion of the second stage. 

Constructiun and qmration of the proposed features w i l l  require 
i m u r s i b l e  d i r re tr ievable  cmmiarsnts of ccrnstrruction mate- 
r i a l s ,  operations nuter ials ,  and p b l i c  M s .  The requirsr~snt 
for  snsrgy resources wil l  r e su l t  i n  the conmitmunt of natural 
resources mch as natural gas, coal, o i l ,  or nuclear fuels. 

2. Crystal Guysa Unit,  Utah 

Crystal Geyser evaporation ponds and dikes would c w e r  105 acras 
of land including both cultivated fsnrlrad and native vegetetion 
and wentually, the land would be covered with a layur of salt. 
This land would be hmwsrs ib ly  los t  t o  0th- uses because of the 
conversion t o  maporation pond use. 



The evaporated water (about 150 ac re - fee t  per year) m l d  be ins- 
vers ib ly  l o s t  to o the r  uses in t h e  Colorado River Basin. Constmc- 
t i o n  mater ia l  used on the  p r o j e c t  would be i r r e t r i e v a b l e  a f t e r  i ts  
expended l i f e .  

Resource Commitments f o r  Othsr Control Units Se t  f o r  Construction 

1. Paradox Valley Unit,  Colorado --- - 
m e  well f i e l d ,  hydrogen s u l f i d e  treatment p l a n t ,  br ine  p ipe l ine ,  
evaporation pond, and a p F r t e n a n t  f a c i l i t i e s  wwld be permanent 
commitments with respect  t o  the  100-year l i fe  of  t h e  p ro jec t .  
Some vegeta t ive  p a t t e r n s ,  w i l d l i f e  populat ions,  and o the r  na tu ra l  
resources wwld a l s o  be c o m i t t e d  f o r  t h e  durat ion o f  p ro jec t  
onerat ions.  Beyond t h i s ,  some o f  the  p ro jec t  area.uould not  be 
i r r e v e r s i b l y  o r  i r r e t r i e v a b l y  modified, s ince  the  f a c i l i t i e s  a u l d  
be remved and t h e  land res tored  t o  i ts  present  c m d i t i o n .  The 
salt in  t h e  evaporation pond, however, would probably render t h a t  
a rea  b io log ica l ly  s t e r i l e .  

The cumitments  o f  raw mate r i a l s ,  e l e c t r i c a l  power, and labor vould 
be i r r e t r i e v a b l e .  S imi lar ly ,  q~ t o  5 c d i c  f e e t  per  second o f  b r ine  
w i l l  be conveyed t o  t h e  evaporation pond. Water contained in t h e  
b r ine  would be l o s t  dur ing  the  l i f e  o f  t h e  p r o j e c t  and would not be 
ava i l ab le  f o r  o the r  uses  in t h e  Colorado River Basin. 

The pmps used f o r  t h e  well f i e l d  would requ i re  a t o t a l  o f  about 
18.8 mil l ion  kilowatt-hours o f  e l e c t r i c a l  power each year and 
would have a 'power demand o f  about 2,230 k i lowat ts .  Powr  would 
k obtained from the  Colorado River Storage Projec t .  This  use 
would make it unavailable t o  o t h e r  use r s .  Fuel would be consumed 
during cans tmct ion  o f  t h e  p ro jec t .  

2. Grand Valley Uni t ,  Colorado 

Construction mate r i a l s ,  such as c e m n t ,  sand, gravel ,  pipe,  fencing 
mater ia l ,  and s t r u c t u r a l  mater ia l  p lus  energy used during cans tmc-  
t i o n  would be c o m i t t e d  t o  t h e  p ro jec t .  Areas o f  na t ive  vegetation 
and w i l d l i f e  h a b i t a t  would be a l t e r e d  by hydrologic changes during 
t h e  l i fe  of t h e  p ro jec t ,  and t h e  a g r i c u l t u r a l  product iv i ty  of  t h e  
land would be increased. 

E. Resource Comi tnen t s  f o r  Uni ts  under F e a s i b i l i t y  Study 

1. LaVerkin Springs Unit ,  Utah 

The Laverkin Springs Unit would requ i re  a comi tnen t  o f  resources 
t h a t  would be considered permanent throughout the  l i f e  of t h e  proj -  
e c t .  The present  water laws o f  t h e  S t a t e  o f  Utah do not recognize 



a r i g h t  f o r  inc identa l  consumptive use such a s  would be required in 
a desa l t ing  p lan t .  Utah water laws requi re  evidence o f  benef ic ia l  
use t o  e s t a b l i s h  a va l id  r i g h t .  S a l i n i t y  redtiction ce r t a in ly  bene- 
fits other  water u s e r s ,  but  an i n t e rp re ta t ion  t o  t h a t  e f f e c t  has 
never been made by the  Utah S t a t e  Supreme Court who is the  o f f i c i a l  
i n t e r p r e t e r  of S t a t e  laws. In addi t ion ,  Utah law spec i f i e s  p r i o r i -  
ties i n  water use which would be in d i r e c t  c o n f l i c t  with the  V r a -  
t i o n  o f  the  p ro jec t .  This  nay requ i re  l e g i s l a t i v e  ac t ion  o r  court 
in t e rp re ta t ion  t o  va l ida te  the  water r i g h t  r e q u i d  f o r  the  p ro jec t ' s  
operat ion.  

A comnitment o f  inc iden ta l  consumptive use  o f  water resources f o r  
p ro jec t  operation wauld awunt t a  an average o f  about 3.5 ft3/s o r  
2,470 acre- fee t  per  year. This estimate is ~ s t m i n g  f u l l  p l an t  
capaci ty  operat ing 98 prrcent  of t h e  time. In ac tua l  p rac t i ce ,  the  
p lan t  would not be operated dur ing floodflaws which would d i l u t e  the  
spr ings  and make d e s a l t i n g  impract ica l .  This i s  expected t o  occur 
about 2 percent  o f  the  t ine .  

A t  t h e  present  t i n e ,  Utah water law r e s t r i c t s  water r i g h t s  t o  a given 
rate o f  flaw r a t h e r  than an a v e r a p  volume. To adequately secure a 
r i g h t  f o r  t h e  p r o j e c t ' s  needs, a r a t e  equal to  t h e  maximum consump- 
t i v e  use would have t o  be obtained. This  m a x i m  r a t e  of use is 
about 3.67 f t3/s .  

The lands required by su r face  s t l u c t u r e s  and f o r  rights-of-way rep- 
resent  i r r e v e r s i b l e  c o m m i ~ t s  of a na tu ra l  source. This  will 
p e r t a i n  t o  a t o t a l  o f  about 680 acres ;  including 12 ac res  for the  
c o l l e c t i m  system, 2 ac res  f o r  t h e  f eeder  p i p e l i n e  to t h e  desa l t ing  
p lan t ,  17 ac res  f o r  t h e  d e s a l t i n g  p l a n t ,  product water pipel ine,  and 
b r ine  p ipe l ine ,  and 650 ac res  f o r  t h e  b r ine  evaporation pond. The 
por t ion  o f  these  lands a c t u a l l y  used f o r  c o n s t m c t i m  w i l l  be 
c l e m  of vegeta t ion  and, in  som cases, topographically modified 
to  accamodate t h e  physical  s t ruc tu res .  After m s t r u c t i o n ,  sme 
of the  lands used f o r  rights-of-way wwld be ava i l ab le  f o r  m t i n -  
ued a g r i c u l t u r a l  o r  o the r  uses.  

There a r e  savara l  ways o f  acquir ing  water r i g h t s ,  one o f  which is 
t o  purchase i r r i g a t e d  land.  I f  t h i s  a l t e r n a t i v e  were followed, 
t h e r e  wwld be a d e f i n i t e  c h a n p  i n  t h e  use of those lands acquired. 
This  impact would be considered i m e t r i e v a b l e  unless  another source 
of i r r i g a t i o n  water becatts ava i l ab le  o r  the  land became valuable f o r  
s m  o t h e r  use. 

There would be an i r r e t r i e v a b l e  c o m i t m n t  o f  resaurces  such as 
e a r t h f i l l ,  r i p r a p ,  cement, aggregates,  and f u e l  consumed during 



construct ion.  Them w i l l  alsa ba r comitment of  f o s s i l  h e 1  
used by e l e c t r i c  companies who will ,  supply the  energy q u i r e -  
ments o f  about 30 n i l l i o n  k i lowat t -hmrs  for p ro jec t  operat ion.  

The environment in  which the  unique f ish  and o t h e r  a q u a t l e  p o p l a -  
t i o n  l i v e  i n  t h e  134 miles of the  Virgirt River below t h e  springs 
w i l l  be changed a s  a r e s u l t  of the construct ion and operat iun o f  
t h e  u n i t .  The e f f e c t  t h a t  t h i s  ac t ion  may have on the woundfin, 
an endmgemd spec ies ,  and o t h e r  unique f i s h  tha t  inhabi t  t h e  
r i v e r  system could be considered as i m t r i e v a b l e ,  

Construction and operat ion o f  the features of the  vmpastd u n i t  
w i l l  r equ i re  i r r e v e r s i b l e  and i r r e t r i e v a b l e  lcamraitments of con- 
s t r u c t i o n  mater ia ls ,  chemicals,  and pub l i c  funds. 

2. - L i t t l e f i e l d  Springs Uni t ,  Arizana 

The lands requi ted  fer th6 project s t r u c t u r e s  w i l l  represant  an 
i r r e v e r s i b l @  comimt  of n a t u r a l  resource. This c m l t m s n t  
w i l l  amount to  about 750 ac res  f o r  t h e  c o n s t m c t i m  and opera- 
t i o n  o f  t h e  wapora t ion  ponds, access  roads, and headquarters 
areas. The c o n s t m c t l m  o f  t h e  su r face  s tmctms w i l l  have a 
minimal e f f e c t  on t h e  scenic  value o f  t h e  area. 

C o n s t r u c t i m  md e p b r r t i o n  of t h e  unit will require i r r e v e t s l b l c  and 
i r r e t r i e v a b l e  coaamitments af m s a m c t i u n  a a t e r i r h  and publ ic  funds. 
The energy committed t o  t h e  cons t ruct ion  and -ration of t he  uni t  
wil l  be i r r e t r i e v a b l y  l o s t ,  Although the  ob jec t ive  of evaporating 
the springflows w i l l  be  achieved by us ing solar energy, the unit will 
st i l l  requ i re  t h e  use o f  about 1.5 m i l l i o n  kilowatt-hours o f  e l ec -  
t r ic  energy f o r  w i n g  t h e  col lec ted  water ta  the  evaporation ponds. 
The dep le t ion  of t h e  flows of tha lmr Virgin and Colorado Rivers 
by b o u t  4,100 acra-feet of water  p e r  year  Will be an i r r e t r i e v a b l e  
c o m i t m n t  of  t h e  water rssource throughout t h e  l i f e  of t h e  u n i t .  

3. G l e n 4  Sp~in~s-l)atsem - - Springs Uni t ,  C o l o r d o  

Lands required f o r  pzujset fertums and b r h e  evaprat irwr pmdcs)  
would be committed to  project use during the p r o j e c t 9  l i f e t ime .  
The flow o f  h t s e r o  Springs would be i n t e r m p t d  thrrvughaut t h e  
l i f e  of the pro jec t .  Constntct ian mate r i a l s  would be c a m i t t e d  t o  
long-tern p r o j e c t  use, S a l i n i t y  m c e n t r a t i a n s  downstream would 
be decreased and t h e  evaporated water  wwld  be  l o s t  frum present  
downstream uses.  

4. Palo Verde Irrigation- California 

This program d w s  not  r e s u l t  i n  an i r r e v e r s i b l e  s i t u a t i o n .  I f  the  
? rogrm i s  terminated, t h e  p reex i s t ing  condit ions wwld probably 
evolve rapid ly .  !kn-hours and s u p w r t i n ~  equipment and suppl ies  
a r e  t h e  on ly  i r r e t r i e v a b l e  resources c o m l t t e d  t o  t h i s  program. 



Due t o  increased need f a r  generating capacity t o  supply the needs 
of  the people of  the United States ,  any power s tmc tu re  or f a c i l i t y  
designed and cons t rue td  for  t h i s  purpose will become a parrranslrt 
feature.  Thus, i f  the u t i l i za t ion  of r e tum flows materialize, 
the resources nentioned i n  chapter V I ,  t h a t  is, land, water, 
nuclear, services, and personnel associated with t h i s  d e v e l o p n t  
wil l  be i r revers ibly and i r re t r ievably committed. 

5.  Colorado River Indian Reservation Unit, Arizona 

This program does not r e su l t  in  an i r revers ible  s i tuat ion.  I f  
the  program is  terminated, the  preexisting c a d i t i o n s  would 
probably evolve rapidly. Man-hours and supporting equipment and 
supplies are i r re t r ievable  resources comi t ted  t o  t h i s  program. 

Remval of vegetation frum canals and sam m s t m c t i o n  scars 
would be, fo r  the most par t ,  i r revers ib le  during the l i f e  of 
the project .  Wildlife habi ta t  eliminated f roa  the c w a l s  and 
seepage arcas could not be reestablished during the l i f e  of 
the project .  

Resources including energy committed fo r  constmction of lined 
c m a l s  o r  pipelines and other  s tmc tu re s  would be i r re t r ievable .  
When a construction program is  selected,  ecmogric resmrces  w i l l  
be c d t t e d  toward the completion of  the programs. 

Lower Gunnisan Basin Unit, Colorado 

Cms tmc t i a r  materials su& a s  cement, sand, gravel. p i p ,  fencing 
material, and s t ruc tura l  material would be committed t o  the project .  
Areas o f  native vegetation and wi ld l i fe  habi ta t  wwld be altered by 
hydmlogtc change during the life of the  project. 

8. Big Sandy River Unit, Wyoming 

The brine evaporating pond area would home i r revers ible  t o  pres- 
en t  o r  other  uses because o f  the  heavy layer of s a l t  tha t  would 
be accug l l a td .  The evaporated water would be i m t r i e v a b l e  o r  
l o s t  t o  other  uses. Energy f o r  pumping would bs unavailable t o  
other users. The other  pa r t s  of the  project  wwld be reversible,  
i f  so desired, by disnantl ing the equipment and allowing the nat- 
u ra l  v e p t a t i o n  t o  reestabl ish in the  area.  The equipment used in 
cons tmc t im  o r  used and depreciated on the  project  would be 
i r re t r ievable .  



9. Price  River, San Rafael River, and Dir ty  Devil River Units,  
Utah 

The most inpor tant  i r r e t r i e v a b l e  conmitment o f  resources is t h e  
land used f o r  evaporation o r  b r ine  ponds. A deposi t  o f  s a l t  w i l l  
accumulate within the  impoundnent which w i l l  pemanently a l t e r  
t h e  condition of  the  s o i l  and p lan t  comunity.  Hater evaporated 
from these ponds would be l o s t  t o  o the r  uses. 

Construction s c a r s  and removal o f  vegetat ion would be f o r  t h e  most 
p a r t  i r r e v e r s i b l e  during the  l i f e  o f  t h e  projec t .  

Archeological o r  h i s t o r i c a l  s i t e s  nay be lost i f  located within 
the  pond areas.  A f i e l d  survey o f  archeological and h i s t o r i c a l  
sites w i l l  be made a f t e r  p ro jec t  f ea tu re  l o c a t i m s  a r e  detemined.  

Resources committed f o r  construction o f  the  raajority o f  projec t  
f ea tu ras  w i l l  be i r r e t r i e v a b l e .  When a constructian program is 
se lec ted ,  e c o n d c  resources w i l l  be earmitted toward the  vie- 
t i o n  o f  t h e  p ro jec t .  

10. McElm Creek Unit ,  Colorado 

The e v a p r a t i o n  pond and appurtenant f a c i l i t i e s  would be pe r ranmt  
mrmitments with respect  to the  100-year l i f e  of t h e  projec t .  
Yative vegetat ion,  i r r i g a t e d  f a m l  and, w i l d l i f e  p o p l a t i o n ,  and 
e s t h e t i c  resources would a l s o  be i r r e v e r s i b l y  committed by p ro jec t  
operat ions.  The eventual concentration o f  salt i n  t h e  evaporation 
pond would m d e r  t h a t  a rea  b io logical ly  sterile. The camnitmnts 
of raw mater ia ls ,  nonrenewable f u e l s ,  enerpy during m n s t m c t i o n  
and operat ion,  and monetary resources would be i r r e t r i e v a b l e .  
S i d l a r l y ,  t h e  water conveyed t o  the  evaporation pond would be 
l o s t  f o r  f u t u r e  use. The s o c i a l  a d  e m n o d c  impacts resu l t ing  
from t h e  displacement o f  th ree  P a m  families would be irrswrs- 
able and i r re t r fevl lb le .  
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CHAPTER VIII - ALTERNATIVES TO THE PROGRAM AKD REUTED IMPAmS 

A. Major Alternatives t o  the Prograa 

The major a l ternat ives  t o  the  CRWQIP as outlined in  t h i s  statement 
include: 

1. >loratoriun on future water resources development i n  the  Basin 

2. Retirement o r  r e s t r i c t i on  of i r r iga ted  agr icul ture  

3. So action for  s a l i n i t y  control above Imperial Dm 

4 .  Alternative Mdes of r iver  augmentation 

I t  should be noted t h a t  these a l ternat ives  a re  only t o  be  considered 
en t i re ly  i n  l i e u  of  the CRIQIP. However, they could a l so  reinforce 
or supplement necessary control action t o  achieve recommended levels  
of s a l i n i t y  control i n  the Basin. In general, a l t e rna t ives  1 and 2 
have serious legal and ins t i tu t iona l  constraints involved, while 
a l t e rna t ive  4 is highly dependent upon successful technological 
application of new techniques. Under the  general modes of r i ve r  
augmentation (41, considered i n  t h i s  statenent are: 

Geotherml resources 

Seawater desalt ing 

Weather modification 

Watershed aanagement 

I-rtation and exchange 

Conservation and reclamation 

Au-tation of the Colorado River -in includes t he  question of need 
f r o m  both a s a l i n i t y  control standpoint and water d e m d ,  a s  w e l l  as 
consideration of when addit ional water w i l l  be required. 

The major a l t m a t i v e  solutions t o  the  Colorado River s a l i n i t y  problem 
a re  of a longer range character, substant ia l ly  larger  i n  scope, and 
less demnstrable than some of those measures already described. 
Implementation of one or more of these measures mu ld  not necessarily 
be inoompatible with the  CRPQPIP, but m y  we11 go beyond po l i t i c a l  
c r ed ib i l i t y  and legal  limits. 



1. b r a t o r i m  of Future Water Resources Development i n  the 
Colorado River Basin 

This wasure  would involve the  postponement of a l l  o r  most 
future Federal action t ha t  involves water developlsnt within 
t h e  Basin. Proposed i r r i ga t i on  projects,  transmountain diver- 
sions,  powerplants and other energy development might be sons 
of the  kinds of a c t i v i t i e s  that  would be adversely affected. 
Limitations a l so  night be placed on already authorized devel- 
opments. As a consequence of t h i s  nora tor im,  s a l i n i t y  levels 
would not necessarily be reduced, but projected increases 
would be cur ta i led.  Host of the future proposed development 
and depletions a re  i n  the Upper Basin. Table VIII-1 shows a 
l i s t i n g  by S ta te  of projected water supply and depletion as  
of August 1976 i n  the Upper Colorado Region. 

Projected dep l e t ims  a r e  e s t i ~ a t e d  for potent ia l  Reclamtion 
projects  a s  well a s  water requiremnts  f o r  energy-related 
industr ies .  

The mst s ign i f ican t  constra int  on the  scope of such a measure 
as a n o r a t o r i u  is t h a t  such an action would apply to Federal 
development only and wvuld not d i r ec t l y  prohibit  non-Federal o r  
p r iva te  develaprnmt. Consequently, such a measure would have 
t o  preclude a l l  d i r e c t  and ind i rec t  Federal assistance which i n  
any f o m  would contribute t o  fur ther  development. This would 
include any program by S t a t e  o r  non-Federal e n t i t i e s  t o  develop 
or  u t i l i z e  Colorado River water within t he  Basin. 

Chviowly, the  impacts of such a sweeping aeUufswould depend 
upon the l ega l i t y  of separate actions,  lengthy l i t i g a t i o n ,  and 
successful imposition of any court-sustain& p r ~ v i s i o n s  over 
t ine .  Assming a succsssful noratorium on Federal development 
a s  assumd above, it would be reasonable to expect a ruduced r a t e  
of adverie mvironnsntal  e f f ec t s  including s a l i n i t y  increases 
s t e w i n g  from development t h a t  might a thenr ise  occur. However, 
it is by no means cer ta in  t ha t  i n  the long term, adverse mi- 
ranmental e f fec t s  would be reduced under nun-Federal o r  pr ivate  
development. F o r  example, i f  federal ly  sponsored development 
were e f fec t ive ly  foreclosed, many of thb water r igh ts  now held 
f o r  anticipated water development would l ike ly  becorm available 
f o r  pr ivate  indus t r ia l  use b t h  i n  and out of the Basin. Thus, 
water developrpsnt would be only sh i f ted  i n  p r io r i t y  s ince most 
Basin S t a t e  watm r igh t s  laws recognize indus t r ia l  water use a s  
t h i r d  i n  p r io r i t y  following domestic and agr icu l tu ra l  water use. 



Table VIII-1 

UPPER COLORADO REGION 
PROJECTED WATER !3lPPLY AND DEPLETIONS 

(Unit - 1,000 acre-feet) 

1976 1980 1990 2000 

Arizona 
Present (19741 
Nava j o ~&erp lan t  
Other MI 
Total, Arizona only 
Compact a p p o r t i o n m t  

Colorado 
Present (1974) 
Fryingpan-Arkansas 
Ruedi Rasarvoir MI 
Fruitland Mesa 
Savory-Pot Hook 
Aniaas-La Plata 
Dolores 
Dallas Creek 
West Divide 
San Higuel 
Danvar expgnsion 
Colorado Springs expansion 
Honestake 
Pueblo (Eagle River) 
C m u n  Mountain MBf 
Hsydm-Craig s templants  
Indspdndsnce Pass expansion 
Enel- 
C-a o i l  shale prototype 

developamt 
C-b o i l  shale prototype 

developaunt 

Total dspletion 
Evaporation storage un i t s  

Total 
S t a t e  share of 5.8 MIP 

level 
R-ining water available 



Table VIII-1 - Continued 

1976 1980 1990 2000 

New Huics 
Present (1996) 
Ssn Juan-Cham 
Anims-La Plata 
Navajo Reservoir 
maporat ion 

Hoghack axpansion 
Utah International, Inc. 
Farnington MI 

Totnl depletion 
Evaporation s tongs mi ts 

Total 
Stnts share at 5.8 W 
lsvel 

R~naining water available 



Table VIII-1 - Continud 

Utah - 
Present (1976) 
Borineville Unit 
Upalco Unit 
Jmsen Unit 
Uintah Unit 
Emery County-Huntington 

Canyon 

Deferred Indian lands 
Kaiparouit s 

Huntington Canyon 
Powerplant 

Ua-Ub o i l  shale pmtotype 
dsvelopraemt 

Total depletion 
Evaporation storage mits 

Tota 1 
State share of 5.8 MAF 

level 
Raraining water available 



Table VIII-1 - Continued 

Cheyenne- Laranis 

Savery-Pot Hook 

Private industrial rights 

Total depletion 
Evaporation storage units 

Total 
State s k e  of 5.8 M4F 

level 
Rcaaining vat- available 



Table VITI-1 - Continued 

Upper Colorado River Sasin Totals 
Depletions 3,178 3,529 4,740 5,073 

Evaporation storage mits  520 520 520 520 

Total depletions 3,698 4,049 5,260 5,593 

5.8 MAF level 5,800 5,800 5,800 5,800 

Ratraining water available 2,102 1,751 54 0 207 

Sol ici tor 's  opinion M y  17, 1974) indicates probable depletion of 
watar by Navajo Indians totaling 254,000 acre-feet avm though NIIP 
sprinkler plan ident i f ies  only 226,000 acre-feet depletion. 

Revised m . x h  consumption value (FES 76-2, Bureau of Reclamation, 

lm&:?;ter is  f u m i s h d  t o  Utah In tenut ioru l  Inc. from the Navajo 
Reservoir through an existing water service contract with the Bureau 
of Reclamtion. UII has assigned t h i s  water t o  Western Gasification 
Conpeny. The contract p r i d e s  for a revised maxim consmptire 
use of 35,000 acre-fmt of water per yuar through the year 2005. 
W a v e r ,  actual water consumption fo r  gasifying the coal, -ling, 
mine operations and rsclamtion i r r igat ion i s  expected t o  be 31,940 
acre-feet par year fo r  the sn t i r e  four pmpsed plants, o r  7,985 
acre-feet par y e a r  for  sach plant. (FES 76-2, Wlreau of R e d a m -  
tion, p. 1-3.) 
Mo contracts have been completed t o  furnish t h i s  water nor a re  

there assurances that the water will ba mds available. 



The ul t imate  c o s t  of a moratorium i n  terns of the  l o s t  invest-  
ment i n  f a c i l i t i e s  already constructed would amount t o  hundreds 
of  mi l l ions  o f  d o l l a r s .  In addi t ion  t o  the  loss o f  Federal 
investment, there would be inmeasurable loss of economic bene- 
f i ts  t o  the  Basin S t a t e s  associa ted  with the i n a b i l i t y  t o  sup- 
por t  f u t u r e  gror th .  As an example of a poss ib le  ser ious  adverse 
e f f e c t  on the  d iverse  huuan environnent, a morator im would 
adversely a f f e c t  the  economy and c u l t u r a l  h e r i t a g e  o f  severa l  
Indian t r i b e s  within the  Basin area.  

Another se r ious  implication o f  the  moratorium measure would 
affect energy development, such as powerplants, coal g a s i f i -  
ca t ion ,  and o i l  s h a l e  conversion, which depends on s torage  
f a c i l t i e s  and a v a i l a b i l i t y  o f  water r i g h t s  from the  agr icul -  
t u r a l  sec to r ,  Indian lands, and o the r  p r i v a t e  e n t i t i e s .  

A Federal moratorium on water resources developnent would d i r e c t l y  
restrict a l l  development on Indian land and o the r  Federal lands 
supporting f i s h ,  w i l d l i f e ,  e t c .  F inal ly ,  with regard t o  the  prac- 
t i c a b i l i t y  of such a moratorium measure, t h e r e  can only be specula- 
t ion  about the  l ega l  a c t i o n  and counteract ion by a l l  a f fec ted  
p a r t i a s .  Congressional ac t ion  and extensive l i t i g a t i o n  on Federal 
and S t a t e  l eve l s  would quickly follow any l ega l  o r  i n s t i t u t i o n a l  
rearrangemant of opera t ive  laws and compacts within t h e  Basin. 

2. Retirement o r  Res t r i c t ion  of  I r r i g a t e d  Agriculture i n  t h e  
B a s h  

I r r i g a t e d  a g r i c u l t u r e  represents  t h e  l a r g e s t  s i n g l e  consumptive 
use o f  water i n  t h e  Colorado River Basin. I t  is a l s o  t h e  larg-  
est man-induced contr ibutor  of s a l i n i t y  (37 percent  bas imide)  
to the  r i v e r  by d i r e c t  s a l t  loading and i n d i r e c t l y  through s a l t  
concentrat ing e f fec t s .  Thus, t he  el imination of i r r i g a t e d  agr i -  
c u l t u r e  by re t i rement  of  e x i s t i n g  lands o r  r e s t r i c t i o n s  on new 
lands coming i n t o  production is considered o t heore t i ca l  a l t e r -  
na t ive  measure t o  i r r i g a t i o n  inprovewnts  envisioned under the 
CRWQIP. 

The quest ion o f  ret i rement o r  r e s t r i c t i o n  of  i r r i g a t e d  agr icul -  
ture i n  the  Colorado River Basin cannot be t r e a t e d  a s  an iso- 
l a t e d  pol icy  matter  i n  i t s e l f .  

Pas t  Fedcvral p o l i c i e s  t o w a ~ d  i r r i g a t i o n  d e v e l o p e n t  were based 
on the  need t o  pronote se t t lement  o f  t h e  U a s t .  Presently,  irri- 
gated a g r i c u l t u r e  is one of t h e  key f a c t o r s  underlying t h e  
present  economy of the  Western S t a t e s .  



In recent  years ,  several  f ac to r s  Lave conbined t o  quest ion t h e  
need f o r  continued i r r i g a t i o n  development. These f a c t o r s  
include c o n f l i c t s  with o ther  Federal programs t o  control  supply 
and reduce crop surpluses,  increases in the  mount o f  Federal 
a s s i s t ance  required, t3e maturing of Western S t a t e s '  economics, 
and environnental concerns over d e s i r a b i l i t y  of cons tmct ing  
m j o r  f a c i l i t i e s .  q e s t r i c t i o n s  on i r r i g a t e d  agr i cu l tu re  for 
s a l i n i t y  cont ro l  mst consider t h e  la rger  impact of  i r r i g a t i o n  
development t o  neet  fu tu re  food and f i b e r  needs and changing 
nat ional  goals.  

Data from the  census of agriculture[39] indica te  t h a t  of  30.9 m i l -  
l ion  acres  i r r i ~ a t e d  in t h e  11 Western S t a t e s  i n  1970, only 10 m i l -  
l i on  were under Federal projec ts .  There is l i t t l e  doubt t h a t  t h e  
prominence of non-Federal i r r i g a t i o n  i s  increasing. Consequently, 
Federal control  r e s t r i c t i n g  o r  r e t i r i n g  i m i g a t e d  lands on Federal 
p ro jec t s  would not be e f fec t ive  s ince  non-Federal i r r i g a t i o n  devel- 
opment would not be d i r e c t l y  cont ro l led .  P.L. 92-500, The Federal 
Water Pollut ion Control A c t  a s  amanded, may provide s a l i n i t y  
con t ro l s  on non-Federal i n s t a l l a t i o n s  i n d i r e c t l y  through discharge 
permits on i r r i g a t i o n  re tu rn  flows. 

I r r i g a t i o n ' s  cont r ibut ion  t o  a g r i c u l t u r a l  production i s  m r e  
s i g n i f i c a n t  than acreage da ta  ind ica te  because o f  r e l a t i v e l y  
greater y ie ld  and type of crop growth, p a r t i c u l a r l y  in  the  West. 
A s  an example, of  t h e  Sa t ion ' s  t o t a l  annual domestic cansump- 
t i o n ,  25 percent of  c i t r u s  fruit ,  60 percent of noncitrus f r u i t ,  
75 percent o f  dty beans and peas, 50 percent of f r e sh  vegeta- 
b les ,  and 50 percent of  potatoes a r e  produced i n  t h e  11 Western 
States(401. Vi r tua l ly  a l l  t hese  mops are produced under irri- 
gat ion  because of t h e  na tu ra l  a r i d  condit ions t h a t  prevai l  such 
a s  i n  t h e  Colorado River Basin. 

According t o  recent  Bureau est imates,  i r r i g a t e d  land (Federal 
a i d  pr iva te)  dependent upon Colorado River water is about 
3.4 mi l l ion  acres ,  producing a gross crop value o f  approxi- 
mately $1 b i l l i o n  per  year. 1411 

The impact of i r r i g a t e d  land retirement o r  r e s t r i c t i o n s  must 
be weighed agains t  present  data. The t o t a l  Hations1 cropland 
base included an estimated 60 mi l l ion  ac res  of land t h a t  was 
considered surplus as r ecen t ly  a s  2 years  ago. Project ions 
developed f o r  the  Water Resources Council, OBERS[42] assumed 
t h a t  t h i s  mount  m u l d  be gradually absorbed a s  needed through 
t h e  f u t u r e  projected puriod. To neet  a g r i c u l t u r a l  shortages, 
i t  was es t ina ted  that a l l  but about 12 mi l l ion  ac res  of t h e  
6 0  mil l ion  ac res  i n  long-tern ret irement and se t -as ide  programs 
was placed i n t o  production by 1972 with the  remaining surplus 
lands reduced t o  zero i n  1974. 



Since 1971, t h e  export narket  for  American a g r i c u l t u r a l  products 
has changed dramatical ly.  The value of ag r i cu l tu ra l  exports  has 
r i s e n  from $5.7 b i l l i o n  in  FY 1969 t o  312.9 b i l l i o n  in FY 1973, 
an increase of more than 100 percent.  

In t o t a l ,  t h e  impact of t h i s  measure a s  an a l t e r n a t i v e  to sa l in -  
i t y  cont ro l  may have Sat ional  a s  well a s  in te rna t iona l  e f f e c t s .  
R e ~ e n t  worldwide food and f i b e r  shortages, droughts, and t h e  
dynanic in te rna t iona l  t r ade  s i t u a t i o n  enphasize t h e  inportance 
of s t r a t e g i c  food reserves  and focus new a t t e n t i o n  on t h e  advan- 
t age  of s t ab l i zed  food production and t h e  cont r ibut ions  of  irri- 
gated agr i cu l tu re .  

Spec i f i c  inpac t s  o f  t h i s  r e t i r c n c n t  neasure applied t o  t h e  
Colorado River Bssin,have been examined i n  r e l a t i o n  t o  altar- 
na t ives  described i n  t h e  Environnental Statement f o r  t h e  Colo- 
rado River Basin S a l i n i t y  Control Projec ts ,  T i t l e  1.[43] 

One a l t e r n a t i v e  considered t o t a l  shutdown of t h e  Hellton-Mohawk 
I r r i g a t i o n  District near  Yuma, Arizona. This  theore t i ca l  pro- 
posal would involve t h e  Federal purchase of  a l l  lands, buildings,  
equipment, u t i l i t i e s ,  and o the r  c a p i t a l  improvements. Payment 
would be  made f o r  investnents ,  i n t e r e s t s ,  damages assessed,  and 
t h e  Federal investment i n  t h e  area  would be wr i t t en  o f f .  Under 
Federal m e r s h i p ,  regula t ions  m u l d  r e s t r i c t  land use  t o  a nat-  
u r a l  environment of dese r t  and r ipa r i an  h a b i t a t s .  A s  a conse- 
quence, Wellton-Mohawk drainage flows would be eliminated and 
t h e  s a l i n i t y  of  Colorado River water v w l d  be reduced t o  meet 
t h e  requirements of Minute Yo. 242 with Mexico. The resu l t ing  
s a l i n i t y  impact m u l d  provide Mexico with a watem q u a l i t y  not 
exceeding 115 ng/l plus o r  minus 30 mg/l over t h e  s a l i n i t y  of 
water a s  measured a t  Imperial Dam. The d i r e c t  costs t o  achieve 
t h e  des i red  s a l i n i t y  diffemential  a r e  estimated to b e  between 
$125 and $150 mil l ion.  

With t h e  t h e o r e t i c a l  shutdown of Welltm-Mohawk r e t u r n  flows, 
r ep resen ta t ive  environmental inpacts  can bet described a s  follows: 

a .  A l l  cu l t iva ted  crops  and r i p a r i a n  vegetat ion would be 
eliminated. 

b. Cropland and land occupied by communities wwld return 
t o  t h e  d e s e r t  0 f W i r o ~ e n t .  

c. An e x i s t i n g  f i s h e r y  i n  t h e  d ra in  would be eliminated 
along with w a t o r 4 e p m d m t  game species.  

d. Adverse soc ia l  and economic impacts w u l d  be extensive,  
a f f e c t i n g  t h e  e n t i r e  economy of  t h e  area ,  including t h e  c i t y  



of Yuma, V m a  County, and t5e  S t a t e  of Arizona. Indi rec t  
economic losses  a r e  e s t ina ted  t o  be double those of d i r e c t  
losses .  

I t  i s  not d i f f i c u l t  t o  t r a n s l a t e  these  impacts t o  o the r  irri- 
gated areas  of t h e  Colorado 2iver  Sasin i f  e i t h e r  land r e t i r e -  
nent or i r r i g a t i o n  r e s t r i c t i o n s  were i n s t i t u t e d  f o r  s a l i n i t y  
contro 1. 

3. The Al ternat ive  of No S a l i n i t y  Control Action above Tnperial 
3am - 
T3e a l t e r n a t i v e  of no ac t ion  has been considered. Such ac t ion  
would avoid construct ion of any f a c i l i t i e s  o r  t h e i r  a l t e rna -  
t i v e s  described i n  t h i s  statement. A s  such, s t r u c t u r a l  f a c i l -  
i t ies would not  cause t h e  inpacts  described i n  terms of  land 
use, f i s h  and wi ld l i f e ,  water loss ,  o r  energy consumption. I f  
none o f  t h e  four authorized control  u n i t s  o r  u n i t s  under study 
a r e  constructed,  s a l i n i t y  increases  w i l l  continue unabated a s  
projected i n  t a b l e  1-1, with t h e  continued development of  
ava i l ab le  water suppl ies  i n  t h e  Basin. Water users  i n  t h e  
United S t a t e s  would continue t o  s u f f e r  the economic de t r inen t s  
described i n  chapter  I a t  t h e  u n i t  r a t e  of 9230,000 per mg/l per  
year. Although t h e  Republic of  Mexico i s  guaranteed s a l i n i t y  
l eve l s  r e l a t i v e  t o  Imperial Dam qua l i ty ,  t h a t  country w u l d  a l s o  
be af fec ted  by higher t o t a l  r i v e r  s a l i n i t y  if Upper Basin con- 
t r o l s  a r e  not c o n s t m t e d .  

A s  r i v e r  s a l i n i t y  increases,  it is l i k e l y  t h a t  non-Federal ac t ion  
would be required t o  p ro tec t  individual  water suppl ies  from fu r the r  
de te r io ra t ion .  Reversion t o  a fragraented, s e l f - i n t e r e s t ,  u n m r d i -  
nated approach t o  t h e  s a l i n i t y  pmblam would r e s u l t ,  with resources 
wasted due to t h e  lack o f  shard f a c i l i t i e s  ar economies o f  sca le .  
Horeover, t h i s  ac t ion  vould mst l i k e l y  involve c o n t m l  measures 
a t  water de l ive ry  po in t s  i n  t h e  r i v e r  system in con t ras t  t o  con- 
trol a t  point ,  d i f fuse ,  or i r r i g a t i o n  sources with basinwide 
benef i t s .  

Without s a l i n i t y  cont ro l ,  t he re  m u l d  b a heavy impact on the  
s c o n d c  f a c t o r s  of  both a g r i c u l t u r e  and industry. In the  a r g r i -  
cu l tu ra l  sec to r  o f  water use, sons i r r i g a t e d  cropland wwld 
svunhnrlly be abandoned f r o m  production due t o  s a l i n i t y  dunage. 
In a o s t  cases,  sparse  dese r t  vegetat ion wwld be rees tabl i shed 
on abandoned a g r i c u l t u r a l  lands over several  years. Dust, e m -  
sion,  and o the r  associated p b l s n s  would increase  as a r e s u l t  
of  abandoned a g r i c u l t u r a l  lands. 



I t  should be emphasized tha t  the  a l te rna t ive  of no control action 
will not necessari ly a f fec t  the  imposition of water qual i ty  control  
c r i t e r i a  on the Colorado River under the  provisions of P.L. 92-500, 
The Federal Watm Pollution Control Act, a s  amended. In effect ,  
the  establishment of s a l i n i t y  standards w i l l  contribute t o  the 
long-term solution of the  Colorado River s a l i n i t y  p b l m  and 
reinforce other options fo r  control. 

In view of the physical and legal  wnsequunces described below, 
some forn of control w i l l  ultirrtately be required. 

Increasing the  s a l t  loading of the r i v m  has essen t ia l ly  a l inear  
effect ,  while decreasing water volume has prac t ica l ly  an expanen- 
t i a l  increasing e f fec t  on r i ve r  sa l in i ty .  Continued water devel- 
opaent without s a l i n i t y  control causes bath e f fec t s  t o  =cur 
simultaneously. Mowsver, a s  f u l l  duvelopnent of the  r iver  water 
supply is  approached, flaw depletions greatly mgnify the  impact 
on =tar quali ty.  Tims, while approaching f u l l  development, 
m a l l  increnses i n  consumptive w e ,  exports fm the  Basin, o r  
increasad evaporation due t o  addit ional storage mruld lund t o  
disproportionately large downstream incruases i n  s a l i n i t y  a n -  
centrations. Under such conditions, it is c lear ly  necessary 
tha t  s a l i n i t y  control  un i t s  be mved rapidly t o  completion. 

Anather important, physical-legal aspect is re la ted  t o  storage 
on the  r iver .  The Colorado River is highly regulated, and s to r -  
age has a s ignif icant  effect on m i n e r a l  qua l i ty  of rntars deliv- 
mad from the larger reservoirs.  A r e l a t i ve ly  la rge  volume of 
mtsr l i g h t  antar a reservoir  i n  a single -nth during spring 
m f f ,  while it would take several mn ths  f o r  the  sans mount 
of w a t e r  t o  mtar the  saras resemir  in the low-flow season. 
l l u s ,  a s ing le  rratur qua l i ty  reading w i n g  the  spring would be 
as h p r t a n t  as several readings during the  f a l l  so far a s  future  
downstr- qua l i ty  is concernad. In w a t e r  qual i ty  studies,  flow- 
wsightal .kan s a l i n i t y  values a m  wed  t o  aceaunt far t h i s  factor .  
Since storage in the  r i v e r  s y s t a  exceeds the  annual f law [fax 
t o  f i v e  t ines) ,  water qual i ty  in the l m r  r ivar  is re la ted  t o  the  
avarage of such flaw-weighted data from several preceding years. 
Due t o  these w i n g  e f fec t s  of upstream starage, n t e r  qua l i ty  
effects downstrew a re  spread over several years and genurally a r e  
mixd w i t h  ate nmthar. In e f f ec t ,  standards viola t ions  i n  the  
lowar r i v e r  mu ld  be d i f f i c u l t  t o  t race  t o  a specif ic  upstream 
cause i n  a q s ~ n t i f i a b l e  my.  In othar words, slamlards viola t ions  
a t t r ibu ted  t o  upstream a c t i v i t y  would be d i f f i c u l t  to control  
thrwgh legal  act ion if s t rm qual i ty  c r i t e r i a  alone were used 
as the basis f o r  such action. Thus, it is essent ia l  t h a t  the 
benefits  of completion of un i t s  d e r  the CRVQIP be added t o  con- 
-1s wnr being a x e r c i s d  by the  States.  



Finally, the environmental e f fec t s  i n  the  Colorado River Basin 
re la ted t o  the abscence of s a l i n i t y  control is discussed i n  
chapter 11, Future Basin Environment Without the  Program. 

4. Alternative Mdes of River Augmentation 

In considering the  following al ternat ives  fo r  augmenting the f l w  
of the Colorado River, it mst be remmbered tha t  i n  accordance 
with provisions of the 1968 Colorado River Project Act, new water 
supplies developed through augmentation wi l l  f i r s t  go t o  m e t  the 
>taxican Water Treaty obligation. Only a f t e r  t h i s  comitment has 
Seen mt  would water from these sources be available fo r  use t o  
the Colorado River Basin States .  

a. G m t h e m l  resources. - Geothermal water i s  an a t t r ac t i ve  
source of i r r i ga t i on ,  nunicipal, and indus t r ia l  water tha t  
coold be used t o  augmmt the  Colorado River. Development of 
a supply of demineralized water would improve the  water qual- 
i t y  of the  lower Colorado River. 

The Imperial Valley has proved t o  be one of the  several known 
geothermal resource areas throughout the  world. The University 
of California a t  Riverside began geothermal studies i n  Imperial 
Valley i n  1964. Reginning i n  June of 1968, the Ehreau of Reclam- 
ation provided financial  assistance t o  the  Ilniversity. 'Phese 
s tudies  led t o  the  iden t i f i ca t ion  of several geothermal anomalies 
i n  the  Imperial Valley area. Subsequent t e s t  holes have indicated 
the  presence of a geothermal resource t ha t  would support the  eco- 
nomic production of geothermal water. The W l o g i c a l  Survey bas 
estimated t h a t  the  recoverable rsserves of geothensal water i n  the  
Illperial Valley is  about 1 b i l l i on  acre-feet. 

Large-scale development could augment the  Colorado River by 
delivering as mch as 2.5 million acre-feet  of &salted water 
annually. This large volume of output would require importa- 
t ion  of water from the Pacif ic  Ocean o r  Gulf of California t o  
replace geotharnal brines withdrawn f m  Imperial Valley. 
These replacement f lu ids  would be used fo r  cooling and would 
then be injected f o r  geothmnal ground-water maintenance and 
surface s tab i l i za t ion .  

The power potent ia l  associated with t he  production of 2.5 mil- 
l ion acre-feet of desalted water i s  estimated t o  be 10,500 mega- 
watts. Wheut produced concurrently with the  d i s t i l l a t i o n  process 
of desal t ing water the operation is essen t ia l ly  pollution free.  
Up t o  one-fourth of the  power produced would be needud for  
in ternal  processing and punping f o r  t he  conveyance of import 
and product water. 



Disposal of residual brines is an i iqor tan t  aspect of geothemal 
developmnt. Residual brine disposal could present a major problem 
t o  inland gaothenrel development, but it i s  anticipated tha t  the  
proposed re inject ion would be a workable solution.  

Water qual i ty  improvement would be an inportant function of 
a u p n t a t i o n  from geothermal reserves. I t  is estimated tha t  
the  addition of  2.5 million acre-feet of desalted water con- 
ta ining only 20 mg/l of s a l t s  t o  the Colorado River a t  Parker 
D a m  would lower the  average annual s a l t  concentration from 
1,150 m g / l  t o  850 mg/l under future  conditions without other  
mthods of s a l i n i t y  control. The actual reduction, of course, 
would depend upon the s a l i n i t y  of the r i v e r  a t  the time of 
augmentation. I t  may be necessary t o  cool the  water t o  avoid 
adverse cnvironmntal impacts. 

Ssveral potent ia l  delivery points of desalted water f m n  Imperial 
Valley would provide varying degrees of ilrpmvemsnt i n  quali ty.  
Delivery as  f a r  upstrean on the  Colorado River a s  Lake Havuu o r  
Lake Mead would provide the  greates t  benef i ts  tha t  wwld apply t o  
the e n t i r e  Basin, and would include t he  improverwnt of Colorado 
River qual i ty  a s  a najor  function. 

Tha w r y  magnitude of the  conceptual development program and the 
addit ional research t ha t  mst be accomplished before s p c i f i c  data 
w i l l  ba available rrakes a l l  assessments of envimnmsntal impact 
conjectural .  The impacts as presently envisioned a r e  as follows: 

Dewloping geothermal resources i n  the Imperial Valley of  
California would, i n  m y  respects,  r a i s e  the  s a m  snviron- 
m n t a l  issues as would other water devo lopmt  projects.  
There would be access roads, pipelines,  v i s ib l e  f a c i l i t i e s ,  
and the  usual construction a c t i v i t i e s .  However, several  
aspects unique t o  t h i s  type of  program would be encountersd. 

Gathema1 development f o r  t he  production of water and power 
would involve the e x t r a c t i m  of hot nineralized geothermal 
f lu ids ,  which could be expected t o  create  8 problem with land 
subsidence, unless preventive measures were undertaken. Since 
the  Imperial Valley has a highly developed i r r i ga t i on  system, 
any appreciable subsidence would have serious consequences. 
me Bureau of Reelmation's plan of  development, i f  such an 
option wsrs purswd, would be t o  i n j ec t  f lu ids  i n to  the  under- 
ground systen aTPd replace quant i t i es  rerwved t o  ruduce the 
pos s ib i l i t y  of surface settlement. 

To d e t e d n e  any change i n  seismic ac t i v i t y  a r i s ing  from 
geothemal development, the  Ceological Survey has estab- 
lished a seismic monitoring system i n  the  Inperial  Valley. 



The Bureau of  Reclamation has i n s t a l l e d  a microseismic 
n e t  covering t h e  Mesa anomaly, which w i l l  be integrated 
i n t o  t h e  Survey's overa l l  gr id .  

Under t h i s  option, i n  t h e  process of ex t rac t ing  and d e s a l t -  
ing geothermal f lu ids ,  it would be essen t i a l  t h a t  both t h e  
i n i t i a l  f l u i d  and t h e  res idual  br ine  be i so la tcd  from the  
shallow ground-water system in t h e  area  t o  prevent any con- 
tamination. Consequently, a l l  p ipe l ines  would be above 
ground, permit t ing a rapid detec t ion  of problems, and would 
be designed f o r  quick shutoffs  i n  t h e  event of  leeks. Dur- 
ing well t e s t i n g  and desa l t ing  operat ions it is postulated 
t h a t  t h e  concentrated br ine  would be e i t h e r  discharged t o  a 
l ined evaporation pond o r  r e in jec ted  i n t o  t h e  geothermal 
reservoi r .  Reinjection would be a means o f  preventing sub- 
sidence a s  well as an e f f e c t i v e  method of d isposal .  

Noncondensable gases, which include carbon dioxide,  hydrogen 
su l f ide ,  a m n i a ,  and t r a c e  elements of carbon monoxide and 
o the r  hydrocarbons, could be ccmpressed and re in jec ted  with 
t h e  br ine ,  while noxious gases could be disposed o f  by chm- 
i c a l  treatment. Solid wastes m l d  be dissolved and re in -  
jected,  when possible,  o r  t ransported t o  s u i t a b l e  disposal  
a reas  where they could be i so la ted  from t h e  ground-water 
system. 

