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The Seventh Session of the Conference in the Matter 

of Pollution of the Interstate Waters of the Colorado River and 

its Tributaries - Colorado, New Mexico, Arizona, California, 

Nevada, Wyoming and Utah, convened at 9:30 o'clock on February 

15, 1972, in the Las Vegas Convention Center, 3150 South Para-

dise Road, Las Vegas, Nevada. 

PRESIDING: 

Murray Stein 
Chief Enforcement Officer Wat~r 

u. s. Environmental Protection Agency 
Washington, D. c. 

CONFEREES: 

Richard O'Connell 
Director, Enforcement Division, Region IX 
u. s. Environmental Protection Agency 
San Francisco., California 

Irwin L. Dickstein 
Director, Enforcement Division, Region VIII 
u. s. Environmental Protection Agency 
Denver, Colorado 

c. c. Tabor 
Arizona Water Quality Control Council 
Wellton, Arizona 
E. F. Dibble 
Vice Chairman 
Qa11fornia Water ResGUr-eee Central 'Board 
Sacramento, California 

Frank Rozich 
Director, Water Pollution Control Division 
Colorado Department of Health 
Denver, Colorado 
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CONFEREES (Continued): 

Roland D. Westergard 
State Engineer 
Division of Water Resources 
Carson City, Nevada . 
John R. Wright 
Secretary, New Mexico Water Quality 
Control Commission 
Santa Fe, New Me~ic~ 

Lynn M. Thatcher 
Deputy Director of Health 
Utah State Division of Health 
Salt Lake City, Utah 

Arthur E. Williamson 
Director of Sanitary Engineering Services 
Department of Health & Social Service 
Cheyenne, Wyoming 

ALTERNATE FOR MR. WRIGHT: 

Carl Slingerland 
State or New Mexico 
Santa Fe, New Mexico 

PARTICIPANTS: 

Ellis L. Armstrong, Commissioner 
Bureau or Reclamation 
u. s. Department of the Interior 
Las Vegas, Nevada 

Robert G. Beverly 
Water Quality Subcommittee or 
the Environmental Quality Committee 
of the Colorado Association cf 
Commerce and Industry 
Grand Junction, Colorado 

William c. Blackman 
NFIC - Denver 
~· s. Environmental Protection Agency 
Denver, Colorado 
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PARTICIPANTS (Continued) 

Sheldon a. Boone 
Soil Conservation Service 
u. s. Department of Agriculture 
Denver, Colorado 

Robert Carter, General Manager 
Imperial Irrigation District 
Imperial, California 

Col. J. c. Donovan, District Engineer 
u. s. Army Corps of Engineers 
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Ralph Esquerra, Chairman 
Chemehuevi Indian Tribe 
Hawthorne, California 

Lorne G. Everett 
Department of Hydrology 
University of Arizona 
Tucson, Arizona 

Roland c. Fischer, Secretary-Engineer 
Colorado River Water Conservation District 
Glenwood Springs, Colorado 

L. Russell Freeman, Director 
Pacific Office 
u. s. Environmental Protection Agency 
Honolulu, Hawaii 

Myron B. Holburt, Chief Engineer 
Colorado River Board of California 
Los Angeles, California 

P. w. Jacoe, Director 
Division of Occupational 
and Radiological Health 
Colorado Department of Public Health 
Denver, Colorado 
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PARTICIPANTS (Continued): 

David Kennedy, Engineer 
Metropolitan Water District 
of Southern California 
Los Angeles, California 

Mary Kozlowski 
Nevada Open Spaces Council 
Las Vegas, Nevada 

Wayne MacRost1e 1 Chief 
Interstate Planning Branch 
California Department of Water Resources 
Sacramento, California 

James Malara, Assistant Chief 
Materials Branch 
u. s. Atomic Energy Commission 
Washington, D. c. 

L. D. Morrill, Deputy Director 
Colorado Water Conservation Board 
Denver, Colorado 

Kerry Mulligan, Chairman 
State Water Resources Control Board 
Sacramento, California 

National Council of 
Public Land Users 
Grand Junction, Colorado 

Donald L. Paff, Administrator 
Colorado River Commission or Nevada 
Las Vegas, Nevada 

Hasan K. Qashu, Ph.D. 
Hydrology and Water Resources 
University of Arizona 
Tucson, Arizona 

s. E. Reynolds, Secretary 
New Mexico Interstate Stream Commission 
Santa Fe, New Mexico 
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PARTICIPANTS (Continued): 

William D. Ruckelshaus 
Administrator 
u. s. Environmental Protection Agency 
Washington, D. c. 

James D. Russell 
Region IX 
u. s. Environmental Protection Agency 
San Frahcisco, California 

Gaylord v. Skogerboe 
Associate Professor 
Agricultural Engineering Department 
Colorado State University 
Fort Collins, Colorado 

Marianne Slagle 
Sierra Club 
Las Vegas, Nevada 

Paul B. Smith 
Region VIII 
u. s. Environmental Protection Agency 
Denver, Colorado 

Lloyd Summerville, President 
Colorado Farm Bureau 
Fruita, Colorado 

James Vincent 
NFIC - Denver 
u. s. Environmental Protection Agency 
Denver, Colorado 

Lowell Weeks 
General Manager and Chief Engineer 
Coachella Valley County Water District 
Coachella, California 

Charles F. Wilkinson 
Native American Rights Fund 
Boulder, Colorado 
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Federal Government 

ENVIRONMENTAL PROTECTION AGENCY 
wn.D.c. 
J.M.Davenport, OTA,EPA 
Lloyd Gebhardt, OIA, EPA 
Arthur L. Jenke, Office of Wtr.Programs, EPA 
H.R.Reinhardt, Enf .EPA 
John G. Ryan, Jr. Congressional Liaison, EPA 
Murray Stein, Director, Division of Enforcement Proceedings, EPA 
Dr. R. J. Augustine, Rockville, Md. Office of Radiation Programs, EPA 
Carl Eardley, Deputy Asst.~dministrt.~or for Water Enforcement, EPA 
Denver, Region VIII, Regional Office 
Irwin L. Dickstein, Enf .Dir. 
Jim Bowyer, 
Patrick J. Godsil 
John A. Green, RA 
Linda K. Hudspeth 
Dean Norris 
Jim V. Rouse (DFIC) 
William C. Blackman (DFIC) 
John Vincent 
Paul B. Smith, EPA 
Dallas, Texas, Region VI, R~rii-.:J1\"".:.l Office 
Richard A. Vanderhoof 

San Francisco, Region IX 
Melvin Koizumi 
J .D.Russell 
R.L.O'Connell 
Guy w. Harris 
L.Jefferson 
Honolulu 
J. R.Freeman 

WERL, Nevada 
Geneva S. Douglas 
David L. Duncan 
Donald T. Wruble 

US ATOMIC ENERGY CO't-1MISSION 
Dr.Donald M. Ross, Washington,D.C. 
Lynn A. Fitz-Randolph, Arizona Atomic Energy Commission 
James c. Malero, Bethesda, Md. AEC 
US DEPARTMENT OF THE INTERIOR 

D.P.Shoup, representing the Secretary of the Interior 

Bureau of Land Management 
Gene C. Herrin, Phoenix, AZ 
John H. Trimmer, Reno NV 
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National Park Service 

David J. McLean, Boulder City, NV. Lake Mead Nat'l Rec. Area 
David c. Ochsner, Grand Canyon, AZ. Grand Canyon National Park 

Bureau of Indian Affairs 
John Saunders, Parker, AZ 

Geological Survey 
G.L.Bodhaine, Menlo Park, CA 
L.R.Kister, Tucson, AZ 

Bureau of Reclamation 
Ottis Peterson, WN.D.C. 
John T. Maletic, Denver, Colo 
Roy D. Gear, Boulder City, NV 
Ellis L. Armstrong, Commissioner 

U.S.DEPARTMENT OF AGRICULTURE 

C.A.Bower, US Salinity Laboratory, Riverside, CA 
Lloyd Howland, Las Vegas Soil Conservation Service 
Rex Naanes, Ogden, Utah US Forest Service 
R.Eugene Rockey, Arveda, Colorado US Forest Service 
Sheldon G. Boone, SCS, Sedalia, Colorado 

U.S.GENERAL ACCOUNTING OFFICE 

Edgar L.Hesoer, Denv~. Colorado 

FEDERAL WATER RESOURCES COUNCIL 

Mark v. Hughes, Jr. wn.D.C. 

U.S.SENATE 

Daniel A. Dreyfus, Wn.D.C. (Interior Committee) Observer 
Charles F. Cook, Wn.D.C. (Interior Connnittee) Observer 
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State Government 
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Joseph E. Ohr, Phoenix, AZ State Health Dept. 
Wesley E. Steiner,-Phoenix, AZ Arizona Water Commission 
Grant Smith, Phoenix, AZ 
c. c. ·Tabor, Arizona Water Quality Control Council 
California 
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Colorado 

Frank J. Rozich, Colorado-~ 
P. w. Jaco, Colorado Health Department 
Robert Fischer, Denver, Colo. Denver Water Department 
Lee F. Grossman, Denver, Colo. Colorado Health Department 
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Tom Barker, State of Wyoming 
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Daisy J. Talvitie, Las Vegas, NV League of Women Voters of Nevada 
Leonard H. Jolmson, Salt Lake City, UT American Fann Bureau Federation 
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Marria.nne Slagle, Sierra Club NV 
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Lowell o. Weeks, Coachella, CA Coachella Valley Co. Water District 
R. F. Carter, Imperial,CA Imperial Irrigation District ; 
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Th.add Baker, Yuma, AZ Yuma Mesa Irrigation District 
Kenneth Balcomb, Glenwood Springs, CO. Colorado River Water Ccnservation Dist. 
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David Kennedy, Metropolitan Water District, Los Angeles, CA 

Industries 
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please. 

MORNING SESSION 

TUESDAY, FEBRUARY 15, 1972 

OPENING STATEMENT 

BY 

MR. MURRAY STEIN 

9:30 o'clock 

MR. STEIN: Will the conferees take their places, 

The conference ia open. 

This seventh aeasion of the eonference in the Matter 

of ,ollution of the Xnterstate Waters of the Colorado River in 

the States of Calitorni•• Colorado, Utah, Arizona, Nevada, New 

Mexico, and Wyoming is being held under the provisions or 

Section 10 or the Federal Water Pollution Control Act, as 

amendea. Under the provision• of the Act, the Administrator of 

the Environmental Protection Agency ia authorized to initiate a 

conference or this type when on the basis of reports, surveys, 

or studies he has reason to believe that pollution subject to 

abatement under the Federal Act is occurring. 

The first session of the Colorado River enforcement 

conference was held in January 1960, and was initiated on 

written requests from the State water pollution control agencie1 

of New Mexico, Arizona, Colorado, California, Nevada, and Utah, 

with Wyoming concurring. Six previous aeasions have been held 
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beginning in 1960 9 and several aapects or pollution in the 

Colorado River Basin have been considered and remedial programs 

established. 

Aa specified in Section 10 ot the Act, the official 

State and interstate water pollution control agencies have been 

notified or this conference by Administrator Ruckelahaus. Thesel 

agencies are the California Water Resources Control Board; the 

Colorado Department or Public Health; the Nevada Commission or 

Env'i~n.mental Protection; the New Mexico Environmental Improve-

ment Agency; the Utah Department of Social Services; the Wyomine 

Division or Health and Medical Services; and the Arizona Depart-

ment ot Health. 

Both the State and Federal Govermienta have responai- I 

bil1t1ea in dealing with water pollution control problems. The 

Federal Water Pollution Control A~t declares that the Statea 

have prim&rJ rights and responsibilities tor taking action to 

abate and control water pollution. · Con11atent w1 th th1~ • we are 

charged by law to encourage the States in these activitiea. 

At the Salle time, the Administrator or the Environ­

mental Protection Agency 1• charged by law with apec1r1c reapon­

s1b111 t1es 1n the field ot water pollution control in cenaectio1 

with pollution or interstate and navigable waters. The Federal 

Water Pollution Control Act provides that pollution ot interstate 
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or navigable waters which endangers the health or welfare of any! 
persons shall be subject to abatement. This applies whether the I 

I 
matter causing or contributing to the pollution is discharged 

i 
I 
' 

directly into such waters or reaches such waters after discharge 

jinto a tributary. 

The purpose of this conference is to discuss, among I 
other things, the pollution problems associated with the salinit~ 

I 
content of the Colorado River and the control and disposition of' 

uranium mill tailings p~les. 

Several of you may have forgotten, as I think I have 

reminded you, that at the beginning we were invited in here by 

the overwhelming majority of the States in this basin. The 

reason for this invitation was because of the crucial problem we 

were racing in water pollution in this river at tne time, and 

that waa the problem or radioactive pollutants getting into the 

river. 

I think given the nature of the problem, the number of 

States involved, seven States, and the record, thia ia certainl7 

a case where we can pe1nt with pride to the control er radio-

active waasea in the river. An e~~eetive program had been set 

up and atter repeated aeet1nga and conferences we did aecure th• 

cooperation or the uranium milling industry, the AEC, and 

launch94 upon a cleanup program. At the last reperta, at least 
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when I looked at this. the radium content was about one-third 

that or Public Health Service drinking water standards and 

really approaching background levels. We still may have the 

problem in the disposition or the tailings. 

We also had when we started this program and recog­

nized it a very. very difficult problem or salinity. In 

addition to the question or the usual municipal and industrial 

waste discharges into rivers, there was a very special prob­

lem in the Colorado River. We have extensively studied this. 

This has proved to be one or the most difficult problems of 

pollution control that we have had in the country. I think 

possibly you can apply a rule to this business that when you 

can come down to a point source, or even in an industry get 

down to a specialized stream. you can control something much 

better than you can when the source is spread over a tremendous 

area and ia ubiquitous. 

Art Williamson called something to my attention 

this morning. I hope it won't be, but it seems that the 

pollution problem may be longer enduring than the conrereea, 

since Art W1111amaon, myself, and Lynn Thatcher rrom Utah, 

who I hope will be here soon, are the only three who were 

here at the beginning. The others are all new--not new but 

they have changed. But the problem is still with us. 

8 
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1 

.So the problem is still with u~ and the recognition I 

I 
I 

that we have and must have in dealing with a problem like this 1,, 
unle3s we deal with all parties concerned, we probably are not 

going to make too much progress in meeting the problem. I think 

I 
I 

1
the problem has been analy.zed. But I think also that the solu- \ 

1

tion of the problem is going to take all the help we can get;.andl 

I am not sure that any problem like this can be solved by I 

disputes over State, Federal rights, international rights, etc. ! 
I 

We have a very tough physical pollution problem and water qualit 

problem to be dealt with_, and we just have to put our minds to 

training to do that. 

I would like the:-conrerees to introduce themselves,. and 

I wonder if we could start on the left. 

Art. 

MR. WILLIAMSON: Art Willianuson, State of Wyoming. 

MR. SLINGERLAND: Carl Slingerland, State of New 

Mexico. 

MR •. ·o•coNNELL: Richard O'Connell with the Environ-

mental Protection Agency, San Francisco. 

MR. DICKSTEIN: Irwin Di&kate1n, Environmental Pro-

tect1on Agency, Region VIII, Denver. 

MR. WESTERGARIJ': Roland Westergard, State or Nevada. 

MR. ROZICH: Frank Rozich. State of Colorado. 
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MR. DIBBLE: E. F. Dibble. State or California. 

MR. TABOR: c. c. Tabor. State of Arizona. 

MR. STEIN: My name is Murray Stein and I am from EPA 

in Washington and the representative or Administrator William 

Ruckelshaus. 

Now a word about the conference. 

The parties to the conference are the offiOial State 

!water pollution control agencies whom you have just heard and 
i 
I 
jthe Utah agency and the Environmental Protection Agency. Par-

\t1cipat1on in the conference will be open to representatives and! 

l invitees of these agencies and such persons as inform me that 
I 
jthey wish to make statements. However, only the representatives 
I 

I lof the official agencies constitute the conferees. 

Now a word about the procedures governing the conduct 

of the conference. The conferees will be called upon to make 

statements and in addition the conferees may call ~pon partic1-

pants whom they have invited to make a statement. We shall 

call on other individuals who wiah to make statements after that 

who have indicated that. they would like to ~e a statement. 

At the conclusion or each statement, the conferees 

will be given an opportunity to comment or ask questions, and I 

may ask a question or two. Thia procedure has proven effective 

in the past in reaching equitable solutions. 
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Although we cannot entertain questions or comments 

from the floor, you asp be assured that everyone will have an 

opportunity to be heard fully. Please save your comments and 

questions and you will be given an opportunity to make these 

I points when your turn comes to speak. 

At the end or all the statements, we will have a 

discussion among the conferees and try to arrive at a basis of 

agreement on the facts of the situation. Then we will attempt 

to summarize the conference, giving the conferees, of course, 

the right to amend or modify the summary. 

I should indicate that at the end of the conference, 

the EnVJttionmental Protection Administrator is required to make 

recommendations for remedial action if such recommendations are 

indicated. 

A verbatim transcript and record or the conference is 

made by Virginia Rankin for the purpose of aiding us in prepar-

1ng a au•mary and also providing a complete record of what is 

said here. It usually takes about 3 or 4 months for tbe 

transcript to come out in printed form. If you wish a record or 

part of it beforehand, you can check with the reporter, who is 

under contract, and make your own arrangements with Mrs. Rankin. 

I would also indicate that we do not print in color, 

so take that into account with any charts or visual aids you may 
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present. They will be in black and white. Try not to refer to 
I 
\ color if you use graphic aids in your presentation as they will I 
\be meaningless in the reading of the transcript or making of the! 

I 

transcript. 