Since t h e  East Mesa of  Imperial Valley is  sparse ly  vege- 
t a t ed ,  most of the geothernal f a c i l i t i e s  would be v i s i b l e  
f o r  some dis tance ,  and appropr ia te  a rch i t ec tu ra l  and land- 
scaping techniques ucnald have t o  be used t o  m h i n i z e  t h e  
v i sua l  inpact .  The steam cont inual ly  released f r w  t h e  
power f a c i l i t i e s  would a l s o  be v i s i b l e  f o r  a distance.  
However, s ince  mst of t h e  a c t i v i t y  vould occur on remote 
Federal lands, this aspect  should be i n s ign i f i can t  with 
respect  t o  t h e  number of people af fec ted .  

Noise from steam walls  has been an h h e r m t  t r a i t  i n  gm- 
thenra l  developments. The noise a s s m l a t e d  with power- 
p lants  and desa l t ing  p l a n t s  could be e f fec t ive ly  rmffled 
through t h e  use  of acoust ica l  building mater ia ls .  

With an extensive development of sueh a goothermal resource, 
importing l a rge  q u a n t i t i e s  of c o o l b g  and in jec t ion  water 
from d i s t ance  sources would be required. This would e n t a i l  
long p ipe l ines  crossing a v a r i e t y  of anvironmental a r e a  and 
would n e c e s s i t a t e  acquir ing considerable rights-of-way. I t  
would be inpor tant  t o  minimize t h e  p o s s i b i l i t y  of import water 
leaking i n t o  local  ground-water systems frm t h e  pipel ine.  



Augmenting t h e  Colorado River with l a rge  cllarbunts of d e s a l t -  
ing water m u l d  s i g n i f i c a n t l y  improve t h e  q u a l i t y  o f  t h e  
riverflows. P r io r  ta del ivery ,  t h e  water would be cooled 
t o  prevent any adverse ecological  problems i n  the  r i v e r  
system. It would a l s o  be dispersed a t  t h e  de l ivery  paint  
t o  el iminate temperature s t r a t i f i c a t i o n  i n  t h e  r i v e r ,  

Delivery m l d  ba mude t o  m y  one of a number o f  p o i n t s  
on the  r i v e r ,  such as Laka Yead, Lake Yohave, Lake Ihvasu, 
o r  near Imperial D a m ,  o r  to  t h e  All-.American Canal System. 
The improved quality muld  prnit t h e  d i r e c t  use  of diver-  
s ions  in  municipal systems with lower pretreatment costs, 
and wuPd improve t h e  crup y ie lds  of  lands i r r i g a t e d  from 
t h e  r i v e r ,  Such an augrnatat ion of  t h e  r i v e r  would also 
mhance f i she ry  md r ec rea t iona l  values. Two main d i f f i -  
c u l t i e s  of t h e  scheme, h w w e r ,  a r e  t h a t  it is i n  sxpmi-  
n m t a l  s tage,  and l i k e  some of t h e  o the r  nor. c a p i t a l  i n t m -  
s i v e  e f f o r t s ,  would be -1ativeIy cos t ly .  

A more detailed tlixasrion d th4 pbtsntlrl drsrss i npac t s  
and of measures t o  avaid then is containad i n  three m v i r m -  
nanta l  s tatements a l ready wr i t t en ,  and i n  I recent  s t a t u s  
r epor t  on t h e  gsa themal  d e s a l t i n g  prognm.[4d, 45, 461 

Other s p ~ f  f l c ,  quantifiable impacts include: 

[I) AS many a9 5,OW workers could: be mpRgd dur'ing 
t ons t ruc t ion ,  with as mmy as 1,000 permanent emplayues 
roquirad to m t e  and maintain t h e  f a c i l i t i e s .  

(2) About 2,000 t6 5,000 acres of Federal withdrawn Xmds 
would be rquired f o r  production facilities . Vegetation 
and w f l d l i f e  would be pernenmtfy  displaced.  Additional 
land and rights-of-way m u l d  be required f o r  conveyance 
f a c i t i t i w .  

(3) B a s d  on Jwuary 1972 p~icw,  the tost of t h i s  develap- 
m a t  would range from about $100 t o  abut  $150 per acre-foot  
o f  prcxluct water de l ivered ,  depending upon t h e  a l t e m a t i v e s  
srlectd. Asida from t h e  b a n e f i t s  derived from t h e  augmented 
flow and power production, t h e  b e n e f i t s  a t t r i b u t e d  to reduced 
s a l i n i t y  a t  Imperial Dam under f u t u r e  condi t ions  are e s t h a t e d  
to ba $69,000,000. 

b. Suauater desa l t ing .  - Since 1952, Federal support f o r  resmrch 
and development of  d e s a l t i n g  technology has produced many advances 
in  d e s a l t i n g  processes such rrs d i s t i l l a t i o n ,  r eve r se  osmosis, and 



elec t r tx i ia lys is .  Most of these  processes a r e  now considered com- 
mercial ly ava i l ab le  f o r  s e l e c t  appl ica t ions .  Ibwever, due t o  
r e l a t i v e l y  high cos t ,  lack of experience, and present a v a i l a b i l i t y  
of  o ther  water supply sources, United S t a t e s  desa l t ing  appl ica t ions  
have been slow compared t o  current  worldwide experience. 

Ca l i fo rn ia ' s  seacoast  has been under recent  in tens ive  study t o  
s i t e  la rge-sca le  seawater desa l t ing  p lants .  Recent reconnais- 
sance s tud ies  have evaluated desa l t ing  p lan t s  a t  Diablo Canyon 
(40 Ngalld) , Encino-San Diego (40 Mgalld) , and San Diego Refuse 
Inc inera tor  Projec t  (32 Ygalld) . The Orange County Water Fac- 
t o r y  21 (3 Mgalld), is now i n  operation. Ultimately, la rge-  
sca le ,  dua l -purpse ,  coas ta l  desa l t ing  p lants  could not  only 
augment local  municipal and i n d u s t r i a l  demands, kt a l s o  
e x p r t  or exchange water t o  meet inland demands such a s  aug- 
mentation o f  t h e  Colorado River. 

In pruviding new water in l a rge  q u a n t i t i e s  f o r  augmentation pur- 
poses, seawater desa l t ing  is viewed only a s  a d i s t a n t  f u t u r e  pos- 
s i b i l i t y ,  a s  long as r e l a t i v e l y  low-cost convmtional  -tar sup- 
p l i e s  a r e  avai lable .  Under t h e  present  economics of water supply 
and increasing energy cos ts ,  any large-scale desa l t ing  p lan t  should 
be in tegra ted  i n t o  a dual-purpose o r  multipurpose system. 

Typical product water c o s t s  f o r  large-scale,  dual-purpose desa l t ing  
p lan t s  a r e  shown below. All c o s t s  shown a r e  a t - s i t e  c o s t s  based on 
a 1972-73 nonescalated c o s t  basis: 

Desalting Total  product water cos t  
Project.  m p a c i  t y  Cents p r  Dollars per  

Wgal/d) 1,000 gal lons  acre- foo t  

Diablo Canyon 40 92 300 

San Diego re fuse  32 45-50. 147-l63* 

Incinera tor  

*Costs a r e  dependent upon the c r e d i t  allowed f o r  disposal  of  
waste refuse.  

A research and d a v e l o p s n t  prototype p lan t  for seawater desa l t ing  is 
s t i l l  needed to demonstrate t h e  economics of l a r g e - s a l e  (100 Mgal/d 
o r  g rea te r )  dual-purpose operat ion.  Future d e v e l o p a n t  with refuse  



o r  nuclear ~ u e r p l a n t s  could amalgamate new technologies i n  an cco- 
nomic manner t o  minimize environnental i-ct and neet  water aug- 
mentation r q u i r e n e n t s .  

(1) Environmental impact for a representa t ive ,  coas ta l  d e s a l t -  
l a n t .  - l a r i n e  processes most l i k e l y  to be af fec ted  i n  t h e  h i n e  discharges f ron  d i s t i l l a t i o n  p lan t s  of t h i s  charac- 

t e r  a r e  ecosystears involving benthic ( b t t a m )  organisms* The 
br ine  e f f luen t  (brine blowdown plus cooling water) is discharged 
from d i s t i l l a t i o n  p l a n t s  (mult is tage f l a s h ,  v e r t i c a l  tube evapo- 
r a t o r .  o r  a combination thereof) a t  temperatures, s a l i n i t i e s ,  
and concentrat ions of heavy metals exceeding those of  t h e  marine 
environment. 

Brine e f f luen t  d isposal  in t h e  i d l a t e  v i c i n i t y  of t h e  out-  
f a l l  has t h e  following impacts: Heavy ;?a13 - benthic 
organisms as well as s h e l l f i s h  can be a ected by copper con- 
cen t ra t ions  as low a s  0.02 mg/'l. Titanium could be  used f o r  
tubing t o  minimize t h e  e f f e c t s  of copper; 
b r i n e  discharge t e m e r a t u r e s  have an 
l a m 1  f o m s  Gf marins organisms; S a l i n l t  - s a l i n i t i e s  in  + excess o f  d i e n t  exert  an osmotic e ect on benthic organisms. 

Under t h i s  option, temperature and salSniZy cwld destrdry 
elements in t h e  food chains, r e s u l t i n g  i n  some d.lsappear- 
ance of higher f o m s  of marine l i f e .  

(a] Fish losses  a t  int&h 8 t ~ c t U . m ~  - Sms f ish 
losses  would occur a t  in t ake  s t r u c t u r e s  as r 
r e s u l t  of  impingement. 

(b) GonstrucCim. = Cmrtruction ae t5v l tPss  uauld r-ve 
vegeta t ion  firn t he  -stmetion s i t e  and displace some 
wi ld l i f e .  Approxinrataly 55 acres would b e  required f o r  
a 300-MgalJd desa l t ing  p l m t .  

(c) Air pollu~bn. - aplmtd~n of t O u t . 1  d e s a l t -  
i n g  p l a n t  wwl n o t  cause alr pollutlm S h e 6  tha 
p l a n t  probably would use  S t e m  from 8 nearby nuclear  
p m e r p l u r t .  

(d) - Noise. - During p lant  l o p e r s t l a ,  noism m l d  not 
exceed accuptable l e g a l  h l u s t r f  a1 h w l ~ .  Combsreial 
noise-muffling devices m u l d  be rued wherr necessary. 

(e] Emthquake hazard. - Any p p o s d  d e s a l t i n g  p lan t  
h a t e d  m t he  coas t  of  C a l i f m n i a  f a l l s  within a broad 



area  of major seismic r i s k  corresponding t o  i n t e n s i t y  
V I  I1  on the  Yodif ied Mercall i sca le .  A major problem 
t h a t  would have t o  be faced is t h a t  of sa fe ly  design- 
ing and construct ing such a f a c i l i t y ,  including its 
nuclear  conponent, t o  withstand the  e f f e c t s  of any 
major t renors  t h a t  night  u l t imate ly  occur a t  the  
se lec ted  s i t e .  

( f )  Visual. - A coas ta l  s i t e  s t r u c t u r e  would be v i s i b l e  
f o r  some dis tance .  

(g) Social .  - The main soc ia l  i qac t  would be i n  t h e  
a rea  of amplopent .  About 200 people would be expected 
t o  be employed a t  t h e  t i n e  of peak construct ion,  and 
about 50 people probably would be needed a f t e r  cons tmc-  
t i o n  f o r  p lan t  operation. 

0) Archeological and h i s t o r i c a l  values. - Since no 
s i te  has been se lec ted ,  it is  not poss ib le  t o  de te r -  
n ine  what archeologicai  o r  h i s t o r i k  values w u l d  be 
a f fec ted  i f  t h i s  option were selected.  However, dur- 
ing any f e a s i b i l i t y  and preliminary design phases, 
these  values w u l d  be considered so t h a t  any adverse 
e f f e c t s  could be avoided. 

(2) Environmental impact - nuclear  powerplant. - The 
nuclear  powerplant t h a t  w u l d  provide heat energy f o r  a 
seawater d e s a l t i n g  p lant  w u l d  probably use l i g h t  water 
r eac to r  technology, and because of t h e  construct ion lead 
tins, a powerplant of t h i s  type'would not  be ava i l ab le  
f o r  operat ion u n t i l  the mid-1980's. 

The emvimmental  impacts from t h i s  postulated nuclear 
p lant  should be genera l ly  similar t o  those l i s t e d  in  
t h e " ~ i n a 1  Envimnasntal Statement for  t h e  San Onvfre 
N u c l e a ~  Generating S ta t ion ,  Uni ts  2 a d  3, D e k e t s  
No. 50-361 and 50-362, dated March 1973, Some of t h e  
impacts described in the  above-mentioned statement t h a t  
would be guneral ly appl icable  a r e  as follows: ( I t  
should be noted t h a t  t h e  q u a n t i t a t i v e  data given w i l l  
vary depending on t h e  s i z e  of t h e  f a c i l i t y , )  

(a) Cml ing  water heated to abut  20" F mbwe i n l e t  
temperature m u l d  be discharged from each unit t o  t h e  
P a c i f i c  Ocean a t  a r a t e  o f  830,000 grlfmin. The heated 
water would r e s u l t  i n  changes i n  the  spccisr canpsi- 
t i o n  in t h e  v i c i n i t y  of t h e  o u t f a l l ,  but no g m e r a l  
ecological  changes would be expected. 



(b) An impact on aquatic resources nay occur In the 
cooling water intake s t ructure  through entraptent of 
plankton and fish.  Fish lasses may range from 39,000 
to  85,000 lbs/yr. Th.is would not, however, be expected 
to have a s ignif icant  impact an the overall fish popu- 
la t ion in the  area. 

(c) Chemical eff luents  from Units 2 and 3 should 
cause only minimal inpact on the Pacif ic  Ocean. The 
t o t a l  residual chlorine concentration would be less 
than 0.1 ng/l i n  the i d i a t e  v ic in i ty  of each of 
the  discharges, and no significant impact on tha 
aquatic biota  i n  t he  Pacific Ocesn is  expeetcd. 

(d) The prugraln f o r  c o n ~ t r u c t l m  and ~ i n t a s r a n c a  of 
transmission lines would be designed t o  reduce envi- 
ronmmtal impact. Existing transmission l ines  a d  
towtrs would ba a s d  whem possible. N ~ l l  towers, 
access roads, and switchyards muld accupy about 
10 acres. 

( e  A h t  85 acres of t he  sea P l w r  m l d  be tempo- 
r a r f l y  disturbed by ins ta l la t ion  of h i e d  pipes 
which transport seawater t o  and €ma the plant. This 
muld destroy or teaporar i ly  displace tmttom-dwslling 
organisms, but a rapid r e s s t t l m m t  by biota  cauld be 
expected. 

(f) h 6 t 6  2 and 3 would occupy &but  33 rcres of 
coastal  land which could othent ise  be used primarily 
for  recreation or maintained ns wildl i fe  habitat .  
The beach a t  and near t he  site wid be improved by 
adding the sand excavated during construction. 

(g) No sf gnidf cant awironmmtal Impacts wntld 'bs 
anticipated f r o m  normal operational releases of 
radioactive materials d t h i n  SQ milss of the  p l m t .  
The estimated dose from opsration sf the  plant t o  
tho papwlaticm within SO milss wuld b 2.5 man- 
rcnJyr (Roentgen equivalent, mammal); s ignif icant ly  
less than narnal fluctuations fn tha 685,000 man- 
rWyr backgraund dese t h a t  t h i s  population wwld 
receive. 

[h) The risk a s s a t l s t d  with acc idmta l  r d $ r t i o n  
eXpQsut0 remains. t o  be evaluated. 



c. Weather modif icat ion.  - The sub jec t  of  weather m d i f i -  
c a t i o n  including ~ r e c i p i t a t i o n  management has been under 
i n t ens ive  inves t iga t ion  f o r  about 25 years.  Since 1966, 
most of  t h e  p r e c i p i t a t i o n  nanagement research  has been w n -  
ducted o r  sponsored by t h e  Bureau o f  Reclamation. This  
program, known a s  P ro j ec t  Skywater, is a coordinated multi- 
d i s c i p l i n a r y  research  e f f o r t  with t h e  goal o f  pe r f ec t ing  
t h e  necessary technology of  cloud seeding so a p red ic t ab le  
amount o f  snow o r  p r e c i p i t a t i o n  can be produced i n  an e f f i -  
c ien t , economic, envixnmenta l  and soc i a  11 y acceptab le  
runner.  

Th i s  masure which would be long-term i n  cha rac t e r  and would 
be  cont ingent  on f u r t h e r  research  and experimentation; would 
use  cloud seeding techniques i n  an e f f o r t  t o  i nc rease  winter  
snowfall  in high mun ta inous  a r e a s  an est imated average of  
15 percent .  I f  t h e  cloud seeding techniques a r e  successfu l ,  
up t o  an add i t i ona l  2.0 mi l l ion  ac re - f ee t  of  streamflow i n  
t h e  Upper Colorado River Region could be  produced. This  
would he lp  t o  r eve r se  t h e  genera l  downward t rend o f  Colorado 
River v i r g i n  flows a t  Lee Ferry, Arizona. Average annual 
d i r e c t  c o s t  f o r  such a measure is estimated a t  about 
$5.4 mi l l ion .  

During winter  months, supercooled c louds  form over  t h e  
higher  e l e v a t i o n s  as mist  a i r  is forced a l o f t  by s t rong  
winds over t h e  n a j o r  m u n t a i n  ranges i n  t h e  Upper Colo- 
rado River Basin. Under c e r t a i n  favorable  condi t ions ,  
t h e  p r e c i p i t a t i o n  from t h e s e  clouds can be increased by 
seeding with s i l v a r  iodide.  

A u i n t e r  orographic cloud seeding experinwit  i n  t h e  U.S., 
the-Colorado River Basin P i l o t  P ro j ec t ,  has  been conducted 
by t h e  Bureau i n  t h e  San Juan !40untains o f  southwest Colo- 
rado. The p i l o t  p r o j e c t  has  been c w r d i n a t e d  through t h e  
f i f t h  and f i n a l  y e a r  ending I4ay 15, 1975. An independent 
p r i v a t e  con t r ac to r ,  A e r o m t r i c  gesearch, Inc., will prepare 
a f i n a l  eva lua t ion  o f  p r o j e c t  r e s u l t s  by June 1376. X 
desc r ip t ion  o f  t h i s  s tudy,  Colorado Rivcr  Basin P i l o t  P ro j ec t  
was discussed i n  a f i n a l  envimnnenta l  s t a t e m n t  (INTFES 71-63 
which was f i l e d  with t h e  Council on E ~ w i r o n m n t a l  Qual i ty  on 
J u l y  16, 1371. 

X programmatic d r a f t  o n v i r o m e n t a l  s ta tement  on authorized 
"Projcc t  Skywater," X tmsyhe r i c  Ir'atcr Resources P ro j ec t  has 
'Jeen prepared by the  Bureau o f  Reclamation (INT 1)ES 76-10) 
which v i l l  f u r t h e r  desc r ibe  t h i s  p r o j e c t  and t h e  f ind ings  o f  
r e l a t e d  environmental s t u d i e s .  



In b r i e f ,  the  Colorado River Basin P i l o t  Project  is a 5-year 
weather m d i f i a t i o n  experinent in  southwestern Colorado f o r  
augmenting m t e r  supplies .  Winter snowfall is expected t o  
be increased an average of about 15 percent by cloud seeding. 
This  r e l a t i v e l y  s l i g h t  increase  w i l l  be inposed upon t h e  
a l ready highly va r i ab le  extrenes of seasonable snowfall. 
About 250 kilograms of s i l v e r  iodide w i l l  be burned during 
a typica l  winter season t o  a f f e c t  a 1,300-square-mile t a r g e t  
a rea  . 
Evaluation o f  seeding r e s u l t s  and r e l a t e d  c o s t s  of the  P i l o t  
Project  is being ca r r i ed  out  by a p r i v a t e  cont rac tor  independ- 
ent  of o the r  p ro jec t  operat ions.  Although f i n a l  evaluation is 
not  schedulad t o  be completed u n t i l  1976, preliminary r e s u l t s  
ind ica te  t h a t  the  p i l o t  p ro jec t  is producing s i g n i f i c a n t  
increases  in p r e c i p i t a t i o n  i n  t h e  t a r g e t  a r m .  Current e s t i -  
n a t e s  are that the  water supply within t h e  Colorado River 
Basin could be increased up t o  1.3 mi l l ion  ac re - fee t  per  year 
by s e l e c t i v e l y  seeding the  warmer winter stonns ovar t h e  
basin. 1471 

The cos t  of  t h e  water produced would be about $5.50 par  acre-  
foot  which includes subs tan t i a l  monitoring and addi t ional  
research c o s t s  a s  well a s  t h e  production cos t s .  The revenue 
frtm t h e  addi t ional  power t h a t  t h i s  added water would gener- 
a t e  in  t h e  main-stem powerplants o f  t h e  Colorado River alone 
would be a b w t  $5 mil l ion  o r  enough t o  o f f s e t  t h e  e n t i r e  c o s t  
of  t h e  projec t .  I n  addi t ion ,  water q u a l i t y  dormstream would 
be enhanced, t h e r e  could w e l l  be favorable impacts on t h e  
a c t i v i t i e s  being ca r r i ed  ou t  by t h e  United S t a t e s  pursuant t o  
Minute No. 242 t o  the ? l a i c a n  Water Treaty r ecen t ly  negotiated 
by Mexico and t h e  United S t a t e s ,  and t h e r e  would be some insur-  
ance aga ins t  a p o t e n t i a l l y  fu tu re  adverse runoff cycle.  

The pro jec t  s tud ies  are not  y e t  concluded, but t h e  present  evi -  
dence does not  suggest any d r a m t i c  d i r e c t  ecological  conse- 
quences from such a program. A t  t h i s  time, changes cannot be 
predicted which wuuld r e s u l t  from t h e  in te rac t ion  and propa- 
gat ion through the  ecological  system of  many ninor i n d i r e c t  
e f fec t s .  The r e l a t i o n s h i p  of some of these  changes t o  h m n  
a c t i v i t i e s  and values is not  f u l l y  understood. Environmental 
monitoring s tud ies  a r e  therefore  an important p a r t  o f  the  cur- 
r e n t  inves t iga t ive  progran, and should be continued a s  part o f  
any new program. Seeding w i l l  be suspended i n  seasons of 
heavy mowfall ,  o r  during periods o f  avalanche danger. Ava- 
lanche research is  k i n g  conducted t o  determine e f f e c t s  of 
increased snow on avalanches and to inprove avalanche fore- 
cas t ing  techniques. 



A large-sca l e  demonstration operat iona 1 cloud seeding program 
i s  proposed in  the  Colorado River Basin fo r  t h e  production o f  
new water t o  meet t h e  e s sen t i a l  nat ional  needs and t o  s u f f i -  
c i e n t l y  f i rn-up s t a t e  supplies .  A range of design a l t e rna t ives  
with staggered s t a r t i n g  da tes  f o r  t h e  separate proposed areas  
i s  possible.  With author iza t ion  and funding i n  FY 1977 seed- 
ing can be s t a r t e d  i n  the  f a l l  o f  1978. 

There a r e  s ix  nain po ten t i a l  cloud seeding areas  in  the  Colo- 
rado River Basin Zegion. The po ten t i a l  flow ava i l ab le  t o  t h e  
Colorado River from t h e  demonstration operat ional  cloud seed- 
ing program is  estimated by t h e  USBR t o  be 700,000 acre- fee t  
annually. The denonstration ~ o g r a r ~  rmuld exerc ise  cons t ra in t s  
on t h e  operation when increased snowpack l eve l s  would result 
i n  hazards such a s  avalanches o r  floods. 

The implenentation o f  t h e  demonstration program nay be af fec ted  
by a number of  external  f ac to r s .  Cloud seeding i n  wilderness 
and p r imi t ive  a r e a s  has not been genera l ly  accepted with the  
Forest Service o r  t h e  k t i o n a l  Park Service. Either  a clear 
adminis t ra t ive  d e f i n i t i o n  o r  separa te  l e g i s l a t i o n  is required. 
Ongoing and fu tu re  la rge-sca le  seeding operat ions such a s  
those  i n  Utah w i l l  r equ i re  a high degree of coordination and 
cooperation. Recognition of claims fo r  r e a l  o r  al leged d i s -  
benef i t s  from persons i n  t h e  p ro jec t  o r  adjacent  areas  and in  
the  a rea  receiving increased runoff must be reconciled f o r  a 
successful  program. A balmccd pol icy  and legal  precedent 
w i l l  need t o  be fornmd and implemented. 

I t  is axiomatic that i f  t h e  flow of t h e  Colorado River is 
increased through weather modification, the re  w i l l  r e s u l t  an 
increase in  t h e  tonnage of s a l t  t h a t  nus t  be c a r r i e d  by t h e  
r i v e r .  So long as a l l  ar a subs tan t i a l  pa r t  o f  t h e  augmented 
supply is allowed t o  flow d i r e c t l y  d m  t h e  r i v e r  system t o  
incraase  t h e  supply t o  t h e  Lawer Basin, t h e  water q u a l i t y  i n  
t h e  Lower Basin w i l l  be improved. On t h e  o ther  hand, nhm 
and i f  t h e  augmented supply i s  consumptively used by p ro jec t s  
having r e t u r n  flaw i n  t h e  Upper Basin, t h e  q u a l i t y  t o  t h e  
h e r  Basin w i l l  be degraded. 

A t h e o r e t i c a l  increase  of  t h e  v i r g i n  f l a t  of  the Colorado 
River by about 2 mi l l ion  acre- fee t  p e r  year  could add about 
700,000 tons  o f  dissolved n ine ra l s  and 12.5 mi l l ion  tons of  
sediment t o  t h e  r i v e r  annually. Huuever, t h e  n e t  d i l u t i n g  
e f f e c t  o f  this increase  would be t o  reduce t h e  s a l i n i t y  a t  
Imperial Dam by about 70 mg/l. A more s i g n i f i c a n t  iapact  on 
water q u a l i t y  muy r e s u l t  from t h e  uses to which t h e  neu water 
increment i s  applied. The s a l i n i t y  problem could be aggra- 
vated i f  the  neu  water were used t o  p lace  'additional lands 
under i r r i g a t i o n  o r  energy developmnt.[47] 



Withwt control measures, the probabili t ies of avalanches and 
f loads would increase. With well-managed control programs, 
present avalanche hazards could be lessened. By incorporating 
a weather and snm forecasting program, the losses f r o m  flood 
effects  could also be reduced below the present l w e l .  

Haavy runoff or floods are  primarily a function of the water 
content of the snonpuck, temperature, and precipitation. 
Thus, these hydrologic events a re  an occurrence in compound 
probability. Surveyed snow courses established i n  the moun- 
tains pmvide data on the water contmt of the mowpack. 
These data along with recorded and forecasted cliaratological 
data a re  used t o  analyze the probable runoff f r o m  any storm 
event o r  seasonal period. Historical records of such recorded 
and forecasted wents  are used to  deternine flood control 
parameters that  form a part of the design c r i t e r i a  used for  
a l l  regulating strvctures an the Colorado River. 

Yost of the storage reservoirs in the Colorado Rivm Basin 
have flood control space (vacant storage] allocated as  part  
of the i r  original authoriration. These reservoirs a r e  nor- 
mally operated for  flood control on a seasonal volume fore- 
cast  basis. - reservoirs b e  inviolate flood control 
space tha t  can only be used to  control floods. These reser- 
voirs  a m  norpelly operated on a rule-curve which defines 
the muhum storage t o  be allocated for each mnth. 

Cloud seeding would necessarily be suspended .in any season 
of heavy snowfall o r  whenever the forecasted volume of run- 
off  caused the required flood control space to q u a 1  the 
actual flood control space. 

Plants and animals respond slowly t o  snvironawntrl changes. 
Incrysed snowpack llrould have a d i rec t  effact  on aquatic l i f e ,  
wildl i fe  and its babitat ,  and insect l i fe .  I f  the snowpack is 
of suff ic ient  depth, there c w l d  be some loss of f i s h l i f e  in 
high nountain lakes. A longer snow s e a m  would force d w r ,  
elk, and livestock t o  r m i n  on winter ranges longer. 

The changes in  vegetation resul t ing from snoupeck increases 
would be subtle. Any increase o r  decrease in vegetation 
types would b v e  some effect on species of m l s ,  birds, 
and insects. In sums instances, populations might decline; 
in other instances, increase. 

There might be sons indirect  effects  on dormstream aquatic 
environments i f  the program increased the snowpack and the 
resulting snowraelt decreased the downstream temperature of 



t h e  r i v e r  o r  stream. A few degrees of change could a l t e r  
the  d i s t r i b u t i o n  of aquatic organisms and change the  timing 
of breeding seasons, l i f e  cycles,  and growth. 

There would a l s o  be e f f e c t s  on the  mnrrrade anvironment i n  
the  t a rge t  area .  Work a c t i v i t i e s  such a s  mining and timber 
cu t t ing  could be  made somewhat m r e  d i f f i c u l t  i f  the re  were 
an increased mowpack. The n o m l  a c t i v i t i e s  of nan in a 
mountain c o m i t y  a l s o  could be made s a m e w h a t  more d i f f i c u l t ;  
f o r  exaarple, driving,  working out-of-doors, maw removal, and 
winter r e c r m t i o n  a c t i v i t i e s  would a l l  be af fec ted .  

In t h e  a lp ine  tundra, somu plan t s  show no response t o  va r i -  
a t i o n s  of snow dspth while o the rs  ind ica te  retarded growth o r  
l a t a r  onset  of flowering. Increased snw appears t o  shorten 
t h e  period of po l l ina to r  insect  a c t i v i t y ,  but seams t o  have 
l i t t l e  o r  no e f f e c t  on q u a n t i t i e s  of seed s e t .  

A lung-continued c lo~ld  seeding progrm in a given l o c a l i t y  
would r e s u l t  i n  present plant  cammmities changing t h e i r  
p r e f e r a c e  t o  a aore  hydric anvhnment .  Several aspects  
of small mmml population changes below t imberl ine might 
be re la ted  t o  s n w  v a r i a b i l i t y .  Erosion m l d  probably 
increase s l i g h t l y .  The magnitude of t h e  increase m l d  
depand upon several  f ac to r s ,  such a s  slope,  vegeta t ive  cover, 
p r a i p t i a t i o n  in tens i ty ,  r a t e  of s n a m e l t ,  and bumming 
a c t i v i t i e s  of  rodents. 

In t e ~  of Basin hydrology, t h e  expected increase i n  f l w s  
i n  t h e  Colorado River Ensin m l d  not cause t o t a l  flws i n  
t h e  r i v e r  t o  sxceed ths long- tem average of t h e  1896-1921 
pariod; therefore,  t h e  e f f e c t  would be t o  gradually increase 
t h e  present  yearly flw t o t a l s  t o  appmacbhg  the higher long- 
term average. Na problsas of damging f loods u e  m t i c i p a t a d  
because adequate f l d  control  measures have beat  hwrpontd 
i n  t h e  opera t ian  of  t h e  r ese rvo i r  systems of the Colorado River 
Basin. 

Technically, weather aod i f i ca t ion  is a revers ib le  system; it 
can be t u n e d  on and o f f  a t  w i l l ,  and causes unly minim1 d i s -  
turbance t o  the  physical surroundings. 

d. Importation. - The cmcupt of augmentation by importation 
can be genera l ly  eonsidered as in terbas in  t r a n s f e r  of water 
supply t o  the ~ o l o r a d o  River Basin. 

Sources of iarport water include basins with surplus surface  
uatm and/or mining of ground water frog adjacsnt  basins, o r  



poss ib ly  icebergs towed t o  coas ta l  a reas  from the  a n t a r c t i c  
regions of  t h e  world. I m p r t a t i o n  configurat ions tapping 
these  sources o f  water involve w e d - s t o r a g e  schcatss, open 
and closed conduits ,  of fshore  p ipel ines ,  tunnels ,  and o t h e r  
convent iml overland sys t  a s .  

Transfer o f  w a t e r  from a r e a s  of surplus,  such a s  Alaska o r  
t h e  Paci f ic  Xorthwest, has hem contemplated but l e g i s l a t i v e  
c o n s t r a i n t s  have been inposed prohibit in^ current  study of 
t h i s  po ten t i a l .  P.L. 90-537, Suction 201, provides tha t  
''* f o r  a period of 10 years  from t h e  d a t e  of t h i s  Act, 
(1968), the  Secretary s h a l l  not undertake reconnaissance 
s tud ies  o f  any plan f o r  the  inpor ta t ion  of water i n t o  the  
Colorado River Basin f r o m  any o the r  na tu ra l  r i v e r  drainage 
basin ly ing o u t s i d e  the  S t a t e s  of Cal i fornia ,  Arizona, Col- 
orado, New Hexico, and those por t ions  of Nevada, Utah, and 
Wyoming which a r e  in t h e  na tu ra l  drainage basin of t h e  Colo- 
rado River." 

Since these  studies have not  and cannot be i n i t i a t a i  f o r  some 
time, in te rbas in  t r a n s f e r  of  ua te r  a s  an a l t e r n a t i v e  source f o r  
s a l i n i t y  cont ro l  i n  l i e u  o f  t h e  CRWQIP is not present ly  feas ib le .  
In addi t ion ,  t h e  norm1 lead time from t h e  start of planning 
through au thor iza t ion  and construct ion ftm i n t e rbas in  transfer 
of water could requi re  20 to  30 years or mrs. Envirannental 
impacts from any convantimml, in ta rbas in  t m n s f u r  sys tsn  would 
be similar t o  those experienced fron s t a rage  rese rvo i r s ,  canals ,  
p ipe l ines ,  e t c .  Moreover, addi t ional  impacts an tb m i r o m a n t  
w u l d  be experienced ou t s ide  t h e  cu r ren t ly  an t i c ipa ted  p ro jec t  
a r m .  

e. Carusrvation and Reclamtion.  - The r e m i n i n g  r l t e r h s t i v e  
sources of water supply f o r  t h e  CoMrabo River o r i g i n a t e  within 
t h e  Basin a d  are gsnara l ly  a i d  a t  conserving prasent  supplies .  
These a l t e r n a t i v e s  include Vegetativ6 hnagsnent , Water R a c l a m -  
t i o n ,  and Watershed Manag-t. 

(1) Vegetative mnagmant .  - esf imtd 22,1106 acres of  
vegetat ion on Redamntion d l t h d r a m  lands slow t h e  Lower. 
~ o i o r a d o  River a r e  r v e i l a b l e  for a vegeta t ive  k a B s r a a n t  
p r a m .  Capital  c o s t s  of such a measure are s s t i m t e d  a t  
about $2,900,000. 

Nearly h l f  t h e  22, WCt acres are idemtf fied in the Lower 
Colorado Rivsr  Land UM Plan (1964) as p o t e n t i a l  parks,  
r ec r sa t ion  a reas ,  or w i l d l i f e  lands, Therefare, any veg- 
e t a t i v e  m n a g m a n t  pmgm m u l d  requ i re  coordinat ion 
with these proposed uses,  a r  t h e  proposed w e s  deferred 
o r  a l t e r e d .  



-* tar  now being l o s t  t o  evaporation and t r ansp i ra t ibn  night 
.-~2 salvaged using this concept. Estimated salvage mid be 
.93,000 acre-feet  i f  2.7 acre- feut  were considered t h e  con- 
-umptive use d i f f e r e n t i a l  between t h a t  used by phrtatophytes 
cu r ren t ly  i n  t h e  area  and replacemmt vegetat ion following 
program implementation. An annual maintenance program would 
be required t o  cont ro l  regrowth unless a replacement vegeta- 
t i o n  were found t h a t  need not be control led.  Theoret ical ly,  
t h i s  measure would reduce the  s a l i n i t y  a t  Imperial Dam by 
15 mal. 
W e v e r ,  considerable speculat ion exists today a s  t o  whether 
r s w v i n g  phreatophytic vegetat ion would a c t u a l l y  .improve water 
q u a l i t y  in r e l a t i o n  t o  salt concentration. The Pac i f i c  South- 
mst Inter-Agency (=amrittw, who for  t h e  past 24 years  has 
bean studying t h e  f e a s i b i l i t y  of r emving  p h r e a t q h y t e s  t o  
improve water qua l i ty ,  has been m a b l e  t o  reach a unanimus 
opinion. Research i n t o  m i p u l a t i o n  of phreatophytic vege- 
t a t i o n  t o  s a l v a ~ e  watm has not been undertaken along t h e  
Loner Colorado River. 

This measure would a l s o  a f f e c t  sme of the  r a i n i n g  wild- 
l i f e  h a b i t a t  along t b e  Lower Colorado Rivur. These e f f e c t s  
might not  a l l  be  adverse s ince  p a r t  of t h e  replacement veg- 
e t a t ion  might use  less water and might a l s o  provide squiv- 
alsnt w i l d l i f e  values. T h e n  would be a short-term impact 
on w i l d l i f e  during program inplsnantat ion and a long-tarn 
impact if s u i t a b l e  ruplacammt vegetat ion f a i l e d  t o  gmw. 
There would be adverse effects m e s t h e t i c  values during 
implmentat ion.  Several years  a r e  required t o  ragraw veg- 
e t a t i o n  a l m g  t h e  Color& River; dus t  pmblaru  would 
increase  during t h e  interim. 

The value  of vsget . t ive mumgemant hms been debated, since 
hab i t a t  is destroyed during vegeta t ive  rsasoval. The veg- 
e t a t i v e  m a ~ g e a a n t  pmgraa  m l d  be ained t w a r d  providing 
replacement vegetat ion hsving w i l d l i f e  values, which would 
be taken i n t o  account i n  the  planning phase. !Some areas 
m u l d  r s e s i n  i n t a c t ;  o the r  a r e a s  would be se lec t ive ly  
cleared, al lawing d e s i r a b l e  p lan t  species t o  rerruin. S t i l l  
o t h e r  areas wwld be a m p l e t s l y  c leared  and replanted t o  
mre des i rab le  na t ive  p lants .  Vegetation mana~creant would 
a l s o  a f f e c t  t h e  insec t  l i fe  in  t h e  area .  Since dense vege- 
t a t i o n  p m v i d a  a source of hmsy,  and with the  spraying of  
farmland areas ,  m n y  beekeepers move t h e i r  bees t o  the  dense 
vegeta t ive  a r m s  along the  Lowsr Colorado River t o  p ro tec t  
t h e  bees from l e t h a l  sprays. A l l  t hese  aspects  a r e  cur- 
r e n t l y  prapossd f o r  study by t h e  Lower Colorado Region of  



the b e a u  of Reclbm&th i n  connctt2on ~ 6 t h  i t 9  C d w a d o  
River management responsibi l i t ies .  

(2) Water r e c l a m t h .  - Reclamtion rbF rrunfClpal rnd indus- 
t r i a l  wastewater i n  the Basin of fe r s  m e  promise f o r  recycl- 
ing of present supplies, Since wastwater-must be acten-- 
s ively treated t o  meet pollution discharge requirments under 
P.L. 92-500, r w e  of t h i s  water b e e m s  m r e  practicable. 

Some specific benefits  that  can be derived from development 
of wastewater are:  (1) additional use through recycling, 
(2) environmental enhancement, (31 improved watm quali ty,  
and (4) possible econmic benefits if tha r l t e rna t ive  source 
of water is Rore q e m s i v e .  

Wastewater magenan t  plans a r e  necessary for  urban areas 
throughout the Colorado River Basin. These plans a r e  
inteaded t o  iaplsnent the goals of the Ped-1 Hater pol- 
lution Control Act (P.L. 92-500). i .e . :  

(a) That the discharge of pollutants in to  the naviga- 
ble  water be eliminated by 1985; and 

(b) *t, w ) r b ~  d t t l h a b l b ,  all ~ t m i ~  0f mt8T 
qual i ty  uhich p v i d e s  f o r  the  p r ~ t w t i a n  of f i sh ,  
she l l f i sh ,  and wildl i fe ,  and p v i d s s  for  recreation 
in and on the watar, be 8chisvad by Ju ly  1, 1983. 

Section 208 of P.L. 92-500 df r sc t s  Gbvesnms ab tha States 
t o  ident i fy  a r m s  which, BS a r e su l t  of urban-Lndustrfial 
concartration o r  other f d ~ t b r S ,  hava substantial  water 
qual i ty  control problams, Tha Governors nust dsrignete 
(a) boundaries of each such -em, and (b) a single repre- 
sentat ive organiation, .  indudinn elected o f f i c i a l s  frum 
local govarnamts or the i r  d e s i g n ~ s ,  capable of dwelap- 
ing effect ive a rmuide  waste treatment ~ n u g e U ~ s n t  plans 
for  ~ u e h  areas. 

To i d m t i f y  the xmgnitude of uatar qublity degradation and 
ta design systams to solve t h i s  problem, consti tuants a d  
physical c h u a c t e r i s t i c s  8 u ~ h  as b a t  and ntsr volume must 
be mecounted f o r  by m e ;  for example: (a) p i n t  ~ ~ u r c e s  
of pollution, including nnmicipali smsge and stam scwsr 
wrtfal ls ,  am! industria1 a u t f a l l s ,  including th-1 d i s l  
charges; (b] nonpoint swrcm including urban and r w u l  
nmaff, acid md other  dne hainage ,  c a n s t m t f m  runoff, 
and salt uater in tmsian ;  and (3) inptace or ammulated 
pollution sources. 



Unless the  problems associa ted  with cons t i tuents  from 
these  sources a r e  underst&, it is unl ike ly  t h a t  the  
impacts gonerated by a wastewater system w i l l  be fare-  
seen and properly assessed.  Identifying the  c o n s t i t -  
uent  loads by s o m e  a l s o  w i l l  allow establishment o f  
p r i o r i t i e s  for  planning, and i s  necessary t o  a s su re  
that wastewater mmgement systems designed for  sources 
of immediate concern a r e  compatible with fu tu re  systems 
design t o  handle o ther  saurces. 

Recycled wastewate~ has been used for  mony purposes, of 
which i m i g a t i o n  of mops,  dwelopsent  of r ec rea t iona l  a reas ,  
and w o l i n g  m t e ~  are the  m r e  ~~n. More research is 
needed oa t h e  use of recycled water f o r  i r r i g a t i o n  i n  
r e l a t i o n  t o  t h e  long- tem e f f e c t s  upon soils, crops, a rd  
g m m d  mat-. Because of t h e  uncer ta in ty  of h e t h e r  pres- 
en t  treatment wtMs can e l iminate  pathogenic organisms 
fm wastewaters, and t h e  i n a b i l i t y  t o  i d m t i f y  and prop- 
agate  tham in the  laboratory,  wastewater should not be 
d i r e c t l y  reused f o r  drinking. Further research i n  this 
arm is -ired t o  a s su re  t h a t  public  hea l th  i s  not endan- 
gered. Curtant  u n d e ~ s t m d i n g  of ecological  prwcesses indi -  
c a t e s  that t h e  high q u a l i t y  of  untercourses a n  be assured 
by reducing t h e  lmls  of wasteuater impurities so a s  t o  
preclude s i g n i f i c a n t  adverse environmental a f f e c t s  o r  
social-hygienic impact. 

Reclamation of wastewate~ w i l l  p lay  an inpor tant  p a r t  in 
water q u a l i t y  improvement. The Federal Water Pollut ion 
Control Act Ansndrsnts of 1972 will have a m s i d s r a b l e  
effect on f u t u r s  wastewater suppl ies  and recycling. I t  
a u l d  r e s u l t  in -tar users  recycling mre of t h e i r  wastes 
f o r  t h e i r  o m  us.e r a t h e r  than t r e a t i n g  them s u f f i c i a n t l y  
f o r  r e t u r n  to streams. This  w l d  r e s u l t  En a reduction 
o f  wastewater discharges and l e s s  danand on ava i l ab le  
f r e shua te r  supplies. 

h d e r  current  plans,  a l l  wastes a r e  treated t o  an equiv- 
a l e n t  secundary lwel, a f t e r  which t h e  t r e a t e d  e f f luen t  is 
applied to t h e  land f o r  r e m v a l  o f  addi t ional  impurities 
by i n f i l t r a t i o n  t h r w g h  t h e  s o i l .  )(at- is thus W e  ava i l -  
a b l e  by ground-water recharge and is ava i l ab le  f o r  unre- 
s t r i c t e d  i r r i g a t i o n  and recrea t ion  uses. In addi t ion ,  mining 
and o the r  i n d u s t r i a l  uses are being studied.  Potent ia l  hea l th  
hazards and o the r  p s s i b l  e adverse environmmtal consequmccs 
r e s u l t i n g  f w  u t i l i z i n g  soil f o r  impurity removal by f i l t r a -  
t i o n  have not been f u l l y  evaluated. Further s tud ies  of path- 
ogen and/or o ther  bacterial response, t h e  e f f e c t s  on the s o i l  



f e r t i l i t y ,  percolation r a t e s ,  and long-term ground-water 
recharge will be required before t o t a l  hemlth and,other  
environmental e f fec t s  can be predicted i n  the sarvice 
a-rea. 

Rased on present volumes, reuse, and other factors ,  there  
appears t o  be l i t t l e  potent ia l  for  augnenting the  uater  sup- 
ply of the  Colorado River Basin through uastswatm mmagment. 
Most of the  p re smt  sources a r e  being u t i l i zed  e i ther  inci-  
dental ly  OT through constructed f a c i l i t i e s .  Nonutilization 
is due t o  limited quant i t i es  a t  spec i f ic  l -a t ims ,  p o r  
qual i ty ,  excessive treatment costs ,  lack of technical p m -  
esses for  reclaiming, no imnediate need for  the reclaimed 
water, lsgal cmpl ica t ions ,  and 0th- reasons. Much of the 
municipal effluent produced in the Basin is being discharged 
i n t o  streams o r  is returned t o  the  ground water, where it 
of ten becomes pa r t  of the  water supply avai lable  t o  m e e t  
area demands o r  d m s t r a a m  commitnsnts. 

The largest  rmmicipal eff luent  i n  the  Colorado River Basin is  
produced by the  Phoenix me t rop l i t an  area. Estimations a r e  
t ha t  i n  1970, a b u t  77,750 acre-feet  of eff luent  mu produced; 
by 1980, 146,000 acre-feet;  and by 2000, 271,WO acre-fast .  [40] 
Another large w a s t e u z i t e r  producer in Ar izona  is the Tucson 
metropolitan area. Presently, the effluent produced i s  about 
40,000 acre-feet  and is predicted t o  reach 88,000 acre-feet by 
the  year 2000. This resource i s  e i ther  being used for  i r r iga-  
t i on  OT is returned t o  the  Santa C r u z  River where it d is -  
appears into the  valley alluvium md evantually reaches the  
ground water. Other s ignif icant  sources of municipal e f f lu -  
ent and t h e i r  discharge points in  the  C o l m d o  b i n  are:  
Yuna,  Colorado Rivar; Flagstaff ,  Rio do Flag  Wash; Nogales, 
Santa CNZ River o r  fo r  i r r iga t ion ;  brango,  A n h a s  River; 
GHutd  Junction, Colorado River; Las Vegas, Las Vegas Wash; 
Hendersan, land; and Farmington, San Juan River. In most 
instances, the  uastewatar is returned t o  stream o r  the  
ground uater,  where it .becones avai lable  fo r  reuse. Many 
of the  smaller wastewater resources a r e  being lost fo r  
ruuse but t h e i r  reclamation is usually not aconolieally 
fsas ible .  

Although augmentation of w a t e r  supplies i n  the  Colorado 
Basin thrwgh wastewater mvlagment appears vary limited 
a t  pressnt,  future  increases i n  use of recyclud waste- 
water could help m e u t  water needs. Where Basin water 
supplies a r e  increased t M g h  reduction of e x p r t s ,  by 
weather modification, o r  other  mans,  wastewater supplies 



should incraase proportionally. For example, the  waste- 
water from the Phoenix area is expected t o  increase by 
a b u t  200,000 acre-feet annually by the year 2000. I t  
i s  not unreasonable t o  expect that  a t  l e a s t  half  of t h i s  
increase, ot 100,000 acre-feet, could be econmically 
reclaimed and put t o  some k n e f i c i a l  use e i ther  through 
planned developments o r  through incidental use. 

Other ctpportunities exis t  fo r  augmenting the  water supply 
through wastewater management i n  the Bssin. One possi- 
b i l i t y  is the subst i tu t ion of rsclained water fo r  water 
exported fram the  Colorado River. I f  a portion of the  
large quant i t ies  of mtar discharged t o  the  oceun in South- 
ern California were reclaimad, same could be exchanged f o r  
watsr received from the  Colorado. California naw gmerates 
about 2.4 million acre-fes t  of wastewater, of which 1.4 nil- 
l ion acre-feet  a r e  su i tab le  f o r  reclamation. Colorado River 
wutst previously exported could be used t o  augment inbasin 
supplies. l-buuver, m y  legal  obstacles would neud t o  be 
overcme t o  obtain rightg t o  the wastmtsr and t o  nego- 
t i a t e  the  exchange. An exchange of reclaimed w a t e r  fo r  
f r e shmte r  would be d i f f i c u l t  and unlikely,  In Colorado, 
plans a r e  already u r t d m y  f o r  recycling much of the wastes 
resul t ing from use of water diverted t o  the East Slope. 