We will make copies or the transcript available to 
I 
1 the official State water pollution control agencieSralong with 

the summary"' If you wish, at the conclusion or the conference~ 

1 
you can ask them for copies of the transcript and the summary 

I 
1 of the conference. 

I 

i 
I 
! 

Roughly we will take 

tailings question and then the 

up in the order of procedure the I 
salinity question. But before wej 

do so, I would like to just introduce John E. Ryan--would you I 

stand up--or the EPA Office of Congressional and Liaison 

Affairs. Mr. Ryan is here. I know there·· has been considerable 

congressional interest in this. If there are any congres~ional 

representatives who have a question or want to follow through e 

anything, the initial point or contact should be Mr. Ryan. 

We also have Joe Friedkin, United Stat~s Commissioner 

or the International Boundary and Water Commission. 

Mr. Friedkin. 

MR. FRIEDKIN: Thank you, Mr. Stein. 

MR. STEIN: Nice to see you. 

And Charles Cook ot the Minority Council otithe 
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Senate Interior Committee is also here. Mr. Cook. 

Thank you. 

Now, again, you have to recognize we have had many, 

many sessions of the conference before, and for the people in 

the audience, it may seem in dealing with some of these problems 

we are getting into them somewhere in the middle. We :'iurely_ arel. 

I hope we have made progress on them. But I think if you will 

just wait and listen to the presentations, the problems will 

unfold. 

I would suggest, at least for the Federal people in 

opening this, ror the sake or perspective maybe they can take 

a minute or two as we enter each problem to indicate what the 

problem is and what we are doing, not just for purposes or the 

record, but so the people here will be able to follow this 

better. 

First on the tailings we would like to call on Mr. 

Dickstein. 

Mr. Dickstein. 



I. L. Dickstein 

IRWIN L. DICKSTEIN, DIRECTOR 

ENFORCEMENT DIVISION, REGION VIII 

U. S. ENVIRONMENTAL PROTECTION AGENCY 

DENVER, COLORADO 

MR. DICKSTEIN: Thank you, Mr. Chairman. 

As the Chairman mentioned earlier, the water radio­

logical problems are in essence solved. The radioactivity or 

the Colorado River is not a major problem at the present time. 

However, there ia a problem with the stabilization or mine 

tailings and this 1• what we ar.e addressing ourselves to a.t 

this particular conference. 

In the sixth session or. the conference one or the 

recommendations was that the EPA and the AEC, actually the 

· FWQA at that time, establish or drart a moflel tailings pile 

regulation which eould be adopted by the various States that do 

have this particular problem, and we are addressing ourselve, to 

this model regulation. 

First or all I would like to introduce Mr. Paul Smith 

of Region VIII, who was tbe Chairman of the Ta111nga Pile Regu­

lation Committee. 

Paul. 

MR. STEIN: I saould indicate. everyone other than a 

panel member should come to tbe lectern in making his • stateae 
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and please identify yourself by full name and title for 

purposes of the record. 

PAUL B. SMITH 

U. S. ENVIRONMENTAL PROTECTION AGENCY 

REGION VIII, DENVER, COLORADO 

MR. SMITH: My name is Paul B. Smith and I am with the 

Environmental Protection Agency Region VIII office in Denver. 

And my statement follows. 

As a result or the aixth session conference concernin 

pollution of the interstate waters of the Colorado River and 

its tributaries, an agreement was reached whereby the staffs of 

the Federal Water Pollution Control Administration, the Public 

Health Service, and the Atollic Energy Commission would assist 

States by providing advice and assistance regarding the develop­

ment or uranium mill tailings pile stabilization and containment 

objectives and measures tor achieving them. In this regard, I 

am submitting for conaideration by the conrereea or this sevent 

conference a model regulation proposal requiring stabilization 

or mineral mill tailings piles containing radioactive materials. 

Thi• draft regulation has been developed by the EPA'• Region 

VIII office tor eventual adoption by all involved States in the 

countrJ. In the developmen~ process, however, the tact that 
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four or Region VIII's States have within their boundaries 10 

or the Nation's 15 active uranium mills and 14 or the Nation's 

20 inactive mill sites was a major consideration. Also sig-

16 

1 nificant i·S the tact that out of a total of 10 newly planned 

uranium mills which are expected to become operational over the 

next decade,, six are to be located in Region VIII States. 

The problems caused by unregulated tailings piles in 

Colorado and Wyoming demonstrate the need for having each 

uranium milling State adopt regulations requiring stabilization 

and control of ina·ctive· uranium. mill tailings piles. Before 

Colorado adopt·ed regulations on Januarr 26, 1967, the American 

Metal Climax Mill in Grand Junction allowed approximately a quar­

t.er- or a million tons of their tailing• te be hauled away by 

local building contractors for various uses, which included 

construction fill under or areund habitable buildings. 

Another example ot a difterent aspect or the uranium 

mill tailings control problem is the Suaquehanna Weatern Com­

pany• a 'abandoned mill site near Riverton, Wyoming. Here we have 

a monumental env1ronaental insult to the cemmunit1 ot Riverton 

and its surrounding eeuntryaide. Susquehanna'• tailings pile 

was abandoned and lett uncovered and poorlr tenced and poerlJ 

marked with cautionary aigna. Wind•:.and rain have taken their 

toll aa evidenced by widespread eroa1en ot ta111nga to private 
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1 

!lands around the old mill site. Pictorial evidence collected 
I 
only recently even indicates that dump truck quantities or 
tailings have been removed from the Susquehanna pile by unknown 

persons for unknown purposes. 

Within the Colorado River Basin. only the State or 
I 
Colorado has regulations in roro~ which govern the stabiliza-

1
t1on and control or radioactive mill tailings. Later during 

lthia cont'erence 9 Mr. P. W. Jacoe or the Colorado delegation 

attending this conference. will briefly describe the uset'ulneas 

or his State's regulations in managing radioactive mill tailings 

in Colorado. Among the conteree States in this conference. the 

need for Nevada and California to adopt regulations on the 

radioactive tailings control problem is.remote since the ore 

milling industry in these States until now has not processed 

radioactive ore. 

The need for adoption or a form or the proposed regu-

lation is most critical in the States or New Mexico, Arizona, 

Utah 9 and Wyoming. since these States can anticipate having to 

administrate the long-range control programs dealing with radio-

active mill tailings piles. In addition. the possibility or 

revitalizing the uraaium mining and milling induetr1 to answer 

thia country's future energy needs must be considered a viable 

alternative. given the current rate in depletion or our national 
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i energy resources. 
i 

I 
In order to visualize the magnitude of the tailings 

( 

I piles 
I 

generated by uranium producers, consider that only about 

1 

l 
I 

I 
I 
I 

Is pounds of uranium and 100 pounds of vanadium are removed 
I 

I 
I 

from I 

: each ton of ore processed. The balance of 1,895 pounds of 
i 
! 

I I reaidue sands 1s heaped on a ta111ngs pile as waste. At the 

I end or 1971, this total accumulation of tailings in the United 

J States amounts to well over 100 million tons. 

I Various studies have indicated that these wastes 

I contain between 100 and 900 p1cocur1es of radium-226 per gram o 

dry tailings. Using a very conservative average, concentration 

or 250 p1cocur1es or radium per gram, a hundred million tons 

would contain about 22,000 curies or radium-226. I am sure 

everyone here will agree that th1a represents -a significant 

potential source of unnecessary radiation exposure for a 

multitude or generations to come considering the tact that 

radium-226 has a half life of 1,620 years. 

With this thought in mind, I would now like to presen 

to the conferees the Environmental Protection Agency's model 

regulations requiring stabilization of mineral mill tailings 

piles containing radioactive materials with the recommendation 

that the model tailings pile regulation be adopted and 1mple-

mented by the Colorado River Basin States no later than July i. 

I 

I 
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1973. 

In closing, I would like to note that we recognize 

Colorado's pioneering effort in regulating the stabilization 

of tailings piles. The proposed model regulations are based 

on those adopted by Colorado in 1967. We hope that these model 

regulations have benefited from Colorado's enforcement exper-

1ences over the last 5 years and provide the basis for improved 

control or radioactive tailings in all concerned States. 

Thank you. 

MR. STEIN: Thank you. 

Without objection, I am going to have the proposed 

regulation entered in the record at this point as if read. 

(The above-mentioned regulation follows:) 



NOTICE 

Publication of Regulation Adopted by 
(Appropriate State Regulatory Agency) 

In compliance with the provisions of Section , State Statutes 

---, publication is hereby made of the attached Regulation adopted 
by the (Appropriate State Regulatdry Agency] at its regular meeting 
of , after due notice of the hearing 
thereon was published as provided by law. said R~lation was adopted 
pursuant to authority contained in Section , Chapter , 
State Session Laws of 19 , and Sections - and , State 
Statutes , and is captioned as follews: 

"RADIATION REGULATION NO. REQUIRING 
.STABILIZATION OF MINERAL MILL TAILINGS 
PILES CONTAINING RADIOACTIVE MATERIALS." 

The-effective date of the said Regulation shall be ---------

Draft Regulation Prepared by EPA, Region VIII, Denver, Colorado 

20 

1-19-71, 1-27-71, 3-30-71, 1-7-72. l-l3-72 
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DEFINrTIONS 

Tailings Pile. In the context of this Regulation, reference to any man­
made surficial deposit of soil or rock which is or has been deposited as 
a result of milling for minerals and which contains radioactive material 
in concentrations exceeding that specified by the (Appropriate State 
Requl.atory Agency), either as a spe~ific radioactive isotope and/or as 
total radioactivity. (Note: Stabilization of tailings piles or material 
containing no concentrations of radioactive material above background 
levels at the site is· governed by "Solid Waste Regulation No. --------

II 

a pp roir ed by the (Appropriate State Regulatory Agencyj.) 

Stabilization. Encompasses all measures necessary to insure immediate 
and future protection of the environment and to eliminate hazards to 
health or welfare with a minimum of future maintenance. In no case 
shall the stabilized pile exceed or cause.to be exceeded applicable 
health or other environmental standards. 

Riprap. Broken rock, concrete, special forms of durable material, or 
other objects which are of sufficient size, density, hardness, and of 
the'appropriate configuration to resist erosion, provide a surface in 
keeping with approved land-use patterns, and, when placed on tailings 
piles, retain the tailings material in place. 

Erosion. All physical and chemical processes whereby the tailings 
material is loosened, or dissolved, and removed from any part of the 
tailings pile. Includes processes of we~thering, solution, corrosion, 
and transportation. Mechanical wear and transportation are affected 
by running water, waves, moving ice, or winds. 

Ground Water. In the context of .this Regulation, reference to water 
beneath the land surface, in both the saturated zone and that zone where 
voids are filled with air and water, or the unsaturated zone, as separate 
from "Surface Water". 

Active Tailings Pile. A Pile either (1) currently receiving material, or 
(2) currently within the boundaries of an active or operating mill. 

An "Active Tailings Pile" will remain in an "active" classifica­
tion until the owner or assignees request in writing reclassifi­
cation as an inactive_ piie from the Atomic Energy Commission or 
the (Appropriate State Regulatory Agency). 

Inactive Tailings Pile. A Pile to which material is not added and which 
no longer resides within the site boundaries of an active mineral mill. 

2 



DEFINITIONS (continued} 

Site Boundaries. The boundary between the unrestricted and restricted 
portions of the mill area, as defined by the appropriate State or 
Federal Regulation governing the possession, handling, production, or 
use of radioactive materials at the millf nonnally the contiguous 
perimeter of the mill and tailings where ingress by the general public 

22 

is excluded. If not elsewhere defined, the site boundaries will be inter-
preted as at least, but not limited to, the limits of the tailings area. 

OWner. The organization, corporation, partnership, natural person, or 
group of persons possessing title to the property on which the tailings 
material is being or has been deposited, or the organization, corpora­
tion, partnership, natural person, or group of persons enjoying pos­
session or custody of the tailings material. 

Appropriate State Regulatory Agency. ;For the purposes of this Regula­
tion, this means the agency, board, department, commission, or other 
State entity that has the authority and responsibility for tailings 
pile control. 

3 



INTENT 

'Ibis Regulation is intended to apply only to tailings piles 
defined as "Inactive" by this Regulation. 

23 

Further, it is the intent of the (Appropriate State Regulatory 
Agency) that, while all inactive tailings piles containing radio­
active materials in (state) are subject to this Regulation on the 
date promulgated, this Regulation in no way relieves the Atomic 
Energy Commission or other affected Federal Agencies of their respon­
sibilities and jurisdiction incurred in the establishment and con­
trol of said tailings piles prior to the adoption of this Regulation. 

4 
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l. 'lbe OWner or assignees (as defined supra) of each tailings pile is 
responsible for stabilization of the pile. 

24 

2. In the case of tailings piles which are in an inactive status on the 
effective date of this Regulation, the (Appropriate State Regulatory 
Aqency} will determine, within a six-month periOd after the effective 
date of· this Regulation, whether the inactive piles require additional 
stabilization; if they do require stabilization, the _(Appropriate 
State Regulatory Agency} will determine who or what legal entity 
possesses the responsibility for such stabilization. 'Ihe owner or 
assignees will then be directed by the (Appropriate State Regulatory 
Agency) to undertake those measures necessary to satisfy this Regu­
lation, and the owner or assignees shall follow a time-schedul~ 
approved by the (Appropriate State Regulatory Agency). 

3. Whenever an active pile is officially reclassified as inactive after 
the effective date of this Regulation, the owners or assignees will 
notify the (Appropriate State Regulatory Agency) in writing of the 
change in status within 30 days of reclassification. 'Ihe written 
notice will specify plans for disposal or stabilization subiect to 
the approwl of the (Appropriate State Regulau;ry Agency). -

4. 'lbe (Appropriate State Regulatory Agency) will periodically inspect, 
or cause to be inspected, all inactive tailings piles to determine 
the effectiveness of stabilization procedures. '!he results of the 
inspection will be submitted to the (Appropriate State Regulatory 
Aqency} and to the owner or assignees of the pile. In the event 
the {Appropriate State Regulatory Agency) determines that remedial 
measures or changes in methods are required to further protect the 
environment, they will make a determination as to whether or not new 
~r revised plans for stabilization are required. If new or revised 
plans are required, the (Appropriate State Regulatory Agency~ will 
require same from the owners or assignees following a time-schedule 
fitting the seriousness of the deficiencies. (Appropriate State 
Regulatory Agency) approval will then be modified to reflect the im­
proved stabilization requirements. 

5 
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S. All stabilization procedures shall provide for the following: 

a. Taking into consideration the types of natural materials at 
each site, piles shall be graded so that there is a smooth 
and gradual slope which insures, by virtue of its slope, 
that there shall be no harmful erosions and no depressions 
on the slope of the pile, where water·will collect, seep 
into the piler and thereby leach contaminants into the 
ground water. In the even~ that seepage and subsequent 
pollution of ground water is deemed possible, the 
--(Appropriate State Regulatory Agenc.y) will require the 
submission of possible control measures for their evalua­
tion~ Any water collected as a result of approved control 
measures shall be disposed of in a manner approved of by 
the-(Appropri:ate State Regulatory Agency). 

25 

b. The surface of inactive piles shall be covered with materials 
that prevent wind and water erosion. If the pile is adjacent 
to any watercourse that may reasonably be expected to erode 
the pile during periods of high water, the exposed surfaces 
shall be stabilized by riprap, dikes, reduction of grades, 
soil cover and vegetation, o~ any other combination of 
methods that will prevent erosion of the pile. The pile 
may be sta.Pilized with materials such as concrete products, 
cement, chemicals, petroleum products, or other extraneous 
materials provided that these materials do not cause pollu­
tion and that the final configuration and appearance are 
determined to be compatible with the projected land-use as 
defined by the (Appropriate state Regulatory ~gency). 

c. Access to the stabilized pile area shall be controlled by the 
owner or assignees and the area shall be properly posted in 
accordance with the appropriate regulations covering the 
handling, production, or possession of radioactive materials, 
All inactive tailings piles shall be fenced and posted to 
prevent public ingress. 

6 



26 

REGULATION (continued) 

d. Drainage ditches of sufficient size and durability shall be 
provided around the pile edges to prevent surface runoff from 
neighboring land from reaching and eroding the stabilized 
pile. 

e. 'nle owner or assignees should keep tailings piles out of 
natural drainage courses so as to reduce the need for long­
term maintenance of diversion structures. 

f. If irrigation is required on a stabilized tailings pile in• 
order to maintain vegetation, it shall first be established 
to the satisfaction of the (Appropriate State Regulatory 
Agency) that no pollution of the ground water shall occur 
as a result of irrigation. The (Appropriate State Regula­
tory Agency) may specify that an observation well(s) be 
maintained down-gradient of any irrigated pile or of any 
large pile located in an area of relatively high precipi­
tation where significant leaching of contaminants may be 
expected. 

q. When an active tailings pond becomes inactive, the 
water remaining in the pond shall be disposed of in a manner 
consistent with regulations and approved by the (Appropriate 
State Regulatory Agency). Aft~r draining, the pond shall 
be graded and/or covered with acceptable materials 
that (l} prevent wind and water erosian and (2) eliminate 
depressions that would allow water to collect and seep 
through the stabilized area. 

6~ Prior written approval of the (Appropriate State Regulatory Agency} 
must be obtained before any tailings materia1 is removed from any 
inactive tailings pile, and the (Appropriate State Regulatory Aqency) 
shall maintain an inventory of all removed tailings, including dis­
position. 