Future projected water requirements in the Colorado River 
Basin great ly  exceed the  quanti ty of ms teua te r  poten- 
t i a l l y  fo r  reuse. Thus, recycling is not a pract ical  o r  
viable  a l tarnat ive ,  but m y  be a necessary supplement t o  
augment the  Colorado River. 

C3) Watsrshed magemant.  - Watmshed managmmt is 
directed toward the  use of land to improve quanti ty and 
q u r l i t y  of water, t o  reduce arosion and sediment yield,  
and t o  m i n t a i n  and enhance a pruductive watershed. Proper 
mnagmeart rut consider many factors ,  including past  use 
of the  l a d ,  ounership patterns, vegetrt lve types, clirrrate, 
and physiography. Any we1 1-balmneed watershad managment 
program raust consider t h e  use and dcvelqmant of such 
resources a s  timber, forage, and u i l d l i f e ,  and such social 
va lues as recreation, es thet ics ,  and pcpulation dispersal .  



Studies  i n  Arizona and watershed research in  Colorado, and 
o ther  intermwntain s t a t e s ,  the  Paci f ic  Northwest, and Cal i -  
fo rn ia  a r e  providing valuable infornution fo r  land managers. 
A t  t h i s  t i n e ,  however, fu r the r  study is needed before the  
e f fec t s  of various watershed mnagement prograns can be 
r e l i a b l y  determined, c e r t a i n  conclusions can be drawn, and 
bas ic  assumptions can be made from ex i s t ing  research.  G e n -  
e r a l l y ,  l a rge r  incresses  in yie ld  a r e  associated with high 
p rec ip i t a t ion ,  and smaller increases  occur when p rec ip i t a -  
t i o n  is low. The p o s s i b i l i t i e s  f o r  increasing water y ie lds  
in  the  west appear t o  be mst favorable in a reas  o f  high 
e levat ion  and p rec ip i t a t ion .  Research has shown t h a t  par- 
t i a l  c u t t i n g  i n  some types o f  f o r e s t s  can provide b p p r t u -  
n i t i e s  f o r  increasing -tar yie ld  thmugh red i s t r ibu t ion  of 
t h e  heavy snowfall and reduced evapotranspirat ion.  Replace- 
m e n t  of n a t i v e  vegetat ion with g p s s e s  in Hlane a reas  has 
yielded inconclusive r e s u l t s .  

Mast of the  present  inves t iga t ions  involve m d i f y i n g  harvest- 
ing p rac t i ces  on conifer-covered lands and conversion o f  
chaparml  and munta in  bush t o  shallow-moted grasses and 
forbs.  One of the  major environmuntal considerat ions 
a s s e d a t e d  with t h i s  a l t e r n a t i v e  is t h e  conversion o f  
l a r g e  n-s of a c r e s  of n a t i v e  vegetat ion t o  that  o f  
grasses  and forbs. Ccnmplete conversion of na t ive  vegeta- 
t ion  to  grasses  and fo rbs  could not be accomplished without 
almst t o t a l  a l t e r a t i o n  o f  t h e  associa ted  fauna. The d i s -  
placement and a l t u r a t i o n  o f  ex i s t ing  species nay be f o l -  
lowed by e s t a b l i s h e n t  o f  species adaptable t o  a grass-  
land h a b i t a t  o r  by c rea t ion  o f  anpty niches. The impact 
of such d i s p l a c m t  and a l t e r a t i o n  is not  f u l l y  ham, and 
would vary h m  place  t o  p lace  depending upon the  area  being 
managed. 

The n e t  loss o f  vat- through evaporation and t ransp i ra -  
tion from the vegeta t ive  cover on a watershed varies with 
t h e  smount and kind of  vegetat ion p tesent ,  and in  fores ted  
a reas  with t h e  f o r e s t  c u t t i n g  p r a c t i c e s  employed, Harvest- 
ing timber tends t o  increase runoff .  Experiments with 
t o t a l  f o r e s t  cover removal have resu l t ed  in f i r s t - y e a r  
increases in runoff  ranging f r o m  1.3 to 18.0 inches. 
P a r t i a l  ramoval of vege ta t ive  w v e r  produces s rml ler  
increases  and, i n  same cases ,  no increase  a t  a l l .  Gm- 
e r a l l y ,  f o r e s t  management which involves hawes t ing  a l l  
of  t h e  t r e e s  i n  se lec ted  a r e a s  tends t o  produce g rea te r  
increases  in runoff  than a r e  produced by comparable 
reductions in  vegeta t ive  cover by hawes t ing  timber on 
an individual  t r e e  s e l e c t i o n  bas i s .  In the  West most of 



t h e  increased mter yie ld  occurs during t h e  winter and 
spring. Data ind ica te  a steady decl ine  in increased 
annual water yie ld  a f t e r  t h e  f i r s t  year of  vegeta t ive  
cover renoval. The r a t e  of dec l ine  depends upon the  
r a t e  of revegetat ion.  

Conversion of one ty?e of vegetal cover t o  another i n  
f o r e s t s  and brushlands has produced mixed r e s u l t s .  In 
t h e  Southwest, conversion from t r e e s  t o  grass on mist 
s i t e s  has s i ~ n i f i c a n t l y  increased runoff .  Similarly,  in  
t h e  West, subs t i tu t ing  grasses f o r  chaparral  has been 
found t o  increase  water runoff .  

I t  is poss ib le  t o  nenage f o r e s t  a reas  to increase snou 
accumulation o r  delay or advance melt f o r  t h e  purpose of 
regula t ing  t h e  amunt  of  water y ie ld  and t h e  timing of 
del ivery.  In m y  cases,  m d e  b a r r i e r s  can a f f e c t  
t h e  d i s t r i b u t i o n  of snow. 

A t  l e a s t  i n  som a reas ,  it appears t h a t  land management t o  
a t t a i n  small increases  i n  water supply can be accomplished 
without lowering water qua l i ty ,  d e m i n g  t h e  uatershed, 
or de te r io ra t ing  t h e  f o r e s t  snviromnmt. W l t  in  planning 
t h e  use  of land nsnagemmt techniquss t o  increase  water 
supplies ,  t r adeof f s  rmst be struck.  Imreases in  water 
y ie ld  u i l l  l i k e l y  reduce maximum timber y ie lds ,  r e su l t ing  
i n  modified econmic  and soc ia l  impacts on t h e  local  and 
regional  population. Recreation and wi ld l i f e  hab i t a t  w i l l  
a l s o  be  a f fec ted ,  and sane o f  these  e f f e c t s  may be adverse, 
p a r t i c u l a r l y  during the  tins of c u t t i n g  o r  removal. Although 
the concept has been studied f o r  decades, increased water 
production has been ins ign i f i can t  because of seeking these  
t r a d s a f f s .  S igni f icant  changes i n  s a l i n i t y  b e  t o  u a t e r s h d  
and vegeta t ive  cover management are  not expected by 1990. 
h s s a n t  in fomat ion  indica tes  t h a t  water increases devel- 
aped :ram watershed nanagemmt programs w u l d  not produce 
s u f f i c i e n t  quan t i ty  t o  be considered a s  a s u i t a b l e  a l t e r -  
na t ive  f o r  la rge-sca le  augmentation. 

B. Al ternat ives  f o r  I n i t i a l  Contml  Units f o r  Construction 

Since most of  t h e  con t ro l  u n i t s  discussed i n  previous chapters  a r e  
s t i l l  i n  an inves t iga t ive  stage,  the a l t e r n a t i v e s  presented in  t h i s  
chapter  r h w l d  not be  canstrued a s  t h e  only a l t e r n a t i v e s  available.  
Other a l t e r n a t i v e s  m y  present  themselves during t h e  course of ensu- 
ing inves t iga t ions  which w i l l  be presented in succeeding p ro jec t  and 
e n v i r m m t a l  repor t  s . 



I .  Las Vegas Wash Unit, Nevada ---- 
There a r e  four a l t e r n a t i v e s  t o  t h e  p r o w s d  plan discussed i n  
chapter  I .  These cons i s t  of ( I )  t o t a l  evaporation of a l l  co l -  
lec ted  flows a t  a s i t e  located outs ide  t h e  general p ro jec t  a rea ,  
(2) t o t a l  evaporation within Valley, (3) surface dam and r e s e r -  
vo i r s ,  and (4) no ac t ion .  

Vi r tua l ly  a l l  a l t e r n a t i v e s ,  with t h e  exception of  Iho action" 
must i n t e r f a c e  with t h e  municipal sewage treatment p lants .  This 
in te r face  c o n s i s t s  of bypassing AKT e f f luen t  around t h e  Las Vegas 
Rash and the  u n i t ' s  proposed in tercept ion  f a c i l i t i e s .  

a .  A l t e rna t ive  Ho. 1. Total evaporation of co l l ec ted  flows 
outs ide  t h e  Unit a rea .  - Three separa te  s i t e s  have bean invTsti-  
gated f o r  t h e i r  po ten t i a l  a s  disposal  a r e a s  f o r  waste water. [M) 
These sites a r e  closed bas ins  o r  subbasins and a r e  typ ica l ly  
occupied by a playa or dry  lake. The lakebeds a r e  va l l ey  f i l l  
depos i t s  cons is t ing  of s t r a t i f i e d  c l a y  and si l t  with sca t t e red  
lenses  o f  sand and g a v e l .  These beds may contain l a rge  amounts 
o f  so lub le  s a l t s .  The bas in  m y  be covered with mter a t  i r reg-  
u l a r  i n t e r v a l s  t o  form a temporary lake. The surface  is usual ly  
f l a t  and devoid of vegetat ion.  

The d r y  lakes  that were considered for t o t a l  maporat ion of 
co l l ec ted  s a l i n e  g m d  mer exist i n  Eldorado Valley, about 
16 miles f r o m  Las V s g a s  Wash; near  Jean, Narnda, about 27 miles 
frcm Las V q a s  Wash; and near  Apex, Nevada, about 26 miles from 
Las Vegas Wash. Inpact associa ted  with using any of these  
locat ions  would be s imi la r  a s  they a r e  a l l  located away from 
populated a r e a s  i n  barran d e s e r t  lands. Impacts of using 
locat ions  t h a t  a r e  f u r t h e r  from t h e  Wash would be increased 
by t h e  add i t iona l  length of export p ipe l ine  needed (hence 
more .)and f o r  rights-of-way required) and increased energy 
required for pumping t h e  s a ~ ~  PllDunt of water over t h e  longer 
d is tance .  

Inves t iga t ions  of  t h e  su r face  soils and shallow geology o f  
both the Eldorado Valley and Jean Lake s i t e s  ind ica te  t h a t  
it may not  be poss ib le  t o  avoid po l lu t ion  o f  the  reflonal  
p u n d  waters without extensive evaporation pond l in ing .  [S83 
Consideration i n  t h i s  s t a t emmt  is given only  t o  the  Dry Lake 
site, a s  t h i s  locat ion  w a s  de temined t o  o f f e r  the  g rea tes t  
s e c u r i t y  agains t  any p o t e n t i a l  degradation of regional  g m d  
waters due t o  t h e  subsurface leakage of s a l i n e  f l u i d s .  

(1) Description of t h e  a l t e r n a t i v e .  - This a l t e r n a t i v e  
involves a bypass p ipe l ine  fo r  A K T  e f f luen t ,  a subsurface 



interception f a c i l i t y ,  an intake pumping plant,  an export 
pipeline,  and t h r w  -11 regulating reservoirs or fore- 
bays with a capacity of a b u t  2s acre-feet  in conjunction 
with three pumping plants. 

In operation, t h i s  a l t e rna t ive  would e x p r t  a l l  c o l l o c t d  
Wash flows through a systen of three pumping s ta t ions  and 
holding reservoirs approximately 26 miles to dry lake near 
Apx,  Nevada. Physical data and r i~hts-of-way a re  s h m  
in the  following tabulation. Figure VIII-1 shows the  
re la t iunship of Dry Lake t o  other project features and 
one conceptual a l i nenmt  fo r  an export pipeline. 

Fentures 

Bypass pipel ine  

Interception f a c i l i t y  

Three e x p r t  pumping 
plants  and th ree  hold- 
ing r e semoi r s  or. fore- 
bays of 25-acre-feet 
capacity (6 acres 
required f o r  each) 

E x p o r t  p ipel ine  

Evaprs t ion  f a c i l i t y  

Description Rights-of -way (acres) 

60- inch-diameter 
concrete, 5 m i l e s  
l m g  

Subsurface hpr- 
vious bar r ie r  and 
w l l e c t i o n  system 

30-inch-diamter 
reinforced concrete, 
26 d l e s  long 

(2) D d p t i o a  of the  mvirumment. - The environment of 
t h e  mfect f a c i l i t i e s  lcxated in h s  Vems Wash would be . - 
t h e  same as described i n  chaptsr I1 of t h i s  snviromsntal  
statanant.  

The dry lake near Apex, Nevada, l i e s  in a closed basin out- 
s i de  of the  Los Vegas Valley appruximrtely 18 m i l s s  north- 
east of Las Vegrs, Nevada. The area r e q u i r d  for evapa- 
ra t ion  covurs appraxiraately 2,300 acres adjacent t o  and 
northuest of I n t e r s U t e  No. 15, between the  highway and the 
Amow Canyon Range of mountains. 





The dry lakebad is a barren expanse of  hardened c lay ,  sand, 
and silt covering approxinately 4 square miles and sur- 
rounded by sparse deser t  shrub nos t ly  of the  creosote bush 
family. The lakebed area  and p r i p h e r y  support l i t t l e  o r  
no w i l d l i f e  on a continuing bas is  o ther  than l i za rds ,  
inver tebra tes ,  and dese r t  rodents. I t  is pass ih le  tha t  
sone m m a l i a n  l i f e  uses t h e  lakebtd area for  drinking 
purposes a f t e r  infrequent ra ins torns .  

No s tud ies  have been m d e  on the archeological o r  h i s t a r -  
i c a l  resources of the  area.  

(3) Environmmtal impacts. - Impacts i n  t h e  Las Vegas 
Wash area  described i n  chapter  111 f o r  constructian and 
operation of t h e  proposed plan would remain t h e  sane f o r  
a l t e r n a t i v e  no. 1 with t h e  following exceptions: 

(a) Six  hundred ac res  o f  lands for  m a p r a t i o n  ponds 
wwld not be required and t h e  hab i t a t  previously l o s t  
t o  that fea tu re  wwld remiin as  is. However, 150 acres  
of land wwld be required f o r  t h e  expurt p ipel ine ,  and 
2,300 acres  i n  dry  lake f o r  the  evaporation f a c i l i t i e s .  

(b) A h t  6 a c r e s  o f  land required f o r  a second s tage  
desa l t ing  p lan t  would no longsr be subjugated, but 
18 ac res  of land f o r  rugulat ing rese rvo i r s  and puntpine 
pIants  would be needed. 

(c) Approximtely 27 n i l l i m  kWh of e Iec t r i ca1  energy 
would be needed annually t o  opera te  t h i s  a l t e r n a t e  versus 
31-68 mil l ion kWh/year f o r  t h o  proposed plan. 

(d) Operation of  t h e  a l t e r n a t e  would provide 6 addi- 
t iunal  job; whereas t h e  praposed plan u l t h t e l y  provides 
f o r  44 addi t ional  basic industry jubs. 

(e) Noise probloas associated with operat ian of t h e  
desa l t ing  p lan t  vould be eliminated although same addi- 
t iona l  noise  could be expected from increased punping 
opsra t  ions. 

There would be impacts associated with t h e  dry l ake  area  
with t h i s  a l t e r n a t i v e  that  would not be associated with 
t h e  proposed plan. There m u i d  alway3 be a watsr supply 
i n  t h e  lake  area  t h a t  is present ly  dry. In t h e  m r l y  
s t ages  t h a t  water would approximate t h e  ~ I i n i t y  of bas 
Vegas Waah natura l  ground watsr but  a f t =  m p r a t i m  
cormanced t h e  s a l i n i t y  would increase. Maximam depth 



of water would probably be no mre than about S f e e t  
and would f l u c t u a t e  i n  response to varying evaporative 
c l i m t i c  condit ions which m u l d  preclude any water- 
or iented  recrea t ion .  

The q u a l i t y  o f  water w i l l  degrade over t i n e  to preclude 
it fron being used by e i t h e r  f i s h  o r  w i l d l i f e  f o r  l i f e  
sus ta in ing processes. A population of shrimp o r  o the r  
v a r i e t y  of crustaceans my develop i n  the  lake area .  

Over time t h e  water l e v e l s  of t h e  lake w i l l  r i s e  and f a l l  
i n  r e l a t ionsh ip  t o  varying evaporation rates. A s  e v a p -  
r a t i o n  takes  place,  white chalk- l ike  s t a i n s  w i l l  d w e l o p  
on t h e  periphery of the  lake t h a t  w i l l  be c l e a r l y  v i s i b l e  
frm I n t e r s t a t e  No. 15. Such an effect is usual ly  ea thet -  
i c a l l y  o b j ~ t i o n a b l e  t o  t r a v e l e r s  who witness it. !do 
o the r  s i g n i f i c a n t  sociouconomic impacts have ken 
i den t i f i ed .  (571 

Impleanantation o f  t h i s  a l t e r n a t i v e  would be smewhat con- 
t r a r y  t o  t h e  S t a t e  of Nevada's p r inc ip les  f o r  development 
and use  of water. These p r inc ip les  a r e  based on conser- 
va t ion  and benef ic i a l  use. Tota l  evaporation schemes, 
While econmica l ly  f e a s i b l e ,  a r e  not i n  harmony with cur- 
r e n t  i n t e r p r e t a t i o n s  of benef i c i a l  use. In addi t ion ,  a 
t o t a l  evaporation schme  wauld d e p l e t e  t h e  Colorado River 
of  up t o  14,480 ac re - fee t  per  year o f  ava i l ab le  ua ter .  
This  e f f o c t  would be f e l t  t h e  wst by t h e  c i t i z e n s  o f  
southern Nevada a o  would lose  t h i s  po ten t i a l  c r e d i t  f o r  
r e t u r n  f l o m  f u r t h e r  r e s t r i c t i n g  t h e  supply of an already 
l imi ted  resource. 

A v a r i a t i o n  of  this concept c a l l e d  t h e  "AWl"' plan m l d  
involve a po ten t i a l  p i p e l i n e  t o  c m e y  AUI' water t o  a 
proposed powerplant near t h e  D r y  Lake area.  The p lan t  
wcwld use  AUI' wastswater f o r  cooling purposes. J o i n t  
use of  t h i s  p i p e l i n e  could provide a lnaans t o  convey 
s a l i n e  f laws fm Las Yegas Wash t o  D r y  Lake f o r  ewapora- 
t ion .  The mst se r ious  cmcern  of t h i s  plan i s  t h e  uncer- 
t a i n  scheduling o f  t h e  pmposed pewerplant and t h e  lack 
of =tar conservation. 

b. Al t e rna t ive  No. 2. Total  evaporation of  co l l ec ted  flows 
within Valley. - 

(1) Description of t h e  proposal.  - This a l t e r n a t i v e  
involves the  same fea tu res  and a l inenents  as t h e  pro- 
posed plan in chapter  I without a second s t age  desa l t ing  
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f ac i l i t y .  The intake pumping plant would have the snms 
capacity but t h s  brine disposal pipeline would lm 30 inches 
in diameter instead of 18 inches. Approxh te ly  2,300 acres 
of land would evsntllelly h required for evaporation ponds. 
%me of t h i s  land would probably be available f r o m  the WI 
complex in Henderson, and would require the rehabi l i ta t ion 
of existing pond a r m  and mslnbrane l ining t o  prevent seepage. 
&me land Alight a lso be required from the exist ing commer- 
c i a l  sand and gravel operation east  of the  WI ponds. Fig- 
f u r s  VIII-2 i s  a view of the exist ing ponds. The anergy 
requirement fo r  t h i s  a l te rna t ive  would amunt t o  about 8 kWh. 
The following tabulation shows the physical and rights-of-way 
requirmants:  

F a s U a s  Description Rights-of -nay (acres) 

Bypss pipeline 

Interception Fac i l i t y  Subsurface W r -  20 
Y ious barrier and 

,* 
- ool lsct ion s y s t w  

Intake pumping p lmE ' ' 20 f t3 / s  500-ft Id.. 2 

Disposal pipel ine 30-inch diameter, 
3 m i l a s  long 

Evaporation pbnd Manbrane lined 2,300 

(2) Description of the amrironmant. - The envirament of 
t h i s  a l t m a t i v e  muld be similar t o  that  of  the proposed 
plan which is  described in chapter I1 of t h i s  statement. 

(3) lrrpact of the proposed al ternat ive.  - The impacts of 
coswtructicm and operation of t h i s  proposed a l t m a t i v e  
wwld be similar t o  those of the proposed plan with the 
following exceptions: 

Construction of a second-stage desalt in^ plant would ' 

mt be required and 6 acres of wildl i fe  habitat  would 
not be subjugated t o  this use. 

Up t o  1,700 acres of exist ing ponds muld have t o  be 
rehabi l i ta ted fo r  use. These I d s  a r e  presently void 
of natural  vegetation k r t  do support thick stands of 
vegetation of the s a l t c d r  corrmunity on the pariphery 



Viaw of Basic ?knagement Incorporated disposal pond area. 

Figurn VIII-2 
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of the  ponds. This vegetation would probably not rees- 
t a b l i s h  i t s e l f .  

The evapbration ponds will in a few years develop a 
white s t a i n  through salt deposi t s  a f t e r  evaporation 
of  salt water, and may c r e a t e  an adverse e s t h e t i c  
impact. 

The ponds, even though fenced, would pose a secur i ty  
hazard f o r  those who would view area  as a recrea t ion  
po ten t i a l  (primari ly t h e  young). 

Use of  the  ponds would preclude o t h e r  forms of devel- 
apraent. A s  discussed in  chapter  111 there i s  a 24 par- 
cant  probabi l i ty  of t h i  s land being used f o r  hausing 
development i n  year  2000. I f  this m c h  land were ava i l -  
a b l e  f o r  development, it could a c c o m d a t e  up to 15,000 
people a t  the  0.151 dens i ty  r a t e  per ac re  described in 
chapter  I 11.1571 

Operation of t h e  p r o j e c t - w i l l  r equ i re  8 mi l l ion  kWh of 
energy annual 1 y . 
As explained i n  a l t e r n a t e  No. 1 t h e  concept of t o t a l  
evaporation is contrary t o  t h e  S t a t e ' s  p r inc ip le  f o r  
developmant and use o f  water and would r e s u l t  i n  a 
deple t ion  o f  14,480 acre- fee t  o f  water p e r  year  from 
t h e  Colorado River system. This a l t e r n a t i v e  would 
a l s o  renave about 35,000 tons  of s a l t  pe r  year  from 
t h e  Colorado River system and r e s u l t  i n  s a l i n i t y  
improvement a t  Imperial Dam equal t o  about 2 mg/l. 

c .  Al te rna t ive  No. 3. Surface d m  and resmir.  - 
(I) Description of t h e  proposal.  - The proposed p ro jec t  
and a l t e r n a t i v e s  Ma. 1 and 2. involve t h e  use of a subsur- 
f a c e  in tercept ion  f a c i l i t y  t o  c o l l e c t  s a l i n e  ground-water 
flows. An a l t e r n a t i v e  t o  t h i s  f ea tu re  t h a t  was i n i t i a l l y  
considered m u l d  cons i s t  of an ea r th  dam which would rise 
45 f e e t  above the ex i s t ing  s t r e a n  elevation.  Advantages 
of t h i s  a l t e r n a t i v e  would be an open body of water i n  t h e  
Wash with a surface  a r e a  of about 100 acres.  This open 
water would be of g rea t  benef i t  t o  waterfowl and possibly 
son4 species  of  f i s h .  An open rese rvo i r  m u l d  a l s o  decrease 
or terminate t h e  erosional  headcutting t h a t  cument ly  
th rea tens  a port ion of the  Wash. A disadvantage is t h e  
shor t  l ife of  t h e  s torage  aspec t s  of t h e  f a c i l i t y  due t o  
sediment d e p s i t i o n  and phreatophytic growth. Fine sand 



and s i l t  could e s s e n t i a l l y  f i l l  the  r e se rvo i r  a r e a  
during a m j o r  flood, thus l imi t ing  t h e  f l e x i b i l i t y  of 
t h i s  a l t e r n a t i v e  t o  a c c c m d a t e  f u t u r e  trends. 

d. Al ternat ive  No. 4. No ac t ion .  - The a l t e r n a t i v e  of no 
a c t i o n  cont r ibut ions  of s a l t  loads 
t o  t h e  Colorado River system by Las V e ~ a s  Wash. Construction 
by Clark County of t h e i r  proposed A- plant  would reduce the  
n u t r i e n t  cont r ibut ions  t o  Lake !lead and would renave a minor 
ambunt of TDS. However, t h e  o v e r a l l  increase in s a l i n e  r e tu rn  
flows would continue t o  prove a de t r inen t  t o  downstream water 
users .  By t h e  year  2000, Las V q a s  Wash muld  cont r ibute  over 
311,000 tons  of salt per year t o  the  Colorado River s y s t m .  

e. Spray wapora t ion .  - A t h i r d  a l t e r n a t i v e  to t h e  p m p s e d  
evaporation schemes would be spray s v a p r a t i o n .  Such a system 
would c o n s i s t  of elevated spray nozzles which would discharge 
t h e  b r ine  in a f i n e  mist over t h e  w a p r a t i o n  ponds. This 
allows f o r  g rea te r  exposure of the  br ine  water and thereby 
increases  t h e  m a p r a t i o n  process. The addi t ional  cos t  of 
t h e  spray system could be o f f s e t  by a decremse i n  pond area  
size. Spray systems a r e  st i l l  in  t h e  d m e l q m m t  s t age  and 
many p r o b l m s  associa ted  with them have not bean solved. 
Btbcause of these  p r a b l m s  this system has not hen rscont- 
mended bu t  i s  s t i l l  under study. 

f .  Desal t ing method a l t e r n a t i v e s .  - 
(1) Pretreatment. - A s  an a l t e r n a t i v e  to  t h e  line-soda 
ash p re t rea tnea t  p c e s s ,  lime-ion exchange softening could 
be q l o y e d .  The lime-ion exchange softening process is 
s i m i l a r  to  t h e  lime-soda ash process except strongly a c i d i c  
ca t ion  exchange r e s i n  beds would be used r a t h e r  than d a  
ash f o r  the  rsraaval of calcium. I t  has bean a s t h t e d  t h a t  
It would take apprax imte ly  2 yea r s  t o  concentrate t h e  
b r i n e  in t h e  evaporation ponds to  adequate s t r m g t h  f o r  a 
source of  supply f o r  the ion exchange method. The l ine-ion 
exchange process can bs wed i n  conjunction with e i t h e r  
rwurse osmosis or e l e c t t o d i a l y s i s  desa l t ing  methods. 

(2) Desal t in . - The e l e c t d i a l y s i s  process cauld bs used 
a s  a h--P e s a l t  ng process in t h e  Las Vegas Wash. The process 
would opera te  a t  90 purcent recovery and c w l d  be operated 
with e i t h e r  p re t rea tnsn t  p c e s s  . 

g. Other wapora t ion  pond sites. - In addi t ion  t o  those sites 
a l ready discussed,  considerat ion was given t o  locat ing  the  
ponds in d r y  wash areas on the n w t h  s ide  of Las Vws Wash. 



These locat ions  were i n  f a i r l y  impermeable muddy creek fomu- 
t i o n  nraterials.  Surveying ravealed slopes too s t eep  f o r  n w -  
nral pond construct ion.  Estimated c o s t s  f o r  t h i s  a rea  were 
found prohibi t ive.  

The following tabula t ions  summarize the  costs and impacts of t h e  
a l t e r n a t i v e s .  For convenience of comparison, the  p ro jec t  plan 
described in chapter  I i s  included. 

2. Crys ta l  Gwser Unit.  Utah 

Due t o  t h e  pos i t ion  o f  the  geyser well with respect  t o  the  Little 
Grand Wash Fault ,  plugging was considered t o  be only a temporary 
solu t ion .  The r e a m i n g  was that with plugging o f  the  well, water 
under high prussure m u l d  be forced t o  seek release through natura l  
openings on the  nor th ,  east, and west s ides  of t h e  geyser cone 
and continue t o  add s a l t  t o  t h e  r i v e r  a s  it had before the  well 
was d r i l l e d .  Othur a l t e r n a t i v e s  a r e  described below: 

a.  Deep-well in j ec t ion .  - The only f o m t i o n  a t  the  geyser 
t h a t  would possibly accept  in jec t ion  w a t e r  is the  Navajo 
sandstone some 700 f e e t  below- the  surface..  In jec t ion  of  
watur i n t o  t h i s  f o r m t i o n  s w t h  of t h e  f a u l t  would r e s u l t  
in  i ts  being carried downstream and reappearing a h t  
20 miles south where outcropping o f  t h e  formation ex i s t .  
Another hazard accompanying deep-we1 1 in jec t ion  m y  be 
an increased r i s k  of earthquake a c t i v i t y .  

b. Desal inizat ion o f  discharge. - Several methods o f  
accomplishing desa l ina t ion  have been d e v e l g e d ,  such a s  
two comonly  used mabrans  pmcessss  [ r w e r s e  osmosis 
and e l t c t m d i a l p i s )  and various f o m s  of d i s t i l l a t i o n .  
A l l  these  methods a r e  becoming r e l a t i v e l y  less e x p n s i v e  
as t a c h o l o g i c a l  knowledge increases and the  value of  
water increases.  

The reve r se  osllbsis and e l e c t r o d i a l y s i s  pracesses best  apply 
t o  Crys ta l  G e y s e r ,  except present  membrane technology l i m i t s  
t h e i r  use to  water with t o t a l  dissolved s o l i d s  of l e s s  than 
10,000 and 5,000 mgfl, respect ive ly .  Crystal  Geyser water 
with t o t a l  dissolved s o l i d s  of 11,000 t o  14,000 mg/l is 
beyond t h e  c a p a b i l i t y  of present  membrane methods. Shwld 
mswbranes be dsveloped in  the  near fu ture  capable of han- 
d l ing  water with 14,000 mg/l t o t a l  dissolved so l ids ,  these  
methods would be =re competitive with the  recommended plan 
of  using evaporation ponds. 





PROJECT COSTS WITH VARIOUS DESALTfYG PROCESS ALTERNATMS 
Las Vegas Wash Unit, Nevada 

First stage1 Second stage Total 

Reverse osmosis with l ine-  
soda ash pretreatment 
(project plan) $32,047,000 $24,509,000 $s6,~56,000 

Ruverse osraosis with lime- 
ion exchange pretreatment 32,047,000 26,237,000 58,284,000 

E l e c t d i a l y s i s  with liae- 
soda ash pretreatment 32,047 ,000 36,789,000 68,836,000 

Electmdialys is  with line- 
ion exchange pretreatment 32,047,000 38 ,M8,OO0 70,695,000 

Yo desalting plant scheduled for f i r s t  stage. 



AGGREGATION PERSPECTIVES - U S  W S  WASH UNIT ALTEEXATIVES 
Las V q a s  Wash U n i t ,  Nevada 

Al ternat ives  
Perspective Recommended Dan and In-valley Emrt Evaporation 

plan* reservoi r*  t o t a l  map. AWT US RR 

~ -- 

Park compat ib i l i ty  

Land use cons i s tmcy  

Water conservation 

Energy c o n s m a t i a n  

Cul tura l  s e n s i t i v i t y  

E w m i c s  

Social  p a r s p e t i v e  

Fish and w i l d l i f e  

Quality s tandards 

- + - - - - 
+o + 0 

0 - 0 

(See a1  t e r n a t  i v e  c o s t  smmary) 

+ - - 

F i r s t  f i g u r e  r e f e r s  to t h e  f i r s t  s tage ,  sacond figure t o  second stage.  

Note: ++ and + p o s i t i v e  benef i t  -- and - negative benef i t  
o neu t ra l  o r  r e l a t i v e l y  ins ign i f i can t  



D i s t i l l a t i o n  processes a r e  present ly  being used t o  d e s a l t  la rge  
q u a n t i t i e s  of water f o r  mniciyl  and i n d ~ s t r i a l ~ u s e s .  fhe  
cost  of equipment t o  desa l t  such smll q u a n t i t i e s  a s  t h a t  from 
Crystal  Geyser. would be prohibi t ive .  Therefore, desal inat ion 
i s  not  considered a reasonable a l t e r n a t i v e  t o  the  recommended 
plan. 

c .  Release of carbon dioxide gas. - Prelininary s tud ies  
of t h e  logs of t h e  Crystal  Geyser o i l  well hole ind ica te  
water occurs a t  the  270- t o  290-foot depth, and gas a t  a 
lower depth. One poss ib le  so lu t ion  would be t o  i n s t a l l  a 
plug i n  t h e  well casing below t h e  water l eve l  and i n s e r t  
a smaller diameter pipe through the  p l u ~  to re lease  only 
t h e  gas fran below. An a l t e r n a t i v e  plan would be t o  d r i l l  
a 5-inch hole near the  geyser i n t o  t h e  ?lavajo Sandstme 
and below the  water level  and t ap  t h e  gas. 

In e i t h e r  plan t h e  -tar w i l l  probably continue t o  be ejected 
with the  carbon dioxide gas or flow out  t h e  o the r  springs o r  
f r ac tu res .  Under ex i s t ing  condit ions,  t h e  nor th  spring s t a r t s  
t o  flow up t o  2 hours befirre wupt ion  of  the  geyser while the  
e a s t  spring r i s e s  t o  near  t h e  surface  o f  the  qmning p r i o r  t o  
t h e  eruption. In e i t h e r  of  t h e  springs t h e r e  is m, bubbling 
o r  o t h e r  evidence of gas causing t h e  water t o  r i s e ,  indica t -  
ing t h e  flow to be caused instead by a hydraulic head. This 
hydraulic head m u l d  probably force  wate out  regardless  of  
t h e  gas re lease .  Both north and e a s t  springs erupt  s l i g h t l y  
when eruption o f  the  m i n  geyser occurs suggesting gas escape 
t o  these  spr ings  a t  the  time of empt ion.  

d. No act ion .  - The 1968 flow muasurements compared with the  
1972 measurements ind ica te  t h e  discharge from the  geyser is 
d a a u a s i n g  with time. Yearly discharge i n  1968 was approx- 
imntely 200 acre-feet ;  whomas, based on 1972 measurenents, 
t h e  year ly  discharga was 150 acre-feet .  This indica tes  t h e  
r a t e  a t  which t h e  gays- flow is diminishing assuming no 
v a r i a t i o n  i n  geysm discharge with the d i f fe ren t  seasons of 
t h e  year. In time the  natural flow of the  geyss l  may become 
s n a l l .  To be  mre c e r t a i n  of t h e  rate of  decrease of  geyser 
flow, m e  measurements would k required over the  n u t  10 t o  
IS  years. Meanwhile a large  amount of  dissolved s a l t s  would 
have bean dischargud i n t o  t h e  Colorado River. There is a l s o  
no complete assurance tha t  t h e  discharges w i l l  continue t o  
decrease. This is indicated by t h e  long g s o l o ~ i c  h i s to ry  of 
t h e  sa l twater  discharga t o  t h e  r i v e r .  Therefore, it can only 
be as& t h a t  a plan of no ac t ion  would r e s u l t  in B contin-  
uance o f  q u a l i t y  d e g ~ t i m  t o  the  Co loado  River System. 



C. Alternatives f o r  o ther  Central Units fo r  Construction 

1. Paradox Valley Unit, Colorado 

The Bureau has invest igated several  d i f f e r e n t  measures fo r  
reducing the  salt contr ibut ions  in Paradox Valley, a s  mll  a s  
a l t e r n a t i v e s  t o  spec i f i c  fea tures  within t h e  pumping plan pre- 
viously described in  cha?ter I .  Many of these have proved t o  
be p roh ib i t ive ly  expensive and have been eliminated from fur the r  
study. Those which warrant addi t ional  study w i l l  be included 
i n  fu tu re  inves t igat ions .  The f i n a l  se lec t ion of a projec t  
plan w i l l  be based upon.a var ie ty  of econmic,  technical ,  and 
environmental criteria. 

a. Freshwater in iec t ion  of  aqu i fe r .  - An a l t e r n a t e  solu- 
t i o n  t o  b r ine  w a g e  and evaporation has been proposed fo r  - .  
t h e  Paradox V a l l G  hit.  The- technique involves pumping low 
s a l i n i t y  water from shallow wells in the western and east- 
em parts of t h e  va l l ey  or u t i l i z i n g  freshwater from o ther  
sources and i n j e c t i n g  it i n t o  t h e  aqu i fe r  in  t h e  v i c i n i t y  of 
t h e  br ine  springs. This would c r e a t e  o r  nmintain a f resh-  
water l e n s  and e f f e c t i v e l y  exclude t h e  discharge of  br ine  
by separat ing the  f resh  and s a l i n e  por t ions  of the  aquifer .  
Discharge would continue i n t o  t h e  r i v e r  but would be a t  a 
q u a l i t y  s imi la r  t o  t h e  in jec ted  water. The technique poses 
sone r i s k  of c rea t ing  seepages elsewhere but w i l l  be studied 
fu r the r .  

The in jec t ion  ml l  f i e l d  would consis t  of a series of  shal-  
law wells surrounding and within t h e  ex i s t ing  br ine  seep 
areas.  Envircmmental impacts within t h e  Paradox area  would 
be minimal. Only -11 a m u n t s  of vegetation w i l l  be ranoved 
a t  t h e  well s i tes  t o  f a c i l i t a t e  d r i l l i n g  operations. Temp- 
rary e s t h e t i c  impucts will a l s o  r e s u l t  f rm t h e  d r i l l i n g  oper- 
a t ions .  The e l e c t r i c  pplrrps of t h e  pmject w i l l  produce only 
a low level  of noise, which w i l l  not reach o r  d i s t u r b  any 
hunans res id ing in t h e  a m .  Wildlife would be displaced i n  
sag11 nrmrbers by t h e  r m v a l  of vegeta t ive  hab i t a t  and by con- 
s t m t i o n  a c t i v i t i e s .  The pmject wwld not be expected t o  
reduce w i l d l i f e  mrabsrs or change general d i s t r i b u t i o n  pat- 
tms. The land dis turbed during construction w i l l  be ava i l -  
a b l e  t o  w i l d l i f e  as natura l  revegetat ion occurs. Fish losses 
a r e  not a n t i c i p a t d  a s  a result of  discharging water i n t o  the  
r i v e r  and the  f i s h e r y  hab i t a t  hwnstream fran t h e  br ine  wells 
t o  t h e  confluence of the  San Mguel River m y  be improved. 

b. Dolores River f lood channel bypass. - This a l t e r n a t i v e  
is based tqmn t h e  concept of rout ing the Dolores River across 
t h e  valley '  in  an impervious channel and allowing t h e  s a l i n e  



grwnd  water t o  surface and evaporate in  t h e  na tura l  flood 
p la in  of the  stream. A diversion s t r u c t u r e  and cutoff  wall 
wwld be i n s t a l l e d  a t  t h e  entrance t o  t h e  va l ley ,  forcing 
t h e  streamflows a d  any ground-water r e c h a r ~ e  fm t h e  r i v e r  
i n t o  a conpacted earth-l ined channel. The flows would be 
released in to  t h e  r iverbed on the  o ther  s ide  of the  va l ley ,  
downstream from a second cutoff  wall.  This wall would 
inpound g~ound water surfacing along t h e  flood pla in  and pre- 
vent it from enter ing  t h e  r i v e r .  The freshwater of West 
Paradox Creek would a l s o  be routed i n t o  the  l ined channel. 

The bypass channel, located west o f  the  present r iverbed.  
would b about 26,400 f e e t  long and w u l d  be designed t o  
prevsnt a maximum design flood o f  70,000 f t3/s  from s p i l l -  
ing i n t o  the  b r i n e  area  to t h e  eas t .  This  would r e q u i r e  
an eas te rn  bank 52 f e e t  above the  bottom grade of t h e  na t -  
u ra l  s t r e a d m i .  The westm bank would be 22 f e e t  high, 
l a rge  enough t o  contain a 25-year f lood o f  15,200 f t 3 / s ,  
Flows i n  excess o f  t h i s  m n t  would s p i l l  over the  western 
bank and form a tamporary pond covering about 900 acres .  
This  water w u l d  be drained wt a s  the  floadflows receded. 
Compacted ea r th  l i n i n g  would be placed i n  t h e  channel t o  
handle flaws o f  3,000 f t 3 / s  o r  l e s s ,  which should occur 
about 95 percent o f  t h e  time. 

The pond emst of the  channel would have a mxhm capacity 
of 58,200 a c r e - f e e t  with a surface area of 2,630 acres ,  
This w u l d  be suff ic iemt  f o r  a p ro jec t  l i f e  o f  a t  least 
200 years.  The inflow m l d  be comprised o f  b t h  f r e s h  
a d  s a l i n e  ground water and p rec ip i t a t ion .  The q u a l i t y  
of  t h e  rat= should not  p roh ib i t  r i p a r i a n  vegetat ion,  and 
the  arm could develop i n t o  a waterfowl hab i t a t .  

By removing a t  least 180,000 tons  of s a l t  per  year,  this 
a l t e r n a t i v e  would reduce t h e  s a l i n i t y  a t  Imperial Dam by a 
minimum of 16.3 4 1 .  The associa ted  benef i t s  would a m u n t  
t o  $3,749,000 anntmlly. 

The cu to f f  walls and bypass channel in t h i s  a l t e r n a t i v e  
would g r e a t l y  a l t e r  t h e  present  landscape o f  Paradox Val- 
l e y  near  t h e  Dolores River. The 52-foot-high d i k e  would 
be v i s i b l e  f o r  a long d i s t ance  in  t h e  val ley.  Them would 
a l s o  be a s a f e t y  hazard involved i n  t h e  facil i t ies because 
of t h e  danger o f  humans and a n i m l s  drowning in the  channel. 

The inflow to t h e  pond, cons is t ing  of  f r e s h  and s a l i n e  
ground water and precipi-tion, would m c m n t g e  r i p a r i a n  
growth around the  periphery to  rep lace  t h e  vegetat ion which 



would be inundated, and the  area  could develop i n t o  a watur- 
fowl habi ta t .  However, t h e  s a l i n i t y  of  t h e  mter would grad- 
ua l ly  increase a s  a r e s u l t  of m p o r a t i o n ,  inh ib i t ing  vegeta- 
t ion  i n  t h e  l a t e r  years of projec t  uperations. A salt f l a t  
m l d  eventually forn, and t h e  net  e f f e c t  would be the loss  
of a considerable amount of r ipa r i an  vegetat ion now found 
along the  r i v e r  and the  wi ld l i f e  dependent upon the  hab i t a t .  

c .  Regulated Dolores River Bypass. - This plan uould involve 
the construction of a dam t o  form a r e ~ u l a t o r y  reservoir  on 
t h e  Dolores River i m e d i a t  e l y  upstreamp from Paradox Val ley. 
Controlled re leases  would then be conveyed across the  val ley  
in a concrete-l ined canal and discharged i n t o  t h e  natura l  
streambed j u s t  below a second dam. The lower darn would 
inpbund ground water surfacing along t h e  flood p la in ,  where 
it would be evaporated. 

Bedrock Dam uould be located i n  the narrow canyon of t h e  
Dolores River and would forn  a r ese rvo i r  with a capacity 
of  48,000 acre-feet .  Constructed of ea r th ,  sand, gravel ,  
and cobble f i l l ,  t h e  structure uould be 135 f e e t  high and 
1,300 feet long a t  t h e  c res t .  The design capacity and out- 
let  works would provide control  fo r  a 100-year flood. Con- 
t r o l l e d  r e l e a s e s  uould be made t o  a 5.7-mile-long, 1,500-ft3/s 
canal extending across  the  va l l ey  along the eastern s i d e  of  
t h e  natura l  r i v e r  plain.  The flaws of West Paradox Crssk 
would be conveyed along t h e  western edge of the r i v e r  p la in  
i n  a 100-ft3/s unlined canal and released i n t o  ths Dolores 
River bed below the valley.  

Paradox Dam, constructed across  t h e  r i v u r  channel near the  
o u t l e t  from Paradox Valley, would be about 45 f e e t  high and 
600 f e e t  long. This f a c i l i t y  would impound both f r e s h  and 
s a l i n e  gmund water and p rec ip i t a t ion .  The combined inflow 
could be s u f f i c i a n t l y  f resh  t o  suppart r i p a r i a n  vegetation 
and could develop i n t o  r waterfowl beb i t a t .  

Ths a l t e r n n t i v e  would remove a t  l e a s t  180,000 tons of  salt 
par  year fraa t h e  Colorado Rivar S w u m ,  reducing s a l i n i t y  
a t  Impurial Du by a m i n i m  of 16.3 w/l. 

The awironnunta l  e f f e c t s  would genera l ly  be similar t o  those 
of t h e  a l t m t i v e  previously discussed. A concrete-lined 
canal m l d  present  a g r e a t e r  s a f e t y  hazard tbn an ear th-  
l ined channel, s ince  e x a p e  would be mre d i f f i c u l t .  The 
construction of a daa i n  the Dolores River Canyon u p s t r a m  
from Paradox Valley would have considerable impacts on na t ive  
vegetat ion,  f i s h ,  and wildlife by regula t ing a free-flowing 
and scenic s t r e t c h  of  t h e  r i v e r .  



d. No ac t ion .  - "rh4 environmental qua l i ty  of Paradox Valley 
and Dry Creek Basin would probably r m a i n  the  sane without 
the  projec t .  With the  exception o f  the  f luc tua t ing  min- 
ing condit ions,  which should not be af fec ted  with o r  without 
the  projec t ,  the  s t a t u s  of development i n  t h e  area  has not 
changed rmch i n  t h e  past and would probably not do so i n  the  
foreseeable fu ture .  

The in f lux  o f  s a l t  i n  Paradox Valley m u l d  continue t o  
a f f e c t  the  q u a l i t y  of water i n  the Dolores andcolorado 
Rivers. Increasing s a l i n i t y  l eve l s  in t h e  h e r  Colorado 
River Basin could cause increased economic damages a s  the  
Upper Basin S t a t e s  develop t h e i r  compact-apportioned water 
supplies .  

e. Other a l t e r n a t i v e s .  - The Bureau has c o n s i d e r d  o the r  
a l t a r n a t i v e  measures which have not been d e f i n i t e l y  elim- 
inatsd .  A t  t h e  present  tins, however, these  do not appear 
t o  warrant de ta i l ed  s tudies .  

I t  would be poss ib le  t o  m d i f y  t h e  plan o f  dwelopnent  by 
conveying b r ine  from t h e  w e l l  f i e l d  t o  one o r  mre sites 
f o r  deep-well in jec t ion .  This  would e l iminate  the  adverse 
impacts associa ted  with a l a r g e  evaporation pond. I t  is 
doubtful ,  hwsver ,  that any s u i t a b l e  locat ions  could be 
f o d  i n  the v i c i n i t y  of t h e  p ro jec t  area. Transporting 
the  b r i n e  any g rea t  d i s t ance  f o r  t h i s  me thd  o f  d isposal  
a t  present  &as not appear t o  be economical. 

I f  f u t u r e  s tud ies  ind ica te  t h a t  t h e  salt contr ibut ion  of 
Paradox Valley could be e f fec t ive ly  reduced by puffping 
0.75 f t3 / s  or less f r o m  a well f i e l d ,  t h e  b r i n e  could be 
dispossd o f  by smll evaporation ponds located near t h e  
wells. C r y s t e l l i n s  salt m l d  then be pe r iod ica l ly  ranoved 
from t h e  ponds and stockpiled.  This  m l d  requ i re  f i v e  
we l l s  each approx imte ly  250 feet deep and 200 f e e t  apa r t  
along t h e  west s i d e  of the  Dolores River. Four ponds hav- 
ing  a t o t a l  a r e s  of 2 0  ac res  would provide a su f f i c i en t  
area f o r  solar evaporation. These r w l d  a l s o  be located 
on t h e  west bank of the r i v e r .  

The Wlreau is a l s o  studying a l t e m a t i v e s  t o  t h e  s p e c i f i c  
f e a t u r e s  in t h e  plan of  d e v e l q e n t .  One o f  these  i s  a d i f -  
f e r e n t  p i p e l i n e  route f ron the  well f i e l d  t o  t h e  evaporation 
pond. The alinement would extend southeast  along t h e  a x i s  
o f  Paradox Val ley, them t u rn  south up Dry Creek Canyon to 
the  pond. Although t h e  p ipe  length would be  increased, t h e  
number of r e l i f t  w i n g  p l a n t s  m u l d  be reduced f r o m  e ight  



to f ive.  This plan muld a l so  have lower operations costs,  
since the  amount af p e r  required would be reduced. Addi- 
t iona l  f i e ld  studies w i l l  be required t o  confinn the  prsc t i -  
c a l i t y  of t h i s  alinemant. 