7. The owner or assignees of any tailings pile site shall give the 
(Appropriate State Regulatory Agen~). written notice at least 30 
days before any contemplated transfer of right, title, or interest 
in the site or material thereon by deed, lease, or other conveyance. 
The written notice shall include, but is not limited to, the name 
and address of the proposed owner or transferee, a description of 
the proposed land use and the quality and character of the tailings 
material involved. Prior to the (Appropriate State Regulatory Agency) 

7 
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approval of the proposed action, it must be demonstrated to the 
satisfaction of the (Appropriate State Regulatory Agency) that the 
proposed action will not result in radioactive exposure(s) that 
exceed those specified by the applicable State and Federal regula­
tions. Prior to assignment, the assignee sha.11 be infonned of all 
duties and responsibilities by the owner. 

8. All stabilization plans and methods shall consider long-term main­
tenance requirements to insure protection of the environment which 
will be specified in the written plans required to comply with this 
Regulation. Such maintenance may include, but is not limited to, 
irrigation, clean-out and repair of ditches, ~epair of fences, re­
seeding, or replanting. 'Ille (Appropriate State Regulatory Agency) 
through periodic inspection of each pile, wiil. evaluate the need 
for such ~emedial measures and will advise the owner or assignees 
if action is required. 

9. The effective date of this Regulation shall be forty-five (45) days 
after the date of adoption. 

10. Prior to consideration and adoption of this :Rieg'Ulation, the 
(Appropriate State Regulatory Agency) will comduct publ~c hearings 
in order that any interested or affected persolllS may bring comments 
regarding this proposed Regulation to the attention of the 
(Appropriate State Regulatory Agency). 

8 
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\ 

MR. STEIN: Are there any comments or questions? I 

If not. Mr. Dickatein. 

MR. WILLIAMSON: We will have a chance to comment on 

the status? 

MR. STEIN: Yea. 

MR. WILLIAMSON: You want by the States? 
i 

MR. STEIN: By the States. yes. Did,you want to comment 1 

now? 

MR. WILLIAMSON: I just wanted to ask as to status 

where are we today, Do you want to consider that? 

MR. STEIN: Yes. certainly. Go ahead. 

MR. WILLIAMSON: I can update JOU on where we are in 

Wyoming on this. I think we have solved the problem possibly in 

a little different aspect. 

Grant you. the one at Riverton still creates some 

problems because nobody owns it. Until somebody gets tied down 
I 

to ownership, why 1 then something can be done. This is a matter 

or the companJ just not paying taxes on the land so the county 

is going to inherit it sooner or later and then you have some-

body to_work with. 

But as rar as all the reat ot the mills that are at111 

operating and under our land reclamation law tor open pit mining. 

which these all are, the engineer in charge or land reclamation 



29 

A. E. Williamson 

is going to every company and these are all or the lagoon 

1,1 
type. I 

up in if you wish to call it, not piling, not tailings stacked 

the air, they are in impoundments, and it is part of their 

reclamation program, and has been signed by all or them now, 

that they must cover these tailing lagoons when they stop work-
' i 
I 

ing. In other words, they will be covered over with sufficient [ 
I 

soil and reseeded. So we think that this will take probably thei 
I 

I 
place or a model regulation unless we run into somebody who wants 

to stack it on top of ~he ground again. 

That is about where we are at this time. 

MR. DICKSTEIN: I now would like to call on Mr.--

MR. STEIN: Let's see if there are any other comments. 

MR. DIBBLE: Mr. Stein, just one question. Is the 

State of Colorado going to explain what differences there are 

in their regulation as against this proposed model regulation? 

MR. STEIN: We are going to have someone from Colorado 

scheduled later. 

I also have a question tor Mr. William.son. I know 

th1a 1a a problem that we have with abandoned mines back East, 

but the notion or not having someone to work with often presents 

a moat vexing and long-range pollution problem. 

Now, I don't want to make any judgment or the situatio 

at Riverton, but if this is really a problem and it presents an 
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environmental problem. I juat raise the question is it satisfac 

tory just to wait to let nature take its course until the land 

goes back to the county or a public body. Because maybe they may 

I not be too anxious to pick that up. recognizing the kind of 

I problem they are going to have when they take it over. And the 
! 

\ 
experience we have had with situations ot that kind indicates 

that the problems tend to drag on and on. 

Now. one of the queatlons that I would present to the I 
conrereesiseither we pursue this or, if the problem rests the I 
way it is and we haven't get a responsible party to move 

against. there may have to be a public project to take thia 0 
I 
I 

And I am not indicating that there should be, and I recognize 
I 
I 

if you come to that conclusion that someone is going to have 

to pay for it. The question is where the money is going to 

come from. 

I just have this suggestion. It 111.ght be worthwhile 

if we could come to a judgment on how much it would coat and 

what we would have to do to handle the Riverton problem to see 

where we could look tor the resources to do this job. I am 

just raising th1a, Art. I don't know. 

Doea anyone h•ve any idea what it would take to clean 

up Riverton? 

MR. SMITH: I would ••1 at least on the order or 
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about $1 million. 

MR. STEIN: Pardon? 

MR. SMITH: I say at least on the order of about $1 

million. 

MR. WILLIAMSON: Well, there is a possibility here 

you might investigate concerning this water pollution. We 

usually have construction funds that are begging and we give you 

back a millian or so each year. We might take a look at those 

and utilize them somewhere along the line. You give us 70 

percent under the new proposed legislation; maybe this will go 

a.long ways tewards it. 

MR. STEIN: Well, again, A~t, we are faced with the 

problem here, and I am net precluding that, although there may 

be some legal difficulties, but the difficulty is that without 

a responsible party in the State, even though it is 10 or 5 

percent, one, you are going to need a 9penaor:ror the project, 

and secondly, they are geing te have to get up some kind of 

money. Now, whatever Federal funds are available, if you are 

thinking in terms ot a matching pregram, you are going to have 

to come forward with some money in the State. 

By the w ay, th 1 s may b e a Wy o m in g pr o b -

lem, but the radiation problem, as Mr. Smith points 

out, is not one State•s problem, because once this gete in the 
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iwater you all have it. It just lasts. I think one of the things 
I 
'we should do is try to come up with possibly a more definitive 

recommendation on handling the Riverton problem.And one of the 

things we might do ia let the Region work together with Wyoming 

and come up with a recommendation, possibly, that we can put 
I 
' into effect or explore and see lr we can put into eff eet on 

this. 

I suggest that there are two things you will have to 

indicate: one, how much it 1a going to coat; and, two, what you 

are going to do with the money, what kind or reaour~es we will 

need and what we are going to come out with. And I would hope 

that the Region and Wyoming would work up that and come up with 

recommendations. 

Mr. Dickstein. 

MR. DICKSTEIN: I would now like to call on Mr. James 

Malaro of the.Atomic Energy CoDUD1aa1on. 

Mr. Malaro. 
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ASSISTANT CHIEF, MATERIALS BRANCH 

U.S. ATOMIC ENERGY COMMISSION 

WASHINGTON, D. c. 

MR. MALARO: Thank you, Mr. Dickstein. 

My name is James Malaro, Assistant Chief of the 

I Materials Branch, u. s. Atomic Energy Commission, Washington, 

D. c. 

My brief statement is as follows: 

We appreciate the opportunity to participate in the 

seventh session of the conference on the Colorado River Basin. 

Under recently enacted Atomic Energy Commission regu• 

lations, Title 10, Code of Federal Regulations, Part 50, Appen-

dix D, implementing the National Environmental Policy Act of 

1969, the AEC now has responsibility for evaluating the total 

environmental impact from AEC licensed new uranium mill opera-

tions regardless or whether the particular impact results from 

materials licensable under our regulations. Since it appears 

that stabilization and long-term care or tailings will sig-

nificantly reduce the environmental impact from a1111ng opera-

tions, we are requiring that new applicants tor uranium mill 

licenses discuss their plans for stabilization and long-term 

,care of these tailings as part or their environmental report. 
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i 
It has been and still is the AEC's position that 

[ 

1 tailings piles resulting from uranium mill operations should 

' be stabilized so as to minimize water and wind erosion. We 

are particularly gratified to see that a major item for con-

, sideration at this session is a model State regulation dealing 

1 
with stabilization and long-term maintenance and control of 

I 
! 

3Jt 

uraniwn mill tailings. We endorse the adoption of such a regu-

lation by all of the States. 

I 
i 

Among some of the approaches that are being considered! 
I 

i by the AEC to deal with tailings from new mills is one which 
I 
i would require all uranium mill applicants, in addition to 
1 I describing procedures 
i 

for stabilization and long-term control 

; 

J of tailings, to enter into binding agreements which would assure! 
! 
I 

such stabilization and long-term control. The mo~el State regu-! 
I 

lation being considered here could provide a practical regula- ) 

tory framework for implementing this approach. Such a model I 

I regulation might, for example, include a requirement that the I 

I mill operator post a bond or deposit sufficient f'und• in an I 
escrow account to cover expected cost of stabilization and longj 

term care or tailings. It might also include a provision I 
requiring that ownership of the land on which the tailings are 

deposited revert to the State at the termination of the milling 

operations. 
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We look forward to working with interested Federal 

and State agencies in developing practical methods ror control-

11ng uranium mill tailings and will continue to provide any 

assistance we oan in developing effective methods for dealing 

1

w1th this problem. 

Thank you. 

MR. STEIN: Thank you. 

Are there any comments or questions? 

Ir not, thank you very much. 

MR. DICKSTEIN: We would now like to proceed to the 

various States for any State presentation in the area or the 

tailings regulation. 

First the State of Arizona. 

MR. TABOR: None. 

MR. DICKSTEIN: State of California? 

MR. DIBBLE: We have no comments either. 

MR. DICKSTEIN: Thank you. 

State of Colorado. 

MR. ROZICH: Mr. Jacoe has a statement. 



P. w. Jacoe 

P. W. JACOE, DIRECTOR 

DIVISION OF OCCUPATIONAL 

AND RADIOLOGICAL HEALTH 

COLORADO DEPARTMENT OF PUBLIC HEALTH 

DENVER, COLORADO 

6 

I 

I 
I 
I 

MR. JACOE: I am Mr • .P. w. Jacoe, Director, Division I 
ot Occupational and Radiological Health. tor the Colorado Depart~ 
ment ot Public Health, and I am going to attempt to give you 

some ot the experiences that we have bad in implementing the 

regulatio~a which we~ adopted on December 12, 1966--

MR. STEIN: Mr. Jacoe, I wonder it 1ou would put 

your microphone down a little. I think they are having trouble 

hearing you. 

MR. JACOE: Thank you. 

MR. STEIR: '!'bank 1ou. 

MR. JACOE: -and became ettective the tollowing 

January in 1967. 

ActuallJ., the impetus tor getting into the stabiliza­

tion ot mill tailings.was partly our own and partl.J because ot 

the worrr t~t 1nduatrr had and ll&inlJ because ot the great 

nuaber ot complaints that beth the State and industry were 

gett1~g b~cause ot blowing duat. As Mr. Stein mentioned, the 

water preblems were very aatiatactorilf handled and settled by 

I 
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the time that we got into it, and the method that we used to 

stabilize tailings was merely to maintain the tailings in a 

position so that they wouldn't again pollute the water. 

37 

As I said before, we had a number or complaints and 

!the telephone was very busy ringing there for a period or about 

a year, and every time the dust blew we had almost a direct line 

between western Colorado and Denver. 

Prior to that time a nwnber ot studies were done, 

particularly on the blowing dust problem. Some were done by 

the AEC and there were some taken care or by the Colorado 

Department or Health. 

I waa going to read a abort statement from Urani\Ull 

Wyt11_1p the Colorado Enyironm§nt.. but I will forget about 

that ror now, but I do want to mention to this group here that 

we have done a complete edition or ~raniwn Wastes in Colo­

ra,40• a Environment in which the tailings problem is discussed, 

and it also includes the uraniwn mining problems that we got 

into clear back in 19-8 and 19~9. And if any or the conferees 

here wiah a copy or that, Just pleaae let me know and I will 

see that they get one. 

Along with the then Public Health Service--now, pleas 

excuse me it I get the namea ot some ot the agenciea a little 

mixed up becau1e ot so J1UU17 change• there have been in the 
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health department, but this was the Public Health Service--we 

did a three-phase study and that is to determine the amount ot 

radioactivity that 1• 1n the air and whether the amounts would 

exceed any standards that we might apply. 

In Phase One we round nothing or consequence. 

In Phase Two we round something or interest, but 

probably or no consequence, and that waa or the high groaa 

alpha to the radium which waa round. We have not pursued this 

an1 f'urther, but 1t is at least et academic interest. 

And then Phase Three was.the determination or radon 

gaa. And this particular 1tud7 that I am referring t•, I can 

call ~hi• one Pbaae Three, was done by the Atomic Energ Com­

mission and a new method bad to be developed tor get,1ng an 

integrated sample or radon gas and tbia whole method had. been 

devised prior te thi• particular time. SO that we did look tor 

radon.gas in one particular cit7inwhicha11111 tailings pile 

existed an« again we roun41 that the radon gaa didn't really 

exceed ·-an1· •tandarda. 

38 

So actuallJ in relating to the levels that people are 

expoaed to, 1eu Call see that what we have round ao tar baa not 

poaed a significant health hazard, but I part1eularl1 am not 

aat1at1ed with tbe methods that wer• prev1oual1 used because 

tbia waa the tirat time that ADJ ot this work was done and 
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perhaps the methods were crude. 

Now, in preparing the regulations that we have, we had 

only the Monticello experience in which the AEC stabilized that 

mill tailings pile in 1961 and there were a number or other 

piles that have been stabilized in Africa. We got the reports 

rrom the African stabilization and found that they wouldn't very 

well apply to Colorado because or the d1!ferent climatology. 

And this is very. very important. the climatology in Colorado. 

because actually what some people would call an afternoon 

thundershower is a cloudburst in western Colorado. So the area 

is very dry and the natural growth that you tind there takes a 

long time to grow and you won't get very good natural cover. 

The regulations were developed with the assistance 

or industry, I will aay almost with the pressure or industry. 

because they realized very well that we did have a problem. and 

this is one thing that I would like to atress to those States 

who are considering adopting mill tailings regulations. is to 

work very closely with industry becau1e these people have to 

toot the bill and they have got good engineering atarra and they 

can help you a great deal. In tact, I am aure that induatry 

is the same in all States. but our Colorado group gave ua a 

great deal ot aaaiatance and actually the regulation• that they 

wrote ~· that were eventually adopted bJ the Board ot Health 
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were a little stronger than I had anticipated that they might be~ 

The implementation or the regulations took time. The 

plans had to be submitted before the Board or Health, and the 

Board or Health, of courae, as many or you know, are mostly non­

! technical people, so that an explanation had to be given to 

these groups aa to actually what waa intended and what waa 

planned and. then getting the Job done took additional time. So 

aa Mr. Smith mentioned, we have been in business only about 4 

or 5 years. 

In the meantime, we had a d1acuaa1on with a number or 

agronomists from Colorado State University and Mesa College at 

Durango concerning the growth ot materials on tailings piles 

and just how much f'ertilization and water it would take, and 

they advised us that probably 6 to 10 inches or soil and gen-

erally grains. wou1d be the beat 1 but they were doing a nwaber 

or experiments. And actually we have one tailings pile which 

1a being experimented on at thia particular time and. that ia 

actually growing plants directly on the tailings. or course a 

number or the active piles are doing the aame thing~ I have 

seen growth of' grains that. are. waist high growing directly out 

of' the tailings. I think the7 are tertilized and watered very 

trequently • but· tbi.s ia what . it requires. 

Now• what we tey to d.o with regulationa weuld be to 
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make them aa simple aa possible so that they could be applied 

very easily and to leave them fairly wide open. because we 

didn't want to limit industry to any one particular method or 

stabilization. So that it anyone came up with something new. 

it could be applied. and this could be by adoption or the Board 

of Health or by permiasion of _the Board or Health. We are very 

anxious to hear rrom others who might have some different ideas 

on how this could be done rather than just putting soil on and 

planting. because this is a very expensive process and particu­

larly when not a great deal or soil ia available. 

This was done. by the way. I forgot to mention 

previously, in Colorado, but it was a very much $impler opera­

tion. It was a very large mill that had done custom milling 

tor quite a number ot year~ and it was situated in an area 

where all they had to do was push some dirt from the surround­

ing hills onto the tailings pile and they imported some grass 

from Auatral1a~and:planted it around there and it worked very 

well. Thia was.about, oh, 4 or 5 mil.es vest ot Colorado 

Springs. They had a great deal or trouble with the blowing dust 

trom thia particular operatic~ and when they meved to Cripple 

Creek ther stabilized that particular pile. So actually we did 

baYe one pile stabilized betore the regulations took ettect. 

Actuall7 the stab1l1s~t1on process baa to be reported 
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I 
l to the Board of Health very frequently. They want to know what 

I the piles look like, if the stabilization is working, and this I 
( i 
! sort of thing, so that we do have people who are going out into I 

i 

the field to take a look at the piles to see if the growth is 
I 

\ good and to determine if there is any washing or any places 

a nice pile or sand, and it can be used tor a number or other-

purposes. JAnd stabilization, of course, with dirt will prevent 

I the use for those purposes. I am not going to ment~on some of the 

particular proble1118 that we have, but most or you know that we 

do have quite a problem from the use of piles, as Mr. Smith 

mentioned, in one particular city. 

We reel that the program is very eftectiv~ and in the 

time al.lotted ua·.1n·5 years it has done the job. We have not 

had a great number ot telephone calla--well 9 we haven't had any 

where the piles have been stabilised from blowing dust, and we 

are do:l.ng some sampling in the rivers. or course we have to. 

We are an agreement State and we have to analyze the etrluents 
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I 
j from the active mills and also do some other work in the rivers,! 
I 
I and we have found essentially the same thing that EPA has found,; 

that the radium content has dropped. About the only thing that 1 

I can see that we have discovered is something that we knew 

I right along-that the radium varies from time to time in the 
' i iriver, but this essentially, I think, is due to natural causes 
I 

I through smaller streams and to the amount of radium that the 

water picks up from the rocks and soils. 

i 
Now, I don't believe it would be advisable for anybody: 

i 

to reel that they are going to adopt tailings regulations for 

the control of uranium mill tailings piles and wave a magic 

\wand and feel that the job is done, because I think there are 

certain responsibilities that a person has to accept. In 

adopting these regulations you have got to make periodic 

inspections, you have got to do a number of analyses, and there 

are a number or other things that you have to do. And hope-

fully, by the time that other States adopt such regulations, we 

may have some of the work done and give you some information 

that may be of value to you, and I will mention some of that 

just a little later in the presentation. 

We do not consider this stabilization program that we 

have as a permanent method of stabilization. I think it would 

be foolish to do so. We don't know how long stabilization will 
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last. T:Me question has been raised about the owners of 

property, which I want to divert just a little bit rrom the--

I don't have a script here because I speak from notes~ But I 

want to divert just a little bit from that- that we do have 

I one particular tailings pile that did change hands between the 

i I time that the radium operation took place and the time 1t was 

stabilized. So we had no particular problem because we had in 

our regulations about the aame thing that you see in most regu-

lationa- and you should have this in them- and that is that 

they must inform you ahead or time that there is a possibility 

that there will be a change or property so that the people will 

know beforehand that they will have this as part of their 

responsibility to stabilize the tailings that they are about to 

buy. Now, this occurred in one particular place, and I have a 

rew slides rrom that one that I would like to show you 1n just 

a few minutes. 

Ir I: • taking too much time, would you please let me 

know? 

MR. STEIN: No. go ahead. I wonder sometillltltlif you 

could bear 1n mind Mr. Dibble'• queat1on on how the Federal 

proposal dirrers rrom Colorad.•'• regulation. That would be 

helpful.. 

MR. JACOE: Yes, sir. 



through. 

P. w. Jacoe 

MR. STEIN: Ir you could cover that before you are 

Proceed in your own way. 

MR. JACOE: Yea, sir. 

45 

We have found that occasionally you get washed out 

when we have floods and, or course, this is something that you 

have to be very careful with, because if it is allowed to con­

tinue you will have a very large area washed out and the cost of 

repairing that, and replanting it, ete.9.hauling in more dirt, 

would be quite high. So this 1• something that is all part or 

the responsibility. 

As I mentioned before, I would like to go a little bit 

te the monitoring that we have done, and I mentioned the Colo­

rado River, and Just give you a few numbers. I have the computer 

readout• with me. If anyone 1• interested in looking at those 

later, they can. 

Actually, we round .0.3 or picocurie per liter above 

the mill at Rifle and 0.3 above the 11111 at Climax and 0.2 

below the a111 at Climax. These are juat average figure.a. You 

will have high ones and you will have low onea. So you see, 

there is no contribution to the river, ae that this seemed to 

be very effectively cleared up by the program that had been in 

operation prior to 1966 or 1967. 
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The Dolores River gives us a little more problem 

because I think we have some radium getting in from some of 

the side streams in there. We found 0.2 above--well 9 0.2 

average. 0.2 picocurie above the Slick Rock mill tailings pile. 

lo.3 below, and then you find one as high as 0.82 below, 4nd 

jthere 1a really no reason tor it. ~his is the type or thing 

that you may throw out as a laboratory accident or you might 

include in aa something that was washed in. 

In the San Miguel River we round above Naturita. the 

There are some little mining •illa up at Telluride and Placer-

ville and that area up in through there. 

So I could go through these figures and they wouldn't 

tell you very much because there are such fluctuation~ and they 

cannot be directly related to tailing~ pilea or to discharges 

rrom uranium aill tailings property. So the program in effect 

is certainly satisfactory. 

I would like to mention aemething else that we have 

been doing. And this might be or aavantage to yeu because a 

number or people want to use a tailings pile. particularly arte 

the wonderful job that Bob Beverly did on what we call his golf 
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course at Rifle, and it is really a good job. I am very sorry 

that I didn't bring the slides for Rifle. but I thought Bob 

would want to show you those and he didn't take them along 

either. So I don't have those with me. 

But this is what we have done .. and I will have· this 

here for people to look at. I don't want to give you too many 

Qf the numbers because we have a commitment to write this up 

and publish it. But we are doing external gamma radiation 

measurements on a particular mill tailings pile where we 

measured the external gamma before< the pile. was coverettip and 

after it was covered we went back and measured the external 

gamma. As you can see, we divided the pile err into grids--

MR. STEIN: Mr. Jacoe, you can read the paper. No 

one is going to steal your •turf and beat you to publication. 

(Laughter.) 

Ge ahead.. 

47 

MR. JACOE: And we have the readings that were taken 

at the ground level and at waist level, about -B~ teet ··uove the 

ground level. Then after the dirt waa put on we went back and · 

did this in exactly the aame apets and a.1'e• anomalies shewed 

up. Sometimes we didn't get much reduct1en in gamma radiation. 

but actually the gamaa levela were oft by about one order or 

u.gninde. which i• pretty goed. It reduced the extemal g-, 
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Because on a tailings pile you would be well within the limits 
I 

tor film ba4g1ng a peraon according to the radiation regulation•-

And getting back to the original queat1on about the 

propoaed regulations, I don't want to actually compare them 

point tor point becauae I don't believe I am able to at this 

time. I read them over once because they have been changed. 

but they are very similar to the Colorado regulations and they 

do apply to all mill tailin~• p11••• I might add that I think 

that they are very good. I think that all States should adopt 

them it they can all adopt them in exactl1 the aame manner and 

apply them in the aame manner. 

I am not prepared. Mr. Stein. to go into a direct 

comparison unleaa I have both ot them betore me. but I will •&J 

tbi•• that they are very close to the regulations we have and 

we reel that ours are quite aucceaafu.l.. 

MR. ROZICH: Mr. Jaeoe. I would like to point out. I 

den•t know whether be baa a cop1 ot the latest dratt. which I 

notice is the 13th, which waa Sunda1. and I believe comments 

were made on the drart et 1-7-72 th•t--

MR. DICKS'l'Eill: Theae eo-nta •re incorporated in 

the one et the 13th. 

llR. ROZICB: I see. 

MR. DICKSTEIK: Mr. Jaooe ... ••1'7 1••'raental in 
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these changes. 

MR. ROZICH: All right. 

MR. JACOE: I would like to bring out the usual 

projector. Perhaps it would show you just a little bit of what 

was being done if we show you--

MR. STEIN: Here is the point. I think sometime 

before the end of this perhaps you or Mr. Smith might get 

together with the conferees. As I understand, both you and Mr. 

Smith endorsed the Federal recommendation. I think you should 

give the conferees some kind of indication of what the dif­

ferences are, and I think Mr. Smith indicated that there were 

improvements on the basis of your experience and your comments 

were incorporated. 

But I think that would help us before we go into our 

discussion in executive session if we could have that. 

MR. JACOE: I will be very glad to do that. 

M~. STEIN: Thank you • 

•• ~.Slides ••• 

MR. JACOE: That is what it looked like before. 

These aren•t my pictures, because I take very poor pictures. 

But part of the mill was being torn down. That was taken with 

a telephoto lens, but you can see the tailings pile there and 

water that has collected in some of the low spots. 
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I 
This is looking across the Colorado Rive~ And the 

i ponds to the left have been dried up,and the little stream 
I I that you see in the middle is a discharge, I think, from the 
I 

1 Grand Junction sewage disposal pond, and off to the right there 

we have -an area that is being kept open for replacing any mill 
I 

I 
ta111nga that we might find laying around. Sometimes they seem 

to have found their way along the bases or foundations tor 

I home•• etc •• as 1ou might have heard or read in your newspapers. 

We have an area reserved tor that and this will be another area 

that the tailings pile will be moved to, will be covered and 

will be planted. 

Now, that ahowa the edge of the tailings pile going 

down to that pond,and then orr to the left there is where we 

plan on having a new tailings pile which will be stabilized. 

I might mention, too, that this particular company, 

regarding a question that was asked before, did set something 

aside on per ton or uranium produced tor· tailings cont.rol~ 80 

that when they shut down the plant they had a certain amount or 

money lef"t over tor contro~land they immediately went in to 

control their tailings pile. This was an excellent auggeat1on 

that waa made here a rew minutes ago. 

And that is a telephoto lens copy or the whole thing. 

You can aee how the pile is being leveled ott there,,and this is 
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the Colorado River directly at the bottom of this ligh~ and 

back there is an intake canal which was used for milling opera-

tions. 

And again I think that is in back, I don't know for 

sure, but it shows about the same thing and you can see the 

extent or the pile. 

Now there it is all covered over and smoothed oft 4nd 

this was taken with a telephoto lens, but at the edge there you 

can see the r1prap that was put in., and these are large chunks 

or concrete and the concrete is put along dirt. I 
i Now, the 

extreme edge that you see there is a dirt road, automobile road, l 
i 

I 

so that the actual tailings extend back about, oh, perhaps 25 

or 30 reet. 

Now you can see that a little closer, and you can 

aee the area that they have leveled orr. Finding dirt was a 

little difficult tor this operation, but the chunks of concrete 

are there and you can aee the road a little cloaer. 

This shows the ponds after they were dried up and that 

again is in backward•. I think that you can begin to see some 

of the growth orr to the r1gbt there that has been-put on there. 

I think moat or that is volunteerJ it is weeds. 

And again there 1a some or the growth on the tailings 

pile taking place and it'a beginning to. well 9 look like my 
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backyard does in August with all ot the weeds on it9 ~ut you 

can see that it does actually work and there is growth and that 

most ot it is volunteer growth. Some or that is planted, ot 

course. 

Now, that 1• a tailings pile taken in the wintertime. 

You can see the snow. That is the one at Naturita, and it Just 

gives you a general idea of what it looked like before it was 

atab1lized. 

And you can see again the riprapping material that was 

put along the aide ot the. river ... *1d I think there are some prett~· 

good tigurea on flood stages and then, or course, before you get 

to the tailings pile there 1• a lot or dirt piled tor a roadway 

going around the pile. 

MR. STEIN: Mr. Jacoe, do the tailings go up to the 

r1prap or 1a there a barrier between the tailings and that 

r1prap? 

MR. JACOE: No, there ia a barrier between the tailing• 

and the r1prap. The barrier on thia taoilit1 will be an auto­

mobile roacl tor them to get around to the other aide and ao that 

theJ can till 1n waabea, because •• did have one area that 

waahed pretty.badly on tbia particular pile. 

Dees that answer 1our queation, air' 

MR. STEIN: Yea. In other words• there ia no radle 1 •tt ... 
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material right up against the r1prap? Aa a matter or tact, that 

road is not tailings material, 1• that right? 

MR. JACOE: That ia correct, sir, yes. 

MR. STEIN: Thank you. 

MR. JACOE: Now you can begin to see how it look• with 

some dirt on it. And I haa torgotten to mention that we always 

ask tor a d1tcb to be put along the top when a tailings pile is 

being stabilized and it alopea down towards the river. &nd we 

put a ditch along the tep to divert water that might happen to 

run down ort ot the surrounding hills and create a wash, so that 

all or them do have this ditch there to p~event that. 

And this is the same pile and the dirt begins to look 

pretty good. ActuallJ,- they planted grains on this one, and we 

had rJe that waa about, oh, I would say 3 feet high there at 

one time. It does demand a little irrigation because it doesn't 

rain very much here. 

Then here it 1•- with the growth on i.t. That looks to 

me like the ft_l;'r'le mill. Bob Beverly, could 7ou help me with 

that? 

MR. BEVERLY: Old e1rn •• 

MR. JACOE: That is the old Ritle mil.l. That ia Bob 

Beverly'• golt course I waa telling you about~and it 1• a very 

beautitul piece or work there. You clrive aleng there and 1ou 
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see the sea or green there in the summertime. you would never 

know that there was a tailings pile there. This, by the way, 

was the first one that was stabilized. 

Now, this ia the one that I was mentioning a few 

minutes ago that belonged to a different compan~ and it looked 

like this alongside the road. The tailings had blown from the 

west and had increased alaost down to the fence. Thia seemed 

to be one or the easier ones to stabilise because it was in 

tlat ceuntl'1 •. and the pile was put up abeut, oh, ma1be 20 feet 

ott the aurtace ot the- ground and.was ta1~l1 level. It didn't 

require muob work to get it level enough to plant something on. 

And I think practicallJ all or the growth on this is volunteer 

growth. They did plant a tew or the graaaea and weeds. 

And that 1• the aaae pile taken in the wintertime. It 

doean•t show very much. 

Now here ia what I wanted to ahow 1ou. This 1• the 

r1prapp1ng there at Slick Rock, it I aa net mistaken. You can 

aee that now where the pile ba• been removed, it was alaoat 

down te the river at one time and had been puahed back and r1p­

rapped in that particular manner to prevent the tailings trom 

being waabed down. 

An4 here it 1• v~tb--yeu can aee part ot the r1prapp1ng 

down ~here and ther~ it 1• with the growth on it, which looka 
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pretty good. It does prevent erosion pretty well and prevents 

water from being washed into the river. 

5 

Now this is an experiment of ours and it is not--it 

hasn't been approved by the Board of Health, but a number of 

universities and colleges and the u. s. Bureau or Mines are 

experimenting on this. You can see that is a very steep pile 

and they are trying to grow directly on the tailings. It 

requires a great deal or water, some fertilization, but you can 

see that it can be done. The area off to the left there just 

above the locomotive was very steep, and they are using these 

mats that they have seeds in to plant in that area. Mats are 

about the only thing that will grow in something that steep. 

That pile, or course~-! reel when the Board of Health approves 

the eventual stabilization of that--will have to be leveled off 

and stabilized in the other manner, but they wanted to leave 

this open tor some experimentation to aee what will grow best 

and how it will grow directly on the pile itself. We have 

information from the universities that it takes 20 to 40 years 

or continuous growth on a tailings pile with no dirt for enough 

dirt and mulch to be built up to aaintain a grewth or natural 

vegetation and we Just don't reel we can wait that long, but it 

1• an experiment. 

And I gueaa that 1• it tor the al1dea. 
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MR. STEIN: Are there any comments or questions? 

Just one question, Mr. Jacoe. Whatever happened to 

the method that they were considering years ago or putting some 

petroleum derivative on those piles? I guess that didn't pan 

out too well? 

MR. JACOE: No, that didn't pan out too well. We 

talked to the highway department. It only lasts for about a 

year and once you get a wash it Just washes orr. It is very 

expensive also. 

MR. STEIN: Thank you. 

Any other comments or questions? 

If not, thank you. 

MR. DICKSTEIN: Thank you, Mr. Jacoe. We will move e 

w1tb the States. 

Nevada. 

ROLAND D. WESTERGARD 

STATE ENGINEER 

DIVISION OF WATER RESOURCES 

CARSON CITY, NEVADA 

MR. WESTERGARD: Mr. Chairman, under date or Jeaterda 

the 1ntereate4 Mevada ageaeiea have aubllitte4 a letter to 1•u o 

this subject, and rather than read it in detail I will juat 
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submit it for the record and just read the outline of what it 

says. Essentially it goes to the terminology and I think can be 

j summarized by saying that we suggest a little more positive 

rather than permissive terminology in the regulation. 

We also have some concern about the section that has 

been discussed here by the AEC representatives and others 

requiring long-term maintenance requirements and just how this 

can be made effective. 

That generally is the text of our letter. 

MR. STEIN: Without objection, that letter will appear 

in the record at this point as if read. 

(The above-mentioned letter follows:) 
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Re: Regulations for the Stabilization 
of Radioactive Tailings Piles 

Interested Nevada state agencies have reviewed the 
model regulation for the stabilization of radioactive tailings 
piles and offer the following conunents: 
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1. Under the section titled DEFINITIONS, the definition 
"Stabilization - Encompasses all measures necessary to insure 
inunediate and future protection of the enviromnent and to eliminate 
hazards to health and welfare with a minimum of future maintenance, 
In no case shall the stabilized pile exceed or cause to be exceeded 
applicable health or other eti.viromnental standards", is nebulous 
and does not speak to the process of stabilizing. 

It is suggested the definition be reworded to state: 
"Stabilization - The confinement or containment of tailings 
piles be vegetative, mechanical, physical or other measur.es to 
prevent erosion. In no case shall the stabilized pile exceed 
or cause to be exceeded applicable health or other environmental 
standards." 

2. Page 5, paragraph 4, lines 8 and 10. The words 
"should" be replaced by "shall" to make plan submission and 
approval mandatory. " ••• No surface disposal [should] shall be 
allowed until the '(Appropriate State Regulatory Agency) has 
approved the stabilization plans. The plans [should] shall be 
submitted to the (Appropriate State Regulatory Agency) at least 
90 days prior to the scheduled start-up of a mill. 11 

3. Page 5, paragraph 5, line 3 reads " ••• The results 
of the inspection will be submitted to the (Appropriate State 
Regulatory Agency) and to the owner or assignees of the pile ••• " 
The· phrase "to the (Appropriate State Regulatory Agencw and ••• " 
could be deleted. Unless there is more than one state regulatory 
agency involved it would seem reasonable the enforcing agency 
would retain a copy of its o~ report. · 
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4. Page 6, paragraph 6b, first line, reads "The surface 
of inactive piles shall be covered with materials that prevent 
wind and water erosion ••• " It is suggested this line be amended 
to read "The surface of inactive piles shall be planted with 
suitable vegetation or covered with materials (that] to prevent 
wind and water erosion ••• " to provide an option. 