2. Grand Valley Unit, Colmado 

The WSI, IMS, and r e t u n  flow pwgrams presented i n  chapter I 
ideal ly  operate in conjunction with one another. Alternatives 
t o  these individual programs m y  not be a s  functional. Various 
a l t e m t i v e s  a r e  a s  follows: 

a .  Water Systems Illprovenent (WSI). - TIm a l te rna t ive  
method of delivery of water through an undermund nine 
SYS~OIU instead of opm concrete litmi was studied' fbr 
an area comprising a h t  6,700 acres i n  the lower Grand 
Valley. This study shwed tha t  the cost of t h i s  type 
systm m l d  be mch greater  than for  a concrete-lined 
l a t e r a l  system. Slrould fur ther  study indicate that an 
underground pressure s y s t m  would be m r e  beneficial  t o  
areas of the  valley,  then m i d e r a t i o n  would be given 
t o  use of pipe. 

Impacts associated with this a l te rna t ive  would be re la ted 
t o  reduced seapage losses. This savings does not appear 
t o  a f f ec t  the incrsase in  canstruction costs.  Vegetation 
TIOW growing along c m l s ,  l a t e r a l s ,  and seep areas would 
be depleted, thw af fec t ing  the  feed and cover current ly  
used by wi ld l i fe  in the  area. 

A control method not t o t a l l y  i n v e s t i g a t d  would be t ha t  of 
p a r t i a l  s y s t m  farpmvsnents. Areas of m s t  severe canal 
seepage could be impraved with the  i n i t i a l  r a s u l t  of s a l t  
laad reductioa. A possible resu l tan t  effct  of t h i s  a l t e r -  
k t i v e  c w l d  b the  aggravation of 0th- seepage areas not 
naw p a s e n t .  

b. I r r iga t ion  Managammt Services (IMS). - Some a l te rna-  
t i v e s  t o  the  1MS pmgran have been recognized. These a l t e r -  
nat ive  mthds might include r e s t r i c t i ons  on water usage and 
s t r ingant  standards imposed on effluents.  A system of water 
supply a l lo tmmts  c w l d  be used for agr icul tural ,  mmicipal, 
and indus t r ia l  uses. A continual mni tur ing  system in  the  
Grand Valley could be i n i t i a t e d  t o  control  eff luent  qual i ty .  
These a l t e m t i v e s  m l d  be expensive and a l so  r a s t r i c t i v e  
t o  any future  develop~lant of the  valley. 



A structural a l t e r n a t i v e  t o  t h e  1% program would be t h e  
in tercept ion  and co l l ec t ion  of a l l  s w f a c e  and subsurface 
drainage. This drainage water contains an average of 
2,800 m d 1 .  Water of  this q u a l i t y  has l i t t l e  value and 
would e i t h e r  have t o  be conveyed t o  evaporation ponds f o r  
disposal  o r  processed through a desa l t ing  f a c i l i t y .  

The a l t e r n a t i v e  o f  no ac t ion  would r e s u l t  in  continued irri- 
gat ion  problems such a s  low e f f i c i enc ies ,  high water t ab les ,  
and s o i l  s a l i n i t y .  There would be a continual  annual d i s -  
charge of 600,000 tons  o f  s a l t  t o  the  Colorado River, and 
o the r  cont ro l  f m t u r s j  in t he  Colorado River Basin would be 
required t o  low- s a l i n i t y  l eve l s  in  t h e  r i v e r .  

D. Alternat ives  f o r  Units  Wer F e a s i b i l i t y  Study 

1. Point Same Control 

a. Laverkin spr ings  Unit, Utah. - Several poss ib le  a l t e r -  
na t ives  have been considered f o r  rsrn~ving t h e  dissolved 
s a l t s  f n n  t h e  Laverkin Springs. The re&mended plan 
involves a c o l l e c t o r  s y s t m ,  a desa l t ing  complex, and a 
b r ine  m a p m a t i o n  pond, a s  described i n  chaptur I.  Other 
a l t e r n a t i v e  methods t o  remove the  dissolved s a l t s  f r o m  the  
Laverkin Springs have been considered and a r e  presented i n  
t h i s  chapter.  They a r e :  

(1) Well f i e l d  pumping system. - The plan o f  d ~ v e l o p e n t  
d w m p n , v i d e  far the  co l l ec t ing  of  
discharge fmm the spr ings  by-constmct ing  a series of-wells 
d r i l l e d  i n t o  the  aqu i fe r  formt icms t o  in te rcep t  the  spring 
flows. These flws wuuld be desa l ted  and t h e  product water 
wuuld be returned t o  t h e  r i v e r ,  and br ine  discharges m l d  
lm p d e d  and evaporated. Tw, test wlls m e  d r i l l e d  in  
the v i c i n i t y  of t h e  spr ings  to  t e s t  t h i s  theory. From t h e  
r e s u l t s  of these  t e s t  wlls, it is estimated t h a t  a t  least 
10 wlls with a capaci ty  of 2 f t 3 / s ,  including standbys, 
would be required t o  in te rcep t  enough of  t h e  spring f l w s  
to el iminate t h e  salt pmblem in  the  r i v e r  caused by the 
springs. Collect ion piping and a receiving tank m u l d  a l s o  
be required. According t o  ava i l ab le  geologic infornation,  
t h e  e n t i r e  area is badly f rac tured ,  p a r t i c u l a r l y  in the  
v i c i n i t y  of  t h e  springs. I t  i s  probable t h a t  t h e  wells 
wuuld soon be parping r iverf low, which would r e s u l t  i n  
increasing t h e  number of wells and t h e  capaci ty  of  the  
treatment system. I t  is poss ib le  t h a t  a l a rge  por t ion  
of t h e  r iverf low m u l d  eventual ly seep i n t o  the  aqui fer  



formation, wkich would ruquire abapdoning the wll col- 
lection system. The envirotvlantal inpact of t h i s  a l t e r -  
native would be essent ia l ly  t h e  same as  that  presented 
for  the recmended project  plan. 

(2) Total waporation of spring discharges. - Under t h i s  
a l ternat ive,  the  collection system would be the same a s  that  
in the recammended plan. The spring flcms would be pumped 
to  an evaporation pond, which would be large enough t o  hold 
the en t i re  discharge from the springs. P o d  s i t e s  of t h i s  
lnagnitude a r e  limited and only tm s i t e s  were identified in 
the f e a s i b i l i t y  invsstigations tha t  would be adequate for  
this purpose. These sites a re  designated a s  the Fort Pierce 
Wash area aod the Sand Mountain and Grassy Valley areas. 
Under t h i s  plan two pumping plants would be required t o  l i f t  
the m t e r  t o  the evaporation sites. These s i t e s  a s  s h  on 
f igure  VIII-3 would have t o  be so constructed a s  t o  a c c m o -  . 

date  s torn inflow a s  wll a s  the spring inflow. Constmction 
of apgraxinately 70.000 f ee t  of 21-inch-diameter pipe, tn, 
12-ft /s pumping plants,  tn, substations and associated 
transmission l ines  would be required. 

There a r e  no h is tor ica l  sites l i s t ed  fo r  the arsa in  the 
?ktionsl Registsr of Historic Places. Howwer, the old 
wagon road ( T q l e  Tra i l )  which the Mormons used t o  haul 
logs fram H t .  Tnmbull in  Arizona t o  St .  George, Utah, is 
s t i l l  par t ly  v i s ib l e  i n  F t .  Pierce Wash and is being con- 
sidered by the BIM fo r  nomination t o  the National Register. 
The logs ware used in the construction of the St. George 
Temple. The part t h a t  t h i s  old mad played i n  that  his-  
t o r i c  wen t  has recently been mrksd a s  a h i s tor ic  place 
i n  southern Utah. Today, the  scar l e f t  by t h i s  wagon road 
is nearly obl i terated.  Other environnsntal impacts of 
t h i s  action m l d  be s i d l a r  t o  thmt of the recommended 
plan; with the exception that  there m l d  be an i r revsrs -  
i b l e  and i r r e t r i w a b l e  loss  of i r r iga t ion  rmtar. 

(3) hup-well br ine injection.  - This a l te rna t ive  would 
include the same femtures as those described in  the  roc- 
onasnded plan, except tha t  a deep inject ion well r w l d  be 
used in place of an waporation pond for  brine disposal. 
Although t h i s  method of disposal has sans advantages wer 
the  wapora t im method, it would a l w  prssant t h e  p m b l m  
of assuring tha t  the receiving fornation m l d  not leak. 
Shwld the injected brine f ind  i t s  m y  into the surface o r  
ground water, it would present a serious problea. No sui t -  
able  formation h s  been ident i f ied i n  the area, and e x t m i v e  





geological inves t iga t ions  would be required t o  determine 
the  existence of a s u i t a b l e  s i te  i f  t h i s  a l t e r n a t i v e  were 
t o  be developed. 

The env i romsn ta l  impact f o r  t h i s  proposal w u l d  be the  
same a s  described i n  t h e  reconmended plan, chapter  111, 
except t h a t  t h e  b r ine  would be disposed of  in  a deep in jec-  
t ion  we1 1 r a t h e r  than by evaporation in  surface ponds. The 
adverse impact of  the  in jec t ion  wel ls  would be l e s s  than the  
evaporation p n d s  s ince  t h e  land use w u l d  be less and no 
salt beds would be formed. W e v e r ,  t h e  pb ten t i a l  o f  contam- 
ina t ing  t h e  ground watar is  f a r  g rea te r  with the  in jec t ion  
wells. 

Although no est imates have been m d e ,  it is assumed t h a t  
t h e  in jec t ion  wel ls  w u l d  cos t  considerably mra t o  con- 
struct and opera te  than t h e  evaporation ponds. In  addi t ion ,  
t h e  r i s k  of successful  operat ion of the wells would be high. 

(4) A l t e m t i v e  d e s a l t i n g  methods. - Appraisal s t u d i e s  of 
var ious  mthds f o r  desa l t ing  the  spring water were m d e  by 
t h e  Bureau of Reclanetfonqs Engineering and Research C s n t a r  
i n  Denver, Colorado. These i n c l u d d  r w e r s e  osmosis, elec-  
t r a d i a l y s i s ,  f reez ing,  c r y s t a l l i z a t i o n ,  and w l t i s t a g e  f lash .  
The reverse  oswsis pracess has t h e  lorrsst t o t a l  c a p i t a l  cos t  
and t h e  lowest cost pe r  ton of s a l t  renoved. In gsnsra l ,  t h e  
environmental impact o f  t h e  reverse osmosis pmcess  would be 
less than the o t h e r  methods considered. 

(5) Al te rna t ive  u t i l i z a t i o n  of product water. - I t  m l d  be 
poss ib le  tu s t o r e  product water during psriods of high r i v e r -  
flaw m law demand. F e a s i b i l i t y  inves t iga t ions  considered 
two a l t a r n a t i v e s .  The s e l e c t i o n  of the mst appropriate plan 
during f i n a l  design s t u d i e s  m u l d  be based on water damand, 
d m s t r s a m  water r i g h t s ,  the value  of t h e  product water, and 
o t h e r  c o n s i d m t i o n s .  

(a) Storage f o r  r e l e a s e  during t h e  i r r i g a t i o n  season. - 
hmduct un te r  w u l d  be pumped ta a 4,600-acre-foot r e se r -  
voir during t h e  o f f  sea& and during high flows of t h e  
Virgin River. Reluases w u l d  then lw m d e  during t h e  peak 
i r r i g a t i o n  season. This w u l d  r e l i e v e  t h e  project o f  the  
costs of acquir ing  water r i g h t s  m of i n d m i f y i n g  water 
use r s  far ensuing darrrages. Construction c o s t s  of pumping 
facf  lities, pipe, and r e s e r v o i r  would exceed $1,000 per  
acre- foot  of  s to rage  area.  

Environmentally, t h i s  a l t e r n a t i v e  would requ i re  add i t iona l  
land use f o r  a r e se rvo i r ,  a pumping p lan t ,  transmission 



l i n e s ,  and a p ipel ine .  There vould be an increase i n  the  
use of e l e c t r i c a l  energy. This a l t e r n a t i v e  &,uld a l s o  
requ i re  a g rea te r  comnitmmt o f  Federal funds. 

(b) Delivery and storage for  MI uses. - F a c i l i t i e s  would 
be provided f o r  de l iver ing  water produced in the  o f f  sea- 
son- t o  a storage area  near St .  ~ & r g e  f o r  municipal and 
indus t r i a l  use during t h e  s m e r  peaking season. Construe- 
t i o n  c o s t s  would exceed 51,500 per acre-foot  of s torage 
area. 

Environmental impacts m u l d  include addi t ional  use o f  land 
and water resources, deplet ion of t h e  Virgin and lower Col- 
orado Rivers, and higher consumption of e l e c , e i c  energy. 

(6) No ac t ion .  - The a l t e r n a t i v e  of  no ac t ion  would r e s u l t  
i n  no reduction in s a l i n i t y  of the  Virgin Rivm and it w u l d  
continue to con t r ibu te  a b u t  109,000 tons o f  salt annually 
t o  t h e  Colorado River. The q u a l i t y  of the  water used by 
dounstr4am i r r i g a t i o n  would be unchanged and t h e  hab i t a t  of 
the endangered m n d f i n  f i s h  would remain unaltered.  

b. L i t t l e f i e l d  Springs Unit. - 
(1) Pumped wel ls  and desa l t ing  p lant .  - An a l t e r n a t i v e  t o  
co l l ec t ing  and disposing of  the  spring discharges m l d  be 
t o  use wel ls  t o  in te rcep t  a port ion of t h e  underground flaw 
near the m t h  o f  t h e  canyon. The intercepted flow m l d  be 
del ivered  t o  a desa l t ing  plant .  The g o d  q u a l i t y  product 
water from the  p lan t  w l d  be returned t o  the  r i v e r  through 
a shor t ,  buried p ipal ine .  The-re jec t  b r ine  f l u i d s  fmm tha  
desa l t ing  p lan t  would bu conveyad t o  evaporation ponds. F o r  
t h e  prpose of t h i s  a l t e r n a t i v e ,  it is assumed t h a t  20 f t 3 / s  
of t h e  derflm could be intercepted.  

This a l t e r n a t i v e  m u l d  c o n s i s t  of a co l l ec t ion  system, de l iv-  
ery system, .desal t ing p lan t ,  product r e tu rn  p ipe l ine ,  b r ine  
p ipel ine ,  and brine evaporation ponds. The co l l ec t ion  f a c i l i -  
t i e s  would consist o f  a we11 f i e l d  with 15 t o  20 wells depend- 
ing on t h e  capaci ty  t h a t  can be d w e l q e d  f o r  each wll. The 
well f i e l d  w l d  be located along h t h  s ides  of t h e  r i v e r  
near  the  m t h  of  t h e  canyon. The discharge f m  t h e  wells 
would be  delivured t o  pumping p lan t s ,  one on each s i d e  of  the  
r i v e r  . 
The del ivery  system would cons i s t  of t h e  pumping p l a n t s  
and p ipe l ines  t o  d e l i v e r  t h e  well discharge t o  the desa l t -  
ing p lant .  A l l  p ipe l ines  w u l d  be buried. One of t h e  
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l i n e s  would have t o  cross  the  r i v e r  t o  reach the  desa l t ing  
p lan t .  The desa l t ing  p lant  could be located on t h e  eas t  
s i d e  of  the  r i v e r ,  and would cons i s t  of  pretreatment f a c i l -  
i t i e s  and a desa l t ing  complex. Present s tud ies  ind ica te  
t h a t  a reverse  o s w s i s  (RO) modular desalt in^ system would 
be t h e  nost  p rac t i cab le  mthod of desa l t ing  t h e  springs. 
bwever ,  f u t u r e  s tud ies  w i l l  consider o the r  desa l t ing  metbds .  

In an RO p l a n t ,  t he re  would be pretreatment f a c i l i t i e s  includ- 
ing calcium reduction and f i l t r a t i o n .  With a f e d  water r a t e  
of 20 ft3/s and 90 percent p lan t  opera t ion ,  about 13,000 acre-  
f e e t  per year could be processed The p lant  could be designed 
t o  recover about 90 percent of thfr feed water, r e s u l t i n g  in  
11,700 acre- fee t  of product water having a res idual  salt load 
of about 500 mg/l. 

Although operation of t h e  mlf f i c l l i t f e s  m l d  d e p l e t e  t h e  
na tu ra l  flows of  both t h e  spr ings  and t h e  Virgin River, t h e  
e f f e c t  of re turning the product water to  t h e  r i v e r  w i l l  
reduce th. n e t  deple t ion  t o  an m u n t  equal t o  t h e  brine 
waste of t h e  desa l t ing  plant, or about 1,300 a n s - f e e t  p a  
year .  This a l t e r n a t i v e  wwld r m e  abut 44,700 tms of 
s a l t  par  year from t h e  lower Virgin and Colorado Rivers, 
and reduee t h e  s a l i n i t y  a t  Imperial Dam by about 5 mgtl. 

The m a p e r r t i o n  ponds would be located a d f a e a t  ta the 
d e s a l t i n g  plant and u w l d  cmslst of a wries ef l f n d  
bas ins  c o n s t m t e d  wLth a watsr depth o f  about S f e e t  
t o  compensate f o r  seasonal v a r i a t i o n  in evaporation and 
t o  provide f o r  a b u t  50 years of s torage  f a r  t h e  salts 
introduced w i t h  t h e  brine.  

Access to the plmt a r e a  m u l d  raqu i ra  tha construction 
of r h f  2 miles of raad t6 wnnoct with old tlllghway No, 91. 
Fur -st of the  my, t h e  rod will follow e x i s t i n g  trails. 
Access to the well f i e l d  on the south side of t h e  r i v a r  
would be fror I n t e r s t a t e  Highway No, 15. 

The wlZ f i e l d  and d e s a l t i n g  plant would be *rated on a 
2 4 - h r  hsh. Operation and nsktatanancs prrsonnel wuld 
be required on u rcnmd-the-clock basis .  

Concrete rggtegate w l d  be obtained near the rite by reopen- 
ing gravel p i t s  used durIng t h e  recent  c o f i s t m t i o t l  of t h e  
adjacent s t r e t c h  of I n t e r s t a t e  No. I f .  

This a l t a r n a t i v e  would requ i re  about 300 a c r e s  o f  sparse ly  
vcgetatsd d e s e r t  environment. The vegeta t ion  in the  con- 
s t r u c t i o n  area would be removed. The wel ls  w l d  be located 



on undeveloped land on t h e  bench above t h e  Virgin River. 
Construction of the  w e l l  f i e l d  would have minim1 e f f e c t  
on the  vegetat ion of t h e  area. Vegetation in the  evapora- 
t i o n  pond area  would be completely removed and permanently 
l o s t .  

The impact t h a t  construct ion and operat ion of t h i s  a l t e r -  
na t ive  would have on a i r  and noise qua l i ty  is expected t o  
be small. There ppbuld be a constant  l m - i n t e n s i t y  sound 
emitted f r o m  the  pumping plant  f a c i l i t i e s  and t ransforners  
during operat ion of the  wells .  The v isual  impact of  t h i s  
a l t e r n a t i v e  would be minor. Sme e s t h e t i c  value would be 
l o s t  M a u s e  of the  s a l t  bed t h a t  would bet formed i n  the  
evaporation pond and some w i l d l i f e  muld  be displaced from 
t h e  pond area.  This w i l d l i f e  would cons i s t  of m a l l  mm-  
mals und r e p t i l e s .  The w e l l  f i e l d  skyl ine  would be changed 
by t h e  receiving tank, transmission l i n e s ,  pumping p lan t s ,  
and t h e  desa l t ing  p lan t .  The a l t e r n a t i v e  would requi re  a 
considerable ccnmitment of e l e c t r i c  power and f o s s i l  f u e l s  
both during const ruct ion  and d u r i n ~  t he  operat ing l i f e  of 
t h e  well f i e l d  and d e s a l t i n g  complex. 

(2) Al ternat ive  of  no ac t ion .  - The a l t e r n a t i v e  of  no 
ac t ion  on the  L i t t l e f i e l d  Springs m u l d  r e s u l t  i n  the  
following: 

(a) !io reduction of f low i n  t h e  lower Virgin and Colo- 
rado Rivers. 

(b) No reduction i n  s a l t s  contr ibuted t o  the  lower 
Colorado Rivsr. The q u a l i t y  of mter would not  be 
improved and ths added burden of reducing salt con- 
can t ra t ions  a t  Imperial Dam would n e d  t o  be absorbed 
el sewhere. 

(c) No a c t i o n  m u l d  not  guarantee the survival  of t h e  
woundfin f i s h  which has already becaae an endangered 
speciea, bu t  ne i the r  m u l d  it cmpwnd the  hazards t h a t  
andanger the  species. The Bureau m u l d  be re l ieved of 
any mi t iga t ing  ac t ion  t h a t  n igh t  r e s u l t  frum construc- 
t i o n  of  the  uni t .  

c. Glmwood Springs-Dotsum Springs Unit,  Colorado. - 
(1) Evaporation ponds. - Brief considerat ion was given t o  
co l l ec t ing  t h e  flows of mch  spring and conveying the  water 
to  evapurative ponds; however, the re  a r e  severa l  f a c t o r s  
t h a t  would seem t o  el iminate this poss ib i l i ty .  Becau.se 



r a t h e r  l a rge  flows a r e  involved, ponds with a large  surface 
area  would be necessary. This would a l s o  r e s u l t  i n  consid- 
erably nore water l o s s  than with a desal t ing  plant .  The 
topography a t  both Glenwbod Springs and Dotsero i s  a r a t h e r  
narrow canyon; therefore  it might be necessary t o  convey 
the  s a l i n e  water downstream 30 miles o r  more, possibly t o  
t h e  Ri f l e ,  Colorado area ,  t o  obtain a s u i t a b l e  s i t e .  %re- 
over, the  elevation of ahout 5700 f e e t  a t  Glenvocd Springs 
and t h e  l a t i t u d e  r e s u l t  i n  a cool cl imate and moderate win- 
tar mawfal l  which would fu r the r  r e s t r i c t  the  effect iveness 
of evaporative ponds. 

(2) Deep-well in jec t ion .  - Deep-well in jec t ion  has been 
used i n  various circumstances t o  dispose of indus t r i a l  
wastes and has beon studied by d i f f e r e n t  agencies a s  a 
technique f o r  disposal  of br ine  solut ions .  Aftem a b r i e f  
review of t h e  geologic condit ions a t  the  Glenmod and Dot- 
se ro  Springs anas ,  it seems very unl ikely  t h a t  a subnu-  
face  fornat ion exists i n t o  which t h e  s a l i n e  water could be 
in jec ted  d w  t o  the  existence of  f a u l t s  and well-developed 
j o i n t  systems i n  t h e  v ic in i ty .  L t  night  be p rac t i ca l  t o  
convey the  concentrated br ine  e f f luen t  from a desa l t in8  
p lan t  ssveral miles downstream f o r  evaporation o r  deep 
in jec t ion  i f  s a t i s f a c t o r y  geologic condit ions can be found 
and i f  any earthquake r i s k  can be minimized. 

(3) Plugging, grouting, ground-water puarpin~. - Serious 
considmat ion wag not given t o  plugging, grouting, o r  gruund- 
water pwrping o f f  t h e  spr ings ,  since t h e  mode of t h e i r  occur- 
rence and t h e  m l e x  geology seoa t o  preclude t h e  p rac t i ca l -  
i t y  of these  a l t s m a t i v e s .  Also, t h e  G l a n d  Springs a r e  
c o m e r c i a l l y  developed f o r  recreat ion and those spr ings  t h a t  
supply t h e  resort a r e a s  could not be plugged o f f  o r  pumped 
without adworse soc ia l  arpd sconolaic inpacts. 

(4) Othm desa l t ing  methods. - Ssvoral types o f  dusalina- 
t f m  treatmunt p l a n t s  a m  avai lable ;  preliminary s tud ies  
i n d i c a t e  t h a t  the mul t i s tage  f l a s h  d i s t i l l a t i o n  process is 
t h e  mast t h m g h l y  proven method of t r a a t i n g  water similar 
t o  t h e  G l m W - D o t s m  Springs discharges. I t  is  poss ib le  
t h a t  the t h e m 1  nature of  t h e  springs is the r e s u l t  of 
gHnrnd mter mving  along f a u l t s  and r e l a t e d  f r a c t u r e  zones, 
becoming huated by detp-lying i n t r u s i v e  b d i e s ,  and re turn-  
ing to t h e  surface.  Geophysical s tud ies  a r e  planned t h a t  
should i d e n t i f y  any thsrrral anunaly present.  Geothenml 
heat i f  p-resent, c m l d  provide t h e  source of desa l t ing  
energy. 



(5) Na act ion .  - The a l t e r n a t i v e  of no ac t ion  would have 
no e f f e c t  on t h e  projec t  area.  No construct ion r w l d  be 
necessary. Current s tud ies  could be suspended and imres- 
t i g a t i v e  funds applied t o  some other  projec t .  

However, t h e  spr ings  would a l s o  continue a s  the  l a rges t  
cont r ibutor  of  salt t o  the  Colorado River i n  t h e  Upper 
Basin area.  The s a l i n i t y  of t h e  r i v e r  a t  Imperial Dan 
would not be reduced a s  a r e s u l t  of  t h e  ?reject, and 
t h e  annual sun of $4,370,000 would be l o s t  by water 
use r s  domstream f r o m  the  proposed projec t .  

2. I r r i g a t i o n  Source Control 

a .  Palo V d e  collector system, Cal i fornia .  - Tk a l t e r n a t i v e  
of cons tmct ing  a desa l t ing  p lan t  us in^ a reverse  o s w s i s  o r  
o the r  methods t o  d e s a l t  t h e  Atire f l& of t h e  Palo Verde (Put- 
f a l l  Drain and remove about 1,033,700 tons of s a l t  a r m u l l y  
from t h e  re tu rn  flows w i l l  be considered during the  course of 
the inves t iga t ions .  

This  m s a l  would reduce t h e  s a l i n i t y  of t h e  Colorado Rivm 
water a t  I m p r i a l  Dm by a b u t  145 mgfl. The presence of  a 
large-scale desa l t ing  p lan t  a t  t h e  lower end of  the  Palo Verde 
I r r i g a t i o n  District would a f f e c t  the  human mvimnmtnt  by con- 
t r i b u t i n g  t o  t h e  s lp loynmt ,  industry, and econmy of t h e  Bly-the 
Region. As i n  t h e  case  of same o the r  options,  however, dese r t  
vegetat ion m u l d  be destroyed through construct ion of t h e  p lant  
and disposal  of t h e  brine. 

Other a l t e r n a t i v e s  such a s  combined power gensrat ion and dusa l t -  
ing w i l l  ba considsred as t h e  inves t iga t ions  continue. 

The a l t e r n a t i v e  o f  no ac t ion  wlwld r e s u l t  i n  rm change t o  the  
cu r ren t  socio/ecomnic/recreation r e l a t ionsh ips  of the  Palo 
V d e  area. Thure would be  m, reduction in s a l i n i t y  t o  the  
Colorado River that would o t h m i s e  have resul ted  from use of 
t h e  d ra in  water. 

As a comequaace, if t h e  s a l i n e  dnr in  uatsr is not used f o r  
pawarplant c m l i n g ,  o ther  sites with cooling water sources 
w i l l  be necessary. Rtus, loca t ing  required pamrplmts i n  
m v i m m e n t a l l y  s e n s i t i v e  locat ions  along t h e  c m s t  of  Cal- 
i f o r n i a  ar inland locat ions  tapping l imited freshwater sup- 
p l i e s  w i l l  r e s u l t  i n  addi t ional  adverse impacts on land and 
water. 



b. Colorado River Indian c o l l e c t o r  system, Arizona. - The 
a l t e m  the  Col- 
orado River fimm t h i s  source would be t o  e i t h e r  evaporate 
t h e  dra in  flow or d e s a l t  it. Evaporation a t  t h e  present  
t i m e  would cause a se r ious  deplet ion in Colorado River flaws. 
Desalting would requ i re  a c o m i t m m t  of land, water, and 
power resources, but would g rea t ly  improve t h e  q u a l i t y  of 
water a t  Imperial Dam. These and o the r  a l t e r n a t i v e s  w i l l  
be f u r t h e r  evaluated in  t h e  continuing: inves t iga t ions .  

c.  bits Basin Unit,  Utah. - 
(1) So ac t ion .  - The a l t e r n a t i v e  of no ac t ion  would not 
provide any reduction i n  salt loading t o  t h e  Colomdo River. 
Without some reduction in s a l t  loading, t h e  s a l i n i t y  cancen- 
u a t i o n  a t  Inper ia l  w i l l  c o n t i n w  to increase. Also, 
without som inpmvement p-roRrams in the  Uinta Basin, g rea te r  
crop y ie lds ,  inpmved i r r i g a t i o n  e f f i c i m c i e s ,  and improved 
water q u a l i t y  would not be possible.  

(2) Desal inat ion.  - The najor  problems associa ted  with 
desa l ina t ion  a s  an a l t e r n a t i v e  a r e  co l l ec t ion  of s a l i n e  
waters t o  a c e n t r a l  p l a n t ,  providing evapamtion p n d s  
f o r  b r ine  d isposal ,  and c o s t s  of  d i s t i l l i n g  l a r g e  q u n t i -  
t ies of s a l i n e  water. 

The p o s s i b i l i t y  of higher q m l i t y  water f m  the  desal  ina- 
t i o n  p lant  picking up a g r e a t e r  amaunt of s a l t s  than t h e  
m r e  s a l i n e  waters which now flow from t h e  h c h e s n e  t o  t h e  
Colomdo River s h l d  a l s o  be inves t iga ted .  

(3) Evaporation. - Collect ing and evaporating s a l i n e  waters 
a s  an a l t e m u t i v e  t o  t h e  IMS and WSI programs rauld  not be 
a s  e f f e c t i v e  as a cont ro l  method which combines t h e  proposed 
p r o i r m s  with m a p r a t i o n  ponds i n  se lec ted  areas.  

Evapmation a s  an a l t e r n a t i v e  wwld requ i re  l a rge  anounts 
of land f o r  ponds which would pmbahly no t  be avai lable .  
A l s o  to be 'considered is t h e  greater quant i ty  of  uater t o  
be rewved from t h e  system under t h e  m a p r a t i o n  a l t e r n a t i v e .  

(4) Pressure system and spr inkl ing  systems. - Providing 
onfarn implrrvmmts such a s  pressure  systems f o r  de l ive ry  
of  water t o  t h e  farms and spr inkl ing  systems for applica-  
t i o n  would increase  i r r i g a t i o n  e f f i c i e n c i e s  and reduce salt 
loading from i r r i g a t e d  lands. 



The o n f a m  inprovemnts vould be mtch more e f f e c t i v e  when 
used with an e f fec t ive  IYS p r o w  aad improvements of the  
e n t i r e  conveyance system. 

(5) Subsurface d isposal .  - Subsurface disposal of brines or 
l w - q u a l i t y  water should be considered; however, a thorough 
study nust  be made o f  the  geology of  t h e  Basin before t h i s  
method o f  cont ro l  could be recoamsnded. 

d. kwer Gunnison Basin Unit, Colorado. - Alternat ives have 
not been formulated f o r  this p ro jec t ,  bu t  use o f  buried pipe 
i n  lieu of concrete l i n i n g  o f  canals  would be a log ica l  alter- 
nat ive .  Also, considerat ion could be  given to inproving only 
areas o f  wst severe canal seepage. A c o l l e c t o r  s y s t w  could 
be designed to c o l l e c t  surface and a subsurface drainage for t h e  
treatment in evaporation ponds o r  a d e s a l t i n g  f a c i l i t y .  

3. Diffuse Source Contml 
a 

a. Big Sandy River hit, Wpahg. - Them appeared t o  be geo- 
logic  evidence ind ica t ing  that t h e  s a l i n e  seeps on t h e  Big Sandy 
River r e s u l t  frola upward leakage f m m  t h e  high-pressure g&- 

- 

q u a l i t y  a r t e s i a n  aqu i fe r s  o f  the  Wasatch Formation underlying 
t h i s  port ion o f  t h e  Grem River Basin. As an a l t e r n a t i v e  t o  
o t h e r  s a l i n i t y  corrtml measures, inves t iga t ions  were conducted 
in an e f f o r t  to b t e d n e  i f  the s a l i n e  swpa can be reduced o r  
stopped by re l i ev ing  t h e  p r e s s m  within the  a r t e s i a n  aquifers .  
It w a s  discoverad t h a t  an imperwable b a r r i e r  separated the  g d -  
q u a l i t y  watsr frola t h e  q q m r  s a l i n e  flows and pumping f m m  the  
deeper aquifer would not decrease t h e  s a l i n e  seeps, 

Armther poss ib le  a l t e r n a t i v e  would be  t o  prap W i n e  flows by 
means o f  drilled wells located c lose  to t h e  seep, and e i t h e r  
evaporate o r  dep le te  the  b r i n e  in soam othur  way. Additional 
s t u d i e s  are undernay to examine o t h e r  d isposal  p o s s i b i l i t i e s .  

Only small ammts of vegetat ion w i l l  be removed at the  well 
s i t e s  to f a c i l i t a t e  d r i l l i n g  operat ions.  During ths d r i l l i n g  
process the use o f  rud p i t s  w i l l  be p e m i t t e d  and upon comple- 
t i o n ,  t h e  p i t s  w i l l  be backf i l l ed  with o r i g i n a l l y  excavated 
mater ia l  to  na tu ra l  ground surface.  Topsoil w i l l  be s tockpiled 
separa te ly  and replaced i n  t h e  top  1 foot  o f  t h e  excavation. 

Temporary e s t h e t i c  impacts will r e s u l t  f r o m  t h e  d r i l l i n g  opera- 
t i o n s .  h g e r  tern e s t h e t i c  inpacts  w i l l  occur duo t o  the pres- 
ence of piezometer heads. 



Wildl i fe  would be displaced i n  m a l l  numbers by the  r m v a l  o f  
vegeta t ive  h a b i t a t  and by construct ion a c t i v i t y .  m e  project 
should not reduce w i l d l i f e  n a e r s  o r  change general d i s t r ibu-  
t i o n  pat terns .  m e  land d is turbed during construct ion w i l l  be 
ava i l ab le  to w i l d l i f e  a s  na tu ra l  revegetation occurs. 

Land ownership and general land use would not be  a l t e red  by t h e  
minor f a c i l i t i e s  constructed. 

Construction a c t i v i t i e s  would t e q o r a r i l y  increase t h e  l eve l s  of  
t r a f f i c ,  noise,  and dust  along p a r t  o f  t h e  Big Sandy River. How- 
ever,  t h e r e  a r e  no people r e s id ing  i n  o r  adjacent t o  t h e  construc- 
t i o n  area.  After the  f a c i l i t i e s  have been constructed the re  w i l l  
only be  occasional l i g h t  vehicular  t r a f f i c  t o  t h e  s i t e  t o  obta in  
readings from the  p i e z o m t e r r .  

b. P r i ce  River, San Rafael River, and Dir ty  Devil Rivm hits, 
Utah. - No d e f i n i t e  plans f o r  con t ro l l ing  salt loading fro. t h e  - 
Price,  San Rafael,  and Dirty Devil Rivers have been f o m l a t e d  
a t  t h i s  time; therefore ,  a l l  a l t d r n a t i v e s  a r e  s t i l l  being con- 
s idered.  Continued f i e l d  inves t iga t ions  should provide the  nec- 
essary  i n f o m t i o n  f o r  s e l e c t i n g  a control  method. 

She of  t h e  problems associa ted  with d e s a l t i n g  p l a n t s  o r  map- 
o ra t ion  ponds which have y e t  t o  be resolved a m :  (1) la rge  
areas  r e q u i d  for evaporation ponds; (2) s torage  of large  
amaunts o f  s a l t  depos i t s  f o r  an extended period o f  t i rw;  
(5) leakage o f  s a l i n e  water possibly contaminating amas sur- 
munding ponds; acc idunta l  discharge o f  s a l t s  i n t o  r i v e r  sys- 
tems; c o l l e c t i o n  o f  s a l i n e  water t o  a cun t ra l  p lant ;  and c o s t s  
associa ted  with d e s a l t i n g  l a rge  q u a n t i t i e s  o f  water. 

I f  no ac t ion  w e r s  decided upon, ths salt loading o f  the  Colorado 
River would continus to increase  as  Upper Basin uses  increase.  

c. &Elm Creek Unit, Colorsdo. - A l t a n a t i v e s  to evaporation 
o f  t h e  flows o f  kE1m Creek wwld  be desa l t ing  o r  increased 
i r r i g a t i o n  e f f i c i e n c y  with o r  without evaporation o r  desa l t ing .  
INS and WSI program a r e  being inves t iga ted  t o  determine which 
a l t e r n a t i v e  is t h e  mst f e a s i b l e  method of  el iminating s a l t s .  



E. Other Measures f o r  S a l i n i t y  Control 

Return Flow U t i l i z a t i o n  

The San Diego Gas and E lec t r i c  Company plans t o  cons t ruct ,  by 1985, 
a 900-ne~awatt  nuclear powerplant in  the  Colorado Desert near 
Blythe, Cal i fornia .  A s  a water supply f o r  cooling: in the water- 
shor t  Southwest, t h e  coarpany was encouraged t o  u t i l i z e  s a l i n e  a ~ i -  
c u l t u r a l  drainage water in order t o  reduce s a l i n i t y  in  the  lower 
m i n  stem. I t  is planning t o  use drainage water from the  Palo 
Verde I r r iga t ion  District and not re turn  the  cooling tower blow- 
&MI w a t e r  t o  the  Colomdo River. 

Y e t r o p l i t a n  Water D i s t r i c t  has agreed, i n  p r inc ip le ,  t o  fu rn i sh  
up to a t o t a l  of  100,000 acre- fee t  of  Colorado River water each 
yser  t o  sites i n  t h e  Mojave Desert area  f o r  powerplant cooling 
and re la t ed  purposes. The water is t o  be d i s t r i b u t e d  a s  follows: 
San Diego Gas and Electric Canpany - 17,000 ac re - fmt ;  Los Angeles 
Department of Water and Powar - 33,000 acre- fee t ;  and Southern Cal- 
i f o r n i a  Edison Cunpany - 50,000 acre-feet .  Metropolitan and the  
a f fec ted  parties )rave executed leters of i n t e n t  f o m l i z i n g  such 
a l loca t ion ,  and t h e  twns and condit ions under which W e t r o p l i t a n  
would furnish  this mter. In the  fu ture ,  it is an t i c ipa ted  t h a t  
these  leters w i l l  be exacuted a s  contracts .  

The 17,000 acre- fuet  per  year  a l loca ted  t o  San Diego Gas and Elec- 
t r ic  Company are m l y  sufficient f o r  one un i t ,  but t h e  Company's 
plan a l s a  c a l l s  for i n s t a l l a t i o n  of second u n i t  of 900-MW capacity. 
The conpany's plans t o  obta in  a m t e ~  supply f o r  t h e  second u n i t  
w u l d  still involve the use  of drainage water from the  Palo Verde 
n i s t r i c t .  The canpany has purchased about 7,000 acres  of  i r r i g a t e d  
farmlands. In t h e  fu ture ,  it plans e i t h e r  t o  take  a portion of 
the  land ou t  o f  production o r  reduce t h a  i n t e n s i t y  of crop produc- 
t ion.  The reduction in  d-nd caused by t h e  above use of the  
land w i l l  be equal t o  the  d m i n a ~ e  watur taken f o r  cooling p lan t  
p r p o s e s  and no addi t ional  d m d  w i l l  be placed on t h e  Colorado 
River System, Thu drainage water used by t h e  tm u n i t s  w i l l  r e d w e  
t h e  t o r m a g ~  o f  salt by 59,000 tans per  year,  equivalent t o  a b u t  
8 ng / l  a t  Imperial DM. 

Other s t a t e s  in the  Basin a l s o  w i l l  encourage use of s a l i n e  water 
for cooling purposes, although canplicated water r i g h t s  or loca- 
t i o n  problems o f t e n  rmst be solved t o  p m i t  such use. 
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COSSIJLTATIOS AND CCX3RDINATION 

A. Consultation and Coordination During Plan Develoment - -- - 1-L- 

1. Cooneratine E n t i t i e s  - -*- ---- 
The inves t iga t ions  involved in the  Colorado River Water W a l i t y  
Improvement Program have been aided by t h e  support o f  a l l  of  t h e  
Basin S t a t e s  and most water user  organizat ions.  Several o ther  
agencies o f  t h e  Federal Government, p a r t i c u l a r l y  the  EPA, have 
contr ibuted e f f e c t i v e l y  t o  t h e  program in addit ion t o  the  research 
e f f o r t s  already discussed. 

I t  i s  recognized t h a t  any recommendations f o r  improvement of  irri- 
gat ion  e f f i c i ency  must be r e a l i s t i c  and capable of being a c h i e v d  
by t h e  farmers. Any s t r u c t u r a l  measures proposed must be accept- 
ab le  t o  t h e  f a m e r s  and landowners for t h e  improvments t o  lm con- 
s t ruc ted .  Changes in  i r r i g a t i o n  e f f i c i ency  t h a t  w i l l  r e s u l t  from 
expansion of the  INS program f o r  i r r i g a t i o n  schedul ing, technica l  
a s s i s t ance  by the  So i l  Conservation Service, and any o the r  d u c n -  
t i o n  and demonstration programs t o  inprove i r r i g a t i o n  f a r n  manage- 
ment rmst have wide acceptance. To achieve fanner pa r t i c ipa t ion ,  
local coordinating c o r n i t t e e s  a re  being f o d  f o r  each study u n i t  
a s  s tud ies  ge t  underway. E n t i t i e s  involved include I r r iga t ion  and 
Drainage Districts, conservation d i s t r i c t s ,  and local  groups i n t e r -  
ested i n  improving i n i f l a t i o n  e f f i c i ency  . 

a. Bureau of Land Management. - The Assistant  Secretary - Land 
and Water Resources - has d i rec ted  t h e  Bureau of  Land h n a g m n t  
and t h e  Bureau o f  Reclamation to e s t a b l i s h  a working re la t ion-  
sh ip  t o  i n t e g r a t e  reclamation and p l b l i c  land urograms a s  they 
r e l a t e  to i m p m v w m t  of the  water q u a l i t y  in t h e  Colorado River 
Basin. Currently, a t a sk  force  is being es tabl i shed with repre-  
sen ta t ives  from t h e  Bureau of  Land Planagement and t h e  Bureau of 
Reclamation whose r e s p o n s i b i l i t y  w i l l  include: 

Rwiew research on various methods of water q u a l i t y  improve- 
ment appl icable  t o  t h e  Colorado River Besin natural resource 
lands. 

Recommend implmmta t ion  o f  those methods su i t ab le  f o r  
appl ica t ion  and i d e n t i f y  spec i f i c  treatments needing f u r t h e r  
research. 

Deternine the  need f o r  on-the-ground review on spec i f i c  s i t e s .  

Develop guidel ines  f o r  use  by f i e l d  personnel t o  iden t i fy  
potent ia l  m e a s  f o r  study ( i . e . ,  physical da ta  on s a l i n i t y  
concentrat ions,  quant i ty  of  flow, geographic locat ion ,  cont ro l  



measures and associated c o s t ) .  The guidelines a r e  t o  be on 
areas  of mutual concern ra the r  than on those t h a t  a r e  so le ly  
within the  respons ib i l i tv  of one organization ( i . e . ,  s a l i n i t y  
associated with i r r i g a t i o n  projec ts  w i l l  not be considered). 

Ident i fy  po ten t i a l  a reas  f o r  study. 

Ident i fy  types of programs o r  treatments tha t  should be con- 
sidered fo r  improvenent of watm qual i ty .  

Recommend areas  of r espons ib i l i ty  between Bureaus i n  r e l a t i o n  
t o  the  appl ica t ion of remedial treatment pract ices  i n  spec i f i c  
geograph ic areas.  

Following completion of  these  tasks,  spec i f i c  programs w i l l  be 
iden t i f i ed  t o  inplenent neasures of  reducing s a l i n i t y  i n  t h e  
Colorado River Systm.  

b. Departnent of  Agriculture. - The Colorado River ,%linity 
Control Act (Public Law 93-320) provides au thor i ty  f o r  the  USDA 
t o  p a r t i c i p a t e  in  Colorado River k s i n  S a l i n i t y  Control inves t i -  
ga t ions  along with t h e  Department of I n t e r i o r  and t h e  Environ- 
mental Protect ion Agency i n  the  S t a t e s  of Arizona, Cal i fornia ,  
Colorado, Nevada, New Mexico, Utah, and Wpming. A Hernorandun 
of Understanding between t h e  Department of t h e  I n t e r i o r  and the  
Departnent of Agriculture, e f fec t ive  ffovcslber 27, 1974, was 
entered i n t o  which requires  f u l l  coordination, cooperation, and 
l i a i s o n  k t w m  I n t e r i o r  d Agriculture in achieving improved 
i r r i g a t i o n  e f f i c iency  through research and damns t ra t ions ,  inple-  
mentation o f  onfa- i r r i g a t i o n  system i n r p m v m t s ,  b e t t e r  irri- 
gation management p rac t i ces ,  and other  a c t i v i t i e s  that would 
f u r t h e r  the object ive  of t h e  S a l i n i t y  Cmtrol Act. A Memorandum 
of Agreement, e f fec t ive  March 27, 1975, was entered h t o  between 
the b e a u  of Reclamation and the So i l  Conservation S n v i c e  t o  
Implaen t  the  spec i f i c  a c t i v i t i e s  c a l l e d  f o r  under T i t l e  I 1  of 
the  Colorado River Basin S a l i n i t y  Cmtrol Act. 

In addit ion ta t h e  research underway by the  DepArtamt of  A g r i -  
cu l tu re ,  it hss a l s o  undertakun t h e  examination o f  t h e  magnitude 
of program inputs  needed t o  provide d e f i n i t i v e  appra i sa l s  of 
present and po ten t i a l  contr ibut ions  t o  the reduction of the  salt 
load of t h e  Colorado River Systm.  The Department of Agriculture 
has been working with farmers and ranchers f o r  m n y  years t o  
improve onfarn water management techniques. These o n f a m  a c t i v i -  
t i e s  s i g n i f i c a n t l y  compliment the  Colorada River Water Quality 
Improvement Program. 



Evaluations proposed o r  underway by the  Department of Agriculture 
include: 

Showing re la t ionsh ips  of  erosion and sediment production t o  
s a l t  loading. . 

Identifying land areas  having t h e  highest po ten t i a l  t o  a f f e c t  
s a l t  loading through erosion and sedimentation. 

Identifying watershed areas  where management and treatment 
p rac t i ces  w i l l  reduce s a l t  loading. 

Identifying a reas  where inproved i r r i g a t i o n  system and nanage- 
ment p rac t i ces  can be u t i l i z e d .  

Showing re la t ionsh ips  between such p rac t i ces  and salt loading. 

Quantifying e f f w t s  which can be achieved thmugh technical  
o r  f inanc ia l  a s s i s t ance  programs of the  Department. 

Identifying the  impacts of a l t e r n a t i v e  salt load reduction 
program on t h e  ag r i cu l tu re ,  l ives tock and f o r e s t  indus t r ies .  

In p a r t i c u l a r ,  t h e  Sail Conservation Service is a c t i v e l y  p a r t i c i -  
pat ing in  s a l i n i t y  control  a c t i v i t i e s  in  the  Grand Valley area. 
Through SCS engineerin# ass i s t ance  and t h e  Agricultural  Conser- 
vat ion Pragra~ (ASCS) f o r  wst sharing,  f m e r s  have i n s t a l l e d  
14 miles o f  d i t c h  l i n i n g  a t  a  c o s t  of about $300,000. Moreover, 
it is cooperating with the  Wlfeau in  t h e  conduct of t h e  I r r i g a -  
t i o n  Management Services p r o w .  I t  has had a task  fo rce  
appra ise  required improvements i n  onfarm i r r i g a t i o n  s y s t m s .  
I t s  role i n  f u r t h e r  improving fann i r r i g a t i o n  e f f i c i e n c i e s  can 
be highly s ign i f i can t .  

c .  S t a t e  Pa r t i c ipa t ion .  - The Seven Basin S t a t e s  a l l  p a r t i c i -  
pated i n  s t ruc tu r ing  t h e  Colorado River Water Quali ty Improve- 
ment Pragraa. They have m n i t o r e d  progress of  t h e  inves t iga t ions  
and have provided helpful  a s s i s t ance  and suggestions a s  t h e  pro- 
gram progressed. For exmple ,  i n  t h e  Grand Valley area ,  the  
S t a t e  of Colorado has assigned personnel to work toward t h e  goal 
of inpraving water use ef f ic iency in  t h e  Valley. I t  has financed 
f i e l d  t r i a l s  o f  advanced onfarm automated i r r i g a t i o n  s y s t m s  
including a d r i p  i r r i g a t i o n  system in an orchard. The S t a t e  of 
Wyoming is  pa r t i c ipa t ing  i n  a  p i l o t  study of  t h e  na tu ra l  f reez-  
ing process f o r  s a l t  removal i n  the  Big Sandy River. The S t a t e  
of Ca l i fo rn ia  has accomplished background s tud ies  o f  the  s a l i n i t y  
problem and has been most helpful  i n  providing r e s u l t s  o f  inde- 
pendent s t u d i e s  r e l a t i n g  t o  economic impacts of s a l i n e  water 



use. Nevada has a m p ; e d  for  and provided considerable techni- 
ca l  data and background re la t ing  t o  Las Vegas Wash. Such con- 
tinuing -peration is essent ia l  t o  successful completion and 
evaluation of the various s a l i n i t y  control un i t s  involved in  
the program. 