5. Page 7, paragraph 6e, reads "The owner or assignees 
should keep tailings piles out of natural drainage courses so 
as to reduce the need for long-term maintenance of diversion 
structures." Because long-term maintenance of diversion structures 
is next to impossible to practice or enforce, this section should 
not be optional but mandatory. It is suggested this section be 
amended to read "The owner or assignees [should] shall keep 
tailings out of natural drainage channels." 

6. Paragraph 6, tailings placed on unstable soil 
formations can produce slides or subsidences which in turn produce 
adverse changes in nautral drainage channels. It is suggested 
an additional subsection h. be included to read "No tailings piles 
shall be placed on unstable soil formations that will result in 
a displacement of these formations." 

7. Page 8, paragraph 9, this section requires long­
term maintenance requirements but does not establish the respon­
sible entity. Often mining companies, through the mining claim 
procedures, hold no more than a possessory interest in the public 
lands from which they mine and on which they place their tailings. 
At the end of operations they may abandon the land and terminate 
partnerships, dissolve corporations, etc. There are no assignees, 
the government simply gets the land back. In these cases who is 
responsible for the maintenance? In addition, who is responsible 
in the event of a relocation by another entity? 

RW/gm 

cc: E. G. Gregory 
Elmo J. DeRicco 
Don Paff 

Sincerely, 
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MR. DICKSTEIN: Thank you, sir. 

New Mexico? 

MR. SLINGERLAND: No statement. 

MR. DICKSTEIN: Thank you. 

Wyoming? 

MR. WILLIAMSON: I don't believe I have too much 

to add to what I previously mentioned or our procedure. It 

may be necessary tor some type ot additional regulation to 

handle underground mining. Our present land reclamation will 

tie down all surrace operations. but 1r somebody starts a 

deep shatt mine then we have got another problem. 

MR. DICKSTEIN: Thank you, Art. 

That concludes the tailings. Are there· any t"urther 

questions? 

I turn it back to you, Mr. Chairman. 

MR. STEIN: It Utah appears before we come back 

rrom our recess, which we are going to take very shortly. 

we will let them talk about thla. But frequently people . 
ask what does a conference accomplish. I think that possibly 

the converaat1ona or the d1acuaa1ona we first had with the 

uranium milling induatr"7 on this radioactivity problem con-

traated vitb what we have beard tod&7 will be like, I think, 

day and night. But you can read the record tor youraelt. 
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Maybe it is tbe times or maybe it is the push that we have 

had. 

Again. I reel that we have generally had• with 

the cooperation or the States. the industry and AEC, a 

very aucceastul program in abating water pollution from 

any of the uranium milling operations. The radiation levels 

are way. way, way down and under control. However. to keep 

this in perspective, I think we have to recognize that we 

are dealing with a residual problem as far as the water 

pollution people are concerned• that being the control or 

these tailings piles. I think the comments here have indi­

cated that there baa been a considerable amount or experience, 

a considerable amount of experimentation and successful 

operation. and that we probably have the tools at hand to 

be able to handle th1a. I hope the conferees will be able 

to come up with something relatively positive on this issue. 

We will atand recessed for 10 minutes. 

(RECESS) 

MR. STEIN: Let's reconvene. 
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Before we go on. we would like to hear from Mr. Tabor 

or Arizona. 

Mr. Tabor. 

MR. TABOR: Mr. Chairman• I just wanted to make a 
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statement that Arizona has passed a law relating to radio­

logical wastes and tailings and has regulations concerning 

same. TbeJ were. quite trankly, plagiarised from Colorado. 

(Laughter.) 
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MR. STEIN: Are there any·other CGllllenta or questions? 

I would like to reserve one other thing. I think Mr. 

Thatcher or Utah ia on his wa, and probably might be having 

airplane trouble, but if' he comea we will call en hill, too, tor , 

hia contribution on the tailing• problem. 

We would like t• move on now to the aal1n1tJ problem, 

and with that I would like to call on Mr. O'Connell. 

RICHARD O'CONNELL, DIRECTOR 

ENFORCEMER'r DIVISION, REGION IX 

u. s. ENVIRONMElft'AL PROTECTION AGENCY 

SAH FRANCISCO, CALil'ORHIA 

MR. O'CONNELL: Thank JOll, Jllr. Cbail'll&ll. 

Aa you aentioned, the other principal topic or this 

aeaaion or the centerence i• the lllineral qilalit7 or aal1nit7 or 

the waters or the Colored• River Basin. Thia subject baa been 

the subject or extensive investigation bJ the Environmental 

Protection Agenc1 1.114 ita predeceaaor agencies over the past 

rew 1eara. Thia work was carried out at the •irection or and 
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with the guidance or this conference. 

These studiea have been completed and the Environmenta 

Protection Agency technical staff is prepared at this time to 

report to the conferees on their tindinga. 

I would like. therefore.- to call on Mr. Russell Free­

man ot the Environmental Protection Agency Region IX office. who 

with the assistance or others that he will introduce will presenc 

these findings at this time. 

Mr. Freeman. 

L. RUSSELL FREEMAN 

DIRECTOR, PACIFIC OFFICE 

U. S. ENVIRONMENTAL PROTECTION AGENCY 

HONOLULU, HAWAII 

MR. FREEMAN: Thank JOU. Mr. Chairman. Mr. O'Connell. 

My naae 1• Rusaell Preeman. I aa presently the 

Director et. tbe.Envirenmental Protection Agency's Pacific 

Ott1ce 1n Honolulu. However. during the course of the work 

which we will be :reporting to you in the next rew momenta. I 

aervea tirat or all aa Chier ot the project's salinity unit 

located at Denver. Colorado. and later as Deputy Director for 

the Colerado. Ri.ver .. Ba.a1Q PreJect. of the Federal Water Pollution 

Contrel.A4111n1stratioa. 
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our presentation this morning is contained in a 

report entitled Report on the Mineral Qy.t..l1_tJ Problem in the , __ --, ' 

Colorado River Basin. Thia consiats or a summary report and 

__ t_our appendices. I will present an introduction and I will 

also present at a later time the conclusions and recommenda-

tiona f'rom this repor.t. Other· parts or the report will be 

presented by Mr. William e. Blackman ot our Denver Office, by 

Mr •. James Vincent, also or our Denver O!tice, and by Mr. Jim 

Russell trom our San Francisco Ottice. In the interest or time, 

we will present only a very brier summary or the material con-

tained in this report, and tor those or you who wish more 

detailed information the report is available in the foyer. 

However, Mr. Chairman, we would like to have tbe 

entire report in the conference transcript. 

MR. STEIN: Without objection, the report in it• 

entirety will be included in the record as it read. 

(The above-mentioned report and appendices tollow:) 
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THE ENVIRONMENTAL PROTECTION AGENCY 

The Environmental Protection Agency was established 
by Reorganization Plan No. 3 of 1970 and became 
operative on December 2, 1970. The EPA consolidates 
in one agency Federal control programs involving air 
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and water pollution, solid waste management, pesticides, 
radiation and noise. This report was prepared over a 
period of eight years by water program components of 
EPA and their predecessor agencies--the Federal Water 
Quality Administration, U.S. Department of Interior, 
April 1970 to December 1970; the Federal Water Pollution 
Control Administration, U.S. Department of Interior, 
October 1965 to April 1970; the Division of Water 
Supply and Pollution Control, U.S. Public Health 
Service, prior to October 1965. Throughout the report 
one or more of these agencies will be mentioned and 
should be considered as part of a single agency--in 
evolution. 
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PREFACE 

The Colorado River Basin Water Quality Control Project was 
established as a result of recommendations made at the first 
session of a joint Federal-State "Conference in the Matter 
of Pollution of the Interstate Waters of the Colorado River 
and Its Tributaries," held in January of 1960 under the 
authority of Section 8 of the Federal Water Pollution Control 
Act (33 u.s.c. 466 et seq.). This conference was called at 
the request of the States of Arizona, California, Colorado, 
Nevada, New Mexico, and Utah to consider all types of water 
pollution.in the Colorado River Basin. The Project serves 
as the technical arm of the conference and provides the 
conferees with detailed information on water uses, the 
nature and extent of pollution problems and their effects 
on water users, and recommended measures for control of 
pollution in the Colorado River Basin. 

The Project has carried out extensive field investigations 
along with detailed engineering and economic studies to 
accomplish the following objectives: 

(1) Determine the location, magnitude, and causes of 
interstate pollution of the Colorado River and its 
tributaries. 

(2) Determine and evaluate the nature and magnitude of 
the damages to water users caused by various types 
of pollution. 

(3) Develop, evaluate, and recommend measures and 
programs for controlling or minimizin_g interstate 
water pollution problems. 

In 1963, based upon recommendations of the conferees, the 
Project began detailed studies of the mineral quality 
problem in the Colorado River Basin. Mineral quality, 
commonly known as salinity, is a complex Basinwide problem 
that is becoming increasingly important to users of Colorado 
River water. Due to the nature, extent, and impact of the 
salinity problem, the Project extended certain of its 
activities over the entire Colorado River Basin and the 
Southern California water service area. 

The more significant findings and data from the Project's 
salinity studies and related pertinent information are 
swnmarized in the report entitled, "The Mineral Quality 
Problem in the Colorado River Basin." Detailed information 
pertaining to the methodology and findings of the Project's 
salinity studies are presented in three appendices to that 
report--Appendix A, "Natural and Man-Made Conditions Affecting 
Mineral Quality," Appendix B. "Physical and Economic Impacts," 
and Appendix c, "Salinity Control and Management Aspects." 

ii 
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CHAPTER I. INTRODUCTION 

STATEMENT OF PROBLEM 

The Colorado River system carries a large salt burden 
(dissolved solids) contributed by a variety of natural and 
man-made sources. Depletion of streamflow by natural 
evapotranspiration and by comsumptive use of water for 
municipal, industrial, and agricultural uses reduces the 
volume of water available for dilution of this salt burden. 
As a result, salinity concentrations in the lower river 
system exceed desirable levels and are approaching critical 
levels for some water uses. Future water resource and 
economic developments will increase streamf low depletions 
and add salt which in turn will result in higher salinity 
concentrations. 

As salinity concentrations increase, adverse physical 
effects are produced on some water uses. These effects 
result in direct economic losses to water users and indirect 
economic losses to the regional economy. Unless salinity 
controls are implemented, future increases in salinity 
concentrations will seriously affect water use patterns and 
will result in large economic losses. 

STUDY OBJECTIVES 

The objectives of the salinity investigations summarized 
in this report were to provide answers to the following 
questions: 

What are the nature and magnitude of the major causes 
of the salinity build-up in the Colorado River and its 
tributaries? 

What future changes in salinity concentrations may be 
expected if no controls are implemented? 

What are the present physical and economic impacts of 
salinity on water uses, and how will these change in 
the future? 

What measures may be feasible for control and management 
of salinity in the Colorado River system? 

What are the economic costs and benefits associated 
with various levels of salinity control? 

What is the most practical approach to basinwide control 
and management of salinity? 

1 



SCOPE 

What action must be taken to implement a basinwide 
salinity control and management program? 

The Colorado River Basin Water Quality Control Project 
(hereinafter referred to as the Project) was established 
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in 1960 by the Division of Water Supply and Pollution 
Control, u. s. Public Health Service {predecessor to the 
Federal Water Quality Administration). The Project was 
charged with the responsibility for identifying and 
evaluating the most critical water pollution problems in 
the Basin. Initial emphasis was placed upon evaluation and 
control of pollution resulting from uranium mill operations. 

As a result of early Project investigations, salinity was 
identified as a pressing water quality problem which 
warranted detailed study. In 1963, the Project initiated 
salinity investigations directed toward answering the 
questions outlined above. This report sununarizes the results 
of those investigations. 

Salt sources contributing to the salinity problem are 
located throughout the Colorado River Basin. A large 
volume of water is exported from the Lower Colorado River 
to areas of Southern California. For these reasons, the 
geographical area covered by the Project included the 
entire Colorado River Basin and the Southern California 
water service area. Colorado River water is also utilized 
by Mexico. However, investigation of the effects of salinity 
on Mexican water uses was not within the scope of this 
study. 

A broad range of studies was carried out which involved an 
array of scientific disciplines including hydrology, chemistry, 
mathematics, computer science, soil science, geology, civil, 
sanitary and agricultural engineering, and economics. The 
Project studies included intensive, short-term water quality 
field investigations, long-term water quality monitoring, 
mathematical simulation of water quality relationships, 
reconnaissance level evaluation of specific salinity control 
measures, and detailed economic studies. In addition to the 
Project's efforts in these areas, much input was provided 
by other Federal and State agencies and institutions, some 
of which were financially supported by the Federal Water 
Quality Administration (FWQA). 

The data and recommendations contained herein are specifically 
related to the Colorado River Basin. However, the basic 
approach and methodology developed for evaluation of the 
physical and economic effects of salinity are considered 
applicable to many other areas of the West. Salinity 
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control measures developed for the Basin may also be 
applicable to other areas with similar conditions. 

It cannot be emphasized too strongly that if this report 
has erred in regard to estimated projections of salinity 
increases with the associated economic losses therefore, 
the errors have been in the direction of minimizing 
adverse effects. The actual effects are likely to be 
more severe than these figures indicate. 

AUTHORITY 

The Federal Water Quality Administration, U. S. Department 
of the Interior, formerly the Federal Water Pollution 
Control Administration, has primary responsibility for 
implementing national policy for enhancement of the quality 
of the Nation's water resources through the control of 
pollution. This policy has been spelled out over the past 
14 years in a series of legislativ~ acts which are described 
as the Federal Water Pollution Control Act, as amended 
(33 u.s.c. 466 et seq.). Section lO(d) of this Act 
authorizes the Secretary of the Interior, ... "whenever 
requested by any State water pollution control agency ... " 
if such request refers to pollution of waters which is 
endangering the health or welfare of persons in a State 
other than in which (the source of pollution) originates, 
.•. "to call a conference ... " of the State or States which 
may be adversely affected by such pollution." Section 10 
authorizes the Secretary to recommend "necessary remedial 
action" and also provides various legal steps that may be 
taken to abate pollution if remedial action is not taken 
in a reasonable period of time. 

Under the provision of Section 10 of the Act, the initial 
session of the "Conference in the Matter of Pollution of 
the Interstate Waters of the Colorado River and Its 
Tributaries" was held on January 13, 1960. The conference 
was requested by six of the seven Basin States. Five 
additional formal sessions of the conference and three 
technical sessions were held from 1960 to 1967. These 
sessions provided assignments to the Project for developing 
recommendations of remedial action to abate pollution. 

Added impetus was given to the Project's salinity invest­
igations on October 2, 1965 by passage of the Water Quality 
Act of 1965 (P.L. 89-234). This Act amended Section 10 of 
the Federal Water Pollution Control Act to provide that 
the States establish water quality standards for all 
interstate waters. Subsequent difficulties, encountered 

3 

75 



in establishing suitable salinity criteria as a part of 
these standards, pointed out the need to complete various 
aspects of the Project's investigations in order to provide 
the basis for establishing such standards. 

4 
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CHAPTER II. SUMMARY OF FINDINGS AND RECOMMENDATIONS 

SUMMARY OF FINDINGS 

1. Salinity (total dissolved solids) is the most serious 
water quality problem in the Colorado River Basin. 
Average annual salinity concentrations in the Colorado 
River presently range from less than 50 mg/l in the 
high mountain headwaters to about 865 mg/l at Imperial 
Dam, the last point of major water diversion in the 
United States. Salinity adversely affects the water 
supply for a population exceeding 10 million people 
and for 800,000 irrigated acres located in the Lower 
Colorado River Basin and the Southern California water 
service area. Salinity also adversely affects water 
uses in Mexico and in limited areas of the Upper 
Colorado River Basin. 
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2. Salinity concentrations in the Colorado River system are 
affected by two basic processes: (1) salt loading, the 
addition of mineral salts from various natural and man­
made sources, and (2) salt concentrating, the loss of 
water from the system through evaporation, transpiration, 
and out-of-basin export. 

3. Salinity and stream flow data for the 1942-1961 period 
of hydrologic record were used as the basis for estimating 
average salinity concentrations under various conditions 
of water development and use. Asswning repetition of 
this hydrologic record, salinity concentrations at 
Hoover Dam would average about 700 mg/l and 760 mg/l 
under 1960 and 1970 conditions. If development and 
utilization of the Basin's water resources proceed as 
proposed and if no salinity controls are implemented, 
average annual salinity concentrations at Hoover Dam 
would increase to about 880 mg/l in 1980 and 990 mg/l in 
2010. Comparable figures at Imperial Dam are 760 mg/l 
and 870 mg/l under 1960 and 1970 conditions, and 1060 
mg/l and 1220 mg/l under 1980 and 2010 conditions. If 
future water resource development in the Basin were to 
be limited to completion of projects currently under 
construction, it is estimated that average annual salinity 
concentrations for 1980 and subsequent years would 
increase to only about 800 mg/l at Hoover Dam and 920 
mg/l at Imperial Dam. 

4. It is estimated that if the 1942-1961 period of hydrologic 
record were repeated under conditions comparable to 
when the Colorado River was in its natural state, 
salinity concentrations at the site of Hoover Dam would 
average about 330 mg/l. Because of man's influence, 
average concentrations at this point more than doubled 

5 



78 

(697 mg/l) under 1960 conditions and will triple by 
2010 (990 mg/1), if presently planned development and 
utilization of water resources occurs. Reservoir 
evaporation and irrigation will account for almost three­
fourths of the salinity increase between 1960 and 2010. 

5. Under 1960 conditions, natural sources accounted for 
47% of the salinity concentrations at Hoover Darn. The 
remainder was accounted for by irrigation (37%), reservoir 
evaporation (12%), out-of-basin exports (3%), and 
municipal-industrial uses (1%). 