2. Interagency Coordination and Review - 
a .  Colorado River Basin Sa l in i ty  Control Forum. - Enactment of 
P.L. 92-500, The Federal Water Pollution Control Act, introduced 
a new managwent factor  in to  the  s a l i n i t y  problem. This legis-  
l a t ion  has been interpreted by EPA as requiring tha t  numerical 
c r i t e r i a  be se t  fo r  s a l i n i t y  on the Colorado Ri'ver. Consequently, 
i n  the f a l l  of 1973, EPA submitted t o  several of the  Colorado 
River Basin States  preliminary views regarding proposed require- 
ments and procedures fo r  Sa l in i t y  Control i n  the Colorado River 
Basin including the  establishment of an in t e r s t a t e  organization 
t o  develop a s a l i n i t y  control plan. 

In response t o  the  EPA p r o p s a 1 , t h e  Basin States  met i n  Novem- 
ber of 1973 and formed the  Colorado River Basin Sa l in i t y  Control 
Forum. A statement of the Forum's p s i t i o n  for use i n  discuss- 
ing the proposed r e q u i r m t s  and pmcudures f o r  s a l i n i t y  control 
was adopted a t  t h a t  t i n e  and s t a t e s  i n  part: 

~~ Sta tes  have established a nechanism f o r  in te r -  
s t a t e  cooperation (Colorado River Basin Sa l in i ty  Con- 
t r o l  F o n m )  and f o r  preparation of sut ianmal  repor t s  
on the  development of numeric c r i t a r i a  and the  adop- 
t ion  of such c r i t e r i a  by Qctobar 18, 1975. 

"As was concluded by resolution of the  Colorado River 
Basin S ta tes  Conferees of the Conference i n  the  Matter 
of Pollution of In t e r s t a t e  Haters of the Colorado 
Rivar Md Its Tributar ies  held i n  Las Vegas, Nevada 
and the  Reconvaned Ssvunth Session held i n  Denver, 
Colorado, implementation of the Colorado River Sslin- 
i t y  Contml Progrim generally as described i n  the  
report  of t he  Secretary of the In te r io r  en t i t l ed ,  
'ColomuIo River Water wlity Improvsasnt Program, 
Febnmry 1972' would car ry  wt the rrrost appropriate 
plan of implementation f o r  s a l i n i t y  control  f o r  the '  
Colorado River systmt. The appropriate objective of 
the  project  is the maintenance of s a l i n i t y  a t  o r  
below leve ls  found in the  lower main sten as of 



April 1972, while the  Upper Basin S t a t e s  continue 
t o  develop t h e i r  compact-apportioned witers ."  

The F o m  menbers a t  the  November 1973 meeting a l so  agreed t o  a 
request of EPA t h a t :  

"(a) The f i n a l  statement on proposed water q u a l i t y  
s tandards and plan of implementation f o r  s a l i n i t y  con- 
t r o l  should be cons is tent  f o r  a l l  seven S t a t e s  of the  
Colorado River Basin; and 

"(b) Opportunity should be provided f o r  fu r the r  
d i r e c t  discussion between representa t ives  o f  t h e  
Environmental Protect ion Agency and t h e  Forum before 
t h e  proposed regu la t ions  a r e  published i n  the  Federal 
Register." 

Following formation o f  t h e  Colorado River Basin S a l i n i t y  Control 
Fonm, meetings were held with representa t ives  o f  t h e  EPA in  
January, March, and A p r i l  1974 t o  d i scuss  a proposed regulat ion 
on Colorado River S a l i n i t y  which would requi re  t h e  S t a t e s  to 
adopt water q u n l i t y  s tandards f o r  s a l i n i t y  and submit them t o  
EPA by O c t o b r  1975. The Fomm a l s o  iumtdiately established 
procedures and a t h e  schedule f o r  es tabl i sh ing the  standards 
and i n i t i a t a d  necessary s tud ies  in cooperation with t h e  Bureau 
o f  Reclanation and t h e  Environmntal Protect ion Agency. 

The proposed regula t ion  was published i n  t h e  Federal Register  
on June 13, 1974. After  hearings in Ias Vegas, Hevada, and 
Denver, Colorado, in August 1974, t h e  final regula t ion  was made 
e f f e c t i v e  m December 18, 1974, in the  Federal Register .  The 
regula t ion  sets f o r t h  t h e  s a l i n i t y  cont ro l  policy,  procedures 
and requirements f o r  es tabl i sh ing water q u a l i t y  s t d a d s  f o r  
s a l i n i t y  i n  t h e  Basin. The f u l l  t e x t  of  t h i s  regula t ion  appears 
i n  Appendix F.  

The ''Water W l i t y  Standards f o r  S a l i n i t y ,  Including Nuneric 
C r i t e r i a  and Plan of Implementation f o r  S a l i n i t y  Control,  Colo- 
rado River System" was l a t e r  adopted by the  seven h s i n  S t a t e s  
and published i n  t h e  Federal Register  March 31, 1976 p r i o r  t o  
f o m l  approval by t h e  Environmental Protect ion Agency on a 
d a t e  t o  .be determined. 



b. Colorado River Basin S a l i n i t y  Control Advisory Council. - 
Public Law 93-320, The Colorado River Sasin S a l i n i t y  Control Act. 
created an Advisory Council composed of m, more than th ree  m e n -  - 
bers fron each S t a t e  appointed by the  Governor of each of the  
Colorado River Basin Sta tes .  The Council w i l l  serve only i n  an 
advisory s t a t u s  and s h a l l :  

(1) A c t  a s  l i a i son  between both the  Secre ta r i e s  of In te r io r  
and Agriculture and t h e  Administrator of t h e  Environmental 
Protection Agency and t h e  S t a t e s  i n  accomplishing t h e  pur- 
poses of T i t l e  I1 control  programs. 

(2) Receive r e p o r t s  from t h e  Secretary in t h e  drogress of 
the  s a l i n i t y  con t ro l  program and review on sa id  repor ts .  

(3) Recormend t o  both the  Secretary and t h e  Administrator 
o f  t h e  Environmental Protect ion Agency appropriate s tud ies  
of f u r t h e r  projec ts ,  techniques, o r  methods f o r  acconplish- 
ing  s a l i n i t y  control  in  t h e  Basin. 

The Advisory Cauncil a s  well a s  the  President  and t h e  Congress 
w i l l  receive biannual r epor t s  on t h e  Colorado River S a l i n i t y  
Control Program colmuncing on Jan- 1, 1975. This repor t  f o r  
a l l  con t ro l  plans under T i t l e  I1 of  t h e  Act K i l l  cover: 

(1) Progress of  inves t igat ions ,  planning, and constnrct ion 
of s a l i n i t y  control  un i t s .  

(2) Effect iveness o f  such un i t s .  

(3) Anticipated m k  needed' t o  be .ccoaplished in the  future, 
emphasizing needs during t h e  5 years insnediately following 
t h e  date of each repor t ,  and any specia l  problems t h a t  may be 
impsd ing progress. 
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Consultation and Coordination During Preperation o f  the  Draft EIS 

Las Vegas Wash Unit, Nevada 

1. Cooperating En t i t i e s .  - The foilowing is a l i s t  o f  t h e  
various e n t i t i e s  t h a t  have been consulted and which have 
a s s i s t e d  in some way with the  development of the  projec t  plan. 
The br ief  na r ra t ive  describes the  nature o f  t h e i r  r e l a t ionsh ip  
and the  type of information tha t  was used in t h e  2lanning 
process. 

Las Vegas Wash Development Committee. - X planning c o r n i t t e e  
authorized by the  Clark County b r d  of County Commissioners 
t o  e s t a b l i s h  guidel ines f o r  the  development o f  the  f u l l  rec- 
r ea t iona l  and educational po ten t i a l  of Las Vegas Wash. 
Coordination cons i s t s  of  ongoing monthly meetings t o  coor- 
d i n a t e  the planning o f  the  Las Vegas Wash Unit with t h e  
Committee's plans fo r  a recrea t ional  and w i l d l i f e  a rea  i n  
the  wash. 

Clark County Sewage Ad Wastewater Advisory Cornit tee.  
Monthly ree t ings  in  which the  caan i t t ee  is apprised o f  
Reclamation's plans and progress. 

F a c i l i t i e s  Development Section,  Clark County Sani ta t ion  
D i s t r i c t  (formerly the  Wastewater Kmagement Agency). - Con- 
tinuous contact  t o  coordinate a l l  Reclamation a c t i v i t i e s  i n  
t h e  general Las Vegas area  with t h e  County's plans f o r  an 
Advanced Wastewater Treatment Plant and fu tu re  discharges of  
sewage e f f luen t  i n t o  t h e  Wash. This coordination has required 
c l o s e  mopera t ion  with the  d i s t r i c t ' s  consultant  "Nevada 
Env immtn ta l  Consultants1' (NECOH) . 
Clark Camty  Public Works Dcpartmnt and Regional Planning 
Council. - Several meetings have been held r e l a t i v e  to the  

Wash Unit's req;ire#nts fo r  rights-of-way and 
matters  per ta in ing t o  land use. 

Basic M a g e n a n t  Incorporated. - This industry was contacted 
regarding the  possible use o i  i t s  p r o p r t y  f o r  evaporation 
ponds. 

U.S. Geological Survey. - This agency was contacted t o  obtain 
hydrologic da ta  f o r  the  flows in  Las Vegas l-h. A discussion 
of d a t a  needs led  to t h e  i n s t a l l a t i o n  o f  a new gaging s t a t ion .  

Nevada Power Company. - Several meetings have been held t o  
discuss the  poss ib le  jo in t  use of p ipel ines  f o r  the  disposal  



of br ine  wastes o r  a l l  co l lec ted  wash flows in  3ry Lake Val- 
ley as described i n  chapter  V I I I  of t h i s  statement. 

Environmtfttrl Protect ion Agency. - The agency i s  regular ly  
advised of Reclamation's progress r e l a t i v e  to  a c t i v i t i e s  i n  
the  g rea te r  Las Vegas area.  

S t a t e  of Sevada, Division o f  Colorado River Resources. - This 
S t a t e  agency, through t h e i r  appointee's.  represents  t h e  S t a t e  
o f  ~ e v a d a  the  "~ommit t e e  OF ~ o u r t e e n : ' ~  i s  such, they 
worked c lose ly  with the  Bureau of  Reclamation during i n i t i a l  
planning e f f o r t s  p r i o r  t o  author iza t ion  o f  the  projec t .  They 
have cont inual ly ,  through the  C a m i t t e e  o f  Fourteen, coordi- 
nated t h e  a c t i v i t i e s  of t h i s  projec t  with the  o the r  Basin 
S t a t e s  a s  it r e l a t e s  t o  the  overa l l  Colorado River S a l i n i t y  
Control Project .  

Southern Nevada Resource Action Council. 'The council has 
been apprised of  the  Las Vegas Wash Unit's pmgress  a t  
monthly meetings. 

Early i n  March, 1975, t h e  Ertvironwnral Off ice  of Rcclamationts 
tower Colorado Regional Office contacted the Nevada Department 
of  Fish and Game regarding a b io logica l  inventory for Las Vegas 
Wash. In subsequent meetings with the  State  Fish and Game, they 
r e c m e n d e d  t h a t  Reclmation contact  the  Biology Department of  
t h e  Universi ty of Nevada a t  Las Vegas. On August 12, 1975, a 
followup m e t i n g  was held i n  which t h e  S t a t e  Fish and Game and 
t h e  U.S. Fish and Wildl ife  Senrice met with t h e  Burem of  Recia- 
na t ion  t o  d iscuss  t h e  b io logica l  study, a l t e r n a t i v e s  of  t h e  
Las Vegas Wash bi t ,  and poss ib le  n i t i g a t i o n  concepts for proj- 
e c t  impacts. 

On J u l y  5, 1974, i n i t i a l  contac t  was made with t h e  National 
Park S e ~ i c e ,  Arizona Archeological Canter regaxding an  arch- 
eologica l  w e y  o f  Las Vegas Wash. In response to t h i s  request,  
t h e  National Park Service  cantacted t h e  Nevada Archeological 
Survey, Southern Division, Universi ty of Nwadt, Las Vegas, 
Musema of Natural History, L a s  Vegas, Yevada. Field work w a s  
begun i n  November, 1974, and was concluded ifi June, 1975. In 
i t s  report, t h e  Yevada Archeological Survey has included not  
only a camplete inventory of s i t e s ,  but a l s o  recamendations f o r  
s i t e  mit igat ion and estimated cos t s .  

Other i n s t i t u t i o n s  that have been npec i f i ca l ly  consulted and/or 
coordinated with include t h e  S t a t e  o f  Nevada, Governor's Off ice  
o f  Planning Coordination; Arieans State Clearinghouse, Off ice  o f  
Economic Planning and Dwelopnmt;  S t a t e  of Ca l i fo rn ia ,  Office 



of the Lieutenant Govem.or, Office of Intergovernmental Manage- 
ment; Clark County Regional Planning Council; and the Business 
and Economics Department of t5e University of Sevada, Las Vegas. 

Crystal Geyser Unit, Utah 

Several Federal and State  agencies have coordinated with the Bureau 
of Reclamation or 3ave k e n  consulted concerning the Crystal Geyser 
Uni t .  These agencies and t h e i r  respective contributions are  l i s t ed  
below. 

The fallowing Federal agencies provided coments on the report o f  
the proposed project:  

National Park Service 
Fish and Wfldlife Service 
Bureau of  Land Management 
Bureau of Mines 

Other input was furnished by: 

Sta te  of Utah, Division of Sta te  History - Archeological and 
h i s to r ica l  studies.  

Brigham Young University - Biotic assessment of Crystal Geyser 
area. 

Paradox Valley Vnit, Colorado 

An interagency planning and consultation meeting and f i e l d  tour 
of t he  Para&% Valley Sa l in i ty  Control Unit s i t e  was held i n  Decem- 
ber of 1974. The fallowing Federal, Sta te ,  and local  agencies 
part icipated : 

Bumou of Land Managaent 
Soil  Conservation S m i c e  
National Park Service 
Fish and Wfldlife S m i c e  
Colorado S ta te  Water Conservation Board 
Colorado S t a t e  Department of Health 
Colorado Division of Wildlife 
San Miguel Water Conservancy District 
Colorado River b a r d  of California 
Metropolitan Water Dis t r ic t  of Southern California 
S ie r ra  Club 

In addition t o  t he  a h v e  par t ic ipat ion,  review, and consultation 
meetings, several agencies are currently involved in  spec i f ic  



coordination act i v i t  i e s  . These agencies and t h e i r  respective 
a c t i v i t i e s  a r e  l i s t e d  below. 

Bureau of Land Management - Coordination i n  plans f o r  evapora- 
t i o n  pond and geologic d r i l l i n g  a t  the  Radium Reservoir site. 

Environmental Protect ion Agency - Coordination of  discharge 
p e m i t  f o r  pump t e s t s .  

Fish and Wildl i fe  Service - Coordination of  con t rac t s  f o r  envi- 
ronmental da ta .  

National Park Service - Coordination o f  cont rac t  f o r  archeolog- 
i c a l  inventory. 

Eureau o f  Mines - Requested ass i s t ance  i n  the  water sampling 
program. 

Colorado Division o f  Wildl ife  - Have a con t rac t  with t h e  Bureau 
t o  inventory the  w i l d l i f e  and t h e i r  h a b i t a t s  f o r  the  Paradox 
Valley Unit. 

Southwest Water Conservation District - Coordination o f  various 
i n t e r e s t  groups including Congressmen and o the r  o f f i c e  holders. 
Other a c t i v i t i e s  which have occurred a s  p a r t  of t h e  Paradox Val- 
l ey  Unit a re :  

1. Geological Survey - Presented a preliminary administrat ive 
ana lys i s  repor t  of t h e  da ta  and p l m .  

2. Colorado S t a t e  Department of Health - Pmvided water qual- 
i t y  data. 

3. Colorado S t a t e  Engineer's Office - Coordinated with t h e  
Bureau i n  the  d r i l l i n g  program. 

4. Helene a n b e r g  - Correspondent with Washington Post - 
held informal b r i e f i n g  sess ion  with Bureau personnel. 

Grand Valley Unit,  Colorado 

The Grand Valley S a l i n i t y  Coordinating Committee was formed during 
t h e  month of August 1972. This group c o n s i s t s  o f  representa t ives  
o f  19 loca l ,  S t a t e ,  and Federal organiza t ions  involved i n  ag r i cu l -  
t u r a l  a c t i v i t i e s  i a - t h e  Grand Valley. The p u r p s e  o f  t h i s  committee 
is t o  coordinate water a c t i v i t i e s ,  el iminate dupl ica t ion  of e f f o r t ,  
and t o  br ing  about a b e t t e r  understanding of the  s a l i n i t y  cont ro l  

r 



programs among the  c i t i z e n s  of  the  Grand Valley and o the r  agencies. 
Neetings have been held monthly o r  bimonthly s ince  t h e  committee 
was fomed.  

Subcommittees f o r  pub l i c i ty ,  subdivision development, and technica l  
a c t i v i t i e s  have a l s o  been established and a re  functioning well. 
Xoteworthy is t h e  input of t h e  work of  t h e  subcommittee on sub- 
d iv i s ion  developaent work with t h e  Mesa County Planning Commission 
in s e t t i n g  standards f o r  subdivision developments. 

Bureau o f  Reclanation personnel have attended many meetings n i t 5  
the  various water use r s '  organizat ions explaining t h e  Bureau's 
s a l i n i t y  cont ro l  plans, e spec ia l ly  i n  the  I r r i g a t i o n  Yanagement 
Service Program. 

Bureau personnel a s s i s t ed  and pa r t i c ipa ted  in a National Public  
Television Program segment of the  P.B.S. "NOVA" Se r i e s  i n  the  fea- 
t u r e  e n t i t l e d  Where has the  Colorado Gone." 

The local  newspaper has had a =por ter  in  attendance a t  the  coordi- 
na t ing  c o r n i t t e e  meetings and many fea tu re  a r t i c l e s  o f  t h s  ac t iv -  
i t ies o f  t h e  various agencies have been published by t h i s  paper. 

Recent consul ta t ion  and coordinat ion a c t i v i t i e s  include t h e  
following: 

1. A con t rac t  (1975) between Ecology Consultants,  Inc.,  
Fort  Coll ins,  Colo. m d  t h e  Bureau o f  Raclamation t o  study 
t h e  f l o r a  and f a w u  of t h e  Grand Valley Unit. Data from 
t h i s  study sad recmmmdations w i l l  be incorporated i n t o  an 
envirmnrsntal assessment o r  s ta tenent  of the  Grand Valley 
Unit. 

2. The Soil Conservation Service is making an anvironmen- 
tal assessnent  of  onfarm improvement a s p e t s  of t h e  S a l i n i t y  
Control Unit. This in fomat ion  w i l l  be combined with Bureau 
of Raclamation da ta  f o r  t h e  de ta i l ed  environmental statement 
o r  assessment. 

3. Colorado S t a t e  Universi ty has completed a l i t e r a t u r e  
m i e w  of  fauna and f l o r a  of t h e  Grand Valley Project  a rea  
and has provided the  Bureau with t h i s ' i n f o r n a t i o n .  

4. Since November 1975, publ ic  meetings have been held 
across  t h e  va l ley  t o  acquaint  t h e  pub l i c  with t h e  projec t .  

5. The Agricultural  Research Service is  conducting research 
on nanagemnt p rac t i ces  t o  f ind  ways of reducing r i v e r  salt 



loading from i r r i g a t e d  lands. T3ese s tudies  a r e  i n  coopera- 
t i o n  with Colorado S t a t e  University Experiment S ta t ion  and 
t h e  Bureau o f  Reclanation. 

Uinta Basin Unit, Utah 

The Federal agencies which have pa r t i c ipa ted  i n  t h e  invest iga-  
t i o n s  and planning of t h e  Uinta Basin Unit a re :  

Bureau of  Indian Affairs - Cmrdinated t h e  I m i g a t i o n  Manage- 
ment S e w i c e s  (IMS) program and plans f o r  t h e  Water Systems 
Improvement. 

Forest Service - Exchanged water q u a l i t y  da ta .  - 
Geological Survey - Established stream gages. 

Agriculturs  S t a b i l i z a t i o n  and Conservation Service - Provided 
photos of  area .  

Other agencies and/or groups which coordinated in t h e  I m i g a t i o n  
Mmagument Service (W) prograa a re :  

Wonlake M t s r  Users Association 
Uinta Basin I m i g a t i o n  Co. 
Ute Indian Tribe 

Big Sandy Unit,  Wyoming 

The coordinat ion and consul ta t ions  i n  t h e  inves t iga t ions  o f  t h e  
Big Sandy Unit have involved t h e  following agencies: 

Universi ty of Wyoming - Contracted with t h e  Wlreau to do 
na tu ra l  f raez ing desa l t ing  s tud ies .  

Geological Sumey - Gaging. 

Enviwmnmtal Protect ion Ageacy - toordinatad fn d r i l l i n g  
inves t iga t ions  by issuing discharge penit. 

Simi lar  coordinat ing and p l b l i c i t y  a c t i v i t i e s  a r e  planned far 
t h e  Glenwood-Dotsera, Lower Gunnison, and EkElmo Creek Units. 

Price,  San Rafael,  Dirty D s v i l  Units, Utah 

Inves t iga t ions  of t h e  Price,  San Rafael, and Dirty D e v i l  Rivers  
a r e  c u r r e n t l y  in progress. The Bureau has received input  from 
t h e  following l i s t e d  agencies: 



Geological Survey - Ins ta l l ed  stream gages. 

Bureau of Land Management - Ins ta l l ed  some s t ~ e m  gages and 
is current ly  making same s a l i n i t y  s tud ies  on the  San Rafael. 
Exchange of da ta  with the  %.may has occurred. 

Utah S t a t e  University - Making s tud ies  on the  San Rafael and 
Price Rivers concerning overland flow re la t ionsh ips  t o  s a l i n i t y  
and s a l t  pickup i n  na tura l  channels. 
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Appendix A-1. Connon P lan t s  o f  t h e  Upper Colorado Riwr Basin. 
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M i a n t  um cap i l l u s -vene r i s  

Chei lan thes  e a t o n i  
C. f e e l  

Cryptograms a c r o s t  i choides  

C y s t o p t e r i s  b u l b i f e r a  
C. f r a g i l i s  

Equisetum avense 
9. h y e m l e  
E. kansanua 
E. laevigatum 
E. p r a t ense  

P e l l a e a  g l a b e l l a  

Polys  tichum l o n c h i t i s  

Pteridum aquilinum l a n u g i u o s m  
P. aqui l inum pubescew 

S e l a g i n e l l a  denaa 
S. mutica 
S. v a t s o n i l  

Woods ia oregana melcicana 
H. acapu l ina  

Agropyran bake r i  
A. c r t s t a t u m  
A. dasystachyum 
A. d e s e r t a r m  
A. elongatum 
A. g r i f f i t h s i  
A .  inerme 
A. i z t e m d i w  
A. pubescens 
A.  repens 
A. r iqar ium 
A. saic0l.a 
A. s c r i b n e r i  
A. s m i t h i i  
A. s m i t h i i - m l l e  
A. s p i c a t w i n e r m e  
A. subsecundum 
A. trachycalum 
A. t r ichophorua 

Agroat ie  alba 
A. b o r e a l i s  
A. emlra ta  
4. h i e n a l i s  
A. h u a i l  is 
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A. p a l u e t r i e  
A. s a b r a  
A. s e d v e r t i c i l l a t a  
A. v a r i a b l e s  

Alopecurur aequal  is 
A. a lp inue  
A. a r i s t u l a t w  
A. gea i cu l a tu8  
A. pra t enes i e  

Andropogon s c o p a r i s  

A x i s t i &  f end le r i ana  
A. l o n g i s e t a  
A purpurea 
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Aegilops c y l i n d r i c a  
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B. eriopoda 
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Bromus anamalus 
R. c a r i n a t w  
B. c i l i a t l r s  
B. inermfs 
B. japonicus 
B. m r g i n a t w  
B. muis  
B. polyanthw 
B. pcrrteri  
B. pumpellianua 
B. r a c e m s a  
B. r i cha rdson i i  
B. t e c t o n m  
B. vulgar ia  
B. vFLlden&i 

Buchloe dactyloidea 

Calamagrogt is canadenais 
C. inexpanaa 
C. neg lec ta  
C. purpuracene 
C. rubecans 
C. s c o p u l a r u  
C. s c r i b n e r i  
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D. danthonioides 
D. e longata 
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E. c i n e r e w  
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E. glaucus 
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E. macounii 
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9. v i rg ia icus  
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E. t r ichodes 
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F. oc to f lo ra  
F. ovina brachyphylla 
F. s c a b r e l l a  
F. thurber i  

Glyceria b o r e a l i s  
G. grandie 
G .  pauc i f lo ra  
G. e t r i a t a  

Hesperochloa k ing i  

Hferochloe odorata 



Rllaria jamesii 
8. v u l g a r i s  

Hordeum brachyantherum 
H. jubatum 

Xoeler ia  c r i s t a t a  

Yel ica  bulbosa 
X. s p e c t a b i l i a  
3. p o r t e r i  

Yuhlenbergia a n d i m  
Y. a s p e r i f o l i a  
M. c u r t i f o l i a  
M. cusp ida t a  
H. f i l i c u l m i e  
M. f i l i f o r m i e  
M. montana 
M. p o r t e r i  
X. pungens 
M. r aceaosa  
3. repena 
M. r i cha rdson ie  
M. t o r r e y  i 
M. v r i g h t i i  

Poa a l p i n a  
P. a l sodee  
P. ampla ' 
P. s r i d a  
P. bulbosa 
P. canbyi 
P. compressa 
P. c u r t a  
P. c u s i c k i i  
P. e p i l i s  
P. f end le r i ana  
P. i n t e r i o r  
P. j m c i f l o r a  
P. l o n g i l i g u l a  
P. neryosa 
P. nevadenei a 
P. o c c i d e n t a l i a  
P. p a l u s t r a  
P. p r a t e n a i s  
P. r e f l e x a  
P. rup ico la  
P. a andbe rg i i  
P. eecunda 

Polypogon w a s p e l i e a s i s  

P u c c i n e l l i a  a i r o i d e s  

Xunroa squa r rosa  Schedonnardw p a n i c u l a t u s  

Panic- c a p i  llare 
P. obtusum 
P. rmgatua 

P h a l a r a  arundinacea 

P h r a p i  t e a  communis 

Phleum alpinum 
P. p re t ense  

Seca l e  cereale 

S e t a r i a  glauca 
S. v i r i d i e  

S i t an ion  h y e t r i x  
S. jubatum 

S p a r t i a a  g r a c i l i a  
S. p e c t i n a t a  

Sporobo l u e  a i r o i d e a  
S. a i r o i d e s  w r l g h t i i  
S. =per  
S. c o n t r a c t u s  
S. cryptandrua 
s. f lexuosue 
S. h'eterolepim 



St ipa  a r ida  
S. columbiana 
S. c m t a  
S. caronata 
S. le t te rmani  
S. neomexicana 
S. occidenta l  is 
S. ? i n a t o r m  
S. r ichardsoni  
S. robusta 
S. spa r t ea  
S. apeciosa 
S. thurberiana 
S. v i r i d u l a  

Torryochloa paucif l o r a  

Grasslike P lan t s  

Carex albo-nigra 
C. anguatior  
C. anthroatachyra 
C. a q u a t i l i a  
C. a rapahoensb 
C. aurea 
C. b e l l a  
C. b i g e l o v i i  
C. b r iv ipee  
C. buxbaumii 
C. canesceno 
C. c a p i l l a r i a  
C. chalc io lepia  
C. c r a v f o r d i i  
C. diaperma 
C. b u g l a s i i  
C. dr-ndiana 
C. &en# 
C. egglea toni l  
C. e l e c h s r i e  
C. elynoidee 
C. f e a t i v e l l a  
C. f i l i f o l i a  
C. foenea 
C. geyer i  
C. he teroneura 

Carex haad i i  
C. hcmkeraua 
C. i l l o t a  
C. i n t e r i o r  
C. j o n e s i i  
C. k e l l o g i i  
C. lanuginosa 
C. l as iocarpa  
C. l e p t a l e a  
C. media 
C. mfcroptera 
C.  mfsardra 
C. nebraskeneis 
C. ne lsonf i  
C. n igr icans  
C. nova 
C. obtusa ta  
C. occ iden ta l i a  
C. pachystachya 
C. pe tasa ta  
C. phaeocephala 
C. praecep torum 
C . praegrac i l i a  
C. p r a t i c o l a  
C. pseudoecripoidea 
C. r ayno lds i i  
C. r o a s i i  
C. r o s t r a t a  
C. s a x a t a l i e  
C. scopar ia  
C. scopulorum 
C. s i a u l a t a  
C. tolmiei  
C. v a l l i c o l a  
C. v i r i d u l a  

Eleocharia bolanderi  
E . macros tanhya 
E. pauci f lora  

Junclts badius 
J. ba l t i cua  
J. b a l t  icurs-montanus 
J. confusus 
J. dr-ummndii 



Juncua f i l i f o d s  
J. h a l l i i  
J. i n t e r i o r - a r i z o n i c w  
J. long i s  t y l i s  
J. mertenaiansus 
J. ? a r r y i  
J. r e g d i i  
J. saximontanus 

I k b r e s i a  be1 l a r d i  
K. rnyruroidea 

Luzula intermedia 
L. mult i f  l o r a  
L. p a r v i f l o r a  
L. s p i c a t a  

Sc i rpus  a c t u s  
S. a r r ~ r i c a n u a  
S. r u b r o t i n c t u s  

S i ey  rinchium a n g u s t i f o l i u l  
S. m m t a n m  

Sparganium eurycarprsa 
S . mult ipeduncula tum 

Tr ig loch in  marit- 

Forbs 

Abronia cyc lop te r a  
A. e l l i p t i c a  
A. f ragrana  
A. p m i l a  

Achilles w l l e f  o l i  um l anu losa  

A c o a i t u t  c o l m b i a n m b a k e r i  
A. columbiani~m-insigne 
A. l u t e scene  

Actaea rubra  arwta 

Agas tache  u r t  i c i  f o l  ia 

Agoseris a u r a n t i a c a  
A. g lauca 
A. g lauca t a r a x a c i f o l i a  

A l l i un  acuminatwn 
A. brandegei  
A. S r ev f s ty l im  
-4. cernuum 
A. geve r i  
A. rubrum 
A. schoenoparasun 
A. t e x t i l e  

Amaranthus g raec i zans  
A. hybridus 
A. ; rawel l i i  
A. r e t r o f l e x u s  

Ambrosia a r t e m i s i f o l i a  
A. pe i l a s t achya  

Amsonia eas tvoodiana 
A. j o n e s i i  
A. tommtosa 

Androsace f i l i f o m i s  
A. s e p t e n t r i o n a l i s  
A. s p e t e n t r i o d i s  glandulosa 

Anenane c y l i n d r i c a  
A. globasa 
A. m u l t i f i d a  
A. zephrya 

Angel ic a gragi 
A. pinnaea 
A. quiaque f o l i a  
A. roseana 

At te rmar ia  anapholoides  
A. corymbosa 
A. d b o r p h a  
A. mfcropbylla 
A. n e g l e c t s  
A. p a r v i f o l i a  
A. ro sea  



Aquflegia chruaaatha 
A. coerulea 
A. e legantula  
A. f laveecens 
A. micrantha 

Arabia dniwmndi 
A. g labra  
A. h o l o b e l l i i  
A. l-ni 
A. l y a l l i  
A. microphylla 
A. n u t t a l l i i  
A. pendulina 
A. perennms 
A. s e l b y i  

Aquilegi-a coerulea 
A. f laveacene 
A. foxmaa 

Arct itm minu8 

Arenaria acu lea ta  
A. congeata 
A. f e n d l e r l  
A hooker1 
A. k i o g i i  
A. m c r a n t h s  
A. o b w i l o b a  

Arnica c h a d a e a n i a  
A. c o r d i f o l i a  
A. fulgena 
A. la t i  f o l i a  
A. l o n g i f o l b  
A. mllis 
A. parry1 
A. s o r o r i a  

Artemisia dracunculoides 
A. draaculus 
A. ludovicianu 

Aaclepias aeperula 
A. cryptoceras 
A. h a l l  ii 
A. l a b r i f o r u i e  
A. l a t i f o l i a  
A. s p x i o e a  
A. s u b v e r t i c i l l a t a  
A. t uberosa 

Aster alpigenus 
A. canescens 
A. c h i l e n s i s  atlacendens 
A. c-tatua c r a a a u l w  
A. compeatrls 
A. e a t d i  
A. engelmaanii 
A. foliaceree apricua 
A. foliaceum canbyi 
A. glaucodce 
A. hepetiua heaper iw  
A. i n t e g r i f o l i u e  
A. parry1 
A. rubrotinctue 
A. venustus 

Aa t ragalua  aboriginup 
A. adsurgene 
A. a g r e a t r i e  
A. amphioxye 
A. beckwithi1 
A. b i a u l a c t w  
A. c iba r iua  
A. c i c s r  
A. c o l t o n i i  m a b e a s i s  
A. a n v a l l a r i u a  
A. cyrboidea 
A. deeere t  icua 
A. d i v e r e i f o l i w  
A. e u r e b n a i a  
A. flexoeus 
A. h o r n i i  
A. iodopetalua 
A. kentraphy ta 



Qise r 
d s e r  ob long i fo l iu s  
missour iens ia  
mol l ias fnus  tompsonae 
n a t  t u a l l i a n u s  
p a c t e r s o n i i  
p u r s h i  f 
utahens is 
saxbulosus 
scopulorum 
s p a t u l a t u s  
tenne l lus 
vexi  lli f l exus  
w i nga  t anus 

Athyrium a l p e a t r e  americanum 

Bahia dissecta 
B. nud icau l i s  
B. ou ro l ep i a  

Balsmorhi za  h i r s u t a  
B. incana 
B. s a g i t t a t a  

Baesia  hypop i fo l i a  

Beuila erecta 

Beeaeya a l p h a  
B. p l an t ag inea  
B. riteriana 
B. uymingene ie  

Bidena raacrophylla 
B . t e n u i s e c t a  

Bras s i ca  kaber  p i n n a t i f i d a  
B, n i g ~ a  
B. rapa 

B r i c k e l l l a  acabra  
B. c a l f  f o r n i c a  
B. g r a n d i f o l i a  
B. l o n g i f o l i a  
B. o b l o n g l f o l i a  l i n i f o l f a  
B. s c a b r a  

aryum lonchocauloo 

Calochortus e l egans  
C. gunnieoni i  
C. a u t t a l l i i  

Ca l tha  lepcasepa la  

Calypso Sulbosa 

Campanula p a r r y i  
C. ro tundi f  o l i a  
C. u n i f l o r a  

Caonab is sa tiva 

Cappel la  bursa-paa tor i s  

Cardaxnine c o r d i  f o l i a  

Cardar ia  draba 

C a a t i  l l e j a  angus t i f  o l i a  
C. c h r o w s a  
C. cocc inea  
C. f l a v a  
C. i n t e g r a  
C. leortiardi 
C. l f n a r i a e f o l i a  
C. l i n i a t a  
C. o c c i d e n t a l i s  
C. pu l che l l a  
C. r e r e x i f o l i a  
C. aulphurea 

Caulanthus c r a e s i c a u l i s  

Centaurea repena 

Chaenact is  a l p i n a  
C. d o u g l a a i i  
C. s t e v i o i d e s  



i - 1 . c'oz',inueci 

Convolvlus a ~ e n e i e  
I 

Chenopodium a l b m  
C. capitatum 
C. glaucum 
C. h d l e  
C. l e p  tophyllun~ 

Chrysanthemum leucanthemum 

Cicharium i n t y b w  

Cicuta douglas i i  

C i r s i u m  arvenae 
C. drummndli 
C. f o l i o e m  
C. neomexicanum 
C. p u l c h e l l u  
C. rydbergi i  
C. undulatum 
C. utaheneis  
C. vulgare 

Claytonia l anceo la ta  

Clematis co lmbiana  
C. h i r su t i s s ima  
C. l i g u s t i c i f o l i a  
C. pseudoalpina 

Cleome lutea 
C. e e r r u l a t a  

Co l l ins ia  g rand i f lo re  
C. p a r v i f l o r a  

C o l l o l t a  g rand i f lo ra  
C. l i n e a r i e  
C. t e n e l l a  

Comandra umbellate-pallIda 

Conyza canadmeis 

Cora l lor rh iza  meculata 
C. e t r i a t a  

Cordylanthus k i n g i i  
C. w r i  g h t i i  

Corydalus aurea 
C. caseaaa 

Crepie a c m l n a  t a  
C. a t rabarba  
C. occ lden ta l i e  
C. runcinata 

Cruciferae spp. 

Crypt hantha f lava  
C. f lavocula ta  
C. fulvocaneecena 
C. jameeii 
C. nana 
C. torreyana 

Chryeopsis v i l l o s a  

Cympterus aboriginum 
C. an i sa tus  
C. bulboew 
C. f e n d l e r i  
C. g r a y i i  
C. longipes 
C. aDntanue 
C. purpurmcerta 

Cynogloasm o f f l c l n a l e  

Cypripedium fassiculatum 
C, p a m l f  lorm 

Delphinium barbeyi 
D. geyer i  
D. glacwm 
D. n e l s o n l i  
D. occ identa le  

A-2 -8 D. scapoaum 



Deacurainia  p inna t a  
D. p inna t a  h a l i c t o r u n  
D. r f  chardsoni i - fnc isa  
D. rrachycarpum 

Dicent ra  u n i f l o r a  

Dithyrea v l s l i z e n i  

Dodecatheon alpinum 
D. pulchellum 
D. r a d i c a t m  

Dondia spp. 

Draba au rea  
D. og l io spe raa  
D. s p e c t a b i l i s  

Draeocephalum n u t t a l l i i  

Dryas oc  t o p e t a l a  

Echinacea spp. 

Ence l ip s l a  n u d i c a u l i s  

Epilobium adenocaulon 
E. alpinum 
E. angus t i fo l ium 
E. b r e v i s  tylum 
E. . -glaberr imu 
E . g l a n d u l o s m  
E . h o r n e m n i l  
E. l a t i f o l i u m  
E. pauiculatum 

Erigeron f l a g e l l a r i s  
E .  g l a k l l u s  
E. l e iomirus  
E. lonchophyllua 
E. micranthus 
5 .  2eregr  fnus 
F,. p m i l u s  
E. simplex 
E. speciosus 
E. s u b t r i n e n r i s  
E. u rs inua  
E. vreelandf  

E r igonm v r i g h t i i  

Eriogonum d a t u m  
E. batemani 
E . caeap i  t o a m  
E. campmulatun 
E. cernum 
E. chrysocephalum 
E. corymbosm 
E. fas icu la tum 
E. gordoni 
E. he rac l eo ides  
E. inf la turn 
E. l ep toc ladon  
E. microthecum 
E. ova l i f l o rum 
E. racePosum 
E . sa l sug inosua  
E. s tel latur 
E. umbellatun 

Eriophy l u a  lanatum i n t  

Erodium c i cu t a r ium 
Epipactus  g lgan tea  

Eremocrinm spp. 

Erigeron aphanac t i s  
E. c m p o s i h s  
E. concfnnus 
E. c o u l t e r i  
E. d ivergene 
E. e a t o n i i  
E. e l a t i o r  
E. engelmanii  

e g r f f o l i u n  

Erysimum a r g i l l o s m  
E. c ap i t amm 
E. n i v a l e  

Erythronirrm grandif lorum 

Eupa t o r i -  maculatum 
E. o c c i d e a t a l e  



Euphorbia a lbomarginata  
E. e ~ u l a  
E. f e n d l e r i  
E. r obus t a  

Eurynchium a t r i g o s u a  

F rage r i a  b r a c t e a t a  
P. g lauca  
F. vesa  
P. v i r g i n l a n a  

Fraeeria acan t h i c a r p a  
P. d i s c o l o r  

P raae ra  a l b o a s r g i n a t a  
F. spec iosa  

P r i t i l l a r i a  a t ropu rpu rea  
F. pudica  

Galium a p a r l n e  
G. b i f o l i m  
G. bo rea l e  
G. coloradoenae 
G. m u l t i f l o r u  
G. t r i f i d i u a  pac i f i c -  

~ a ~ o p h y t t h  n u t t a l l i i  
G. r a w a i e e i u o  

Gent iaaa o f f i n i e  
G. a l g i d a  
G. s r r a r e l l a  m r e l l a  
C. s r r a r a l l a  hn te roeepa la  
G. ararilla 
G. b a r b l l a t a  
G. c a lycoaa  
G. den toea  
G. f r e m o n t i i  
C. h o l o p e t a l a  
G. p a r r y i  
C. p l e b l a  
G. p r o e t r a t a  
C. serrata 
G. tenella 
C. t h e m i l i e  

Geranium b i c k n e l l i i  
G. c ae sp i toeua  
C. brewntii 
G. neswoslm 
C. r i cha rdson i*  
G. viscossimum 

Ceua l~traphyllum 
G. r a a s i i  
G. r o a s i i  turbinatum 
G. t r i f l o r u a r  
G. triflonmh ciliaturn 

Gilia a m r e g a t s  
G. a r i z o n i c a  
C. cauda t a  
G. congas ta 
C. i n m a p i c u s  
G. l ep tomer ia  
G. s t eno thy rea  

G i l l a r d i a  aristida 
G. p i n n a t i f i d a  

Claux marl t ime 

Cnaphalirrm ch i l enae  
G, p a l u r t r e  

Rabcnatia U a t a t a  
II. hyperbarea 
8, s p a r e i f l o r r  
8. m a l a s c e n i r  

Halogeton g lone ra tue  

b p l o p a p p w  a c a u l i e  
A. a r n e r i o i d e e  
H. croceue 
8. l a n c e o l a t u s  
H. macron- 
H. u n i f l o r u s  



Bedysarum boreale 
H. occidenta le  

He len im autumnale wntanum 
H . hoopes ii 

Hel ianthel la  microcephala 
H. quinquenervis 
A. un i f lo ra  

Helianthus annus 
8. n u t t a l l i i  
HI p e t i o l a r i s  

Heraculeum l a n a t  un 

Beterotbeca s u b a x i l l a r i a  

Reuclher cy l indr i ca  
H. p a r v i f o l i a  
8. rubescens 

H i e r a c i m  albif lorum 
8. f e n d l e r i  
H. g r a c i l e  
H. acou le r i  

I r i e  miseouriensis 

Xsatis  t i n c t o r i a  

Iva a x i l l a r i s  
I. occ iden ta l i s  
I. xan th i fo l i a  

Ives ia  gordonii 

Lactuca pulchel la  
L. s e r r i o l a  

Lappula echinata 
L. redowakii 

Lathyrua arizcmicue 
L. l ansnre r t  ii 
L. leucanthus 
L. utahensis  

Leonurus cardiaca  

Lepidium densif l o r m  
L. d ivergins  
L. l a t i f o l i u m  
L. wntanum 
L. perfol iatum 
L. virginicum 

kp todac ty lon  pungens 
Hydrophylltm c a p i t a t u s  
El. f e n d l e r i  

Hymmoxys acau l i a  
8. f i l i f o l i u e  
H. grandifloria 
R. helenioides  
A. r i c h a r d m n i i  
H. acaposa 
H. torreyana 

Hyoscyamus n iger  

Hypericwm forrosum 
H. s c o u l e r l  

Lesquerel la  alpinrrrr 
L. ludlvic iana  
L. r e c t i p e s  
L. s p a t u l a t a  
L. utahensis  

Leucelene e r i co ides  

Lewisia py- 
L. rediviva 

Liguist icrm f i l ic inum 
L. p o r t e r i  

L inan thas t rm n u t t a l l i i  



L i n m  a r i s  ta tum 
L. k i n g i i  
L. l e u i a i i  

Lithopbragma bulbi fera  
L. p a r v i f l o r a  
L. tehel  l a  

Lithospermum incisum 
L. mult if  lorun 
L. ruderale 

Lomatim d t s e c t u m  
L. grayi  
L. leptocarpum 
L. nevadensa 
L. n u t t a l l i i  
L. simplex 
L. t r i t e rna tum 

Lupinus a l p e s t r i s  
L. armaphilw 
L. argenteue 
L. argenteue pa rv i f lo rus  
L. caudatus 
L. k h g i i  
L. lepidue 
L. lepidue utaheneis  
L. leucopbyllus 
L. p u e i l l u s  
L. ee r i ceus  

Lychinis drumaondii 
L. k i n g i i  

Lygodeamia grandif  l o r a  
L. juncea 
L. sp lnosa  

Machaerauthera g r i n i l o i d e s  
H. leucanthemifolia 
M. tanacet i fo lSa  
M. t o r t i f o l i a  

Hadia glomeata 

Malacothrix souchoides 
M. t o r r y i  

Xalva neglec t8  ( r o t m d i f o l  ia) 

Matricaria matricariofdes 

S d i c a g o  l u p l i n a  
X. e a t i v a  
M. e a t i v a  ladak 
M. s a t i v a  nmad 
M. s a t i v a  rambler 

Xel i lo tue  albua 
M. o f f  i c i n a l i a  

Hentzel ia  a l b i c a u l i e  
3. diepersa  
M. laericaulis 
Y. mul t i f lo ra  
M. n i t e m  
M. pumila 

!4enyantks t r i f o l i a t a  

Yertensia a r i z w i c a  leonardi  
Y. brev-btyla 
M. ciliata 
M. f r a n c i e c a ~  
M. f u e i f o m i a  
M. lanceola ta  
24. oblongifo l ia  
Y. v i r i d i s  

Y i c m s t e r i s  g r a c i l i a  
Y. nutane 

M W u s  las tuoodiae 
n. g u t t a t w  
H. gut t a t w  depauperatue 
Y. l e u i e i i  
?!. mscha tus  
M. primuloidea 

Mirabi l ie  rml t  i f l o r a  



Mitella pentandra 
Y. s t a u r o p e t a l a  

Orobanche f a s s i c u l a t a  
0. m u l t i f l o r a  
9. u n i f l o r a  

Moldovica pa rv i  f l o r a  
Orogenia l i n e a r i f o l i a  

Yonarda f i s t u l o s a  
Y. f i s t u l o s a  a e n t h a e f o l i a  
M. p e c t i n a t a  

Yonardel la  odorac t i ss ima 

Moneses u n i  f l o r a  

Orthocarpus l u t e u s  
0. ?urpureo-albw 
0. tolmiei 

Osmorhiza c h i l e n s i s  
0. depaupe r a  ta 
0. o c c i d e n t a l i s  

Monolepis n u t t a l l i a n a  

Yantia p e r f o l i a t a  

?iy~iophyllurp hippuroidea 
Oxypo lb  f e n d l e r i  

Hyosot is  scorpoides  
Orytenia  acerosa  

Najas  guadalupensis  

Nama spp. 

Wastur t iuu o f f i c i n a l e  

Navar ren t ia  breweri  

Nemophila b r e v i f l o r a  

Oxy t r o p i s  de l f  lexa 
0. l amber t i f  
0. sericea 

Paronychia pu lv ina t a  
P. s e s a i l i f o l  la 

Nepeta c a t a r i a  
Par rya  rydbe rg i i  

Nicot iana a t t e a u a t a  
Peceocarya p i n i c i l l a  ta 

Oenothera a l b i & u l i s  
0. brachycorpa 
0. caesp i  toea  
0. c a e s p i t o s a  moatana 
0. co ronop i fo l l a  
0. b r e v i f  l o r a  
0. f l a v a  
0. hooke r i i  
0. Lavandulaefol ia  
0. p a l l i d a  
0. scapoidea 
0 .  t r i c h o c a l y x  

Oreoxis  spp. 

P e d i c u l a r i s  b r ac  teosa 
P. c e n t r a n t h e r a  
P. c r e n u l a t a  
P. g r a y i  
P. g roenlandica  
P. p a r r y i  
P. racemoea 
P. scopularum 

Pens temn a c a u l i a  
P. a lbomargina tw 
P. ambiguus 
P. b r i d g e s i i  
P. c ae sp i to sus  



Penstemon c r a n d a l l i i  
P. cyananthus cyananthus 
P. cyanocaulia 
P. b w t u s  
P. e a t m i i  
P. f l o r i d u s  
P. h a l l i i  
P. 3arbouri  
P. h d l i s  
P. j a a e s i i  
P. lenrus 
P. l i n a r i o i d e e  
P. Jlensarum 
P. m f f a t i i  
?. montanus 
P. p a l m x i  
P. pacbyphyllus 
P. procerua 
P. r a d i c o s w  
P. rydbergi i  
P. s t r i c t u a  
P. subglaber 
P. t e a c r i o i b s  
P. utaheneis 
P. whi ppleanua 

Per ide r id ia  spp . 
Petrador ia  pumila 

Phacel ia af f i n i a  
P. corrugata 
P. c renu la ta  
P. hati t a  t a  
P. he.terophylla 
P. bovell iana 
P. idahoensie 
P. i n t e g r i f o l i a  
?. iveeiana 
P. s e r i c e a  

Phlox condensam 
P. hoodii  
P. l i n e a r i f o l i a  
P. long1 f o l i a  
P. s t ansbury i  

Phoradendron j miperinurn 

Physal i s  hederaefol ia  
P. l o a g i f o l i a  

Physaria a u s t r a l b  
P. neuberryi 
P. v i t u l i f e r a  

Plagiobo th rye spp . 
Plantago eriopoda 
P. insula tue  
P. lanceola ta  
P. major 
P. pa tagmica  
P. pursh i i  
P. tueedyi 

Podia t e r a  eas  twoodae 

Polemonium delicatum 
P. e d m m  
P. f o l i o s h a i r u m  
P. occ identa le  
P. pulcherrimum 
P. vissosum 

Polygonum a q h i b i m  
P. av icu la re  
P. b ia to r to idea  
P. c o c c i n e u  
P. douglae i i  
P. pe r s i ca rea  
P. viviparrm 
P. watsonii  

Potamgeton a l p i n w  
P. aataae 
P. pec t ina tus  
P. p u s i l l u s  

P o t e n t i l l a  ansernia  
P. a rguta  c o w a l l a r i a  
P. biennia 
P. cocinna 
P. d i v e r e i f o l i a  
P. g l ab ra ta  
P. glandulosa 
P. gracilis 
P. p l a t e m i s  
P. pulcherrima 
P. quinquefolia  



Ps i lo s t rophe  b a k e r i  

Psora lea  juncea 
P. neglantha 
P. t enu i f  1ora  

Sa l eo l a  k a l i  t e n u i f o l i a  

Saponaria vacca r i a  

Saxi f raga  b r o n c h i a l i s  
S. odonto lom 

Scrophular ia  l a n c e o l a t a  
Peterospora andromedia 

S c u t e l l o r h  spp. 
P u l s a t i l l a  spp. 

Pyrola  a s a r i f o l i a  
P. secunda 
P. v i r e a s  

Raamculus  adoneue 
R. a l i smae fo l iu i a  
R. a q u a t i l l s  
R. c a rd iophy l lu s  
R. c y a b a l a r i a  
R, eschschol  t z f i  
R. g l abbe r r i rue  
8. inamenus  
R. j ov i a  
8. macounii 
R. occ iden ta l e  
R. or thorhynchus 
R. repens 
R. t e s t i c u l a t u s  

be.maria r e f  racta 

Rorippa a l p h a  

k d b e c k h  laciniata 
R. o c c i d e n t a l i a  

Rumex a c e t o s e l l a  
8. c r i s p u a  
R. d e n s i f l o r u e  
R. hyaanoeepalue 
R. mexicaaw 
R. venosw 

S a g i t t a r i a  cuneata  
S. l a t i f o l i a  

S a l i c o r n i a  app. 

Sedum d i b i l e  
S. i a r e g r i f o l i u m  
S. rodantbun 
S. rosea 
S . s tenope talum 

Senecio amplec t ens 
S. amplecteas ho lml i  
S. arratus 
S. b i g e l o v l i  
S. b i g e l o v i i  h a l l i i  
S. canus 
S. c a r t h e w i d e s  
S. c r a a a u l w  
S. c r o c a t w  
S . c y l b a l a r i o i d e s  
S. e r s n o p h i l w  
S. f r e a o n t i i  
S. hydrophi lus  
S. i n t e g e r r l m m  
S. l o n g i l o b w  
S. m u l t i l o b a t w  
S. pauc i f l o rue  
S. pseudawrerte 
S. serra 
S. p a r t i o i d e s  
S. t r a n g u l a r i s  
S. t r i d e n t i c u l a t u s  
S. werueriaef  o l i w  

Sida hederaea 



Sida lcea  candida 
S. oregana 
S. neomaxicana 

S i l e n e  acauLis 
S. d o u g l a s i i  
S. menzies i i  

S iaymbr im al t iss imum 
S. mntanun  
S. radicatum 

Sisyr ich ium idahoens is  
S. montanum 
S . occ iden t a l e  

S a i l a c i n a  racewaa 
S. stellata 

Solanurn dulcamsra 
S. n i g ~  
S. r o e t r a t u n  
S. t r i f l o r u m  

Solidago c a n a d e m i s  e longatus  
S. canadensis  s a l eb rosa  
S. missour iena is  
S. mu1 t i r a d i a t a  
S. s p a r e i f  lora 
S. p a t h u l a t a  

Sonchus a rvens i e  
S. aapet 

Sphaeralcea ambigua 
S. cocinnea 
S. g ros su la r i ae f  o l i a  
S. l ep tophy l l a  
S. maroane 
S. p a r v i f l o r a  

Spi ran tbas  romanzof f iaa 

Spraguea d e l l a t a  

S tan leya  albesceaa 
S. p l n a a t a  

Steironema c i l i a t u m  

S t e l l a r  ia j amee i a n a  
S. l o n g f f o l i a  
S. longlpee 

S tephanomeria exfgua 
S. t e n u i f o l l i a  

S t r e p t h a n t h e l l a  l o n g i r o s t r i s  

S t rep tan thus  cordatua 

S t rep topus  aap lex i  f o l i u a  

Suaeda f r u c t i c o s a  

S v e r t i a  perennis  

Syn th r i s  p i n n a t i f i d e  

T a l i n m  brevi fo l ium 

Taraxacum o f  f i c i n a l e  

T h a l i c t r u  alpinum 
T. f e n d l e r i .  

Thalsp i  alp- tre 
T. arrrenee 
T. f e n d l e r i  
T. glaucum 

Thelesperma subnudm 

Telepodium spp. 

T h e m p a i e  nrratana p i n e t o n m  

Townaend l a  annua 
T. incana 
T. w n t m a  
T. s t r i g o a a  

Tradascant ia  o c c i d e n t a l h  

Tragopogon dubius 
T. p o r r i f o l i w  
T. p r a t e n s i e  

T r ibu lus  terrestrie 



Tri fo l ium brandegei  
T. daeyphyllum 
T. gyunocarpon 
T. hybridum 
T. k i n g i i  
T. lougipes  
T. micilentum 
T. nanua 
T. p a r r y i  
T. p r a t ense  
T. p r o c u d e n s  
T. repens 

T r ig loch in  mar i th  
T. p a l u s t r i s  

Vicia american 
V. americaaa minor 

Viguiera  m i l t  i f l o r a  

Viola  adunca 
V.  adunca b e l l i d i f o l i a  
V. beckwi th i i  
V. b i f  l o r a  
V . canadensis  
V.  canadensis  scopulorum 
V. nephrophylla 
V. n u t t a l l i i  
V. n u t t a l l i  major 
V. purpurea 

Tree8 and Shrubs 

Typha d d n g e n a i s  
T. l a t i f o l i a  

U r t  ica d i o r c a  
U. g r a c i l i a  
U. l y a l l i  
U. serra 

Urticularia vu lga r i a  

Valeriena a c u t i l o b a  
V. edulis 
V. o c c i d e n t a l i e  

Vancl evea a t y  l o s a  

V e r a t ~  cal i f o r n i c m  

Verbaacum thapsus  

Verbem b r a c  team 
V. h a s t a t a  

Veronica axiericana 
V. a n a g a l l b - a q u a t i c a  
V. e e r p h l i f o l i a  
V. woraek jo ld i i  

Abies concolor  
A. l a e ioca rpa  

Acer glabrum 
A. g randidenta tun  
A. neguuda 

Alnua t e n u i f o l i a  

h l a n c h i e r  a l n i f o l i a  
A. u t aheae i s  

Ambrpha spp. 

Arctostaphyloa canescena 
A. co loradens is  
A. p a t u l a  
A. uva-urai 

-4rternieia arbuacua l  
A. b i g e l o v i i  
A. cam 
A. dracunculue 
A. f i l i f o l i a  
A. f r i g i d a  
A. gnaphal io ides  
A. nova 
A. obovata  
A. p e d a t i f i d a  
A. scopulorum 



Arternisia t r i d e n t a t a  t r f d e n t a t a  
A. t r i d e n t a t a  vaseyana 
A. t r i p a r t i t a  
A. ephescena  

At r ip lex  caneecens 
A. conf e r t  i f o l i a  
A. corrugate 
A. ga rdner i i  
A. n u t t a l l i i  
A. pa tu la  
A. t r i d e n t a t a  

Coleogyne r a m e  b e i m a  

Cowanla mexican stansburiaua 

Crataegw chryeocarpa 
C. douglaai i  

Baccharie spp. Dalea f r e m n t i i  

Berberia f r e m n t i i  Dryae oc tope t ala 
B. f e n d l e r i  
B. rcpene Echinocactw polycephalue 

E. whipplei 
BetuLa occ iden ta l i s  ( f o n r i n a l i s  
B. glandulosa Echinocereue cocciana 

E. e a g e l m n n i i  
Br lcke l l i a  c a l i f  ornica  E. t r i g l o c h i d s i a t u s  

Ceanthue f e n d l e r i  
C. greggii 
C. i n t e t e r r i n u e  
C. mar t in i t  
C. ve lu t inua  

Celtis r e c r i c u l a t a  

Cercocarpue i n t r i c a t u e  
C. l e d i f o l i u e  
C. aontanue 

Ephedra c u t l e r i  
E. nevadensis 
E. t o r reyam 
E. v i r i d h  

Chimaphila umbel1at.a Fa l lug ia  paradoxa 

Chryao tbmus depreaa w 
C. nauaeoaua a l b i c a u l i a  
C. naweoaus canrrimilb 
C. n a w e o a w  glabra tue  
C. nallireoaus juncew 
C. pa r ry i  a t t e n u a t w  
C. p a r r y i  p a r r y i  
C. vaasyi  
C. v i ec id i f  l o m a  
C. v i e c i d i f l o r w  lanceala tua  
C. v i s c i d i f l o r u e  l i n i f  o l i w  
C. v i a c i d i f  lo- puber lw  
C. v i a c i d i f  lorue  s t e o p h y l l w  
C. v i s c i d i f l o r u e  v i e c i d i f l o r u a  

Fendlera rupicola 

Glosaopetslon meionandra 
G. nevadenrre 
G. nevadenae e t i p u l  iferum 

Gut ier rez ia  d c r o c e p h s l a  
C. s a m t h r a a  

Grayia apinoaa 



J a m s i a  spp. 

Juniperus comrmnis s a x a t i l i s  
J. mnospentta 
J. osteosperea 
J. scopulorum 

Kalmia p a l i f o l i a  

Kochia areericana 
K. scoparia 
K. v e s t i t a  

Leptodactylcu pungens 
L. watsoni i  

Linaaea b o r e a l i s  

Lonicera involucra ta  
L. utaheneis  

Lycium cooperi  
L. f r m n t i i  
L. pal l id-  

Mahonia repena 

Opuntia c o r v i l l e i  
0. f r a g i l h  
0. asc ro rh iza  
0. p l y a c a n t h a  
0. r h d w t h a  

P a r r y e l l a  f i l i f o l i a  

Peraphyllum raoosiasimum 

Petrophytum caeapitoeum 

Pinus a r i s  t a t  a 
P. contorta  
P. e d u l i s  
P. f l e x i l i s  
P. nmnophylla 
P. ponderosa 

Poliomintha incana 

Populw acuminata 
P. angue t i fo l i a  
P. f r e w r n t i i  
P. t remuloides 

P o t e n t i l l a  f ru t i coea  

Runua v i rg in iana  demiaee 
P. v i rg in iana  melanocarpa 

Quercw gambelii 
Q. undulata 
A. t u r b i n e l l a  

Thaaaus a l n i f o l i a  
R. betulae  f o l i a  

Rhue glabra 
R. radican8 
R. t r i l o b a t a  

Rebes aurelcn 
R. cereum 
R. coloradense 
R. i ae rae  
R. l a c u s t r a  
R. wnt igenlm 
R. p e t m l a r e  
R. v i s c o s h e i a u  
R. wolf ii 

Phylloduce empetriformis 



Roaa a c i c u l a r i s  
R. m i c a  
R. nutkana-hispida 
R. m o d s i t  

.Pubus idaeus  
R. leucodermfa 
R. p a w i f l o r u s  
R. s t r i g o s u a  

S a l  Fx amygdalaides 
S. bebbiana 
S. cascadens ia  
S. druaaondiana 
S. ex igua  
S. geyer iana  
S. g lauca  
S. m y r t i l l i f o l i a  
S. n i v a l i s  
S. p h y l i c i f o l i a  
S. s c o u l e r i a a a  
S. v o l f i i  

Sambucus coe ru l ea  
S. pubens 
S. r a c e m s a  m l a n o c a r p a  
S. raceurea  microbotrys  

Sarcoba tus  vermicula  t u s  

Shepherdia argentea 
S. candansie  
S. r o t u n d i f o l i a  

Syaphoricarpos album 
S. l o n g l f l o r w  
S. o c c i d e n t a l i e  
S. o r e o p h i l w  
S. r o t u n d i f o l i u a  
S. vacinoidee 

Taoacetua spp. 

T e t r a d p i a  a x i l l a r i e  
T. canescens 
T. g l a b r a t a  
T. sp inoea  

Vaccinium caeapitosum 
V. memb ranaceum 
v. m y r t i l l u s  
V. scoparium 

Yucca anguat iss ima 
Y. Sacca ta  
Y. b a i l e y i  navajoa 



APPENDIX A-2 

C M Q N  P W N T S  OF THE LOWER COLORADO RIVER B A S I N  



Appendix A-2. C m o n  Plants  of  t h e  Lower Colorado River aasin. 

Grassee and Grass- l ike P l a n t s  

Agropyron b a k e r i  
A. c r i s t a t u n  
A. desertorum 
A. elongaturn 
A. inenae 
A. intermedium 
A. repens 
A. s m i t h i i  
A. subsecatum 
A. trachycaulum 

Agrost ia  alba 
A. e x e r a t a  
A. humilua 
A. acabra 

Andropogon b a r b i n o d h  
A. caucaeiaus 
A. c i r r a t u e  
A. g e r a r d i i  
A. g l o m r a t u s  
A. h a l l i i  
A. ischaeaum 
A. sacchamidea  
A. scopar  i u s  

A r i e t i d s  adsc rne ion i s  
A. a r i z o a i c a  
A. ba rba ta  
A. c a l i f  o r n i c a  
A. d i v a r i c a t a  
A. f end le r i ana  
A. g l a w  
A. g l a b r s t a  
A. haruLosa 

A r i s t i d a  l o n g i s e t a  
A. o r c u t t i a n a  
A. panas 
A. p a r i a h i i  
A. purpurea 
A. t e r n i p e s  
A. w r i g h t i i  

Bouteloua a r f s t i d o i d e e  
B. barba ta  
B. chondros fo ides  
B. c u r t  ipendula 
B. eludene 
3. eriopoda 
B. f i l i f o r m i s  
B. glandulosa 
B. g r a c i l i s  
B. h i r s u t a  
B. p a r r y i  
B. radicoaa 
B. rochrocki i  
B. t r i f i d a  

Bromus aaoas lus  
B. a r izonicua  
B. c a r i n a t u s  
B. c a t h a r t i c u e  
B. c i l i a t u e  
B. fondosue 
B. inermue 
B. ~ r g i n a t w  
B. r i g i d u s  

Buchloe dac ty lo ides  

Carex a q u a t a l i a  
C. f e e t i v e l a  
C. f i l i f o l i a  
C. geophylla 

Chloria  gayma  
C. v e r t i c u l l a t a  
C. v i r g a t a  

Cottea pappophoroides 

Blepharoneumn t r i c b l e p i s  Cynodon dac ty lon  



Cyperus fendlerianus 

Danthonia intermedia 
D. 7 a r r y i  

Desehampsia caespi tosa  
D. elongata 

D i g i t a r i a  eanguinalie  

D i s t i c h l i e  s t r i c t a  

Fes tuca ar izonica  
F. arundinacea 
F. brachyphylla 
P. e l a t i o r  
F. grayi  
F. negalura 
P. o c t o f l o r i a  
F. ovina 
P. ovinadurinscula 
F. pac i f i ca  
F. r e f l exa  
F. rubra 
F. s o r o r i a  
F. thu rbe r i  

Glyceria 
Eleocharie a c i c u l a r i s  

Elyrntm c inereus  
E . canadens i s 
E. glaucue 
E. j uncew 
E. t r i t i c o i d e s  

Elyonurue barb iculmie 

Enneapogon desevauxis 

Eragros t ia  a r i d a  
E. b a r r e l i e r i  
E. chloromelae 
E. c i l i a n e n a i s  
E. curvula 
E. difflraa 
E. e r o r a  
E. l n t e r k d i a  
E. lehmanniana 
E. mexicana 
E. p i loaa  
E. s p e c t a b i l i a  
E. superba 
E. t r ichodes  

Heteropogon c o n t o r t w  
R. bklanocarpus 

Rierochloe odora ta 

Horde- a r i z o n i c m  
H. brachyanthenv 
H. j u b a t w  
H. p w i l l m  
8. s t e b b i n a i i  

Imperata b r a v i f o l i a  

Juncus xiphoidea 
3. tor rey  i 

Koeleria c r i s t a t a  

Leptochloa dubia 
L. f i l i fo ra t fa  
L. v i ac ida  



b l i u m  mult i f lo rum 
L. perenne 
L. r ig id-  
L. temulentum 

Panicun plenum 
P. sonorum 
P. s t r a m i n e m  
P. urvilleanum 
P. virgatum 

Luzula 

Lycurus ph l eo ides  

Yel ica  f r u t e s c e n s  
!i. p o r t e r i  

Muhlenbergia andiaa 
M. appreaaa 
M. arenacea 
K a r e n i c o l a  
X. a r i z o n i c a  
H. a s p e n f o l i a  
X, c u r t i f o l i a  
W. dubia  
Y. dunosa 
M. emers ley i  
M. f i l i c u l d a  
M. l o n g i l i g u l a  
X. microsperma 
M. Montana 
M. paucif  l o r a  
M. p o l y c a u l i s  
M. p o r t e r i  
Y. pungene 
H. r a c e m a a  
M. repena 
H. r i c h a r d s m i a  
H. rigem 
?L s e t i f o l i a  
?L a i n w a a  
M. squa r roee  
M. t o r r e y i  
H. v i r e sceno  
H. v r i g h t i i  

Panicum a n t o d o t a l e  
P. arizonicum 
P. bulboarmt 
P. h a l l i i  vsaey 
P. h i r  ticule 
P. obtusum 

P h a l a r i s  angus ta  
P. arundinacea 
P. c a r o l i n i a n a  

Pleun a l p i n r n  
P. p r a t ense  

Piptochal t ium f imbricaca 

Poa ampla 
P. annua 
P. a r i d a  
P. b i g e l o v i i  
P. conpresa 
P. f end le r i ana  
P. g l auc i f  o l i a  
P. interior 
P. l o n g i l i g u l a  
P. nevadenaia 
P. p r a t e n s i e  
P. r e f l e x a  
P. rup i co l a  
P. secunda 

Polypogon m n s p e l i e n s i s  

S c h i s m s  b a r b a t w  

Sc i rpus  americanua 
S. o l n e y i  

Scleropogon b r e v i f o l i u s  

S e t a r i a  g e n i c u l a t a  
S. g r b e b a c b i i  
S. l iebmanni 
S. l u t e s c e n r  
S. macrostachya 
S. s c h e e l i e  
S. v e r t i c i l l a t a  
S. vFLloaieaime 
S. v f r i d i s  



Si t an ion  h y s t r i x  
S. f u b a t r a  

Sorghastrum n u t a m  

Sorghum halepense 

Sphenopholi s 

Spo tobolus  a i ro i d e s  
S. c o n t r a c t u s  
S. cryptandrue 
S. f l e x i w s u s  
S. g i g a n t r u s  
S. i n t e r r u p t u s  
S. n e a l l e y i  
S. p u l v i n a t u s  
S. w r i g h i i  

S t i p a  a r i d a  
S. c o l ~ i a n a  
S. caaata 
S. e d n e n s  
S. lettermmi 
S. n e d c a n a  
S. o c c i d e n t a l i a  
S. p r i n g l e i  
S. r obus t a  
S. spec ioaa  
S. v i r i d u l a  

Forbs - 
Abronia f ragrana  

Ach i l l ea  n i l l i f o l i u m  
A. l anulosa  

kcon t iua  

Agaseris glauca 

A l l i o n i a  i nca rna t a  

Allium 

Amaranthus a l b a  
A. palmer1 ' 

Ambrosia a p t e r a  

Ame inkia teseela ta 

Bndroa tephium b r e v i i l o r u  

Anenoms 

Antennaria  

Aqui leg is  chrysantha  

Argeoane p la tyce raa  

Arnica 
T r a g w  b e r t e m n i a n u s  

~richachtk call  f o r n i c a  
T. i n s u l a r i s  

T r i d e m  elonga tw 
T. e r ag ros to idea  
T. g r a n d i f l o r u s  
T. l a t i f o l i a  
T. nu t i cua  
T. p i l o s u e  
T. p ~ r l c h e l l w  

T r i s e t u a  in te r rup tum 
T. s p i c a t u n  

Ae ter canescena 

Ast raga lus  amphioxye 
A. a r i zon icua  
A. f l a w  
A. l e n t i g i n o s u e  
A. nothoxye 
A, n u t  tall  i a n u  
A. p r e u a e i i  
A. v o o t o n i i  

Bahia a b e i n t h i  f o l i a  



Dyesodia 

Calycoeeris  v r i g h t i i  Ep ipac t i s  gigantea 

Cassia c o v e s i i  E r i a s  trm 

C a s t i l l e j a  chrorosa 
C. i n t e g r a  
C. l i n a r i e e f o l i a  

Erigeron canadeneis 
E. deflexum 
E. divergene 
E. inflertum 
E. ova l i fo l ium 
E. t r i c o p e s  

Chaenac t is s tevoidea  

Chamaesaracha coroaoprcs 
Eriophyl lum lanosum 

Erodium c icu tar ium 
E. tewnum 

C l e m  l u t e a  
C. s e r m l a t a  

Eachschol tzia  mexicana 

Cordy lan thue  v r i g h t i i  Euphorbia albomargihata 
E. c ap i t e JLa ta  
E. e e t i l o b e  Corydal i s  au rea  

Crotun c a l f  o rn icua  F ranse r i a  acanthiocapra 

C a i l l a r d i a  p inna t i  f i d a  

Galium r o t h r o c k i i  
Delphinium mabile 
D. b i c o l o r  
D. e c a p o e u  

Gaura 

Geranium f r emon t i i  
Deno there 

C i l i a  aggrega ta  
C. t h e i r b e r i  D e w u r a i n i a  p i m a t a  

D. Sophia 

Dichelos terma pulchellum 
H e  l i a n  thus  annus 
H. anoIdw3 



Bof fnanseggia dens i f lo ra  

By~enoxys a c a u l i s  
8. adorata 
H. r ichardsoni  

Janusia  g rac l l f e  

Kallstroemia g rand i f lo ra  

Lappula r e d m s k i i  

Lay l a  glandulosa 

Lepidium laeiocarpum 
L. t h e i r b e t i  

L e s q u e r d l a  gordonl 

Laaratiwr 

Lotus greanei 
L. h d s t r a t u s  
L . neoncldcanus 
L. r ig idua  
L. v r i g h t i i  

Lupinue a l p e e t r i s  
L. cauda tw 
L. concinnue 
L. p a h r i  
L. epa r s i f  l o r u s  

Malva neglec ta  

Harrelbium vul&are 

?klampodirm leucanthum 

Yel l lo tus  l n d i c w  

Yenobra  acoparia 

Hen t z e l i a  a l b i c a u l i s  
Y. l a e v i c a u l i s  
N. pteroeperaa 
X. t r i c u s p b  

EUrabil ie  m u l t i f l o r a  

Nicotianu a t t enua ta  
H. t r igonophylla 

Oen thera  

Pec t i  s pappoea 

Penstenon barbar tus  
P. e a t o n i i  
P. f end le r i  
P* H t ~ r ~ p h y l l w  
P. parry1 
P. u t a h e n a b  
P. v i r g a t w  

Phacelie corrugata 
P. c renula ta  
P. f r e m n t i i  

Phlox sue trowmtana 
P. hoodi i  
P. l o n g i f o l i a  

Plantago i n s u l a r i a  
P. major 
P. p u r s h i i  

Portulaca o leracea  

Ps i los t rophe a p a r e i f l o r e  
P. c o p e r i  

Psoralea t e n d  f l o r a  

Tafinesquia neomxicana 



?,apendix A - 2 .  Continued 

Rumex hymenosepalue Zigadenua paniculatue 

Senecio ambrosoidee Treea and Shruba 
S. eraesulua 
S. longi  lobus Abiee concoior 
S. r u l t i l o b a t u s  
S. u in tahens is  Abutilon californicum 

A. p r i n g l e i  
Sisyrnbrium i r i o  A. sonorae 

SoLaneum t r i  f lorum 

Sol  idago 

Sphaeralcea ambigun 
S. g roaeu le r i ae fo l i a  
S. l axa  
S. p a r v i f o l i a  

Stephanoreria  

Strephtanthus cordatua 

Taraxacum o f f i e i n a l e  

Acer gJ.abrum 
A. grandedentatum 

Agave plameri 
A. parry1 
A. utahensia 

Tribulua terre8tri.a Abo rpha calif ornica  

T r i f  olium Anieacenthw thurber i  

Verbascum thepaus Arctoataphyloe p r h g l e i  
A. pungena 

Verb ene 
Aaenar &a 

Viguiera annua 
V. m u l t i f h r a  

Viola 

Artemhis b i g e l o v i i  
A. cam 
A. dracunculw 
A. f i l i f o l i a  
A. f r i g i d a  
A. t r i d e n t a t a  



Atr ip lex  acanthorcarpa 
A. canescens 
A. c o n f e r t i  Eolia 
A. elegans 
A. obovata 
A polycarpa 
A. semibaccata 

Cerocrtpua betu lo ides  
C. b r e v i f l e r u s  
C. l e d i f o l i u r  
C. Pontlmrrs 
C. occiden trlis 

Saccharis  brachyphylla 
0. emoryi 
0. glut inosa  
B. p teronioides  
B . sa ro  throidee 
B. thes io ide  s 
5. u r i g h i i  

Qtysothranue naueeosus 
C. paniculatua 
C. v i s c i d i f l o r u s  

Beloperone c a l i f o r n i c a  

Berberis  f r e a o n t i i  
B. haematocarpa 
B. repens 
B. t r i f o l i a t a  

S r i c k e l l i a  be ton icae fo l i a  
B. c a l i f o r n i c a  
B. c o u l t e r i  
B. vernosa 

Buddleia u tahens is  

Cal l iandra  e iophy l l r  

Cano tia holacantha 

Carpochaete b i g e l o v i i  

Ceaaothus f e n d l e r i  
C. greggi 
C. v e a t i t w  

C e l t i e  p a l l i d a  
C. r e t i c u l a t a  

E p h d r a  faaciculata 
E. nevadensie 
E. t r i f u r c e  
E. v i r i d l s  

Cercidium f l o r i d l a  
C. microphyllum 



Eriodica tym augw t i f  o l i m  
B. t r ichocslpx 

Brigonum fasiculatum 
Em microthecum 
E. pol i fo l iwn 
E. shockleyi 
E. umBellatum 

Eurotia  l a n a t a  

Gut i e r r e z i a  l i n o i d e s  
G. luc ida  
G. microcepbala 
G. saro thrae  

Haplopappus ac raden iw 
8. cuneatw 
H. denudatua 
H. g r a d l i e  
H. heterophyllus 
H. l a r i c i f o l i u s  
8. l h e a r i f o l i u a  
H. tenuieectus 

Eysenhardtia polystachya 
Hibiscw denudatw 

Pal  lug ia  para&%& 

Ferocactua wie lezeni i  

Ploureneia cernua 
Hymenoclea mnogyra 
8. penta lepis  
H. s a l s o l a  

Fouquieria splendehe 

Franser ia  a h r o s i o i d e e  
F. de l to idea  
P, d w s a  
P. e r iocen t ra  

Fraxinue anomala 
P. cuspidata 
F. lwellii 
P. v e l u t i n a  

C;errya flareacene 
G* w r i g h t i i  

Juglans a a j o r  

Juniperus deppeana 
J. wnosperms 
J. osteesperme 

IIoeberlinia spinoua 

K r e r i a  gray1 
K. p a r v i f o l i a  

Larrea d i v a r l c a t a  
L. t r i d e n t a t a  

b n i c e r a  a l b i f l o r a  
L. interrupts 



Xacrosiphonia bracbysiphon 

Mahonia t r i f o l i o l a t a  

Menodors scabra  
9. scopa r i a  
M. sp inescene  

Ximosa b i t m c i f e r a  

Kortonfa s c a b r e l l a  
M. u tahens ie  

.%rus a i c r o p h y l l a  

Nico t i a n a  g lauca  
N. a t t e n u a t a  

Yo1 i n a  microcarpa 

Olneya t e a o t a  

Opunt fa acanthocarpa 
0. baailaris 
0. b i g e l o v i a  
0. echinocarpa 
0. polyacantha 

Par  thenium incanum 

Pa r thenoc i sew i n s e r t a  

P e t r a d o r i a  p d l a  

P i n w  cembroidea 
P. e d u l i r  
P. l e i o p h y l l a  
P. umophy l l a  
P. p a d e r o a a  

P la tanue  v r i g h t i i  

Pluchea e e r f c e a  

Polggala  a c a n t b e l a d a  

Populue fremfmtif 
P. t r e m l o i d e s  

Porophyllum g r a c i l e  

P r u n w  ande r son i i  
P. avium 
P. demisea 
P. f a e c i c u l a t a  
P. f r e a o n t i i  
P. p e r s i t a  
P. v i r ens  
P. Vi rg in ians  

Ps i lo s t rophe  cooper1 
P. s p a r a i f l o r a  
P. t a g e t i n a  

P t e l e a  a n g u s t i f o l i a  

Purah la  glanduloea 
P. t r i d e n t a m  

Quercw a r i z o n i c a  
Q. cb ryso lep ia  
Q. drmnii 
Q. emoryi 
Q. gambeliii  
Q. g r i a e a  
Q. hybred 
Q. hypoleuwides  
Q. oblongif  01 ia 
Q. t u r b i n e l l a  
Q. m d u l a t a  

Rhaumua crocea  

Thue chor iopbyl la  
R. g l ab ra  
R. microphylla  
R. o v a t e  
R. t r i l o b a t a  



Salix bonplandiana 
S. rldgua 
S. gooddingii 
S. lasiolepis 
S. scouler iaae 

Salvia carnasa 
S. pinguifolia 

Sapindw drmmmdii 
S. saponaria 

Sarcoba t w  vermicula tur 

Symphorlcarpoe longiflorus 
S.  oreopNue 
S. pariehii 
S. utahensie 

T a r i x  gallica 
T. pe~tandra 
T. raweieeiro 

Trixis cal if  omica 

Yucca arizonica 
Y. baccata 
Y. brevif 01 ia  
Y .  e b t a  
Y .  echidigera 
Y .  utahemia 

Zinnia grandif lora 
2. pumila 



STATE L I S T S O P  P M  S P X I E S  B E I N  CCNSOLIMTED FOR 
ADDITION 'ID ENDANGERED AHD THREATENED SPECIES L I S T S  

(Fedarrl R e g i s t e r ,  Volue 40 k m b e r  127, July 1, 1975) 
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APPENDIX A-4 

C W H  FISHES OF THE COLORADO RIVER MSIN 



~ppendix A-4. Coa~on Fishes of the Colorado River Basin 

Canmon m e  Scientific name Camon habitat l 

Salmon idae 

vtah chub 
Roundtail chub 
Bonytail chub 
limpback chub 
Colorado squawfish 
Speckled dace 
Redside shiner 
Fathead ninnou 
c='P 
Red shiner 
Sand shiner 
Creek chub 

C - Cold water 
CO - Cool water 
U - #arm water 
R - Rivers 
L - Lakes 



Appundix A-4. Continued 

C o r n  name Scientific naam Combon habitat 

Cyprindontidse 

Plains k i l l i f i s h  

Largemouth bass 
B l w g i  1 l 
Gm8n sunfish 

Per cidae 

Wattled sculpin 



APPENDIX A-5 

COWON AWHIBIL'SS OF THE C O W W  RIVER BASIY 



Appendix A-S. Common ARphibians of the Colorado aver Basin 

Cunmn nane S c i e n t i f i c  w e  Catmon habitat l 

Arnbystonidae 

Tigur salmander /&gatma t..i.&m.m R 

Pelobatidaa 

Great Basin spadefoot SscrpAiopua i n t s m h z m  (=, u 

Bufmidas 

H M u u s e 1 s  toad &fo oim&d~ceSi C,  R, U 

!lanidaa 

Rabpmd frog .%ma pip iem L 

' C - C r o p l ~  
R - Riparian 
U - Uplands 
L - Lakes, p a d s ,  rssemin 



A.PPEHD I X  A-6 

COWKIN REPTILES OF THE COLORADO RIVER BASIN 



Appmdix A-6. Coraon Reptiles of the Colorado River Basin 

Cawan name Scienti f ic  name Camnon habi tat 

Testdinidae 

Spiny softshel l  turt le  Trionys a p i t r i f m  

West e n  garter snake T h m m p h h  elegzna 
Striped whipsnake .Wticcrphirr tamiatue 
Cupher snake P i m @ 3  crcrtmifm 

Western diamondback 
rattlrsnaltr GtvtaZus ahvz 

Western rattlesnake Gtvtizlue 
S i d d n d e r  Cmtatw c 8 m t e e  

C - Cropland 
R - Riparitm 
u - uplands 
L - L a k e s ,  ponds, reservoirs 



APPENDIX A-7 

C-H B I R D S  OF THE C O W D O  RIVER BASIY 



Appendix A-7. Common Birds of the Colorad0 River Basin 

Caman m e  Scientific name C m  habitat l 

Grebes : Podicipedidam 

Pel icans : Pelactmidue 

Huruns and b i t t m s  : Ardeidae 

Ibises : Threskiornithidae 

White-faced ib i s  
Roseate s p m b i l l  

1 C - Cmpland 
R - Riparian 
U - Uplunds 
L - Lakes, pcn&, mservoim 



Appendix A-7. Continued 

Camon name Scientific nam Common habitat 

Swans, geese, and ducks: Anatidaa 

nhistl ing swan 
Canada goose 
White-fmntsd e a s e  
Snow goose 
Yal  1 ard 
Gadwall 
Pin t a i  1 
Gm-winged teal 
Blw-winged tea l  
Cin- t ea l  
Amrican widgootr 
Shwelar 
Wwd cIuck 
Redhead 
Ring-necked duck 
Canvasback 
k s e r  scaup 
Camon g o l d m y e  
Buff lsmead 
Rddy duck 
Hooded mrgansar 
Canlaan narganser 
Red-breasted aergans4r 

Vultures : Cathartidas 

Turkey vul'ture Cuthurta 

S h q -  shinned hawk 
Cooper's hawk 
Rsd-t8iled hswk 
Sssainsanls hawk 
F8mlginaus hawk 
G o l h  eagle 
Bald eagle 
Marsh hawk 
ha- legged hawk 



Appsndix A-7. Continued 

Cwwn name Sciuntific nama Comn habitat 

Osprevs : Pandionidae 

Falcons : Falconidas 

Prairie falcon Fatoo d m e  
Peregrine falcun Pat00 p m , d n u a  
?lsr 1 in P a h  co-wr 
Ammican kastrel Pat#, epmcosl.iwr 

Cranes : Gruidae 

Sandhi 1 1 cram Crwa CmtarTsnaie 

Rails, gallinules, and' coats : Rallidae 

Plovers, t w t o n e s ,  a d  surfbirds: Charadriidas 

Snipe, sandpipers, e t c . :  Scolopacidae 



Appendix A-7. Continued 

Conann name Scionti f i c  nane Ccmanm h a b i t a t  

. Least sandpiper EmZia mimtitlcr 
h n g - b i l l e d  dowitcher L*756Er'.ma 8 m 7 ~ a c m  
Western sandpiper Zmuns&8 & 
Mrbled  godwi t Simsa :dm 
Sander1 in  g Gmcethia aZha 

Avocets and stilts: Rscumiros t r idae  

Ammican avocet I ledroetM cmrioa~ 
Black-necked s t i l t  E w n t o p u  neticarme 

Culls and terns: b i d a s  

H&g #Ill 
Ca l i fo rn ia  g u l l  
Ring-billed g u l l  
Franklin 's  g u l l  
Bonaparte's g u l l  
F m s t e r ' s  t e r n  
Coamun tm 
Black tern 
Least t e r n  

Pigems and dores: Calumbidse 

Owls : Tytonidae 

Barn a w l  Tyto a h  



Appendix A-7. Continued 

Comwn name Scientific name Ccrsmon habitat 

Owls  : Strigidas 

Pwr-wi ll Plrakenaptitua m t id t i i  
C m m m  nighthawk w s i t B 8  mimr 

Swifts: Apbdidas 

Slack swift 
Whits-throated swift 

Kingfishers : Alcadinidae 

Red-shaftad f l i c k m  CotCrptsae mfer 
Yellow-bellid 

sapsucker S p l t y ~ c r p i w  d u e  

Tyrant flycatchers: Tyrannidaa 

Westsrn k ingbid  
Ash-throated flycatcher 
8 lack phoebe 
Say's phoebe 
Western wood peeme 
Olive-sided flycatcher 
V m i l l i o n  flycatcher 
b k y  flycatcher 



Appandix A-7. Continued 

Comm nams S c i e n t i f i c  n m m  Conarrn hobitat 

Larks: Alaudidae 

Horned lark 

Swallows : Himndinidae 

Violet  greun s w a l l w  
Tree swallow 
B m k  s w a l l w  
Rough-winged swallow 
B a r n  swallow 
C l i f f  s w a l l w  
Purple m r t i n  

Jays, magpies, and craws: 

Blackbilled msgpie 
Scrub jay 
Ccmnon raven 

Black-cupped chickadev 
!lountain chickadee 
Plain t i t m e  
Bush-tit 
Verdfn 

Nuthatches : S i t t i d r s  

Whits-breasted nuthatch 
Wb-breasted nuthatch 
Pigmy nuthatch 

House wren 
Bawick's wren 
Limpbilled manh men 



Appendix A-7. Continued 

Comanr nanm Scientific name Cormaon habitat 

Ffockingbirds and thrashers : Mnidae 

Gnatcatchers and kinglets : Sylviidas 

Blue-gray gnatcatcher PaZiopt4Zu wsmthu 
Black-tailed gnat- 

c atche r PatCopCCZu meZmwu 
R u b y - m a d  kinglet RggUZm QLZ~~?U&&-  

Pipits : H o t a c i  1 lidae 

Water pipit  Rntlrus @nahtta 

Shrikes : twi idae  

Starlings : S t m d d a e  

Vireos : Vireonidm 

Bsl l 's  v i m  
Gray vim 
Solitary vireo 
Warbling vireo 



Appndix A-7. Continued 

Comwn name Sc ien t i f i c  nam Conwun habi ta t  

W o a d  warblers : P m l i d a e  

Adubonv s warbler 
Black-and-white w w e r  
Ormg6-Crmd warbler 
Lucy ' s warbler 
Yellow warbler 
'Ibmsend ' s warbler 
Hemit warbler 
MacGillivray's warbler 
Ccmmon yslluwthraat 
Yellw-brssted chat  
Wilsan's warbler 
Ansricsn redstart 

Weaver finches : Placeidas 

Meadowlarks, blackbirds, and or lo les  : Tcteridm 

Tanagers : Thraupi dae 

Grosbeaks, finches, spmmaus, and b m t i n p  : Fringi l l idae 

Black-headed grosbeak 
Blue grosbeak 
Lazuli bmt ing  
American goldfinch 
k s e r  goldfinch 
Green-tailad towhee 
Rufous-sided towhee 
Savannnh sparrow 
Vesper sparraw 
Lark s p m  



Appendix A-7. Continued 

Comaon name Scientific name Commn habitat 

Bladr-throated spasrow 
Sage sparraw 
S l a t e - c a l o d  junco 
Chipping spamow 
Brewer's ~ p m  
White-crowned spa- 
Fm s p a m  
Lincoln's sparraw 
Sang spamaw 
Chstnut-collard 

lom!sp= 



APPENDIX A-8 

C O W  W U L S  OF THE COLORADO RIVER BASIN 



APPENDIX A-8.  Camon Manmals of the Colorado River Basin 

Canwn nane Scien t i f ic  name C m o n  habi ta t  l 

Opossums : Mdelphi idae 

Leaf-nosed bats : Phy 110s tomatidae 

California leaf -nosed 
bat .YCLErotus caZifomZcw, 

Hognwe bat  Cbemngaterie n&-icrapa 

Evening bats  : Vespertilionidas 

California nyotis 
Fringed myotis 
Red bat  
Hoary bat 
Nestem p i p i s t r s l l e  
S p t t e d  bat  
Pal l id  ba t  
Westem yellow ba t  
Big b m  ba t  

h e - t a i l e d  bats  : MOlossidae 

Hexican f rw- ta i led  bat  T&da mexkma 
Big f ree- ta i led ba t  T&da mmth 
Usstern Mastiff bat E u n q  puxwti-8 

Bladc-tailed jackrabbit Lepus catifamtiafcs 
Da5m cot tontai l  S y l u t ~ u a  msriuboni 

Squi r t s l s  and chipmunks : Scimidae 

Whitetail antelope 
squirre l  k m u e p ~ h i t w  2- 

' C - Craplmi 
R - Riparian 
U - Upland 



Appendix A-8. Continued 

Comwn n a m  Sc ien t i  f ic  name Comnon hab i t a t  

Beaver: Castoridae 

Pocket gophers : Gsanyidae 

V a l  l e y  pocket gbphar ThaeKmue Sot- 

Pocket llice and kgngarao rats : Hetemnyidae 

Cr ics t ine  mice and rats : Cricet idae  

Western harves t  muse 
C a c t u s  nause 
Deer rrnue 
.Southern grasshopper 

mouse 
Hispid cotton rat 
m i t e - t h r o a t e d  woad rat 
lksert woad rat 
U k r a t  

Old World r a t s  and mice: Muidas  

Nomay rat 
Horrse nnrJe 

Foxes, wolves, and cayotes : Canidas 

K i t  fex 
Gray fax 
Coyote 

Porcupines : E m t h i  zon t i d a e  



Appendix A-8. Cuntirmed 

C- nanm Sc iant i f i c  n a w  Corn habitat 

Racoons : P m c  yonidae 

Raccoon t4myun C ,  R 
Wngtail cat Baaaariacue asmtw C, R, U 

Weasels, s k u n k s ,  and badgers : Yustelidae 

wgsr 
Striped s h k  
Spotted s k m k  

C a t s :  Felidae 

Bobcat 
Feral house cat 
Wuntain l i o n  

Horses and burras : Equidae 

Wild burn, 

Deer: Cervidae 

Elk 
Mule bur 

C a t t l e ,  etc. : M & e  



APPENDIX B 

FWRA AND FALNA XYD E L A T E D  EFFECTS, 
IAS YEGAS WASH INIT, XVADA 



APPENDIX 8-1 

DISTRIBUTIfXY OF VASCUIAR 



Appendix B-1. Distribution of vascular plants = Ias Vegas Wash Unit, Nevada 
Values presented are: A = Abundant, C Common, U = Uncommon, 
R = Rare, D Definite occurrence, 11 = Hypothetical occurreltcc. 
Asterick equals community indicator species. 

5.1 t -  D e s e r t  - Wigartan Trans- UP en 
Creosote Brush R l p a r l r n  1 Mrrsh r l t 4 o n r l  W . & Q ~  Barren Urbbn 

D P ~  D P H  D P H  a ~ n  O P U  D P H  ~ p r t  D P ~  o p u  

















Appendix B-1. Continued 
3 a ) r b e s e r c  ~ ' i T i + ? r n  Trrns-  Open 

S p r c l a s  by Frmlty Creosote Brush I t p a r t a n  C C l i f f  Marrh  s t t l o n r l  Yatmr B a r r e n  Urban 

S a l  t -cedar  
(Tamrr ls  e c n t a p d r a ]  

Lor r r c e a c  

Venus B l r a l n g  S t a r  
( H c n t z e 1 ~ r  n l t r n r )  

5 p l n g - l l r l n d  B l a a l n g  S t a r  
( H r n t r r l  Ir. i r l c u s p i s )  

I 
U) Thurb4r  Sandpaper p l a n t  

(P.talemy# t h u r b e r l )  

B a r r e l  Cactus 
(Fsrocdc t u l  ancanrnodrs] 

Deer- horn Cactus 
(Opunt  f a  a c a r L h ~ a r p a )  

B e a v a r r a l l  Cactus 
(Opunt la  b a s l l a r ~ )  

Darning-needle Cacius .  
Diamond Cactus 

{ D p u n t i q  ramoi1ssiaa)  





Appendix 8-1. Continued - salt- ~ ~ s e i i  R f p r r l a n  Trans- b a n  .... . 
Spcc l r l  by f m l l y  Creosote Brush R + p r r i r n  L C l l f f  Marsh r l t l o n r l  H a t a r  Barren Urban 

D P H  D P H  O P H  D P H  O P U  o r n  D P H  D P H  D P U  

Tnvaad-stemmed 61 l i r  
(611 ir f i l f i o n l s )  C C 

Spreading G I  l l a  
(LiLir p o l y c l r l q n )  

Leircr C i l i a  
(c;il!+, ~ n c o n r ~ l c u r ]  

Rock G i l l r  
(o!!k ~ c o p u l ~ ~ u m )  

G l l I a  
($I& j t a l l r t r )  

Phlox 
( L ~ n g l o i r l r  s t t o r i r r ~ m a )  

3" Phlox 
LLangr!o!srr s c h q t t f i j  

I- 
C 

f remnnt P h r c e l i r  
( P h r c . e l i a  f r m o n t l  I )  
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APPENDIX 8-3 

BISTWBUTION- AVD ABWDAVCE OF X * H I  UMS 





APPENDIX 0-4 

NATURAL HISrORY OF AWH1 BIANS 
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APPEHDIX 0-5 

DISTRIBVTION AYD ABWDANCE 'OF REPTX LES 



Appendix 0-5, The distribution and r e l a t i v e  abundunce o f  r ~ p t i l u  - Las Vegas Wash Unit, Nevada 
Valuss expressed 8s A = Abundant, C = Commn, U Uncomon. R Rare, 
H = Hypothetical, P Probable. . --- - .- . - - - .-CC.-..- 

1 r& n- 
C r r r l o  t r  Dererr a l p r r l r n  s i t l o ~ r l  Opbn 

Sprclrm W Camlll Bush SrlLburh R lpr r l&n  C l i f f  a fpar l rn  Warm Uctrr  Barren urban 

C r r t a l  l l r *  





APPESDTX 0-6 

NATURAL HISTORY OF REPTILES 



Appendix B-6. Natural h i s t o y  infomation for reptiles - Las Vegas Wash Unit, Nevada 
(As a group reptiles hibernate in the winter.] 

Loose sand. rocks  

R o c k t ,  dornrd  
weget r t lon .  shrubs 

l e ~ r ~ r l r ~ a l ,  I n r r r l r b r a t e z  
v e r t e b r a  ;el .  p o l k l l o i l r r m r  

~ o o t e  rand,  rocks .  
t h r u b r  

Loosr sandr rocks.  
shrubs 

Shrub8 

ROckS, shrubs 

Y c r l t r n  Shovel-normr Snrka 
( C k 1 3 . 4 ~ t l l  =+plpJ&) 

S a n o ~ r  Lyrm S m a h  
( J r  I -4?phcd~m 1 a-bdr) 

C t o w l l d r a  

S l d t u t n r r r  
(Cr.clrlut ~ . ~ ~ q r )  

Spvtklwd I a I l ) ~ ~ n a L m  
1 Crot .a lu l  r !($ h m l  

#oJavr  P r l ; l e r n r l e  
[ E r o c n I u ~  m) 

GrCkoniare 

Y e t t e r n  Urndcd L e i t o  (m U W & J  

l y u r n l d l t  

D c p e r l  Iguana 
( n r > s o r r u r u l  & r % # l 5 % }  

Spr W. 
~ u r r r .  f r l l  
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APPENDIX 6-7 

SEASOPJU USE, OCCURW3CE M D  ABUNDANCE OF BIRDS 



APPMDIX 8-7. Seas-1 ma, occurrence m d  abundance of Birda. in the  nino b i o t i c  ccmuni t icn  of thc [.as Vogas 
Wmh Unit, Colorado River Basin Sa l in i ty  Control Act, T i t l e  I! Stildy Area. Valuer exgresscd arc:  

r p s m n t  r o s l d m t ,  WR - wintor resident. SR = r u a e t  tesidont,  T - t n tn r i en t s ,  ACC - accidartal .  
A - . b d n f ,  C - UIIID~, U = uncOIon. R r a m .  P probable occurrence and H = hypothetical 
o e c u r r ~ c e .  Data fmn:  Austin and Bradley (1971) and Austin [unpublished data]. 