6. As salinity concentrations rise about 500 to 700 mg/l, 
the net economic return from irrigated agriculture 
begins to decrease because of increased operating costs 
and reduced crop yields. At levels above 1,000 mg/l, 
the types of irrigated crops grown may be limited, and 
more intensive management of irrigation practices is 
necessary to maintain crop yields. At levels exceeding 
2,000 mg/l, only certain crops can be produced by adopting 
highly specialized and costly irrigation management 
practices. Municipal and industrial water users incur 
increasing costs as salinity levels increase above 500 
mg/l, the maximum level recommended in the U. S. Public 
Health Service Drinking Water Standards. 

7. The present annual economic detriments of salinity are 
estimated to total $16 million. If water resources 
development proceeds as proposed and no salinity controls 
are implemented, it is estimated that average annual 
economic detriments (1970 dollars) would increase to 
$28 million in 1980 and $51 million in 2010. If future 
water resources development is limited to those projects 
now under construction, estimated annual economic 
detriments would increase to $21 million in 1980 and 
$29 million in 2010. Detriments to water users in 
Mexico and to recreation and fishery users in the Salton 
Sea are not included in the estimates. 

8. More than 80 percent of the total future economic 
detriments caused by salinity will be incurred by 
irrigated agriculture located in the Lower Basin and the 
Southern California water service area and by the 
associated regional economy. About two-thirds of these 
detriments will be incurred directly by irrigation water 
users and the remainder will be incurred indirectly by 
other industries associated with agriculture. 

9. Alternatives for salinity control in the Colorado River 
Basin include: 

a. Augmentation of Basin water suppll· This could be 
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achieved by importation of demineralized sea water, 
importation of fresh water from other basins, or 
utilization of weather modification techniques to 
increase precipitation and runoff. This alternative 
should be considered as a possible long-term solution 
to the salinity problem. 

b. Reduction of salt loads. This could be achieved by 
impoundment and evaporation of saline water from 
point sources, diversion of runoff and streams 
around areas of high salt pickup, improvement of 
irrigation and drainage practices; improvement of 
irrigation conveyance facilities, desalination of 
saline discharges from natural and man-made sources, 
and desalination of water supplies at points of use 
with appropriate disposal of the waste brine. A 
basinwide salt load reduction program has been 
developed which would reduce the salt load contributed 
by five large natural sources and twelve irrigated 
areas totaling 600,000 acres. If fully implemented, 
it is estimated that this program would reduce 
average salinity concentrations at Hoover Dam by 
about 250 mg/l in 1980 and about 275 mg/l in 2010. 

c. Limitation of further depletion of Basin water SUEply. 
This could be achieved by curtailment of future water 
resources development. Such action would minimize 
both future increases in salinity levels and the 
adverse economic impact of such increases. 

10. A basinwide salt load reduction program appears to be the 
most feasible of the three salinity control alternatives. 
The scope of such a program will depend upon the desired 
salinity objectives. Partial implementation of the other 
two alternatives would increase the effectiveness of the 
salt load reduction program. 

11. A basinwide salt load reduction program designed to 
minimize total salinity costs (detriments plus control 
costs) would have an estimated average annual cost 
of $7 million in 1980 and $13 million in 2010 (1970 
dollars). Implementation of this program could limit 
salinity concentrations at Hoover Darn to approximately 
1970 levels while allowing planned water resource 
development to proceed. The direct salinity control 
benefits (avoidance or mitigation of expected future 
salinity detriments) of such a program are estimated 
to total $11 million in 1980 and $22 million in 2010 
(1970 dollars). 
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RECOMMENDATIONS 

It is recommended that: 

1. A salinity policy be adopted for the Colorado 
River system that would have as its objective the 
maintenance of salinity concentrations at or 
below levels presently found in the lower main­
stem. 

2. Specific water quality standards criteria be 
adopted at key points throughout the basin by 
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the appropriate States, in accordance with the 
Federal Water Pollution Control Act. Such criteria 
should be consistent with the salinity policy and 
should assure the objective of keeping the 
maximum mean monthly salinity concentrations at 
Imperial Dam below 1000 mg/l. These criteria 
should be adopted by January 1, 1973. 

3. Implementation of the recommended policy and 
criteria be accomplished by carrying out a basin­
wide salinity control program concurrently with 
planned future development of the basin's water 
resources. 
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CHAPTER III. DESCRIPTION OF AREA 

PHYSICAL DESCRIPTION 

The Colorado River is situated in the southwestern United 
States and extends 1,400 miles from the Continental Divide 
in the Rocky Mountains of north central Colorado to the 
Gulf of California (Figure 1). Its river basin covers 
an area of 244,000 square miles, approximately one-twelfth 
of the continental United States. The Colorado River Basin 
includes parts of seven states; Arizona, California, 
Colorado, Nevada, New Mexico, Utah and Wyoming. About one 
percent of the Basin drains lands in Mexico. 

The Colorado River rises ·on the east slope of Mount 
Richthofen, a peak on the Continental Divide having an 
altitude of 13,000 feet, and flows generally southwestward, 
leaving the United States at an elevation of about 100 feet 
above sea level. The Colorado River Basin is composed of 
a complex of rugged mountains, high plateaus, deep canyons, 
deserts and plains. Principal physical characteristics of 
the region are its variety of land forms, topography and 
geology. 

The Colorado River Compact of 1922 established a division 
point on the Colorado River at Lee Ferry, Arizona, to 
separate the Colorado River Basin into an "Upper Basin" 
and a "Lower Basin" for legal, politic al, ins ti tuti.onal and 
hydrologic purposes. Lee Ferry is located about one mile 
below the confluence of the Paria River and approximately 17 
miles downstream from Glen Canyon Dam. The Upper Basin 
encompasses about 45 percent of the drainage area of the 
Colorado River Basin. 

In addition to the Colorado River Basin, the Project's 
investigations covered the area of southern California 
receiving Colorado River water. This area of about 15,400 
square miles includes the Imperial and Coachella Valleys 
which surround the Salton Sea as well as the metropolitan 
areas of Los Angeles and San Diego. 

CLIMATE 

Climatic extremes in the Basin range from hot and arid in 
the desert areas to cold and humid in the mountain ranges. 
Precipitation is largely controlled by elevation and the 
orographic effects of mountain ranges. At low elevations 
or in the rain shadow of coastal mountain ranges, desert 
areas may receive as little as 6 inches of precipitation 
annually, while high mou~tain areas may receive more than 
60 inches. 
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Basin temperatures range from temperate, affording only a 
90-day growing season in the mountain meadows of Colorado 
and Wyoming, to semi-tropical with year-round cropping in 
the Yuma-Phoenix area. On a given day, both the high and 
low temperature extremes for the continental United States 
frequently occur within the Basin. · 

In the southern California water service area, the climate 
of the area surrounding the Salton Sea is hot and arid, while 
the climate of the coastal metropolitan areas is moderated 
by proximity to the Pacific Ocean. 

POPULATION AND ECONOMY 

The Colorado River Basin is sparsely populated. In 1965 the 
estimated population was nearly 2.25 million. The average 
density was about nine persons per square mile compared with 
a national average of 64. Eighty-five percent of the 
population lived in the Lower Basin. About 70 percent of the 
Lower Basin population resided in the metropolitan areas 
of Las Vegas, Nevada, and Phoenix and Tucson, Arizona. The 
population of the Colorado River Basin is estimated to 
triple by 2010. 

The southern California water service area contained an 
estimated eleven million people in 1965. Most of the 
population was concentrated in the highly urbanized 
Los Angeles-San Diego metropolitan area. 

The economy of the Basin is based on manufacturing, irrigated 
agriculture, mining, forestry, oil and gas production, 
livestock and tourism. 

The present economy of the Upper Basin is largely resource 
oriented. This orientation is not restricted entirely to 
agriculture, forestry and mining, but includes the region's 
recreational endowment and the associated contribution to 
basic income. The mineral industry overshadows activities 
of the agricultural and forestry sectors. The majqr effects 
of outdoor recreation and tourism are reflected in the 
tertiary or non-commodity producing industries which as a 
group contribute the greatest share to total Upper Basin 
economic activity. 

In the last two decades, the economy of the Lower Basln has 
experienced a significant transition from an agricultural­
mining base to a manufacturing-service base. Growth in the 
manufacturing sectors has been one of the major factors in 
the overall economic growth of the Lower Basin. Important 
manufacturing categories are electrical equipment, aircraft 
and parts, primary metals industries, food and kindred 
products, printing and publishing, and chemicals. 
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Agriculture continues to play an important role in the 
southern California economy amidst the fast-growing industrial 
and commercial activity. Manufacturing is the most important 
industrial activity and principally includes production of 
transportation equipment (largely aircraft and parts}, 
machinery, food and kindred products, and apparel. Agri­
culture accounts for about three percent of the total 
employment, manufacturing for an estimated 30 percent, and 
trades and services for approximately 42 percent. 

WATER RESOURCES 

An average of about 200 million acre-feet of water a year 
is provided by precipitation in the Colorado River Basin. 
All but about 18 million acre-feet of this is returned to 
the atmosphere by evapotranspiration. Most of the streamflows 
originate in the high forest areas where heavy snowpacks 
accumulate and evapotranspiration is low. A small amount of 
runoff originates at the lower altitudes, primarily from 
infrequent storms. Approximately two-thirds of the runoff 
is produced from about six percent of the Basin area. 

Streamflows fluctuate widely from year to year and season to 
season because of variations in precipitation, and numerous 
reservoirs have been constructed to make water available 
for local needs, exports and downstream obligations. The 
usable capacity of the Basin reservoirs is about 62 million 
acre-feet. 

WATER COMPACTS 

In addition to State laws which provide for intr~state control 
of water, use of water in the Colorado River system is 
governed principally by four documents--the Colorado River 
Compact signed in 1922, the Mexican Water Treaty signed in 
1944, the Upper Colorado River Basin Compact signed in 1948 
and by the Supreme Court Decree of 1964 in Arizona vs. 
California. 

Among other provisions, the Colorado River Compact apportions 
to each the Upper and Lower Basin in perpetuity the 
exclusive beneficial consumptive use of 7,500,000 acre-feet 
of water of the Colorado River system per annum. It 
further establishes the obligation of Colorado, New Mexico, 
Utah, and Wyoming, designated States of the Upper Division, 
not to cause the flow of the river at Lee Ferry to be 
depleted below an aggregate of 75 million acre-feet for 
any period of 10 consecutive years. 

The Mexican Water Treaty defines the rights of Mexico to 
the use of water from the Colorado River system. It 
guarantees the delivery of 1,500,000 acre-feet of Colorado 
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River water annually from the United States to Mexico. 

In accordance with the Upper Colorado River Basin Compact, 
Arizona is granted the consumptive use of 50,000 acre-feet 
of water a year and the other Upper Basin States are each 
apportioned a percentage of the remaining consumptive use 
as follows: Colorado 51.75 percent, New Mexico 11.25 
percent, Utah 23 percent, and Wyoming 14 percent. Of the 
first 7,500,000 acre-feet annually of Colorado River water 
entering the Lower Basin, the States of Arizona and Nevada 
are apportioned 2,800,000 acre-feet and 300,000 acre-feet 
respectively. The Lower Division apportionment was divided 
among the Lower Basin States--Arizona, California, and 
Nevada--by the decree of the United States Supreme Court 
in 1964 which states that apportionment was accomplished 
by the Boulder Canyon Project Act of 1929. If Colorado 
River mainstem water is available in sufficient quantity 
to satisfy 7,500,000 acre-feet of annual consumptive use 
in the three Lower Basin states, Arizona, Nevada, and 
California are apportioned 2,800,000, 300,000 and 
4,400,000 acre-feet, respectively. 

WATER USE 
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There is essentially no outflow from the Basin beyond that 
required to meet the Mexican Treaty obligation. In 1965, 
one-half million acre-feet of water was exported out of the 
Upper Basin for use in other parts of the Upper Basin States. 
Gross diversions from the Lower Colorado River for use in the 
southern California service area and the Lower Colorado area 
in California totaled 5.35 million acre-feet in 1965. 

The major use of water within the Basin is for agricultural, 
municipal, and industrial purposes. At present, over 90 
percent of the total Basin withdrawal from ground-water and 
surface-water sources serves irrigated agriculture within 
the basin. The remaining portion is used principally for 
municipal and industrial uses. Approximately three-fourths 
or 7.0 million acre feet of the water consumptively used in 
the Basin each year is depleted by agricultural uses. Minor 
quantities of water are consumed by hydroelectric and thermal 
power production, recreation, fish and wildlife, rural­
domestic needs, and livestock uses. In the urban areas of 
the Basin, municipal and industrial uses are increasing 
significantly due to the rapid rate of population growth. 

One of the largest causes of streamflow depletions in the 
Basin is surface evaportation from storage reservoirs. Over 
2.0 million acre-feet are estimated to evaporate annually 
from the lakes and reservoirs of the Basin. Most of this 
evaporates from major storage reservoirs on the main stem 
of the Colorado River. 
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CHAPTER IV. MINERAL QUALITY EVALUATIONS 

At the outset of the Project only limited information was 
available on the causes and sources of salinity in the 
Colorado River Basin. Little was known about the economic 
impact of salinity on water uses. No comprehensive 
evaluation of projected future mineral quality had been 
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made. A major Project effort, therefore, was directed toward 
improving knowledge in these specific areas. Results of 
these investigations are summarized in the following sections. 

CAUSES OF SALINITY INCREASES 

Salinity concentrations progressively increase from the 
headwaters to the mouth of the Colorado River. This increase 
results from two basic processes - salt loading and salt 
concentrating. Salt loading, the addition of mineral salts 
from various natural and man-made sources, increases salinity 
by increasing the total salt burden carried by the river. In 
contrast, salt concentrating effects are produced by 
streamflow depletions and increase salinity by concentrating 
the salt burden in a lesser volume of water. 

Salt loads are contributed to the river system by natural 
and man-made sources. Natural sources include diffuse 
sources such as surf ace runoff and diffuse ground water 
discharges, and discrete sources such as mineral springs, 
seeps, and other identifiable point discharges of saline 
waters. Man-made sources include municipal and industrial 
waste discharges and return flows from irrigated lands. 

Streamflow depletions contribute significantly to salinity 
increases. Consumptive use of water for irrigation is 
responsible for the largest depletions. Consumptive use of 
water for municipal and industrial purposes accounts for 
a much smaller depletion. Evaporation from reservoir and 
stream surfaces also produces large depletions. Phreatophytes, 
too, cause significant water losses by evapotranspiration, 
especially in the Lower Basin below Hoover Dam. 

Out-of-basin diversions from the Upper Basin contribute 
significantly to streamflow depletions and produce a salt 
concentrating effect similar to consumptive use. The water 
diverted is high in quality and low in salt content. Thus, 
while these diversions remove sub:jtantial quantities of 
water from the Basin, they remove only a small portion of 
the salt load. 

The relative effects of the various salt loading and salt 
concentrating factors on salinity concentrations of the 
Colorado River at Hoover Dam are summarized in Table 1. This 
evaluation indicates that about 74 percent of average 
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Table 1. Effect of Various Factors on Salt Concentration of Colorado River at Hoover Dam 
{1942-61 period of record adjusted to 1960 conditions)a/ 

Cumulative Salt Cumulative 
Changeb/ in Flow Flow Load Salt Load .:umulative 

(1,000 (1,000 (1,000 (1,000 Concentration Concentration % of Total 
Factor AF/Yr) AF/Yr} Tons/Yr) Tons/Yr Tons/AF mg/l mg/l Concentration 

Natural Diffuse 
Sources 14,471 14,471 5,408 5,408 0.374 275 275 39 

Natural Point 
Sources 229 14,700 1, 283 6,691 0.455 334 59 8 

Irrigation (Salt 
Contribution) 0 14,700 3,536 10,227 0.696 512 178 26 

I-' Irrigation (Con-U1 

sumptive 
Use) -1,883 12' 81 7 0 10 227 0. 79 8 587 75 11 

Municipal & 
Industrial 
Sources -42 12,775 146 10,373 0.812 597 10 1 

Exports Out of 
Basin -465. 12, 310 -37 10, 336 0. 840 617 20 3 

Evaporation & 
Ph re a to-
hytes -1,409 10,901 0 10, 336 0.948 697 BO 12 CJ) 

~ 



Storage Release 
from Hoover 412 11,313 391 

Total 11,313 

a/ Based on data from: 

10, 727 

10,727 

0.948 697 

697 

0 0 

100 

(1) USGS, Prof. Paper 441, "Water Resources of the Upper Colorado River Basin, Technical 
Report," 1965. 

(2) USO!, Progress Report No. 3, "Quality of Water, Colorado River Basin," January 1967. 
( 3) FWQA unpublished Records. 

b/ Concentrations in this column will vary depending upon the order in which they are 
calculated. 
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salinity concentrations for the 20-year period 1942-1961 
were attributable to salt loading factors. The remaining 
26 percent were attributable to salt concentrating factors. 
The relative effects of natural and man-made factors are also 
summarized in Table 1. Only about 47 percent of average 
salinity concentrations for the 20-year period were attributed 
to natural factors. This evaluation indicates that salinity 
concentrations would have averaged only 334 mg/l at the 
Hoover Dam location under natural conditions for the 1942-1961 
period. 

A more detailed discussion of the various factors affecting 
salt concentrations is contained in Appendix A. 