Creosote Uarort Riparian s i t l o n a l  Oycll 
Gush Sal  tbush Riparian C l i f f  R i p u i s n  Marsh Watar Rarran Urban 

Covi id.c KC, WR-U 

Ar t l c  Loon 
(Gavia u c t i c a )  

Homed Grebe 
(Padicopr ruti tus)  

Pied-billed G r a b  
[Podl lymbus padicopg 

WR-R 

WR- R 

WR-R 

WR-R 

WR-Il WR-A 

PR-IJ WR-C 

AfK T- R 

T-R 



Craoso te  Dssart Riparian aitional 
Burh Saltbush Upuian Cliff 

open 
Spscirs by Family Riparian Marsh Water Blrrsn Urban 
- - -- . . .- 
5ul id.. 

Blue-footed Booby 
(Sul. W) 

Little Blna H m n  
(Plorida u m l s r )  

81ack-cramad Night llem 
(Nptieorax nyct icoru)  

NR-C WR-C 

PR-C PR-C 

b3-U SW-II 

MY: KC 

T-R T-R 

T-C T -C 

PR-I! I'R-U 

T-U T-U 

T-U T-U 



--7 - - 
Tran - 

creosote Iksort Rlperim gitional open 
Species by P a d l  y llua!~ Srltturh Ripulan Cliff Riparim Marsh Water Rarren Urhar~ 

Whistling Sum 
/Dlor_ colmbiarmr) 

Snw Goose 
(Chen hprbo rea )  

k l l r r d  
(% plrtyrhynchos) 

Northern Shoveler 
(Anrs clypeata) 

Wood Ouck 
(Ah sponra) 

King-nockod Duck 
(Aythya col lnrl s) 

AU: 

WR-I I 

WR- R 

UR-C 

YW-U 

UR-U 

m-c 

PR-R 

SR-C 

m-u 

WR-C 

WR-R 

YR-I1 

WR-U 

UR-R 

m-I: 

m-U 

WR-C 

WR-c 

WR-c 

WR-A 

T-U 

SR-C 

m-ll 

WR -C 

m-R 

WR-C 

WR-U 



- 
Tran - 

Crsoso ta  Dorort R i p r r i r n  r i t i o n r l  
S p e c i e s  by P a i l y  Bush Sa l tbush  WprrLrn C l i f f  R i p r r i m  Marsh rn Wrtor Lrrm llrban 

VhLte-ui~@ swter 
lWslralttr doglmdl )  

Turkey Vul tu re  
( c a t h u t e r  ur.) PR- C PR-C 

T-R 

T-R 

T- R 

T-P 

PR-C 

T-R 

T-R 

PR-C PR-C 

T-R 

T- R 

T-R 

T-R 

T-R 

m-U 

m-R 

WR-C 

WR-U 

WR- P 

PR-A 

T-R 

m-U 

m-U 

PR-U 

T-R 

T -U 

T-U 

m-U 

m-R 

WR -c 

m-U 

m-U 

Aec 

PR-A 

T-R 

m-C 

m-c 

PR-U 

T-U 

7'-1J 



S p a c k r  by P a l l y  
C r o o r o t e  Dasert R i p a r i a n  sl t i o n a l  ()Pen 

Burh S a l  tbrrrh R i p a r i a n  C l i f f  Rlprrian krsh Water  B u r a n  Urhm 

C u b e l ' s  Quail 
[bphartyx tamtie 1 i i) 

PR-C PR-C PR-C PR-C PR-C PR-C P t' 

T-U T-R 

NR- U VR- U P 

WR- R WR-R WR-R P 

WR- R 

UR-U WR-U WR-U P P 

PR-U PR-U PR-C PR-C PR-C PR-C 

T-R T- R 

ICR-II WR-U PR-U P WR-R 

7'-R WR-R T- R 

PR-C PR-C I'R-C PR-C PR-C PR-U 

PR-C PR- C PR-A PR-C PR-C 

WR- W 

PR-U 
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Y

Y
?

 
?

a
Y

 
P

 
L

 
e

L
E

g
 













W i  1 lor F lycatchsr 
( m i d o n u  trai l l i i )  

Westem Flyutdmr 
(mi& di f f  id1 lis) 

Olive-sldd Plyutcber 
(Nutt.1 i d s  bormal is) 

Vialot-grem Swalla 
w h y c i w t a  thalaasiru) 

Rough-wingad Swalla 
(Stolgidoptcy* mfico l l i s )  

Pn-C 

T-C 

T-U 

T-C 

T-C 

T-C 

T-C 

m-U 

PR-A 

T-C 

T-C 

T- I 

T-C 

PR-c 

T-C 

T-U 

T- U 

T-C 

T-c 

T-C 

7-C 

m-U 

m-A 

T-C 

T-C 

T-U 

T-C 

m-C 

SR-C 

T-U 

T-il 

T-C 

T-C 

T-C 

7-C 

PR-U 

PR-C 

T-C 

T-c 

T- U 

T- C 

PR-C PRC 

P 

P 

T-C 

T-C 

T-C 

P 

T-C 

T-C 

T- U 

7-C 

T-U 

P 

P 

T-C 

T-C 

T-C 

P 

T-C T-A T-C 

T-C T- C 

T-U T-U T- U 

T-C T- A T-C 

T -. U 

'I' C 

T-U 

T L' 

T- C 

PR-C 



Spec tes hy F a d  l y  
Craosote r ) c r l a r t  Riparian r i t i o n a l  w n  

Bush S r l  tbush Rlpnrlan C l i f f  Wparian Marsh Water Burm Urban 

T-C T- C T-C T-l: T-C T-C 1 4: 

C l i f f  Sual lar  
( ~ a t m e h s l i d m  pyrrt ionot~) T-C T-C T- [: T- A T-C T-C T- C 

Scnrh Jay 
(Apholocmr coatulescens) 

WR-C WR-C PR-C PR-C PR-I: 

Red-h rms td  Huthatch 
( S i t t r  candensis )  

PR-C PR-C PR-A PR-A PR-C 

WR-C WR-C WR-C: WRS UR-C 

T- R T- R T- R 

T- R T-R T- R 

UR-C 

T R 

T-K 





Spcc io i  by Family 
Creoso tr: 1)csart RLparlan s i t i o r ~ a l  q w  n 

Bush Sol  tbush Riparian CllZf Riparian Marsh Water R f r r e ~ ~  Urban 

Uostarn Bluebird 
( S i a l i a  mxicanm) WH-C WR-C WR-C YW-t: WR-1: 

Mountain Bluebird 
( S i a l i a  currucoldo$ WR-c m-c YW-c WR -c WR-c 

Ulue-gray Gnrtcatchor  
(Eollopt l lm caaru lea  WR-R WR-R UU-R P 

PR-C PR-C 

T-R T- W T- R WH-C -- 
VI Way-crownod t i n g l e t  

( R o g d w  calendula)  WR-C UR-C YR-t: UR -C WR- A 

Water P ipe t  
(Anthus s p i n o l e t t n )  RR- A WR-A 

PR-I: PR -C PW-A P 

NorLhern Shrikc 
[Lanius axcubl to r l  ACC T-U T-ll 





Creosot o Ibercrt Riparian s i t i o n a l  Open 
Bush Sa l  thurh Riparian C l i f f  Riparlan Marsh Water Rar rm Ikban 

Black-throrted Gray Warbler 
[Dondroica ntgrescens)  T-C T-C P 

Ton~scnd 'a  Warbler 
[Ilandraica t~m~~ant l i )  T-C 7 -C  T-C T-C T-C 

MacGl i l lvny ' s  Warbler 
( W r o n i s  t o l l l e i )  

C R O ~  Yeliowthroat 
(Geothlypis t r i c h a s )  

Uf l s o n l s  U r r l l a r  

5" (Wilsonia p a i l l a )  

-J 
I A m r i c m  Reds ta r t  
C, 
-J 

( S e t o p h a ~  m t i c i l l a )  

House Spar- 
(Posssr  domrticusj 

Western He&f a f i  
( S t u r n e i l n  ne~laetr) 

I-C T-C 

SR-C SK-A 

SR-C SR-C 

T-C T- C I-C T-C T-C P-L: 

T-R 

PR-C PR-C 

T-C T-C PR-C PR-C PR-C 

PR-C 

SR-11 

SR-I: SR-[: 

SR-t; SR-t: 

SR-C SH-A 

PR-C PR-A 





Species  by Family 
Craasotu n e s e r t  Riparian s l t i a n a l  

B u h  Sa l tbush  Riparian Cliff 
-11 

R i p r i m  Marsh IlrLor Barren llrhiu~ 

Aber t l s  Towhee 
( P l p i l o  rbrt i)  

Swmnnal~ S p r r w  
( P u r s r c u l u s  s a n d w i c h s i r )  

l a r k  S p r r w  
(Chondantes g r r c u a  

G Saga sparrow 
( W h i r p i  ra bslli) 

Dark-ayod J m c o  
(Jmco h y o u l i r )  

Gray - h a d 4  J m c o  
(Junco canicups] 

T r r a  Sparrow 
(Spi ra l  la arbor-] 

Rrewsr'u S p r r w  
(Spi ze 1 l a  b r ruar l )  

Golden-crouned Sparrow 
(Zunotr ichlr  ~ i c s p i l  la )  

YR-C 

PR-C 

T-C 

T- U 

T- C 

m-C 

m-C 

T-C 

T-C 

m(-R 

m-t 

T- R 

m-C 

PR -C 

T-c 

T-U 

T-C 

MI-C 

m-C 

T-C 

T- C 

m-R 

m-C 

T-R 

m-C 

PR-A 

m-C 

T- U 

T-C 

YR-c 

m -C 

WR-C 

YR-C 

T-U 

m-C 

WR-C 

m-W 

MI-A 

t-R 

WR-C 

PW-C 

m-U 

P 

T-C 

P 

P 

P 

7'-U 

m-C 

WR-C 

m-C 

WR -C 

PR-A 

YR-(: 

P 

T- C 

P 

P 

P 

T-U 

WR-C 

WR-c 

WR-A 

P 

T-C 

WR-r: 

WR-[: 

T-C 

YK-I: 

WR*C 

T-R 

WE-C 

T-ll 





APPLYDIX B - 8  

SATURAL HISTORY FOR BIRDS 



APYEMilX B-8. -0-1 nmturvl his tory da ta  fo r  birds  i n  t l y  L u  Yoga6 Wash Unlt. Colorado Rlvor 6rs~Le ! h l i n i t y  
Control k t ,  T i t l e  I1 Study ku. D m t r  taken fra: Bsnt (1955); & t i n  and Bradley (1971). - not applicable. 

W a r y  Food 
P r i v r y  Use of Habitat Habits 

Paadlay, wate r lw,  
rest ing 

Vertebra t ts  , ~ m i k i l a t h e m a  N A 

Vanebratos, poiki lo the l l s  NA 

Vmtebrstes, poiki lothams NA 

Peedlng. watering, 
res t ing  

Fssdlng, watarlng, 
res t ing  

Vertebrates, p l k i l v t h o ~  Nh 

Yeading, watering, 
rest ing 

Vertebrates, pr lkl lothems.  NA 
invertebrates, aquatic 

Feeding. watering, 
rest ing 

Feeding, u*tering, 
res t ing  

Vartsbrates, polki lothema NA Western Crcba 
(Asbophorus o e c l d ~ t a l l s ]  

P i d - b l l l a d  Crabs 
(Podllpbus Jmdlcms) 

Vertsbrates, poi ki Lothens O w n d  - 
u r r h  

Yeding. ra te r ing ,  
res t ing  

Vertebrates. polki l ~ c h a m a  

Vertebrates, polkl lothelrr  

Yrurcctcd by S t a t e  law 

Yrotectd by S t a t a  l a w  

Whits Pelican 
[Peiecmus erythrorhvncbr)  

Bran P a l i u n  
[Peleunus occldentalir) 

V ~ r t ~ b r a t c s ,  p a i k i l o t h e n s  

Vertelwater , p o l k l l o t h c m  

Very ~ m u w a l  
occurrence 

Fwding, watering. 
rest ing 

Very unusual 
occurrence 



Trao 

Re 

Nh 

N A 

WA 

'Prm 

HA 

HA 

HA 

HA 

Ground- 
urs h 

[;round- 
h r r h  

NA 

Vortobratcr. p a i k i l o t h e a r  C m r t  Bluo Heron 
(Arder h e r d i n g  

Breeding Vsrrobmter. p o l k i l o t h e a s  
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SATURAL HISTORY FOR WWLS 
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APPENDIX C - ARCIEOLOGICAL S I T E  INVENTORY, 
LAS V E W  WASH UNIT,  NEVADA 

ARCHEOLOG ICAL GMSSARY 

ABORIGINAL TRAIL - A foo t  t r a i l  suspected t o  be p r e h i s t o r i c  i n  o r ig in .  
CIRCULAR CLEARI.WS - Archeological fea tures  cons is t ing  of an i r r egu la r  

c l ea r ing  i n  a dese r t  pavement surface  t h a t  nay or may not have a 
rock alignment around its periphery. 

DETRITUS - Undefined waste mater ia ls  r e su l t ing  from the  manufacture of 
chipped stone a r t i f a c t s .  

LITHIC SCATTER - Usually a surface  archeological  manifestat ion consis t -  
ing of chipped s tone  a r t i f a c t s  and manufacturing d e t r i t u s .  

U I C I  - A port ion of a designated archeological  s i t e .  

MITIGATIOPI - An attempt t o  preserve t h e  value of archeological sites 
by d e t a i l e d  study and data  col lec t ion .  Materials  are col lec ted  and 
analyzed using current  techniques and t h e o r e t i c a l  considerat ions,  
i n  order  t h a t  t h e  mater ia l  continues t o  be useful  t o  archeology. 

ROCK CAIRYS - Small mound of  s tone  (5-55 centimeters  high) of unknown 
function. 

ROCK SHELTERS - Areas with overhead cover crea ted  by natura l  rock 
fea tures  t h a t  could provide protec t ion  f ran  adverse cl imates.  

SHERDS - Fragments of  ceramic a r t i f a c t s ,  i . e .  po t t e ry  vessels .  

TESTING PRDCRPM - P a r t i a l  excavation of an archeological  si te t o  de te r -  
mine hor izonta l  and v e r t i c a l  d i s t r i b u t i o n  of c u l t u r a l  mater ia ls  and 
and po ten t i a l  s i t e  s igni f icance .  



APPENDIX C - ARCHEOLOGICAL SITE XNVENTORY 
LAS VEGAS W H  UNIT, NEVADA 

In  t h i s  appendix da ta  regarding sites has bem m a p i l e d  f r o m  surveys 
conducted f o r  the  Los Angeles Water and Power Company m d  f o r  the  
Waste Water Management Agency of Clark C m t y ,  Nevada, a s  well a s  the 
present  survey. Each s i t e  is described and dfscussed separa te ly .  
Witigation rewanendat ions  a r e  made f o r  each site l i s t e d  t h a t  w i l l  be 
a f fec ted  d i r e c t l y  o r  i n d i r e c t l y  through the  progosod p r o j e c t  construc- 
t ion .  The purpose of mi t iga t ion  i s  t o  obta tn  as much c u l t u r a l  infor-  
mation f m n  an archeological  site a s  poss ib le  p r i o r  t o  the  adverse 
e f f e c t s  of  construct ion i n  an attempt t o  preserva t h e  i n t r i n s i c  value 
of archeological  resources. By d e f i n i t i o n  whenever mi t iga t ion  is pro- 
posed it w i l l  involve cont ro l led  surface  c o l l e c t i n g ,  t e s t - p i t t i n g  o r  
excavation, labora tory  cataloging,  m a l y s f g ,  and researching of  the  
d a t a  obtained. 

S i t e  26 CK-1119 

This  site is  a la rge  l i t h i c  s c a t t e r  u s o c i r t e d  M t h  mall depos i t s  o f  
buff  colored mudstones and white colored l i m s s t m e ,  'both belonging t o  
t h e  Horse Springs Foraation. This  deposi t  f o m s  a rough t rapezoidal  
f i g u r e  t h a t  is 1,500 f e e t  north to south and 266 fwt on an east to 
wst axis .  I t  d iv ides  a t e r r a c e  i n t o  twa parts  t h a t  sts connected by 
a narrow s i n w u s  r idge .  Within this area ars severa l  l o c i  t h a t  a r e  
covered by heavy concentrat ions o f  chipped s t ane  debr i s  made up p r i -  
mari ly o f  chalcedony. There a r e  a l s o  l i t h f c s  scatterad between the  
loc i .  Mast of this mater ia l  i s  q u w  d e t r i t u s  and rto diagnost ic  a r t i -  
f a c t s  were found. Cul tura l  a f f i l i a t i o n s  of t h i s  si te are unclear ,  but  
s i n i l a r  mater ia l  is in the f r a g i l e - p a t t e r n  s i t e s  found in t h i s  area.  

Mit iga t ion  o f  any negative project sffectr te Ssts 26 CK-1119 s h w l d  
include a con t ro l l ed  surface  c a l l e c t i o n  and test e x m a t i e m  of 3 per- 
cent o f  the  mits fron which c u l t u r a l  mater ia l  m s  col lec ted .  This 
c u l t u r a l  mater ia l  w a s  probably deposited an a f a i r l y  o l d  re l ic  o r  ero- 
s ional  surface  on which t b r e  has been no dl deposi t ion;  cunsequently, 
t h e r e  is  probably no subsurface archeological  deposi t ion.  I f  the 
n a t e r i a l  is f m d  only on the  surface ,  t h e  surface  co l l ec t ion  should 
be analyzed, cataloged and described t o  de te rn ine  i t s  placa i n  t h e  cul-  
t u r a l  h i s t o r y  of  t h i s  ama. This  ana lys i s  may reveal  site function and 
give  s i g n i f i c a n t  information on the ecological adaptat ion af prehis-  
t o r i c  peoples to t h e  L a s  Vegas W a s h .  

S i t e  26 CK-1155 

A series of  small c l u s t e r s  o f  chipped stone were found alang the mst- 
ern edge of a t e r r a c e  f o r  a d i s t ance  o f  900 feet. There were 10 c lus -  
t e r s  containing between 5 and 50 cher t  f l akes .  These c l u s t e r s  prab- 
ably represent  s p e c i f i c  a c t i v i t y  a reas ,  probably tdol making with no 



known c u l t u r a l  a f f i l i a t i o n s .  Mitigation would include mpping,  col-  
l ec t ing  and comparison t o  a sce r t a in  the poss ib le  type o f  a c t i v i t y .  

S i t e  26 CK-1139 

This mck s h e l t e r  is located near  the  termination o f  an i ~ l a t e d  
t e r race .  I t  faces  a l a t e r a l  wash t o  the  e a s t  and was formed by 
f ine-grained,  poorly-cemented sedierents belonging t o  the  Horse 
Springs Formation beneath a 3 - f m t  thickness o f  the  Basal Muddy 
Creek Conglomrate. The s h e l t e r  f l o o r  is about SO centimeters  
higher than the  wash e levat ion  and this f l o o r  extends east about 
4 meters, f o m i n g  a p l a t f o r n  in  f r o n t  o f  the  s h e l t e r .  This  shel-  
t e r  measures 4 meters from the d r i p l i n e  west t o  t h e  rear, 6 meters 
f r o m  north t o  south and 10 t o  50 centimeters  from f l o o r  t o  ce i l ing .  
The sediments rutking up the f l o o r  appear t o  be coapod equally o f  
fine-grained sediments and roof f a l l .  The c u l t u r a l  mater ia l  
observed included cher t  and b a s a l t  f l akes ,  grinding stones and 
pot tery .  This  s i t e  has been damaged p a r t i a l l y  by erosion and 
amateur co l l ec to r s .  Pot tery  co l l ec ted  f m  this site i s  typolog- 
i c a l l y  similar t o  wares found i n  t h i s  a rea  t h a t  have a f f i l i a t i o n  
with the  W d y  River h a s a z i .  This  group is known t o  have exploi ted 
the  southern Nevada a rea  envfromunt t o  supplement t h e i r  a g r i c u l t u r a l  
subsistence base. Thei r  adaptat ion t o  t h i s  a r e a  is l i t t l e  known and 
it is  hoped t h a t  t h i s  s i t e  nay provide addi t ional  infornation regard- 
ing this adaptation. - .  

Mitigat ion is recommended f o r  this site i n  t h e  event t h a t  it w i l l  
be threatened by construct ion.  Mit igat ion should consist o f  con- 
t r o l l e d  excavation of the d q m s i t s  in the s h e l t e r  and on the  p l a t -  
foxa i n  f r o n t  of  the  s h e l t e r .  The excavation mater ia l  m l d  then 
be catalogued and analyzed, An a t t a q t  should be made t o  i n t e r p r e t  
s i t e  function and abor ig inal  inhabi tants '  adaptat ion t o  the  Las 
Vegas Wash environment. 

A collapsed rack shelter was found on t h e  s i d e  o f  a saall wash t h a t  
is cut  i n t o  the  t e r r a c e s  overlooking Las Vegas Mash. This s h e l t e r  
f aces  e a s t  and measures 10 meters from d r i p l i n e  to the  rear, and 
twenty meters in length. These dimensions a m  only  approximate 
s ince  the s h e l t e r  f l o o r  is covered by r m f  f a l l .  I t  w a s  formed by 
erosion of  the  Horse Spring Formation from beneath the Basal Muddy 
Creek Conglomsrate. This conglomerate is 4 t o  6 feet th ick  and 
has brokun f r e e  from the  t e r r a c e  and f rac tured  i n t o  l a rge  (3-meter- 
d iane te r )  f r a p n t s .  A t e s t i n g  program is  maamundmd i n  the event 
o f  any const ruct ion  effects on t h i s  site. This  would involve t e s t  
p i t  excavations t o  see i f  the  s h e l t e r  had been u t i l i z e d  abor ig inal ly .  
Evidence o f  use w u l d  be c u l t u r a  d e b r i s  i n  a midden a t  the  edge of 
the  roof f a  11 . 



Si te  26 CK-1277 

This is a rock structure whose cultural a f f i l ia t ions  are unclear. It 
has two rectangular rooms that l i e  adjacent t o  one another on art east 
to  west axis sharing one w a l l .  The eastern room is  rectangular and 
measures 6 meters cast t o  =st and 3 meters north to swth.  The wall 
i s  a b u t  1 meter high and there i s  a 1-muter-vide entrance that  faces 
t h e  west. The western room is about the samh size and shape, but the 
wall is only 25 centimeten high. The walls are made of unmortared 
limestone blocks gathered fro. the Thumb Formation on which th i s  struc- 
ture is locatui. These blocks are probably undressed and weigh between 
25 and 200 paunds each. 

Cultural a f f i l ia t ions  of th i s  structure art unclear. It nay be of his- 
tor ic  origin and possibly related t o  historic Si te  26 CK-1278, which i s  
located on the apposite side of Las Vegas Wash. One oP the goals of 
mitigation of any construction damage to t h i s  s i t e  should include 
attempts to establish its cultural aff i l iat ions t h m g h  research of 
h is tor ic  records and documents. Mitigation would require detailed 
mapping and photographs for  th i s  structure. To help aswrta in  cul- 
tural  a f f i l ia t ions ,  the internal prt iaru of the larger r o a m  should 
be excavated. Any materials recovered would be catalogued and 
analyzed. 

Si te  26 CK-1278 - - 

Part of a historic  mortared limestone house foundation is visible on 
t h e  surface and the area i s  covered by historic  debris. Mstal frag- 
mmts, b t t l e  glass, mumi nai ls  and a clay pipe ware noted in t h i s  
dabris. The s i t e  covers an area about 25 m t m s  in dimeter  and 
stands on a b l l  about 2 as ters  higher than the W a s h  level. 

Mitigation of nugative effects  of construction on th i s  s i t e  should 
include complete excavation of th i s  structure and any adjacent cul- 
tural dsposits, cataloging of any recovered cultural material, and 
analysis of this material and the excavation data. A search of h i s -  
tor ic  records should IH made and then the resul ts  of th i s  study 
included in t)w f ina l  rqmrt. This s i t e  may be found t o  be impor- 
tant t o  ths recant cultural h is tmy of the Wash as it appelas t o  
represent the remains of m e  of the la tes t  t p i s d e s  in  man's cultural 
adaptation t o  t h i s  m a .  

S i t e  26 CK-1279 

This site is a large historic  dump site. I t  mu the authorized 
dunping s i t e  for the City of Henderson, Nevada, fo r  approximately 
20 yuars. Since t h i s  material is recent, dating probably fram 
the 1940's onward, th i s  s i t e  is recommended for  prssumatton only 
i f  convenient. 



S i t e  26 CK-1282 

This si te is found on the  flood pla in  o f  L a s  Vegas Wash in  graded 
a l l u v i a l  s i l ts  and clays.  Within the  a rea  several  l o c i ,  on which 
po t t e ry  was found, were recorded. This si te covers an area  tha t  
measures 400 fee t  on an east-west ax i s  and 800 f e e t  on a north- 
south axis .  In one locus, located next t o  t h e  edge o f  a small 
gravel  quarry, pot tery .  charcoal ,  f l akes  and t o r t o i s e  bone were 
eroding out of  the ground. In t h e  bank of  t h i s  gravel ,  three  
th in  s t r a t a  o f  carbonacgous material  were evident ,  t he  locat ion 
being a t  a depth of  1 meter. Several po t t e ry  sherds col lec ted  
from t h i s  s i t e  were analyzed. They a r e  s imi la r  to types known t o  
have Anasazi, possibly southern Paiute,  and louer  Colorado River 
c u l t u r a l  a f f i l i a t i o n s .  The sherds a r e  compositionally s imi la r  i n  
that they have a f i n e  pas te  and coarse c r y s t a l l i n e  quar tz  temper. 
The temporal and s p a t i a l  r e l a t ionsh ips  o f  the 'Muddy River Anasazi, 
t he  southern Paiute  and the  peoples t h a t  l ived  along he Colorado 
River s w t h  o f  Overton, Nevada, a r e  unclear.  Since t h i s  site has 
mater ia l  t h a t  i s  a f f i l i a t e d  with a l l  o f  these groups, it may prove 
s ign i f i can t  i n  c l a r i f y i n g  t h e w  re la t ionsh ips .  This i s  one o f  the  
few s i t e s  that has buried depos i t s  and it may a l s o  provide impor- 
t a n t  d a t a  concerning adaptat ion o f  p r e h i s t o r i c  population t o  the  
Wash r i p a r i a n  environment. 

This s i t e  has been heav i ly  damaged by l o c a l  r e s i d e n t s  m o v i n g  t h e  
midden to be used a s  soil components. Within this repor t ing  period 
soil has been removed on a t  l e a s t  t h r e e  d i f f e r a n t  occasions. On 
t h e  l a s t  occasion, heavy equipment was usad t o  renove midden. 

Hi t iga t ion  of the  effect of const ruct ion  should begin with sub- 
surface  t e s t i n g  o f  this p a r t i c u l a r  deposi t  in the  area  on which 
c u l t u r a l  material  was f w n d .  I f  this t e s t i n g  ind ica tes  t h a t  t h e  
s i t e  merits further excavation, then the  mi t iga t ion  plan shcn~ld 
be expanded t o  mm extens ive  excavation. Cost es t imates  f o r  
t o t a l  excavation included i n  t h e  appendix a r e  based on archeolog- 
i c a l  t e s t i n g  and no t  expanded excavation. 

S i t e  26 CK-1283 

This is an i so la ted  rock alignment composed o f  a l i n e  of evenly 
spaced blocks o f  limestone fragments. I t  is about th ree  meters 
long and or iented  roughly east to west. Archeological s i g n i f i -  
c m c e  of this f e a t u r e  is unclear  but  it should be mapped, photo- 
graphed and described i n  the  event  o f  any adverse e f f e c t  due t o  
construct ion.  Mitigation es t imates  a r e  included with those f o r  
26 CK-1138. 



S i t e  26 CK-1284 

This small rock shel ter  is located on the side of the terrace on 
which S i t e  26 CK-1129 is found. I t  faces Las Vegas Wash and is 
about 20 feet  higher in elevation than the Wash flmctplain. The 
shel ter  dimensions are approximately 3 meters east t o  west, 1 meter 
north to  south and about 50 centineters f r o m  f loor  to  ceil ing. 
No cul tural  material w a s  noted in the in te r ior  but there is a 
50-centiumter-high rock wall across the front of the shel ter  just  
beneath the dripline.  A large amount of aeolian sediments have 
been piled up against t h i s  wall on the in te r ior  side. These depos- 
its suggest a high r a t e  of sedimentation which might have buried 
cul tural  deposits. Significance of t h i s  s i t e  as  an archeological 
resource can only be determined by a tes t ing progrm, which would 
involve several t e s t  p i t s .  

S i t e  26 CK-129s 

This s i t e  is a h is tor ic  d m p  s i t e  that  was probably associated with 
the Three Kids Mine. I t  contains several automobile bodies that  
date frmu the 19301s, crockery, bricks, and other m i s c e l l a n e ~  
debris. A 4-meter-square concrete foundation w a s  snmuntezvd a t  
the southern end of t h i s  site. 

S i t e  26 CK-12% 

A l ight  l i t h i c  sca t te r  is found on the wash cut t e m i n w  of an 
a l luvia l  face fonning a mall s i t e .  The material encauntered on 
this location is sparse and is camposed of chipped stone waste 
material. This aa t e r i a l  mvcrs an area that is 300 fea t  north t o  
south and 100 fee t  east  t o  west. In case of constluction on t h i s  
site a controlled surface collection is  recommended fo r  mitigation. 

S i t e  26 CK-1297 

This small rock she l te r  faces a large north-svuth trending wash to  
the eas t  and is 160 f s s t  higher in elevation than the Wash. This 
shel ter  w a s  fomed by erosion of the tbme Springs Forration fmm 
beneath a mxs res i s tan t  outcrop of igneous rock. I t  is 16 meters 
wide, 1.5-2 w t a r s  f roa  f loor  t o  cei l ing and 4 meters f roa dr ipl ine 
t o  the rear. In the m e  of t h i s  shel ter  there i s  a rectangular 
pothole 1 met- by 3 meters and 56 centimeters deep. A small 
m t  of cul tural  debris uas noted a t  the surface. Tho Pueblo- 
type potsherds were collected from t h i s  s i t e .  

Despite the damage from vandals, t h i s  s i t e  may have significance in 
providing data on the adaptation t o  the southern Nevada area of the 
Wuddy River Anasati. These people, although pr iaar i ly  agriculturally 
based, evidently exploited a wide range of ecological niches i n  this 



area. This s i t e  appears t o  have a deep deposit and may yield par- 
ishable material not ordinarily found in open s i t e s .  Such material 
may prove to be v i t a l  for archeological inteqwetation of aboriginal 
l i f e  s tyles .  Mitigation t o  the effects  of construction in th i s  area 
is recommended consisting of tes t -p i t t ing  to  deternine midden content 
and laboratory analysis of recovered data. 

S i te  26 CK-1299 

This s i t e  i s  a chalcedony quarry found in the Horse Spring Formation 
sedimnts.  I t  is located on and around a m a l l  outcrop that is 
2 meters high and 15 meters in diameter. The chalcedony is available 
i n  tabular blocks that  a re  3 t o  20 centimeters thick. This material 
is f a i r l y  homogeneous, vessiculated cryptocrystalline variety of 
quartz that  is probably igneous in origin. For some distance, an 
associated l i t h i c  sca t t e r  is found along the terrace too. Mitigation 
would consist of controlled collecting, mapping and photography. 

S i te  26 CK-1301 

This is a rock shel ter  fonwd by the erosion of unconsolidated Iforse 
Springs Fonmation sediments from beneath the Basal Muddy Creek Con- 
glomerate. The s i t e  dinensions are  approximately 3.5 meters from 
drfpline north t o  the rear ,  6 meters from east t o  west, a d  1 meter 
f r m  f loor  to  ceil ing. &uld the proposed constmction affect t h i s  
s i t e ,  t es t -p i t t ing  is recumwnded to deternine the midden potential 
for  the possible necessity of more extended excavation. 

S i t e  26 CK-1316 

This s i t e  is underneath a high rock overhang a i c h  was  f o r n d  by the 
erosion of the Horse Springs Formation from beneath the Basal Muddy 
Creek Conglomerate, where an angular unconformity occurs between 
these fonnatims. The dimensions of t h i s  shel ter  are 4 meturs from 
dripl ine t o  the r ea r ,  20 meters f r o m  eas t  t o  nest and 4 meters from 
f l m r  to  ceil ing. The cultural  deposit w a r s  to  be limited t o  only 
a portion of this shelter.  Noted in t h i s  cul tural  material were 
chert flakes, tor toise  bone, charcoal and a grinding stone. In the 
center of ths  cul tural  deposit is a pothole that  is  1.5 meters in  
diameter and 50 centimeters dssp. This s i t e  appears to  have solas 
depth and m y  yield valuable chronological data concerning pruhis- 
t o r i c  hunan occupation. Mitigation, through excavation and subse- 
quent l a b r a t o r y  analysis wil l  be necessary i f  the construction work 
Kill  affect  t h i s  m a .  

S i t e  26 CK-1318 

This s i t e  is a l i t h f c  sca t te r .  Chert a r t i f a c t s  and waste material 
were noted in t h i s  deposit. Controlled collecting and some test ing 



i s  recrnmsnded for this s i t e  in the case of any negative impact 
resulting from construct ion. 

Fragile-Pattern Sites 

These s i t es  are defined as any archeological area in which man's 
naterial remains l i e  without depth upon an existing natural surface 
and thus comprise a pattern which i s  disturbed or  broken by any fom 
of selective ar t i fac t  collecting. 

Sam of the aboriginal s i t es  encountered on the tenaces adjacent to  
the wash f i t  the definition of fragile-pattern s i tes .  These terraces 
arei covered by interlocking igneous gravels that form a surface that 
is resistant to  erusion, referred to as desert pavemsnt. Twenty-eight 
s i t es  were located on these surfaces which share common t ra i t s .  Cul- 
tural material, excluding racont historic ar t i fac ts  such as expended 
r i f l e  cartridges, was composed of cryptocrystalline varieties of quartz 
and basalt. This material was found either individually scattered over 
isolated amas or  in small clusters. There am both chipped stone arti- 
facts and manufacturing debris. Associated with sores of these l i t h i c  
concentrations srs circular or ovular featwes f m  drich the desert 
pavement surface has bum rea6vd. These features have surfaces that 
ars slightly concave and often 1 o r  2 centimeters bsneath the level of 
the  desert pavement. These circles are usually between 1 and 5 meters 
in diameter. They sometines havc'elther r tontlnuous o r  interrupted 
ring of stone around their psriphery, compsud of cobbles fran 25 to  
IS centimeters in diameter. These features ate sonst5.m~ isolated ht 
they often are found i n  clustors (6 to  30) and are often located a t  
the north snd of terraces adjacent to  the Wash. Rock cairns, rock 
a l i m t s ,  hunting blinds, and a few grinding atone inpleents  uere 
also associated wi th  saw of these sites.  The distribution of theso 
features and l i t h i c  material presents a pattern which aright reveal 
data about aboriginal adaptation to  the Whavs besert. Sites that 
f i t  the fragile-pattern s i t e  description have a wide gwgraphic dis- 
tributian and have ban described several t ines in rrrchaological 
l i tera t las .  

Befom adaptiw interpretations of fhe cultma d the ab r ig ina l  
inhabitants can be mads about the s i t e s  located in Las Vegas Wash, 
a functional explumtion of the circu1a.f features faund there nuads 
to be made. An explanation 3% diff icul t  t o  derive bucause of thu 
paucity of infomation about then as yet available. 

Si te  26 CK-1116 

This s i t e  is located on an isolated terrace. Mitigation of the nega- 
tive impact on th is  s i t e  through controlled collecting, recording and 
photography was perhmed during the course of an Enviromntal Impact 
Study for tos Angeles Water and Pmr BavahO Ttansmission Line (WW 42).  
The results  of th i s  research are in press. 



S i t e  26 CK-1120 

This site i s  recorded a s  a f r ag i l e -pa t t e rn  site. A l i g h t  s c a t t e r  of  
l i t h i c  debris .  small c l u s t e r s  of  f lakes,  and i so la ted  a r t i f a c t s  con- 
s t i t u t e d  the abor ig inal  material  found i n  t h i s  m a .  Fkfore any con- 
s t r u c t i o n  i n  t h i s  area takes  place,  an in tens ive  surface co l l ec t ion  
and photography is recomended. 

S i t e  26 CK-1122 

This s i te  i s  a f r a g i l e - p a t t e r n  s i t e  located on.an i s o l a t e d  t e r race .  
There a r e  seven c i r c u l a r  f ea tu res  found on t h i s  s i t e  and a l i g h t  
l i t h i c  s c a t t e r .  This  is 75 f e e t  i n  diameter and mit igat ion of the  
e f f e c t s  o f  construct ion is recomended through contro l led  col lec t ing ,  
a few test  p i t s  within t h e  c i r c u l a r  f ea tu res ,  napping and photography. 

S i t e  26 CK-1124 

This si te is located on an i s o l a t e d  f inger  t h a t  slopes downward from a 
large  t e r race .  I t  has fourteen c i r c u l a r  f ea tu res  t h a t  range i n  size 
between 1 and 2 meters i n  diameter. There i s  a l i t h i c  s c a t t e r  asso- 
c i a t e d  with this site and the site dimensions are 900 f e e t  north to 
south and 350 f e e t  from e a s t  t o  west. In the  event of  construct ion 
i n  this a r e a  mi t iga t ion  i s  recommended through contro l led  co l l ec t ion ,  
t e s t i n g  within the  c i r e u u r  f ea tu res ,  mapping and photography. 

S i t e  26 CK-1125 

This s i t e  is located i n  t h e  c e n t r a l  por t ion  o f  a l a rge  t e r r a c e  and 
has ten c lea r ings  i n  t h e  d e s e r t  pavemmt that range in s i z e  from 1 
to  1.8 metem in diameter. There a r e  few l i t h i c s  associated with 
t h i s  cluster and it is approximately 100 feet i n  diameter. In the  
event o f  construct ion in this a r e a  mi t iga t ion  i s  recomncnded f o r  
the s i te  thmugh mapping, t e s t i n g  o f  t h e  circular c lear ings  and 
photography. 

S i t e  26 CK-1126 

This sits is located on a f inger  p a r a l l e l  t o  S i t e  26 CK-1124 sloping 
chnward o f f  a large  ter race .  There a r e  40 pavswnt  c l ea r ing  fea tu res  
located within t h e  s i t e  t h a t  vary from 1 t o  2.6 meters in diameter. 
In me area on t h e  site, about 75 f e e t  i n  diameter, these  f ea tu res  
a r e  c lus tered  so t h i c k l y  t h a t  they alrrrost cover t h e  e n t i r e  surface. 
The heavies t  l i t h i c  concentrat ions on f r ag i l e -pa t t e rn  s i t e s  a r e  
found i n  t h i s  a r e a  of t h e  Wash. The s i t e  dimensions are 950 f e e t  
from north to south and 200 f e e t  f r o m  e a s t  t o  mst. Hi t iga t ion  of 
damage t o  t h i s  s i t e  through const ruct ion  is  recormended by contro l led  
and extensive co l l ec t ing ,  t e s t i n g  ( p a r t i c u l a r l y  i n  the c lus te red  
fea tures) ,  mpping and photography. 



S i t e  26 CK-1127 

This site is located i n  a l a t e r a l  wash t h a t  has p a r t i a l l y  divided 
two ter races .  There is a c l u s t e r  of 53 wall-defined cleared cir- 
c u l a r  f ea tu res  t h a t  a re  an average of  about 2 meters i n  diameter. 
This  si te is 75 f e e t  in  diameter and there  is a l i g h t  s c a t t e r  of 
I i t h i c  c u l t u r a l  remains. In the event of  construction on t h i s  
s i te  mit igat ion i s  recomended through control led col lec t ion,  t e s t -  
ing o f  a small percentage o f  the  fea tu res ,  napping and photography. 

S i t e  26 CK-1129 

This s i t e  is located on an i so la ted  terrace.  For the purposes 
of  t h i s  r epor t  it has been divided i n t o  th ree  corqronents. Com- 
ponent A is a cluster of e ight  c i r c u l a r  c lear ings  t h a t  range i n  
s i r e  from 2 a s t e r s  to 5.2 meters i n  diameter together with a 
rock c a i r n  t h a t  is  1.2 meters in diameter. Cumpmmt 0 is coa- 
posed of  three  'V-shaped rock fea tu res  t h a t  l i e  i n  a roughly 
north-south or ienta t ion.  These fea tu res  a re  1 t o  2 msters in 
diameter and h u t  25 c e n t i w t e r s  high. Component C is compsed 
of  th ree  c i r c u l a r  features.  Mit igat ion of damage through con- 
s t ruc t ion  on this s i te  is recomended by t e s t - p i t t i n g  a l l  th ree  
coreponents, mpping and photography. 

S i t e  26 CK-1131 . - 

This s i t e  is located on a narrow r idge  and is  composed of  a l i t h i c  
s c a t t e r  and one c i r c u l a r  f ea tu re  is found on ths surfaca. This site 
has lmen severe ly  damaged by a round cut  running down t h e  longest 
axis. The s i t e  is 500 feet northwest t o  southeast  and 75 f e e t  
m r t h e a s t  t o  southmst .  Mitigat ion o f  damage r e l a t a d  t o  construc- 
t ion  on this s i t e  is reconrsended through control led  col lec t ing,  
mapping and photography. 

S i t e  26 CK-1132 

This s i t e  is located on a narrow terrace.  The c u l t u r a l  manifesta- 
t i o n s  f m d  on t h i s  s i te  cons i s t  o f  two c lear ings  tha t  a re  between 
1.5 and 2 mete~s in d i a w t e r  and a l i t h i c  s c a t t e r .  The s i t e  m a -  
sures  300 f e e t  on a n o r t h m s t  t o  southeast  a x i s  and 5Q f e e t  on a 
northeast  t o  southeast  axis. Mitigat iun o f  w n s t r u c t i o n  e f f e c t s  
on t h i s  d t e  is recumanded through control led  co l l ec t ing ,  map- 
ping and photography. 

S i t e  26 CK-1134 

This site is found on an i so la ted  ter race .  There were three  
c l u s t e r s  o f  c i r c u l a r  f ea tu res  t h a t  a r e  d e s c r i b d  a s  s q a r a t e  
components. Component A has seven c i r c u l a r  f e a t u r e s  t h a t  a r e  



between 0.75 and 1 .5 meters i n  diameter. Component 0 is  located 
on an i so la ted  f inger  projec t ing  m a y  from the t e r r a c e  and it 
contains seven fea tu res  none of which have rock al ignnents  sur-  
rounding t h e  c i r c u l a r  c lear ings  t h a t  range f ron 50 centimeters t o  
2 meters i n  diameter. Component C is on the  southern cen t ra l  por- 
t i o n  of W s  t e r r a c e  and it contains four c i r c u l a r  fea tures .  These 
fea tu res  neasure from 1 t o  1.5 meters i n  diameter and two of  them 
have been d m g e d  by vandals. Associated with these  f ea tu res  and 
the  area bnbetraen the  c l u s t e r s ,  t he re  is a small amaunt of sca t -  
t e red  l i t h i c s ,  Should construct ion a f f e c t  t h i s  si te it i s  recom- 
mended that mi t iga t ion  cons i s t  o f  t e s t - p i t t i n g  i n  the  f e a t u r e s  o f  
each component, cont ro l led  col lec t ing ,  mauping and photography. 

S i t e  26 CL-1136 

This site i b  located on a narrow terrace.  Four f e a t u r e s  mre sc-at- 
t e red  along t h i s  t e r r a c e  and they range from 1.5 t o  2 meters i n  
diameter. The s i t e  i s  approximately 200 f e e t  nor th  to south and 
25 f e e t  erst to west. Mit iga t icn  o f  the. e f f e c t s  o f  construct ion 
would cons i s t  of minimal t e s t i n g  of the  f ea tu res ,  mapping and 
ph tomaphy .  

S i t e  26 CK-1140 

This site is found an the-mrtbrn edge o f  an i s o l a t e d  ter race .  
Scat tered  through t h i d  area -re 42 l ined  o r  unlined c i r c u l a r  
f e a t u r e s  between 1 and 3 meters i n  diameter. Chipped s tone  
a r t i f a c t s  and d e b r i s  were sca t t e red  throughout t h i s  area. The 
s i te  dimensions are 500 f e e t  nor th  to south and 1,000 f e e t  e a s t  
t o  west. Yi t iga t ion  o f  the  e f f e c t s  o f  construct ion w i l l  neces- 
s i t a t e  t e s t i n g  of both l ined  and unlined fea tu res ,  m n t m l l e d  
ml lec t ing ,  m i n g  and photography. 

S i t e  26 CK-1280 

This  si te is located on t h e  s i d e  of  a low h i l l .  Them ars s ix  unlined 
c i r c u l a r  f e a t u r e s  found on the  s i d e  o f  t h i s  h i l l  and a t  the  base of  
the  hill them is a poss ib le  s h e l t e r  s i t e  formed by a la rge  boulder. 
This s i t e  is approximately 200 feet i n  diameter and contains almost 
no l i t h i c  cultural material .  Mit igat ion o f  t h i s  si te should it be 
af fec ted  by construct ion would involve l imi ted  t e s t i n g  of  the  fea-  
turss and the poss ib le  s h e l t e r ,  mapping and photography. 

S i t e  26 CK-1281 

This is an i s o l a t e d  c i r c u l a r  dspression t h a t  covers an area  about 
4 meters i n  d i a w t e r .  The depression is about 1 meter i n  depth and 



is surrounded by 100 to  200 s l a t e - l i k e  limestone frrgnmts. Should 
construct ion n e c e s s i t a t e  r n i t i ~ a t i o n ,  a test p i t  and photography a r e  
recomended. 

S i t e  26 CK-1285 

This  s i t e  is located on the  wash bank. B t  conta ins  four poorly 
defined c i r c u l a r  f e a t u r e s  t h a t  a r e  1 t o  1.5 asters i n  diameter 
and it has a sec t ion  of abor ig inal  tnil t h a t  p a r a l l e l s  the Las 
Vegas Wash. Sext t o  t h i s  t r a i l  two b i f a c i a l l y  flaked scrapers  
were found. They are composed of  agate  that is s imi la r  t o  
material  found i n  a quarry site near Lava Butte located i n  t'Rc 
Horse Spring Fomation 2 miles t o  t h e  northeast .  The s i t e  is 
350 f e e t  e a s t  t o  west and 200 f e e t  north t o  south. I t  is  recon- 
mended t h a t  t h i s  sec t ion  of trail 'be avoided i f  poss ib le  during 
wnstFuction.  Mit igat ion of t h i s  s i t e  would involve S i d t e d  
t e s t i n g ,  mapping and photography. 

S i t e  26 CK-1293 

This s i t e  is a f r ag i l e -pa t t e rn  s i te  located on an iselatad t e r r a c e  
in  t h e  west half  o f  Sec. 28, T. 21 S., R. 63E, Tt contnins s i x  c i r -  
cu la r  c l ea r ings  t h a t  are between 1 and 3 meters In diametef m d  a 
l i g h t  l i t h i c  s c a t t e r .  This site is SO f e e t  in diameter,  Mit igat ion 
is recmmndsd in  case of inpact  -result ing from const ruct ion  and 
m l d  involve cont ro l led  co l l ec t ing ,  l i m i t e d  t e s t i n g ,  napping and 
photography, 

This sits itas s i x  circular f e a t u r e s  that ars between 1 and 2.2 meters 
i n  d lsneter .  Lithic cultural waterla1 w s ~  s c a t t m e d  sparsely over 
t h i s  area, Xhis sits measures 100 feet on a northwsst t o  southwest 
ax i s  and f S \ f s s t  un a nor theas t  t o  southtmst axis ,  Should oowt ruc -  
t i o n  n e c e s s i t a t e  mi t iga t ion  l i a i t e d  t e s t i n g ,  surface col lec t ing ,  map- 
ping and p b t o g r s p h y  ars r u m a m d e d .  

This  site 1s f d  along a namw terrae&. I t  is a l i g h t  scattar 
of c h i p p d  stone d e b r i s  md m t f f a c t s .  I t  is 1,500 feet fm north- 
west t o  southeast  mi 11)0 ta  200 feet from nor theas t  t o  southwest. 
The mater ia l  is similar ta that found a t  26 CK-1299. In the  event of 
o f  cons tn ic t ion  i n  t h i s  area, cantzmllsd co l l ec t ing ,  napping and 
photography are recommended. 



S i t e  26 CK-1300 

This si te i s  a l i t h i c  s c a t t e r  located on a knoll.  I t  i s  about 
10 meters in  diameter and contains chipped stone a r t i f a c t s  and 
waste material ,  composed of c ryp toc rys ta l l ine  v a r i e t i e s  of quartz.  
Should construct ion be proposed on t h i s  s i t e  control led co l l ec t ing  
and photography a r e  recommended. 