SOURCES OF SALT LOADS 

Natural sources, including both diffuse and discrete sources, 
are the most important sources of salt loads in the Colorado 
River Basin. They contribute about two-thirds of the average 
annual salt load passing Hoover Dam. Natural diffuse 
pickup of mineral salts by surface runoff and groundwater 
inflow takes place throughout the Colorado River Basin; 
however, the areas responsible for the greatest salt loads 
are located in the Upper Basin. Several relatively small 
areas, such as Paradox Valley, have very high rates of 
pickup and contribute large salt loads. Diffuse sources 
contribute about half of the Basin salt burden. 

Discrete or point salinity sources also occur throughout 
the Basin. In the Lower Basin, mineral springs add more 
salt to the Colorado River than any other type of salinity 
source. Blue Springs, located near the mouth of the 
Little Colorado River, contributes a salt load of about 
547,000 ~ons per year, or approximately five percent of the 
annual salt burden at Hoover Dam. Blue Springs is the 
largest point source of salinity in the entire Colorado 
River Basin. In the Upper Basin, some 30 significant 
mineral springs have been identified. Dotsero and Glenwood 
Springs, two major point sources of salinity, contribute 
a salt load of about 518,000 tons per year. 

Man's use of water for irrigation, municipal, and industrial 
purposes contributes to salt loading effects. Irrigation 
is the major man-made source of salinity throughout the 
Basin. The annual salt pickup from all irrigation above 
Hoover Dam averages about two tons per acre. For some 
areas, especially those underlain by shales and saline 
lake-bed formations, salt pickup is much higher, with 
average annual loads ranging between four and eight tons 
per acre. Below Hoover Dam, the average annual salt pickup 
from irrigation is about 0.5 ton per acre after the initial 
leaching period. 
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Municipal and industrial salinity sources located within 
the drainage area of Lake Mead contribute only about one 
percent of the average annual salt load at Hoover Dam. 
Below Hoover Dam, these sources are responsible for less 
than one percent of the average annual salt load. 

The sources and amounts of salt loads for the Upper Basin, 
the Lower Basin, and the drainage area of Lake Mead above 
Hoover Dam are summarized in Table 2. Data presented in 
Table is based on salinity conditions existing in the 
period 1963-1966 and should not be confused with data in 
Table 1 which is based on period 1942-61. The Upper Basin 
sources contribute approximately 77 percent of the salt 
load at Hoover Dam, about three-fourths of total Basin salt 
load. 

A detailed discussion of the nature, location, and magnitude 
of salt sources in the Basin is contained in Appendix A. 

Table 2. Sununary of Salt Load Distributions 
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Salt Load (1,000) T/Yr. Percent of Total Load 
Upper Lower Above Upper Lower Above 

Source Basin Basin Hoover Dam Basin Basin Hoover Dam --
Natural Diffuse 

Sol,lrces 4,400 1,400 5,760 52.2 52.1 53.7 

Natural Point 
Sources 510 770 1,280 6.1 28.6 11.9 

Irrigation 3,460 420 3,540 41.1 15.6 33.0 

Municipal and 
Industrial 50 100 150 0.6 3.7 1.4 

Total 8,420 2,690 10,730 100.0 100.0 100.0 

PRESENT AND FUTURE SALINITY CONCENTRATIONS 

L9ng-term average salinity levels have progressively increased 
in the Colorado River system as th~ Basin's water resources 
have been developed and consumptive use of water for yarious 
purposes has increased. This trend is expected to continue 
with future water resource development and to bring about 
serious water quality implications. As the economic impact 
of salinity is closely related to the rate at which salinity 
levels rise in the future, an evaluation was made of present 
and future salinity concentrations in the Basin to provide 
the basis for the economic evaluation discussed in the 
following section. Historical salinity and stream flow data 
for the 1942-1961 period of hydrologic record were used as the 
basis for estimating average salinity concentrations under 
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various conditions of water development and use. This 
historical data was modified to reflect the effects that 
water uses existing in 1960 would hav~ had on average 
salinity levels if these uses had e~isted during the full 
20-year period. Average salinity concentrations obtained 
from this modified data were designated as 1960 base 
conditions. These concentrations are shown at key Basin 
locations in Figure 2. 
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Predicted future conditions of water use, based on Federal, 
State and local developmeqt plans available in 1967, were 
utilized to develop detailed projections of 1980 and 2010 
salinity levels. These projections based on the assumptions 
that water resource development would proceed as planned in 
1967 and that the 1942-1961 hydrologic record would be 
repeated, are shown at key Basin locations in Figure 2. 
These projections are for long-term average salinity 
concentrations; actual concentrations can be expected to 
fluctuate· about these averages as a result of seasonal 
changes in streamflow and other hydrological factors. 
Sensitivity of future salinity projections to the period 
of record utilized and the asstlmptions concerning the rate 
of water resaurce development are discussed in Appendix c. 

To provide the degree of refinement necessary to allow 
evaluation of the small incremental changes in salinity 
levels produced by a given water resource development, 
salinity concentrations were computed to the nearest mg/l 
in making the projections shown in Figure 2. It was not 
intended that a high degree of accuracy by implied as 
salinity projections are dependent upon a number of factors 
which are not known with certainty. 

The detailed salinity projections presented in Figure 2 
were made on the basis that no limits would be placed on 
future water resource developments other than those limits 
imposed by availability of a water supply under applicable 
water laws. In evaluating potential means of managing 
salinity on a basinwide basis as discussed in Chapter VII, 
it became apparent that one possible approach to management 
of future salinity levels would be to limit further water 
resource development in the Basin. A second set of salinity 
projections was made to evaluate the results of limiting 
such development. •A ;comparison of fl.,it'l'-re salinity levels 
at four key locations on the Lower Colorado River for 
unlimited and limited development conditions is shown in 
Table 3. . 
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Table 3. Comparison of Salinity Projections 

Unlimited Development Limited Development 
Conditions Conditions 

1960 
Location Base 1980 2010 1970 1980 & 2010 

Hoover Dam 697 876 990 760 800 
Parker Dam 684 866 985 760 800 
Palo Verde Dam 713 940 1082 800 850 
Imperial Dam 759 1056 1223 865 920 

Salinity projections for 1970 conditions of limited develop­
ment were made on the basis that water resource developments 
currently in operation and present water use patterns would 
hold fo~ a repetition of the 1942-1961 hydrological record. 
The 1970 projections reflect the effects of evaporation 
losses from Lake Powell operated at normal levels. Since 
Lake Powell has not yet reached normal storage levels, 
evaporation losses are less than expected average losses and 
present average salinity levels at downstream points are 
correspondingly lower than projected. 

For 1980 conditions of limited development, it was assumed 
that no new water resource developments would be placed in 
operation but that those projects currently under construction 
would be completed as planned. It was assumed that all such 
construction could be completed by 1980 and that 2010 con­
ditions of water use would remain the same as for 1980. 

In the past, salt loading was the dominant factor affecting 
salinity concentrations, contributing about three-fourths 
of average salinity concentrations at Hoover Dam under 1960 
conditions. In contrast, future increases in salinity 
levels will result primarily from flow depletions caused by 
out-of-basin exports, reservoir evaporation and consumptive 
use of water for municipal, industrial and agricultural 
purposes. The relative effects of these factors on future 
salinity concentrations at Hoover Dam are summarized in 
Table 4. 

Projections for Hoover Dam indicate a relatively constant, 
average salt load over the next 40 years, but a substantial 
drop in water flow. Over 80 percent of the future increase 
in salinity concentrations at Hoover Dam will be the result 
of increases in flow depletions. Over three-fourths of the 
projected salinity increase between 1960 and 2010 will be 
the result of increases in reservoir evaporation brought 
about by the filling of major storage reservoirs completed 
since 1960 and of increases in consumptive use brought about 
by the expansion of irrigated agriculture. 
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Table 4 Effect of Various Factors on Future Salt Concentration of Colorado River at Hoover Darn 
(1942-61 period of record adjusted to 2010 conditions)a/ 

Cumulative Salt Cumulative 
Changeb/ in Flow Flow Load Salt Load Cumulative 

(1,000 (1,000 (1,000 (1,000 Concentration Concentration % of Total 
Factor AF/Yr) AF/Yr) Tons/Yr) Tons/Yr Tons/AF rng/l rng/l Concentration 

Natural 
Diffuse 
Sources 14,471 14,471 5,408 5, 40 8 0.374 275 275 28 

Natural 
Point 
Sources 229 14,700 1,283 6,691 0.455 334 59 6 

"' 
Irrigation 

"' (Salt 
Contribution) 14,700 4,225 10,916 0.743 546 212 21 

Irrigation 
(Consumptive 
Use) -2,905 11,795 10,916 0.925 680 134 14 

Municipal & 
Industrial 
Sources -427 11,368 165 11,081 0.975 717 37 4 

Exports Out 
of Basin -1,174 10,194 -140 10,941 1.073 789 72 7 



Reservoir 
Evaporat-
ion -2,041 8,153 0 10 ,941 1. 342 986 197 20 

Model 
Adjust-
men ts -75 B, 078 -61 10' 880 1. 347 990 4 

Total 8 ,078 10,880 990 100 

a/ Based on data from: 
(1) USGS, Prof. Paper 441, "Water Resources of the Upper Colorado River Basin, Technical 

Report," 1965 
(2) USDI, Progress Report No. 3, "Quality of Water, Colorado River Basin," January 1967. 
(3) FWPCA unpublished records. 

b/ Concentrations in this column will vary depending upon the order in which they are 
calculated. 
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PHYSICAL AND ECONOMIC IMPACT OF SALINITY 

Water uses exhibit an increasing sensitivity to rising 
salinity concentrations. As concentrations of salinity 
rise water use is progressively impaired, and at some 
critical level, defined as a threshold level, utilization 
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of the supply is no longer possible. In the Colorado River 
Basin, future salinity concentrations will be below threshold 
levels for in stream uses such as recreation, hydroelectric 
power generation, and propagation of aquatic life. Only 
marginal impairment of these uses is anticipated. 

In the Lower Colorado River present salinity concentrations 
are above threshold limits for municipal, industrial and 
agricultural uses. Some impairment of these uses is now 
occurring and future increases in salinity will increase this 
adverse impact. The Projects investigated this progressive 
impairment of water uses and developed methods to quantify 
the resulting economic impact on both water users and the 
regional economy. It should be emphasized that the 
methodology employed by the Project staff was intentionally 
conservative: all costs developed by this report to describe 
the impact of salinity must be considered minimal values. 

Initial investigations conducted on the potential impact of 
future salinity levels revealed that only small effects on 
water uses could be anticipated in the Upper Basin. 
Subsequent investigations, therefore, were limited to three 
main study areas: the Lower Main Stem and Gila areas in 
the Lower Basin, and the Southern California area encompass­
ing the southern California water service area. The 
boundaries of these study areas follow political rather 
than hydrological boundaries and are shown in Figure 3. 
Although significant economic effects are known to occur in 
Mexico, lack of data precluded their inclusion. 

Effects of Salinity on Beneficial Uses of Water 

Initial evaluations of possible salinity effects on Basin 
water uses indicated that adverse physical effects would 
essentially be limited to municipal, industrial, and 
agricultural uses. Major effects on these uses are discussed 
briefly in this section. 

Domestic uses comprise the major utilization of municipal 
water supplies. Total hardness, a parameter closely 
related to salinity, is of primary interest in assessing 
water quality effects on these uses. Increases in the 
concentration of hardness lead to added soap and detergent 
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consumption, corrosion and scaling of metal water pipes and 
water heaters, accelerated fabric wear, added water softening 
costs, and in extreme cases, abandonment of a supply. By 
most hardness measures, raw water supplies derived from the 
Colorado River at or below Lake Mead would be classified as 
very hard. 

Boiler feed and cooling water comprise a major portion of 
water used by industry in the Basin. Mineral quality of 
boiler feed water is an important factor in the rate of 
scale formation on heating surfaces, degree of corrosion in 
the system, and quality of produced steam. In cooling water 
systems, resistance to slime formation and corrosion are 
effected by mineral quality. The required mineral quality 
levels are maintained in boiler and cooling systems by 
periodically adding an amount of relatively good quality 
water (make-up water) and discharging from the system an 
equal volwne of the poorer quality water (blowdown). 

Salinity effects on agricultural uses are manifested 
primarily by limitations on the types of crops that may be 
irrigated with a given water supply and by reductions of 
crop yields as salinity levels increase. Other conditions 
being equal, as salinity levels increase in applied irrigation 
water, salinity levels in the root zone of the soil also 
increase. 

Because different crops have different tolerances to salts 
in the root zone, limits are placed on the types of crops 
that may be grown. When salinity levels in the soil 
increase above the threshold levels of a crop, progressive 
impairment of the crop yield resulbs. Irrigation water 
which has a high percentage of sodium ions may also affect 
soil structure and cause adverse effects on crop production. 
The primary means of combating detrimental salinity' 
concentrations in the soil are to switch to salt tolerant 
crops or to apply more irrigation water and leach out excess 
salts from the soil. 

Direct Economic Effects Upon Water Users 

The previously described physical impacts of salinity upon 
consumptive uses of water were translated into economic 
values by evaluating how each user might alleviate the 
effects of salinity increases. ~unicipalities could (1) 
do nothing and the residents would consume more soap and 
detergents or purchase home softening units; (2) build 
central water softening plants; or (3) develop new, less 
mineralized water supplies. Industrial users could combine 
more extensive treatment of their water supply with the 
purchase of additional make-up water based upon the 
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economics of prevailing conditions. The alternatives 
available to irrigation water users are governed by the 
availability of additional water. (1) If the irrigator 
does nothing, he will suffer economic loss from decreased 
crop yields. (2) If additional water is available, root 
zone salinity may be reduced by increasing leaching water 
applications. The irrigator would incur increased costs 
for purchase of water, for additional labor for water 
application, and for increased application of fertilizer 
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to replace the fertilizer leached out. (3) If no additional 
water is available, the irrigator can increase the leaching 
of salts from the soil by applying the same amount of water 
to lesser acreage. This, of course, results in an economic 
loss since fewer crops can be grown. (4) The last alter­
native is to plant salt tolerant crops. An economic loss 
would usually occur since salt tolerant crops primarily 
produce a lower economic return. 

The cost of applying each of the alternative remedial 
actions was determined, and the least costly alternative 
selected for subsequent analyses. The yield-decrement 
method, which measures reductions in crop yield resulting 
from salinity increases, was selected to evaluate the 
economic impact on irrigated agriculture. For industrial 
use, an estimate of required make-up water associated with 
salinity increases was selected to calculate the penalty 
cost. Municipal damages were estimated by calculating the 
required additional soap and detergents needed. Details 
of the methodology employed and a discussion of the 
assumptions required to complete the analysis are presented 
in Chapter IV of Appendix B. 

The direct economic costs of mineral quality degradation may 
be summarized in two basic forms, total direct costs and 
penalty costs. Total direct costs incurred for a given 
salinity level result from increases in salinity concent­
rations above the threshold levels of water uses. Penalty 
costs are the differences between total direct costs for 
a given salinity level and for a specified base level. They 
represent the marginal costs of increases in salinity 
concentrations above base conditions. 

Detailed economic studies were aimed at evaluating penalty 
costs in order to provide a basis for assessing the 
economic impact of predicted future increases in salinity. 
Water quality, water use patterns, and economic conditions 
existing in 1960 were selected as base conditions. Water 
use and economic conditions projected for the target years 
1980 and 2010 and predictions of future salinity concent­
rations were utilized to estimate total direct costs in the 
future. Direct penalty costs were then computed from 
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differences in total direct costs. These direct penalty 
costs are summarized by type of water use and by study area 
in Table 5. The indirect and total penalty costs, also 
presented in the table, are discussed below. 

Indirect Economic Effects 

Because of the interdependence of numerous economic 
activities, there are indirect effects on the regional 
economy stemming from the direct economic impact of salinity 
upon water users. These effects, termed indirect penalty 
costs, can be determined if the interdependency of economic 
activities are known. 

The Project's economic base study investigated the inter­
dependence of various categories of economic activity or 
sectors. These interdependent relationships, in the form 
of transactions tables, were quantified for 1960 conditions, 
and were projected for the target years 1980 and 2010. A 
digital computer program known as an "input-output model" 
was developed to follow changes affecting any given industry 
through a chain of transactions in order to identify secondary 
or indirect effects on the economy stemming from the direct 
economic costs of salinity. Application of the model to 
evaluate indirect penalty costs is discussed in Appendix B, 
Chapter V. The indirect penalty costs predicted by the 
model are summarized in Table 5. 

Total Penalty Costs 

Total penalty costs represent the total marginal costs of 
increases in salinity concentrations above base conditions. 
They are the sum of direct penalty costs incurred by water 
users and indirect penalty costs suffered by the regional 
economy. Total penalty costs are also summarized in 
Table 5. 

Several conclusions can be drawn from Table 5. 

1. The majority of the penalty costs (an average of 82 
percent) will result from water use for irrigated 
agriculture. This fact may be attributed to the heavy 
utilization of Colorado River water for irrigation 
along the Lower Colorado River and in the southern 
California area. 

2. over three-fourths of the penalty costs will be incurred 
in the southern California water service area. These 
costs will result primarily from agricultural use in 
the Imperial and Coachella Valleys, and municipal and 
industrial uses in the coastal metropolitan areas. 
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Table 5 Summary of Penalty 

1980 
Direct Indirect Total 
Penalty Penalty Penalty 

Location and Water Use Cost Cost Cost 
($1,000 Annually)* 

Lower Main Stem Study Area 
Irrigation Agriculture 1,096 765 1, 861 
Industrial 107 4 111 
Municipal 275 14 289 

Sub-Total 1,478 783 2,261 

IV Southern California Study Area 
'° Irrigated Agriculture 4,617 2,447 7 ,06 4 

Industrial 56 3 59 
Municipal 1,347 305 1,652 

Sub-Total 6,020 2,755 8,775 

Gila Study Area 
Irrigated Agriculture 
Industrial 
Municipal -

Sub-Total 

Total 7 ,498 3,538 11, 0 36 

* - 1960 Dollars 

Costs 

Direc.t 
Penalty 
Cost 

2,424 
410 
779 

3,613 

10,072 
103 

2 ,239 

12,414 

246 

246 

16,273 

2010 
Indirect Total 
Penalty Penalty 
Cost Cost 

($1,000 Annually)* 

2,237 
15 
39 

2,291 

6, 195 
5 

507 

6,707 

125 

125 

9,123 

4,661 
425 
818 

5 ,90 4 

16,267 
108 

2,746 

19'121 

371 

371 

25, 396 

.... 
0 .... 