S i t e  26 CK-1303 

This s i te  i s  a rectangular  rock alignment t h a t  is approximately 
12 f e e t  long and 8 f e e t  wide, with the  remnants o f  two wooden pegs 
found projec t ing  above the  surface. To t h e  south o f  t h i s  f ea tu re  
the re  is a 'W-shaped rock alignment t h a t  is composed of mud- 
mortared rock fragments. No a r t i f a c t s  were found in associa t ion  
with t h i s  site. Yi t iga t ion  is recommmded i n  the event of any 
construct ion including test p i t s  i n  the  v i c i n i t y  o f  the  rack 
alignments on both s ides ,  trapping and photography. 

S i t e s  26 CK-1304, -1305, and -1306 

These sites each contain i so la ted  c i r c u l a r  f e a t u r e s  t h a t  a r e  between 
1.65 and 3 meters in  diameter. Mit igat ion of any negative impact t o  
t h i s  s i t e  due t o  construct ion is reantmended involving t e s t - p i t t i n g  
t o  de ternine  i f  t h e r e  i s  subsurface material ,  mapping and photography. 

S i t e  26 CK-1315 

This site has four c i r c u l a r  f e a t u r e s  t h a t  a r e  1.5 t o  2.3 meters i n  d ia-  
meter and it has  a l i g h t  l i thic  s c a t t e r .  Mitigation o f  any construct ion 
e f f e c t s  i s  recomended through con t ro l l ed  co l l ec t ing ,  l imited t e s t i n g ,  
napping and photography. 

This is a f r ag i l e -pa t t e rn  site with c u l t u r a l  manifestat ions cons is t -  
t i n g  of  four  c i r c u l a r  f e a t u r e s  t h a t  are between 1.5 and 2.3 meters i n  
diameter and a l i g h t  l i t h i c  scatter. Wltigation o f  any i v a c t  t o  this 
site as a r e s u l t  of construct ion is recomsnded cons i s t ina  o f  l i m i t e d  
t e s t i n g ,  cont ro l led  co l l ec t ing ,  mapping and photography. 

S i t s  26 CK-1158 

This site is a strongly'  t yp ica l  f r a g i l e - p a t t e r n  site located on an 
i s o l a t e d  ter race .  The d e s e r t  pavement surface  on h i c h  it is found 
is f a i r l y  d e l i c a t e  and s e n s i t i v e  t o  the a c t i v i t i e s  o f  &em m a n .  
Because of these  f a c t o r s  and a need t o  evaluate t h e  research poten- 
t i a l  of these  types of  s i t e s  it was decided t o  test  some o f  the  
f e a t u r e s  o f  the site t o  determine t h e i r  archeological  s ignif icance.  



The WS s t a f f  developed a testing program designed to collect the 
maximum data from the area. This prugrm included detailed m q -  
ping of the s i t e  features and controlled surface collections on a 
specific segment of the s i te .  Features m r e  tested and aJl  recov- 
ered material w a s  cataloged and analyzed, The resul ts  provided 
infonat ion  pertaining to  the re la t ive  sifl if icance of the s i t e ,  
i t s  research potential and the estinated costs of th i s  type of 
testing program for these cul tural  ranifestations that are des- 
cribed as fragile-pattern s i t e s .  

Using a t r ans i t  the area to  be tested was g r i d d d  into 3-meter 
squares. These uni ts  were exmined individually and a l l  cul- 
tural  material w a s  placad in labeled bags, except when it was 
found within a c i rcu lar  feature. Tlwse mare mapptd and bagged 
separately. Then were 31 c i rcu lar  features, one rock cairn,  
and one rock  alignment A i c h  -re napped and described. The 
inter iors  of f ive  features, F-1, -2, -3, -4 and -5, ware dug 
in 5 - c m t i m t e r  levels. A l l  material, removed from the fea- 
tures  were screened through 1/8-inch mesh screens and a r t i -  
f ac t s  fomd in s i t u  -re mapped place, -- 
Results 

The surface collection p d u c a d  the following aboriginal material: 
scrapers, choppers, hammrstones, a possible pro jec t i le  point frag- 
ment and l i t h i c  detri tus.  Excavation of F-1 produced scatterud 
charcoal grains in several portions of t h i s  feature and small 
d q o s i t s  of charcoal and ash in several l oc i  in  m e  area 50 cent+-- 
meters in dittnster. Six grams of charcoal were collected from one 
of these loci  of ash and charcoal, The mil  underneath t h i s  dsposit 
was stained s l ight ly  rudder in color than the surrounding soil sug- 
gesting oxidation. In F-4 a few scattered grains of charcoal and a 
possible point f ragmnt were collected. The remaining features con- 
tained no cul tura l  material. 

Analysis 

The surface cot l c c t i m  mtetial was subjected t o  distributional 
analysis so that  a better sits area defini t ion could be provided. 
A 5-gram charcoal s q l e  found in a possible hear th  i n  feature F-1 
was sant t o  the Geochmnalogy Laboratory a t  the University of Georgia 
along with a chrreoal sample collected fma m cleared c i rcu lar  fea- 
ture  fomd on Si t e  26 CK-1118. The charcoal, from these two samples 
were s l ight ly  mre active than modern samples, indicating tha t  they 
were very mccnt samples or  possibly contaminated. 



A sample o f  the  ash material  was processed t o  separa te  any pollen. 
Several pol len  g r a i n s  uere noted desp i t e  a highly unfavorable envi- 
ronment f o r  pollen preservat ion.  This sample and' saqles  o f  s o i l  
col lec ted  f r o m  each of the  f ea tu res  w i l l  be subjected t o  fu r the r  
analys is  i n  the  future.  

S u m a q  o f  Test ing S i t e  26 CR-1138 

An attempt t o  e s t a b l i s h  the  age of  t h i s  f r ag i l e -pa t t e rn  s i t e  t h a t  
was t e s t e d  wa.s only p a r t i a l l y  successful.  Charcoal f r o m  the  pos- 
s i b l e  hear th  deposi t  i n  f ea tu re  F-1 and charcoal from a s imi la r  
site, S i t e  26 CK-1116, 500 meters t o  t h e  e a s t ,  when subjected t o  
radiocarbon (C-14) ana lys i s  gave a reading s l i g h t l y  more ac t ive  
than modern C-14. In a telephone conversation, D r .  B. L. Brandau 
of the  Gevchrrmology Laboratory a t  the  Universi ty o f  Georgia 
suggested t h a t  these  samples w r e  poss ib ly  contaminated. The 
r e s u l t s  o f  the  C-14 da t ing  are problematic because o f  this pos- 
s i b l e  contgmination. Since no p t tery  o r  o the r  d iagnost ic  a r t i -  
f a c t s  are found on m y  of  these  f r ag i l e -pa t t e rn  s i t e s  the re  is 
no mans of  cross-dat ing typologica l ly  with the  knm chronology 
of  the  Southern Great Basin. 

I t  is poss ib le  t h a t  these  sites were occupied by l a t e r  inhabi tants  
of the S w t h e r n  Great Basin, t h e  Southern Paiute  who subs is ted  by 
exp lo i t a t ion  o f  various e n v i r o w n t a l  z m e s  on a seasonal bas i s ,  
and -re known to have u t i l i z e d  the  Hash a s  l a t e  a s  the  1900's. 
Although incomplete, s u p e r f i c i a l  pollen ana lys i s  o f  t h e  hear th  
mater ia l  supports  the idea  o f  r ecen t  deposi t ion.  Since this 
hearth w a s  betwssn 1 t o  2 c e n t i m t e r s  beneath the surface,  this 
would al law oxidat ion  to take  place. In addi t ion ,  the  s o i l  is 
extremely a l k a l i n e  and in c d i n a t i o n  with the oxidat ion,  c r e a t e s  
a corrosive mvironmsnt f o r  pol len  and it wwld not  be preserved 
f o r  any length  o f  time. 

An e s t h t i o n  of the age o f  the f rag i l e -pa t t e rn  sites a t  t h i s  time 
wwld be h i ~ h l y  debatable. E f f o r t s  are neuded t o  obta in  addi t ional  
charcoal saples and a t t e a p t s  should be made t o  i s o l a t e  and elini- 
na te  any w n t s a i n a t i o n  fac tors .  Hi t iga t ion  of the  impact t o  t h i s  
s i t e  f h m  cons t ruct ion  w i l l  n e c e s s i t a t e  a raore exhaust ive study 
than has bum undertaken in  the  t e s t i n g  program. This would 
include sampling excavations from the  remaining 46 fea tures ,  add- 
t i o n r l  mapping of the 25 unmapped f e a t u r e s  and cataloging and m a -  
lysis o f  the  ma te r i a l s  recovered during mit igat ion.  I t  is hopsd 
a d d i t i a a l  charcoal samples and sail samples can be obtained f o r  
m a l  ysis .  
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G r a s s e s  : 

Forbs  : 

Appendix D-1.  Coamnon plant species 

Coerwn P l a n t  S p e c i e s  o f  t h e  
C r y s t a l  Geyser Uni t  

S p e c i e s  

A r i s t i d a  f e n d l e r i a  
S i t a n i o n  h v s t r i x  
Brcaus t e c r o r u n  
D i s c i c h l i s  s t r i c t a  
Fes tuca o c t o  f l o r a  
H i l a r i a  j a ~ e s  i i  
Oryzops i s  nyneno ides 
Sporobo lus  a i r o i d e s  
Sporobo lus  c r y p t a n d r u s  
S t i p a  c o n a t a  
T r i d e n s  p u l c h e l l a  

Abronia f r a g r a n s  
Aubrosia  a r t c m i s i a f o l i a  
Andros tephium b r e v i f  lorum 
A s t e r  s p .  
Ast  r a g a l u s  a s p h i o x y s  
A s t t a ~ a h s  cymhoides 
Astragnlus Llavu's 

v a r i a r g i l l o s u s  
A t r i p l e x  p o w c l l i i  
0 a h i a  ouro lep i s '  
C a l o c h o r t u s  n u t t a l l i i  
Chaenac t is s t e v i o d e s  
Chenopadium incanuo  
Cleome 1 l a  p l a n e  r a n a  
C r y p t a n t h a  f l a v a  
Cryp tan tha  g r a c  i l l s  
Cymopterus newberrlvi 
Cymapterus purpurasona  
D c s c u r a i n i a  p i n n a t a  
Descura i n  l a  s o f  la 
E n c e l i o p s i s  n u t a n s  
E r e m c r  inum a l b o m r g i n a t u m  
E r i a s t r c n  sapph i r inum 
E r i r c r o n  c a n a d c n s i s  
Er i q e r o n  conc innus  
Eriogonum i n f l a t u s  
Er iogonua ( a n n u a l )  
Euphorb ia f e n d l e r  i 
F r a n s e r  l a  acan t h o c a r p a  
GZl i l l a rd iq  p$lCi~~ 

Coewn name 

(3-awn) 
( S q u i r r e l t a i l )  
(Chea tg rasa )  
( S a l t  g r a s s )  
( S i x  weeks fescue)  
( G a l l e t a  g r a s s )  
( I n d i a n  r i c e g r a s s )  
(Al l ra l i  s a c a t o n )  
(Sand d ropseed)  
(Yecdle-and-thread g r a s s )  
( P r e c t y  t r i d e n s )  

(Snowball sand-verbena) 
(Co-a ragweed) 
(?I 
(As te r )  
(Locaweed) 
(Locoweed) 

(Locoweed) 
(Sa l tbush)  
(Bahia) 
(Sego l i l y )  
( S u a f l w e r  f a m i l y )  
(Goose f o o t )  

(Yellow c r y p t a n t h a )  
(Borage fami ly )  
(Umbrella p l a n t  f a m i l y )  
(Umbrella p l a n t  f a m i l y )  
(Tans ymus t a  r d )  
( F l i w e e d  t ansymus ta rd )  
( S d d i n g  e n c e l i o p s i s )  
(?I  
(7 )  
(Fleabane)  
(Daisy) 
( B o t t l e s t o p p e r )  
( E r  iogonum) 
(Fend le r  ' s e u p h o r b i a )  
(Annual b u r s a c e )  
( G r a c e f u l  g a i l l a r d  La) 
(Yellow g a i l l a r d i a )  
((;Llia f r i l y l  



Appendix D-1 . Continued 

S p e c i e s  

Forbs: - C i l i a  p o l y c l a d o n  
( c o a t  .) C i l i a  cueedvi  

G r f n d e l i a  s c u a r r o s a  
Halogecon g l o n c r a c a  
Kockia s c o p a r i a  
Lappula r e d a u s k i i  
Lepidium d e n s i f  l o r m  
Lepidfum nonrnnua 
h c h a e r a n t h e a  c a n e s c e n s  
Oenothera  s c a w i d c a  
P e t a l o s t e m n  o c c i d e n t a l e  
Phacelia crenu  l a c a  
S o l i d a ~ o  g r a n i n i f o l i a  
S t a n l e v a  p i n n a c a  
Thelesperrna subnuda 
Townsendin incana 
Tragopogon dub i u s  
Xanthiun s t r u m r i u m  

Shrubs:  A l l e n r o l f e a  o c c i d e n t a l i s  
h e l a n c h i e r  ucaf iensis  
A r t e m i s l a  b i q e l o v i i  

A t r i p l e x  canescens  
A t r i p l e x  c o n f e r t i f o l i a  
A t r i p l e x  c o r r u g a c a  
A t r i p l e x  cunea t a  
B t i c k e l l i a  s c a b r a  
- 

C h r y s o t h a m u s  n a u s e o s u s  
C h r y s o t h a m u s  v i s c  i d i  f l o r u s  
Coleogyne r a m s  iss Fee 
Ephedra t o r r e y a n a  
Ech inocac tus  w h i p g l l l  
Fraxinus anomala 
C u t i e r r e z i a  s a r o t h r a e  
Opuntia p o l y a c n n t h a  
Ph lox  ~ r a h s l a i i  - 
Rhus t r i l o b a t a  - 
'CGrix  r a i o s  issima 
Sal ix  amygdaloides - 
S a l i x  e x i ~ u a  
Sarcabacus  v e r n i c u l a t u s  
Suacda f r u c i c o s a  

T r e e s  : J u n i p c r u s  o s t e o s p e ~  
Populus  f r e a o n t i i  
Eleagnus  a n p , u s t i f o l i a  

( C i l i a  fami ly )  
(Annual g i l i a )  
(Curlycup gucnecd) 
(Halogeton) 
(Summer C ~ Q , ~ U S )  
(S t i c h e e d )  
( P r a i r i e  pepperneed) 
(Pepperneed) 
(?I 
(Yellow, a n n u a l  even ing  pr imrose)  
(Peta los temon)  
( C r e n u l a t e  p h a c e l i a )  
( G r a s s l e a  f  ed goldenrod)  
( P r i n c e ' s  p l u m )  
(The lesperna l  
( P e r e n n i a l  tovnsend ia )  
(Yellw g o a t s b e a r d )  
(Cocklebur) 

(P ick leveed)  
(Utah s e r v l c e b e r r y )  
(Bigelov sagebrush)  
(Budsage) 
(Fourving s a l t b u s h )  
(Shadsca le )  
( S a l  tbush)  
(Sa l  t brcsh) 
( B r i c k e l l b u s h )  
(Rubber r a b b i t b r u a h )  
( L i t t l e l e a f  r a b b i t b r u a h )  
(Blackbrush)  
(Tor rey ' s  mormon t e a )  
(Uhipple ' s  f i s h h m k  caccus )  
( S i n g l e l e a f  a s h )  
(Hatchweed) 
( P t i c U y p e a r )  
(Spiny phlox)  
(Squawbush) 
(Tamarix) 
(Peach-leaf wi l low) 
(Sandbar w i l l o v )  
(S lack  g r e a s w o o d )  
(Sea b l i t e )  

(Ctah j u n i p e r )  
(Fremont c o t  conwood) 
(Russ i a n  01 i v e )  
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Appendix 0-2. Wildlife spcies l ist  

Fieh  S p e c i e s  o f  t h e  C r y s t a l  Ceyser  Uni t  

S a l n o  e r u c t 3  
P r o s o p i u a  u i l l i a m s o n i  
Cyprinus  c a r p i o  
G i l a  a t r a r i a  - 
G i l a  r o h u s t a  
7 

G i l a  c o p e i  - 
Rickardsonlus b a l t e a c u s  hydrophlox 
Ptychocheilus l u c i u s  
Rhin ich thys  o s r u l u s  
Rhinlchchys  cataractae 
P i m p h n l e s  nrocelas 

P a n t o s t e u s  p l a t y r n y n c h u s  
P a n t o s t e u s  c l a r k i  
Xyraychen t exanus  
I c t a l u r u s  punc tacus  

( C u t t h r o a t  t r o u t )  
(Brovn t r o u t )  
(Hountain v h i t e f i s h )  
(Carp) 
(Utah chub) 
(Colorado chub) 
(Lea thers  i d e  chub) 
(Red-a i d e  s h i n e r )  
(Colorado squawfish)  
(Speckled dace)  
(Long-nose dace)  
(Fat-head minnw)  
(b tah  s u c k e r )  
(Flannel-nouth  s u c k e r )  
(Hountain s u c k e r )  
(Blue-head s u c k c r )  
(Hump-back suc'ker) 
(Channel c a t f i s h )  

C'oenmn name 



Appendix D-2. Continued 

Anphfbian and R e p t i l e  S p e c i e s  o f  t h e  
C r y s t a l  Geyser  h i t  

S p e c i e s  

Ambystma t ig r inurn  
Scaph iopus  i n c e r m n t a ~ ~ u s  
Bufo uoodhousci - 
Rana pipiens - 
Crotaphytus c o l l a r i s  
Crota9hy c u s  u i s l f z e n l i  
S c e l o p o r u s  u n d u l a t u s  
S c e l o p o r u s  g r a c  Losus 
S c e l o p o r u s  c a g f s t e r  
Uta s t n n s b u r  i a n a  - 
Crosaurur  o r n n t u s  
Phrynosoma d o u g l a s s i  
Cnemldophorus t i g r i s  
Thamnophis elegans - 
M a s t i c o p h i s  t a e n i n t o s  
- - 

Elaphe g u t t a t a  
P i t u o p h i s  rneianolencus 
Lampropeltis c r f a n g u l u n  
HypsLglcna t o r q u a c a  
C r o t a l u s  v i r i d i s  

C o m n  name 

(Utah t i g e r  sa lamander )  
(Greac b a s i n  spadefooc)  
(Rocky cnauntain t o a d )  
(Western l e o p a r d  f r o g )  
( C o l l a r e d  l i z a r d )  
(Leopard 1 f z a r d  
(Nor the rn  p l a t e a u  l i z a r d )  
(Nor the rn  s a g e b r u s h  l i z a r d )  
(Desert s p i n y  l i z a r d )  
(Kor the rn  s f d e - b l o c c h d  u t a )  
(Nor the rn  c l i f f  l i z a r d )  
(Mountafn shor t -horned  l l z a r d )  
(Nor the rn  w h i p t a i l ;  
( W a d e r i n g  g a r t e r  s n a k e )  
( D e s e r t - s t r i p e d  whipsnake) 
(Great p l a i n s  rac snake)  
(Grea t  b a s i n  gopher  s n a k e )  
(Utah m l l k  s n a k e )  
(Night  snake) 
(Hidget-faded r a t t l e s n a k e )  



Appendix D-2. Cont inued  

Av i fauna  o f  t h e  C r v s t a l  Geyser  U n i t  

S p e c i e s  

Ardea  h e r o d i a s  - 
Leucophoyx t h u l a  
Branca c a n a d e n s i s  
Xnas p l a t y r 3 y n c h c s  - 
Anas a c u t a  -- 
Anas c,vanop~era - 
Bucepha la  clangul a 
F u l i c a  a m e r i c a n a  
Yergus  merganse r  
Xergus  serrator 
C a c h a r t c s  a u r a  
A c c i p i t e r  ~ c n t i l i s  
A c c i p i t ~ r  s t r i a t u s  
A c c i p i t e r  cooperi 
Buteo  j a m i c e n s f s  - 
Bu t c o  swa i n s a n i  
h t e o  r e g a l i s  
S u t e o  l a g o ? u s  
A q u i l a  c h r y s a c t o s  - - 
I i a l i a e e  t u s  l c u c o c e p h a l u s  
C i r c u s  cyaneus 
F a l c o  mexicanus  
F a l c o  peregrlnus - 
F a l c o  colunbarius - 
F a l c o  sparver ius 
P e d i o e c e t e s  p h a s i a n e l l u s  
Lophor tyx  c o l i f o r n i c u s  
Lophor tvx  g a n b c l i  L 
P h a s i a n u s  c o l c h i c u s  
A l e c c o r i s  graeca 
C h a r a d r l u s  vociferus 
-- - -  - 

A c t i c  is m a c u l a r i s  
T r i n g a  soli taria 
Erolia r n i n u t i l l a  
E r c u n e t e s  maur i  
R e c u r v I r o s t r a  a n e r i c a n a  
Hfnentapus mcs k a n ~  
Lqrus  c a l i f o r n i a u ~  
L a r u s  d c l w . h r c n s  is -- 
Zcn .~  l d u r o  ~ m c r o u r a  
C o c c v z u ~  p ~ r  Lcanus 
O t u s  asio -- 
Bubo v i  r ~ l n i a n t ~ s  - 
O t u s  f l n - z c o l a s  - 
C l a u c  idun g n o a  

Comaon name 

(Grea t  b l u e  h e r o n )  
(Snowy e g r e t )  
(Canada goose )  
( P a l l a r d )  

' ( P i n t a i l )  
(Cinnanon t e a l )  
(Commn go ldeneye )  
( ARe r i c a n  c o o  t ) 
(Common merganse r )  
(Red-breas ted  n e r ~ a n s e r )  
(Turkey v u l t u r e )  
(Goshawk) 
(Sharp-shinned hauk)  
(Cooper 's  hawk) 
(Red- ta i l e d  hawk) 
(Swainson ' s  hawk) 
( F e r r u g i n o u s  hawkj 
(gough-legged hawk) 
(Golden e a g l e )  
(Bald  e a g l e )  
(Harsh hawk) 
( P r a i r i e  f a l c o n )  
( P e r e g r i n e  f a l c o n )  
(P igeon  hawk) 
( S p a r r o u  hawk) 
(Sage  g r o u s e )  
( C a l i f o r n i a  q u a i l )  
(Cambel 's  q u a i l )  
(Ringed-neck p h e a s a n t )  
(Cbukar ) 
( R i l l d e e r )  
( S p o t t e d  s a n d p i p e r )  
( S o l i t a r y  s a n d p i p e r )  
( L e a s t  s a n d p i p e r )  
(Western  s a n d p i p e r )  
(American a v o c c t )  
(Black-ncckcd s t  i 1 t )  
( C a l i f o r n i a  g u l l )  
(R ing-b i l  l e d  ~ u l ? )  
(Hourning dovc)  
(Ycl l w - b  i l l c d  cuckoo)  
(Sc reech  c u l )  
(Grea t  homed owl)  
(Flars .ulated owl)  
(Prgmy 0-1) 



Appendix D-2. Continued 

S p e c i e s  

S t r i x  o c c t d e n t a l i s  
h i 0  o t u s  -- 
C3ordef les minor 
P h s l a c n o p t i l u s  n u t t a l l i i  
Aeronautes s a x a c a l i s  
Arch i lochus  alcxnndri 
Selasphorous p!acucercus - 

C o l a ~ c e s  auracus 
Asyzdesmus lewis 
Yelanerpes  e r v c h r o c e p h a l u s  
Dryocopus pileatus 
S p h v r a p i c u s  varius 
Dendrocopus v l l l o s u s  
Tyrannus t v r a n n u s  
~ y r a n n u s  v e r r  i c a i i s  
Tyrannus voc i fe r i lns  

Sayornis saya 
S a y o r n i s  n t g r i c a n s  
Contopus s o r d f d u l u s  
E r e p o p h i l i n  a l p e s t r i s  
Tachycfne ta  bicolor 
Tachyc ine ta  t h a l a s s i n a  
R l p a r i a  r i p a r i a  
S t e l g i d o p t e r y x  r u f i c o l l i s  
Hi rundo rust i c a  
Petrochelidan pvr rhonota  
Aphelocona c o e r u l e s c e s s  
Gymnorhinw cyanocephala  
Corvus c o r a x  
Corvus brachyrhynchaa 
Pica pica - 
Parus i n o r n a t u s  - 
P s a l t r i p o r a s  n i n i a u s  
Troglodytes aedon 
Thrvomnes b e w i c k i i  
Catherpea mcxfcanus 
S a l p i n c t f i  o b s o l e r u s  
Dunetcll.. c a r o l i n c n s i s  
?Ifnos p l v g 2 0 t t 0 s  
Toxosrom bond f re i 
Oreoscopc cs c a n t a n u s  
Turrlt~s mizratorfus 
Hv2ocictrl.i cur t a t a  
H v l o c f c ! ~ l . ~  us tu la ta  
S i a l i a  n c s f c a n a  
Sialia c u r r u c o i d e s  

(Spo t ted  owl) 
(Long-eared owl) 
(Common nighthawk) 
(Poor-wil l )  
(White-chroated s w i f t )  
(Black-chinned h u m ~ i n g b l r d )  
(Broad- ta i led  h u m i n p b i r d )  
(Ruf ous hummingbird ) 
(Be l ted  k i n g f i s h e r )  
(Common f l i c k e r )  
(Lewis' wood?ecker) 
(Red-headed voodpecker) 
(PiLeated woodpecker) 
(Yel l -bel l ied  s a p s u c u e r l  
(Hairy  woodpecker) 
( E a s t e r n  k i n g b i r d )  
(Western k t n g b i r d )  
( C a s s i n t s  k i n g b i r d )  
(Ash-throated flycatcher) 
(Wil lon f l y c a t c h e r )  
(Say 's  phoebe) 
(Black phoebe) 
(Western wood pewee) 
(Horned l a r k )  
(Tree  s u a l  L o u )  
(Viole t -green swallw) 
(Baok s u a l l a w )  
IRbugh-winged swallw) 
(Bsrn swallow) 
[ C l i f f  s w a l l w )  
(Scrub j a y )  
[Pinyon j a y )  
(COwn raven)  
(Common craw) 
(Black-b i l l ed  magpie: 
( P l a i n  t i t m u s e )  
(Co-n b u s h t i t )  
(House -en) 
(Bewick's wren) 
(Canyon wren) 
(Rock wren)- 
( C a t b i r d )  
(Mockingbird) 
(Bcndi rc ' s  t h r a s h c r )  
(Sage t h r a s h c r )  
(Robin) 
( H e r n i t  chrush)  
(Swainson's  chrush)  
{Vcs tc rn  b h r b i r d )  
(Hauntain  b l u e b i r d )  



Appendix 0-2. Continued 

S p e c i e s  

Hyades t e s  tovnsend i  i 
P o l i o p t i l a  c a e r u l e a  
Lan i ~ s  It;dcv 1 c Lanus 
S t u r n u s  vu1::nris 
Vireo v ic i n  icr 
V i r e o  b e l l i i  
V i r c o  s o L i t a r i u s  
Vi reo  g i l v u s  
Vf r e o  o i ivaceus  
Vermivora c e l a t a  -- 
Ver2ivora  v i r ~ i n i a e  
Dendroica p u t e c h i a  
D e n d r o e  c o r n n a t a  
Opornrn is t o l z i c i  
dend r o i c a  n i ~ r a s c r n s  
Vf l s o n  ia pus 11 l a  
Ceothlvpis t r i c h s  
I c t c r i i ~  v i r c n s  
S t u r n e l l a  n c s i e c t a  
Age la ius  p h c c n i c e s  
.Unthocephii lus x m t h o c e p h a l u s  
I c t e r u s  b u l h c k i i  

EIolothrus a r c r  
Piranp,a ludov i c i a n a  
P h c u c t i c u s  melanocephalus 
Guirnca c a e r u l e a  
P a s s e r i n a  amena 
Carpodacus mexicanus 
Spinus trist is 
Spinus psrrl~r i a  
Chlorura  ch  Lorura 
P i p i l o  e r y t h r a p h t h a l m u s  
P a s s e r c u l u s  sandwichensis  
Pooccetes g r a a i n e u r  
Chundestes g r a m a c u s  
Amphisplza b i l i n e a c a  
Amphispita b e l l f  
Junco hvernilas 
7- 

Z o n o t r i c h i a  l cucophrvs  
Eeloap i z a  m l c d i a  
S p i r c l  ta b r e v c r  i 
S p i z c l l n  a r h o r c a  

Camon name 

(Townsend's s o l i t a i r e )  
(Blue-gray g n a t c a t c h e r )  
(Loggerhead s h r i k e )  
( S t a r l i a g )  
(Gray v i r e o )  
( B e l l ' s  v i r e o )  
( S o l i t a r y  v i r e o )  
(k ' a rb l ing  v i r e o )  
(Red-eyed v i r e o )  
(Orange-crwned w a r b l e r )  
( V i r g i n i a ' s  w a r b l e r )  
(Yellow w a r b l e r )  
(Yellow-rumped w a r b l e r )  
( W a c C i l l i v r a y l s  w a r b l e r )  
(Black- throated g r a y  warb le r )  
(Wi l son ' s  w a r b l c r )  
(Yel lowthroac)  
(Yellow-breasted c h a t )  
(Western x a d w l a r k )  
(Red-winged b l ackb  i r d )  
(Yellow-headed b l a c k b i r d )  
(Bul lock ' s  o r i o l e )  
(Brewer ' s b lackb  i r d )  
(Brown-headed cowbird) 
(Western t anager )  
(Black-headed grosbeak)  
(Blue grosbeak)  
(LazuLi bun t  i a g )  
(House f i n c h )  
(American go ld  f i n c h )  
(Lesse r  g o l d f i n c h )  
(Green- ta i led  towhee) 
(Ruf ous-s ided towhee) 
(Savannah s p a r r w )  
(Vesper s p a r  rou)  
(Lark sparrow) 
(Black- throated sparrow) 
(Sage sparrow) 
(Darked-eyed juncos )  
(mite-crowned s p a r r m )  
(Song sparrow) 
(&ewer's sparrow) 
(Tree  sparrow) 
(Chipping sparrow) 



Appendix D-2. C o n t h u d  

P ? m a l  S p e c f e s  o f  t h e  C r y s t a l  Geyser  Unit .  

Spec  f e s  C o m n  name 

?fyo t is. l u c  f f agus  
F!wtfs c v o t f s  - 
Y y o t i s  thvsanodes  
?!yotfs v a l a n s  
3 y o c l s  c a l f i o r n t c u s  
tfvocts subu1.1tus 

- - - -- - - - 

L a s i o n y c r c r i s  n o c t i v a g a n s  
P i p i s t r e l l u s  h c s p e r u s  
Eptcs f c u s  f trscus 
E n d c m  n a c u i a t u n  
Corvnor1:lnus r a :  Lnesquif 
AD t r o z u z  p a l l  i 2 u s  
Taciarid.1 rnexfcar.;~ 
S y l v i h g u s  auduboni i  
Leaus c a l  i f o r n  i c u s  - 
Eutamias q u a d r i v i c t a t u s  
Eutamias mininus  
Citcllus variegdtus 
Aanrospercophilus l c u c u r u s  
Cynomvs leucurus 
Cynomys sunn t s o n i  
Thomrnys b o  t t a e  
Perogna thus  apache  
P e r o ~ a c h u s  p a r v u s  
Dipodornys o r d i i  
Gas tor canadensis 
Reithrodontornys aegalotls 
Peromyscus . ~ n i c u l a t u s  
Peromyscus c r  i n  i tus 
Peromyscus b o v l i i  
Peromyscus t r u e i  
Onychomys l e u c o g a s t e r  
N e o t o m  c i n e r e a  
Keotoma l e p i d a  
Xic ro  t u s  lonf i icaudus  
Hus mvscuLus - 
Ercthizon dorsa tum 
Canis latrans 
Vulpcs  f u l v a  
Krocvon c f ncrcosrcenceus 
B a s s a r i s c u s  a s t u  t u s  
H u s t c l a  f r c n a t a  
Taxidca  t a x u s  
S p i l o g a l c  p r a c i l t s  

(B ig  myot l  s )  
(Long-eared myoc i s )  
(Prfngcd myotfs)  
(Long-legged rnyotfs) 
(Calf  f o r n f a  myot is) 
(Smal l - footed myocfs) 
( S i l v e r - h a i r e d  bat! 
(Western p f p f s c r e l l e )  
(Blg brovn 5 a t )  
( S p o t t e d  b a t )  . 
(Big-eared b a t )  
( P a l l i d  b a t )  
( F r e e - t a f l c d  b a t )  
(Desert c o t t o n t a i l )  
(Black-ca f l e d  j a c k r a b 5 f  t )  
(Colorado chipmunk) 
( L e a s t  chipmunk) 
(Rock s q u i r r e l )  
(Ancelopc ground s q u i r r e l )  
( W h i t e t a i l e d  p r a i r i e  dog) 
(Gunnison's  p r a i r i e  dog) 
( B o t t a ' s  pocke t  gopher)  
(Apache pocke t  mousc) 
(Grea t  b a s i n  p c k e t  m u s e )  
(Ord ' s  kangaroo r a t )  
(Bcave r ) 
(Western harvest nouse)  
(Deer mouse) 
(Canyon moue) 
(Brush mouse) 
(Pinyon mouse) 
(Nor the rn  g r a s s h o p p e r  mouse) 
(Bushy- ta i l ed  wood rat) 
(Deser t  wood ra t )  
( I n n g - t a i l e d  meadow mouse) 
(House m u s e )  
(Porcup ine )  
(Coyote 
(Red fox)  
(Gray f o x )  
( R i n g - t a i l e d  c a t )  
( t o n g - t a i l e d  w e a s e l )  
(Badger ) 
(Ues te rn  s;rot t e d  skunk) 
(S t  r i p c d  skunk) 



Appendix D-2. Continued 

Spec 11s 

Lynx rufus 
Pe 1 is c ~ n c o l o r  
Odocoilcus henionus 

Conaaon name 

(Bobcar) 
(Mountain l i o n )  
(?tule deer) 



XPPESDIX E 

Public l a w  93-320, Pie Colorado 
Eiver Rasin Salinity Control Act 





Pub. Lmw 93-320 



June 24. 1974 - 3 -  Pub. Law 93-320 



- - - - - - - - . . . - 
TOM-rdli 1 9  w - t &  rongu 53 west of the Gilr and 3a:t Kivcr 

meridinn, . \ rimun : 
SecCioa 23 : toes lB.14.30.51.-23. and 33 ; 
Scdiou % : h s  1.13. U. 14. and 15 : 
Section 5: Lot 3; lurl nII ncattior: to tlis abvs rlccritud 

ladr. 
The Secrernr;r. is a l~ thork l  tmJ dirn~rrl to wnstruct tlirrc hritl~w, 
one ot which dial1 b capnbla of =conkrn&tiq hvnry rrhicnrar 
&, ortr the pitiw fit ttw ijlrpsa drain which c m s c 3  ttic rr+rrv..r- 
t h  of the C'axjmh Tribe ot 1i:diana Ale trar~ifer of laad., tnr t i c  
Ccleoyvh indun ~lrsrvation t~u  amdtuctlara ot b r i d ; ~  a c p ~ t ! ~  
bypa drain sh11 constitute full n d  CICI)III~ICIC pymcnt :o scrru trim 
for dm r i g l ~ t w f - w a y  rqn iml  for mstnrctian of tlm I Y I I ; ~ ~  drain 
and akC(maI Cnwriuiian lirm fw works nuthorki by r l i n  rii!r. 





Pub. Law 93-320 

pl&dnt, nnrl !rrt!hwrr::i  of :kc .;llinit:\- camrml prngr!n pr.- 
eralIr ~s &wrillrtl in cliniltcr VI of :Ire St~rerat.r.3 r cp r r  t w i i r i d  
Tolorado Nircr W m r  Qualit? Improvcnsnt )frogr3lri. Fci,rmr;\. 
197F. 

I:) Tn confr~rmitr with ~;rr:inn ?I! !n\ afthi$ t i t lemd t l r  .~:rtlmrirr 
of thc Eaviro:r:i:rnt 3l 1':-nrwt io :~  .\p:lcv undrr I:cric.ral ::t w. .:tr 
%retar?*. :IIP . \ h h  i.clm?w nf r : ~  ~ ! ~ v i v w ~ w n t ; t l  ilrr~i -7-v 1 4 ~ 1  

A p x y ,  and the 5 e z m t n t ~  nf .~rjc!tlrrrrc arc tlin.at4 tn n n l u r x r n  
and mru(inate thcir activities etitetircly to carry aur tho ob jk i re  
o f  r!\is title. 
Sw. W 2 .  T!m .+retary is nnthnrizcd td corsmxt. npenrc. ~ t ~ l  

111:rintnh :;he fol!nwinz f i t in i t !  canrm; u:~its ns t l w  i t ~ i r i d  ~ 1 3 3 %  ~ r f  rl;c 
Cnlotwin KIs-cr :t:wir~ rnlirrity ronrlnl Prognnr. * F1)  T h  1':imlIos Yalirv anir. JCantmw i'nrlnty. C o h d o .  mu- 
sisring nf faci!ities for i.oll~~-rIon atid il iqaition of sa3r.v ~.mricrl 
water of Faradox t*nlh_r, ltrelr~ding wrlln ymps. j i p l i n w .  WYAP 

eva mtim  pond^ and at\ trcrc-snry al~prl:.tcnfint :~nti ~ + w i s r r * ~  mrg ulch rr mad* h:?nr, dllur. power trnnrnikrion faciriiiriw. n a l  
pcrmnnsnt o p t a h n ~  frlciliticr. 

(2) T h  Ciro~icl I-nlhy urtit, Colarndn. con&tino a! m v h c e  IPI? 
rU npccss;lr?- yrp~:rtc!lnl:r. 311d e a m i n t d  works to I .ml ! t i~  r i r r a  rrryrlp 
of irtimtian r ru t~r  lmru tl19 i r r i gp r l  lanrlr oi ~ r a d  V, I IL~  !ntn t1.r 
erotind ra te r  and tl:cl~rcc Intn t:rc Colmrnc[fi 1:lver. &a-lira+ 91-:t;l 

1m1ude l h ~ i n z  of C I I I ~ I S  a~:d lateral*, acd the crm:l~iair:z G; t+:i~c 
anah and Iarrr~lr intn fewer and mrr ~:!itimlt fncilit t ~ a  I'r-:pr rn  
initiation of ronztrmion a! tlw (;rand VaIlry !nit t!w .A~:rrnry ;-i.tIL 
entcr yito cnr~trwtr tlrmuzi~ d r i c i ~  tile nzc:lr.rrr naait~rr. vr~.m:r.nv. 
rnd nlaintuinirc the water bijtri!mtian systcn~a in I;lxnrl \'n'.idy. 
i n &  or  iu mnnrt.  r i l l  rrsmrnc at1 atligatinru =latin!: to t h  mi- 
tinucd o p w i o n  nnd mninrc~iann a t  tho r ~ ~ r i t b  fuci!l:ic+ tt-~ l!~+ O : P L  
a n t  tlw nuximrrni rdwt inn  of sf initp inAos to tllc (blorm?n K::'+vm 
r i l l  be aclricrcii T!tc h r r t n r r  b nnutl~ariwd tn pn~irIr .  -1- t n  
rkmmt of tho G n n d  Tallcp unit. for3 teirl~icnl stndtn pmvit!r : r i i . l - -  

m t h  u ~ d  t w i s t a r m  tn w t l t~ r  use? on nmw-ant1  nmqlarw f l ~  

limiting ex- m r e r  npl~licationr to ~rrigated lontls: lpto~-;J4. l'!:;t? 
endl msbist;r~rcc dr111 cry esmrtl r p r i d  d live !mr~ nfti-r Y*:*IQI-  5 r q  
bmmm arrrilrbie ruult-r thi* title. 'l'lw .*mat? m i l  enter trlv ~ Y W -  

wnta with t lu  5ecwr:ir?- nt . i~dc;rlt~:rc to rlrrrlnlr n rl:iiti.vl I- .lrrw 
Inn for the Cmnd \ 'n i lc~  itnit ' ~ h u  .Scyetary o f ,  .\~cimil:~:;r* !L L m h i  La cuqwme in rbc pianninc rna  mrurrunlan o i  o n n n l  

r w e m  m a s a m  w d c r  pracmnj* at-uilrflc tn that lhpnrrinent. 
(31 'Ib Crrstal r+cr unit. Ctnh. mnristinz 6f faeilitiw tvrr d- 

Imh a d  d i ' i t i o ~ r  of s l i m  gvl*r didmrgm: inclr~ditrz ~tikr=. 
pipelincr w1nr maprot ian  rck and all nrce=v apprlrtmsnr 
mrb inlucl iq n p n t   in^. hciEn 

&?ha Jas Yc.33 Wwll unit. Swrda. mnhinz of 9 t i l i t h  tnr 
m ion and d i . v i r i n n  of -line , m m d  m t t r  of LPI V P W ~  iIm.**il. 
including infiItmrian e a I l c i m  p m p n  de.+dter. pimiin&. ~nlm- cr.npm 
ration hcilir in, nnd nll sppnrtcnanr snrk incladin= Imr no? lir-lirrtl 
to mad*. trncra m m r  trnnzmiwian fwi!iti~a. and nprnt inz faei1itic.r. 
Su. Sn (a) Sk.crcrap- b a u t h n r M  and d i m t r d  h- 
(11 Exf l i tc  mmplctinn at the p h n n i m  n wts on t!w f r r h r i ~ : ~  ..? units. dmcrilrrl in t h e  Secrrtarv'a n p t ,  olmdn Nivcr n'atcr 

Qmlity Impro\ -~~wnt  Progrsm, February 1 0 W :  



orpnimticnls 
-0 37t:3 =L-\.m? Srr. W. fa) Tluw is Ilcnb? treated ?be fi?orndrr nicer h i i n  : 

&linifv Contrnl IrIvi-nry C'ourml mnpd at no mom tlutn rhrn 31-r- X2-7: 
rnefnbm tmn tach Stnte dppintcd by cb 4hrermr of each of th4 cx.z-?z: A=.-:s::-. 
Cdarrrdo Birrr Pasin Stntn : e . c < : ,  

(b) Tbr C n n ~ ~ i l  ahdl I= adviwrrnnlv t l d & a l L  41 3: E94. 
r.i.L:L+:r~z. 

{ l j  act IU !lawn (rclwcrn lmh tln .%-marim of Tnterior md n:r,ga 
A@mltum and the .\&ninistntor sf &he Envimmearal P m  
kt-rn A-nry am1 tlm * a m  in amqdiahing the pur- of * titlo; p\ mein rrpr(, h i  the nn t ! ~  p m c m  ef the 
m In ty cantml p g m m  a d  n & w  d e a m m n t  on wid eporh; 
mad 

(a) reemmeld ta hnth tlm k m  md the .kdminidrator 
@f tb Enwimnnuntd 13v#~tian ,ice- appropriate studica of 
furChsr pmjwa rwhniq~m. or mtb& for i ~ p l i s h i n g  the 
p u r m  nt chin titlrh. 

Ons. (a) Ttlc h r r t r r y  slirlt nlltmfm ths total casts aC ench all* 
miL or b~ mltk f a t u n  t l w m t  authnriad by ssclion CLOS of this moIwn4 
we+" for&:- 4 CSC I5950 



&a SPAT, 272 

it) af c e m t d o . ,  qwiuticm, maintenarm. nrwl nnlomcnt 
of each unit or r p t r ~ i d c  h r r w  threnf alI*ralcd for m A??I:mt isv 
th u p r  basin t111r1tr +wtkm -,!L%ta)t31 a t  this title e?ul r llr paid i r ~  
-&rice r i r b  mr inn .?nil& of i l k  title front rlr. r p l ~ r  Cwioradn 
Rirrr &silt Fund n-irlrin t h e  b i t  crf the fun& mode ara~lalle unJtr 
ssetidm Ok'lls) of thb t i t l e  

(d) .Faion 5ld) of the Cnlmdo niwr Strmmp Pmj& Act I :IT 
Stnt. 103) ~ I I  bereh~ amended as follntm: nrih- tin! word ..and" n t  ri ix 
cad of pangraph (3 )  : ar :h  the prid n f t t r  tilt  \ram3 y w ~ "  nt r I ~ r  
end cf paragraph f l )  and bwtn a sevticolon in iieu thcwof fo?!owfil 
by tho word "and"; add r ~ t w  p a m p p h  (5) rending: 



Stt. 307. Ex-@ u proridd ill rmiou 330j(b) and .I%( d) o f  thir 
title. with m q w t  to t h  t ' o ! m r l ~  Itivrr &*in P m j ~  .lid md the 
Colvradn R i w r  , i rnra~~  fb',rrje~ . k t .  rrqnrtiralp. nrw llr 11% in this t d c  
shall k m s t n ~ c r l  In zlttr. cu~mrid. rv ml. d i f . r ,  iatrq)rrtc. or b i n  
cenflict with t b  prnvlirn~ of rlw (b\~wallo 1:ircr Cnnlpurr ili Hat. 
1Mi). tlm Upper Cnfonda River Ita-ill Ctmlur? r lLr 9taL 511. t!rr 
Water Tmty of 1814 wi th  c l~c  Vnitnl Urskan Prates [Tmnt? .+ries 
3M: SD 5131. 1210). t!re &wee c r i t r d  Ly thc .+I& wms C'mrt nf tlte r 1-nitcd Stucs in Arizona a p i n ~  Caii farma wid at lcm t ::;d r.3. .WN. 
the &d&r C ' ~ R . ~ R  la=;=: .'.e I 1; &C :5Y.Y:, :'ki.:&r <',~LYGZ 
Project .\d'nstn~cnt . k t  I I1 Srru. Z4: &; :.1+S.C. 6 l k h  scction 14 of 
tjta C ~ O ~ I  d B itiver ~tornze ~mjcct ,let t~ ,~tnt .  ~ l t :  .H r ~ . ~ .  
m), tlw ColornJa Giwr l a i n  lJrojcct .Crl (b-3 Stat. S S ) ,  sectinn 6 
of !Im F~in,cpan-;\rk;rns~ Pmjcr.t .Id ( iq  Stat. :%). mion 12 
of the Snv i ja  Ifidinn i r r i~~ t io~r  project a d  ~nitiul .utrls 61 tlrs S m  
Jusn-Clun~r h j c c t  .la [iri 5tat .  Ik2). tbr  Satiarrl Enrimnwntal 
Pdky .-@-of lWa, and tIu Ftdctd \rater Poilution (.'ontrol -kt, 



srwh sixty in :tn ra*, in ~:I;AII'K!Ic ('III~~TX-S alqwnr r; :rn rar l ivr  
date by calwrrmt rwdrlr~mr. 'l'i~c Gnvcmors nf tlw C'-r!ar;rcb~ 1:irr.r 
Barin dr:~t+r d l a l l  Lw tw~fiirl alrlww chunrw. 

(b) 'l'lw Iwn*dnrs. i s  lrrrtby ar~~hnrizcd rrr e~!?c*r i91tn -tii:tmrfs t h ~ t  
Ire clccn~s I I W C P Z ~ ~ , ~  tn carry rn~t  tirr !~mvi.inw nf t11L titlr, ill m.ivlnrcl 
of the ap1wqwiut1011 nf f i~nd+ t h r ~ r t w .  Thrc i- 1wmby :h~~t lmrimi  r q  

m p p p r i ; ~ t d  tJtr y a m  nf ~ 1 5 . 1 ~ ~ ~ ~ . ~ ~ ~ ~  ~III* t!w e-tl~wtnw!wn m v c  ? ' t o  

w o r b  and 51r m!iw :wrpnw autknrixd {I\ +tion :@e qt f :I!:. r~ r ia * .  
bawd on .'cpril 1 9 3  p r i m .  plus nr mlrrrir irwh o:t:nllllt* n; m:ry 
ju-I ifiml 11y mlrr):~ 01 n r d i n n ~  1l1n.t nntibv~r i ! ~  nrt* :~rredvr.ll ?iwn.fn. 
and such SIUIIS u m a  Is requ~md to olrcnrr alld :iminrn!~i Fnch wr!;.;. 
Thcm is frwtfrcr a~rt!nwixed ra Ir npprop14athl batc!~ MIIIM t115y I** 
nm~snr~~  to p a  cuntlcrnnntion a w n d r  in  r x c ~  nt nplwtirrl ruin*- 
and tocovrr rhtr rqnirrd ia m n n ? i n a  u-irl~ r l x  I':~ifn~-rir I:l~l~w-ir!m 
.Lwiitawc :mrl 1 h 1  i'rnpm~ Acqah~it icm Policiw Act n f  !ICJ ( 1'1rlrlir- 
hw W G ) .  

Sw. 3~3. As 4 im this tit!* 
(a) al l  tatnu thrd are &tined in the Cdomdo Eiwr COIII~';CL 

sbaH hnvc the nrcnnings therein defined; 
(b) "Coloraclo R h r  I J a i n  Stnw" nmnm tlv .qrtcs of 

Arizona, Califomin, C o b d o .  Seracia. h a  Mexico. I'rnh, arid 
Wyonting. 

Approved June 24, 1974. 



APPEWIX F 
COLORADO RIVER SYSTEM SALIHITY CONTROL 

POLICY AND - STANDARDS PROCEDURES 
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