3. Penalty costs in the Gila study area will be minor and 
will not occur until after 1980 when water deliveries 
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to the Central Arizona Project begin. (It was assumed 
that all Central Arizona Project water would be utilized 
for agricultural purposes.) 

It should be noted that the penalty costs summarized in 
Table 3 do not represent the total economic impact of salinity, 
but only the incremental increases in salinity detriments 
resulting from rising salinity levels. There are economic 
costs known as salinity detriments that were being incurred 
by water users in 1960 as a result of salinity levels 
exceeding threshold levels for certain water uses. These 
costs would continue in the future if salinity levels remained 
at the 1960 base conditions. Total salinity detriments are 
discussed below. 

Total Salinity Detriments 

The detailed economic analysis outlined in previous sections 
and discussed in detail in Appendix B forms a basis for 
evaluating the distribution of the total economic impact of 
future salinity increases. Penalty costs are not practical, 
however, for evaluation of the economic impact of basinwide 
salinity control, especially when reductions in salinity 
concentrations below 1960 base levels were considered. For 
this reason, estimates of total salinity detriments were 
prepared ut.il.izing the basic information developed for 
peanlty cost evaluations. These estimates, in the form of 
empirical relationships between salinity levels at Hoover 
Dam and salinity detriments, are shown graphically for 
various target years in Figure 4. 

Hoover Dam is a key point on the Colorado River systein. Water 
quality at most points of use in the Lower Basin and Southern 
California water service area may be directly related to 
salinity levels at Hoover Dam. Modifications of salt loads 
contributed by sources located upstream from Hoover Dam also 
directly affect salinity levels at this location. Salinity 
concentrations at Hoover Da.ITl were, therefore, utilized as a 
water quality index to which all economic evaluations were 
keyed. 

Total salinity detriments are the sum of direct costs to 
water users (including direct penalty costs) and indirect 
penalty costs. A discussion of the methodology used to 
develop the detriment relationships is contained in Appendix 
c. It should be noted that the salinity detriments are 
expressed in terms of 1970 dollars. It was necessary to 
modify the basic data utilized in evaluating penalty costs 
(expressed in terms of 1960 dollars) in order to make the 
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salinity detriments compatible with current estimates of 
salinity management costs discussed in Chapter VII. 

Using the projected salinity levels for Hoover Dam shown 
in Table 3 and the salinity detriment functions of Figure 
4, it is possible to compare the total economic detriments 
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of salinity under various conditions of water use and resource 
development. Under 1960 conditions, the annual economic 
impact of salinity was estimated to total $9.5 million. It 
is estimated that present salinity detriments have increased 
to an annual total of $15.5 million. If water r~sources 
development proceeds as proposed and no salinity controls are 
implemented, it is estimated that average annual economic 
detriments (1970 dollars) would increase to $27.7 million 
in 1980 and $50.5 million in 2010. If future water resources 
development is limited to those projects now under construction, 
estimated annual economic detriments would increase to 
$21 million in 1980 and $29 million in 2010. 
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CHAPTER V. TECHNICAL POSSIBILITIES FOR 
SALINITY CONTROL 
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Technical possibilities for minimizing and controlling 
salinity in the Colorado River Basin may be divided into 
two categories: water-phase and salt-phase control measures. 
Water-phase measures seek to reduce salinity concentrations 
by augmenting the water supply, while salt-phase measures 
seek to reduce salt input into the river system. Specific 
control measures are listed in Table 6 and are discussed at 
length in Appendix C, Chapter III. 

Various factors, such as economic feasibility, lack of 
research and legal and institutional constraints limit the 
present application of some water-phase and salt-phase control 
measures. The most practical means of augmenting the Basin 
water supply include importing water from other basins, 
importing demineralized sea water, and utilizing weather 
modification techniques to increase precipitation and runoff 
within the Basin. Practical means of reducing salt loads 
include: impoundment and evaporation of point source 
discharges, diversion of runoff and streams around areas of 
salt pickup, improvement of irrigation and drainage practices, 
improvement of irrigation conveyance facilities, desalination 
of saline discharges from natural and man-made sources, and 
desalination of water supplies at points of use. These 
measures could be implemented in a variety of locations and 
in several different combinations. 

Table 6. Technical Possibilities for Salinity Control 

I. Measures for Increasing Water Supply 

A. Water Conservation Measures 

1. Increased Watershed Runoff 
2. Suppression of Evaporation 
3. Phreatophyte Control 
4. Optimized Water Utilization for Irrigation 

a. Reduced Consumptive Use 
b. Improved Irrigation Efficiency 

5. Water Reuse 

B. Water Augmentation Measures 

1. Weather Modification 
2. Water Importation 

a. Fresh Water Sources 
b. Dernineralized Sea Water 
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Table 6. Technical Possiblities for Salinity Control {can't) 

II. Measures for Reducing Salt Loading 

A. Control of Natural Sources 

1. Natural Discrete Sources 
a. Evaporation of Discharge 
b. Injection into Deep Geological Formations 
c. Desalination 
d. Suppression of Discharge 
e. Reduction of Recharge 

2. Natural Diffuse Sources 
a. Surface Diversions 
b. Reduced Groundwater Recharge 
c. Reduced Sediment Production 

B. Control of Man-Made Sources 

1. Municipal and Industrial Sources 
a. Evaporation 
b. Injection into Deep Geological Formations 
c. Desalination 

2. Irrigation Return Flows 
a. Proper Land Selection 
b. Canal Lining 
c. Improved Irrigation Efficiency 
d. Proper Drainage 
e. Treatment or Disposal of Return Flows 
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CHAPTER VI. SALINITY CONTROL ACTIVITIES 

Activities related to the control and management of salinity 
have been carried out over the years by a variety of agencies 
and institutions and have contributed to the overall know­
ledge of salinity control technology. In the past four 
years, several activities have been specifically directed 
toward the application of salinity control technology to the 
Colorado River Basin. The current status of these activities 
is discussed in the following sections. 

TECHNICAL INVESTIGATIONS 

Limited investigations of several potential salinity control 
projects and control measures were made by the Project. 
These investigations evaluated a number of technical 
possibilities for salinity control discussed in Chapter v. 
Salinity control research needs were also identified; these 
provided the basis for support by the FWQA of several research 
efforts discussed below. 

Early in FY 1968, the FWQA and the Bureau of Reclamation 
initiated a cooperative salinity control reconnaissance study 
in the Upper Basin. Study objectives were to identify 
controllable sources of salinity and to determine technically 
feasible control measures and estimate their costs. A 
shortage of funds resulted in discontinuance of the study 
during FY 1970. A report entitled "Cooperative Salinity 
Control Reconnaissance Study, Upper Colorado River Basin," 
presenting the results of the study to date, is scheduled 
for release during 1970. 

During the course of the study, preliminary plans were 
developed for two salinity control projects, and cost 
estimates were prepared for a number of control measures. 
(1) A project was formulated to eliminate the heavy pickup 
of salt by the Dolores River as it crosses a salt anticline 
in the Paradox Valley of western Colorado. Control of this 
salt source could be achieved by constructing both a flood­
water retarding dam and a lined channel to convey the river 
across the valley and prevent recharge of an aquifer in 
contact with salt formations. (2) A project was also 
formulated to control the salt load from Crystal Geyser, an 
abandoned oil test well which periodically discharges highly 
mineralized water. Control could be achieved by collecting 
the discharge and pumping it to a lined impoundment for 
evaporation. If suitable land area for an evaporation pond 
could be found and evaporation rates were high enough, a 
project of this type could be potentially applicable for 
control of some of the more concentrated mineral springs. 
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Cost estimates were prepared for several types of salinity 
control measures, but preliminary plans were not developed 
for specific sites. For control of irrigation return flows, 
the costs of impounding and evaporating the flows at two 
topographically different sites were estimated. The costs 
of deep well injection of relatively small quantities of 
the more concentrated return flows were also evaluated. 
The cost of lining canals and distribution systems in 
several existing irrigation projects was investigated. 

Following discontinuance of the cooperative study, the 
project conducted a preliminary study of a project to 
control the salt load from several large mineral spring areas 
in the vicinity of Glenwood Springs, Colorado. 

A similar preliminary study of control measures for LaVerkin 
Springs, a large thermal spring discharging significant 
quantities of radium-226 and mineral salts into the Virgin 
River of southern Utah, is currently underway. 

RESEARCH AND DEMONSTRATION ACTIVITIES 

A number of research and demonstration projects presently 
underway are expected to contribute significantly to the 
development and/or evaluation of various salinity control 
measures. 

(1) Under an FWQA research grant, a project entitled 
"Quality of Irrigation Return Flow" was initiated during 
FY 1969 by Utah State University at Logan, Utah. This 
project is directed tow~rd the dual objectives of increasing 
the store of knowledge of basic processes controlling the 
movement of salts in soils, and applying this knowledge to 
development of salinity control measures. Research to date 
has primarily been conducted on a small scale in the 
laboratory and in greenhouse lysimeters. A digital simulation 
model is being developed to accurately predict the movement 
of salts and the changes in quality of applied irrigation 
water within the soil and root zone. This model will be 
utilized to design on-farm irrigation practices, such as the 
rate and timing of irrigation applications, which will 
minimize the salt load contributed by irrigation activities. 

The University has established a 40-acre test farm in Ashley 
Valley near Vernal, Utah, and will conduct full scale field 
testing of theoretical results during 1970 and 1971. 
Establishment of a test farm at this location will provide 
a demonstration of salinity control measures under conditions 
similar to those found in many irrigated areas of the Upper 
Basin. 
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(2) In response to a request from the FWQA, a large scale 
research project entitled "Prediction of Mineral Quality of 
Return Flow Water from Irrigated Land" was initiated by the 
Bureau of Reclamation in late FY 1969, with financial 
support provided by the FWQA. The primary objective of this 
project is to develop a digital simulation model that will 
accurately predict the quantity and quality of irrigation 
return flows from an entire irrigation project with known 
soil, groundwater, and geologic and hydrologic characteristics. 
Such a model would have several applications. The water 
quality impact of a proposed irrigation development could be 
more accurately assessed. More importantly, the model could 
be utilized to evaluate the water quality effects of 
alternative project designs and, therefore, allow selection 
of the optimal design of features in order to minimize any 
adverse effects on water quality. Another application would 
be to evaluate improvements of irrigation facilities and 
practices in established irrigated areas aimed at reducing 
presently high salt contributions. 

Field studies will be conducted in several locations with 
various soil and geologic conditions in order to verify 
prediction techniques under a wide range of conditions. 
Ashley Valley, surrounding Vernal, Utah, was selected a"S -the 
initial study area. Characterization studies of this area 
are currently underway. Using present data, initial runs 
of an elementary simulation model will be made during 1970. 
The model will be refined; additional data will be collected 
during the next three years; and field studies at other 
locations will be initiated. 

(3) The "Grand Valley Salinity Control Demonstration 
Project" at Grand Junction, Colorado, was initiated in FY 1969 
under a FWQA demonstration grant. Its objective is to 
demonstrate the salinity control potential of lining 
irrigation canals and laterals. The Grand Valley is underlain 
by an aquifer containing highly saline groundwater. Seepage 
from canals and laterals contributes to recharge of this 
aquifer and displaces the saline groundwater into the 
Colorado River, thereby increasing its salt load. Reduction 
of such recharge by reducing seepage from conveyance systems, 
is therefore, expected to reduce the salt load discharged to 
the river. 

A major portion of the canals and some of the laterals serving 
a study area of about 4,600 acres have been lined and additional 
lining will be completed during the 1970-1971 winter season. 
A simulation model is being developed which will evaluate the 
effects of changes in irr~gation efficiency on salt load 
contributions, as well as changes in seepage losses from 
the conveyance system. Upon completion this model will not 

37 



only allow the results of the demonstration project to be 
projected valley-wide, but also form the basis for future 
salinity control activities in Grand Valley. Completion of 
the demonstration project, including all post-construction 
studies, is scheduled for mid-1972. 

(4) Only limited research efforts are presently directed 
toward defining processes to control salt loading from 
natural sources. The FWQA provided financial support to 
Utah State University for one such effort, "The Electric 
Analog Simulation of the Salinity Flow System within the 
Upper Colorado River Basin." Results from this research 
provided new information concerning the distribution of 
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salt sources in the Upper Basin and will serve as a potential 
analytical tool for evaluating the water quality effects 
of various salinity control measures. The final research 
report is scheduled for publication during 1970. 

(5) In late 1969 a research project entitled "Effect of. 
Water Management on Quality of Groundwater and Surface 
Recharge in Las Vegas Valley," was initiated by Desert 
Research Institute, Las Vegas, Nevada, under a FWQA research 
grant. Among other things this project will evaluate the 
movement of salts in the groundwater system and the exchange 
of salts between the groundwater and surface waters of 
Las Vegas Wash. Resea~ch results will help define the 
optimum approach for control of this salt source. Completion 
of the research effort is scheduled for mid-1973. 

(6) A cooperative regional research effort, "Project W-107, 
Management of Salt Load in Irrigation Agriculture," was 
initiated in 1969 by seven western universities and the 
U. s. Salinity Laboratory of the Agricultural Research 
Service. Work currently underway or planned, covers a wide 
range of salinity management aspects and should provide a 
number of results which can be applied to Basin salinity 
problems. The FWQA is participating in the coordination 
of this research effort. 

SALINITY CONTROL PROJECTS 

During the latter part of FY 1968, the FWQA made funds 
available and requested the Bureau of Reclamation to select 
a pilot project to test and demonstrate control methods for 
reducing salinity concentrations and salt loads in the 
Colorado River system. The plugging of two flowing wells, 
the Meeker and Piceance Creek wells near Meeker, Colorado, 
was selected as the pilot demonstration project. Completion 
of the well plugging in August, 1968 reduced the salinity 
load of the White River and the Colorado River system by 
about 62,500 tons annually. This is approximately 19 percent 
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of the average annual salinity load in the White River near 
Watson, Utah. Plugging the Meeker and Piceance Creek wells 
initially decreased the annual flow of the White River by 
about 2,380 acre-feet. In the opinion of the Bureau's 
regional geologist, however, this flow will reappear through 
natural springs nearer the recharge area at an improved 
quality, and plugging the wells will not decrease the 
annual flow of the White River. Costs for plugging the two 
wells totaled about $40,000. 

Another flowing well near Rock Springs, Wyoming, which 
contributed approximately 5,000 tons of salt annually, was 
plugged in November 1968, under the direction of the Wyoming 
State Engineer. The effects of eliminating this salt source 
have not been evaluated. 

In late 1969, the Utah Oil and Gas Commission plugged seven 
abandoned oil test wells near Moab, Utah, including two 
flowing wells which formerly contributed a salt load of. 
approximately 33,000 tons per year to the Colorado River. 
Costs of plugging the wells totaled about $35,000. 

It is estimated that plugging the five flowing wells in 
Colorado, Wyoming, and Utah will reduce the average annual 
salt load passing Hoover Dam by 100,000 tons or 0.93 percent. 
Under present conditions this salt load reduction would 
reduce average salinity concentrations by about 6 mg/l. 
Although this change in salinity concentrations is small 
when compared to present salinity levels, the resulting 
economic benefits are significant. These benefits are 
estimated to range annually from $0.4 million in 1970 to 
$1.0 million in 2010 and have a present worth of more than 
$10 million. 
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CHAPTER VII. ALTERNATIVES FOR MANAGEMENT AND CONTROL OF SALINTIY 

Three basic approaches, or a combination of these approaches 
might be used to achieve a solution to the salinity problem: 
do nothing, limit development or implement salinity controls. 
The first approach would achieve no management of salinity. 
Water resource development would be allowed to proceed with 
no constraints applied because of water quality degradation 
and with no implementation of salinity control works. This 
approach, in effect, ignores the problem and allows 
unrestrained economic development at the expense of an 
increased adverse economic impact resulting from rising 
salinity concentrations. The increases in future salinity 
levels and economic impact associated with this approach 
have been discussed in Chapter IV. 

The second approach would limit economic or water resource 
development that is expected to produce an increase in salt 
loads or strearnflow depletions. Such an approach would 
minimize future increases in the economic impact of salinity 
and possibly eliminate the need for salinity control facilities. 
However, it has the obvious disadvantage of possibly 
stagnating growth of the regional economy. Projections of 
future salinity levels and associated salinity detriments 
for this approach have been discussed in Chapter IV. 

The third approach, calling for the construction of salinity 
control works, would allow water resource development to 
proceed. At least three possible management objectives could 
be considered: (1) salinity controls could be implemented 
to maintain specific salinity levels; (2) salinity could be 
maintained at a level which would.minimize its total economic 
impact; and (3) salinity could be.maintained at some low 
level for which the total economic impact of salinity would 
be equal to the impact that would be produced if no action 
were taken at all. 

The following sections discuss an evaluation of the costs 
and benefits of various levels of salinity control and a 
comparison of the relative economics of the three basic 
salinity management approaches discussed above. This 
comparison forms the basis for the determination that the 
implementation of a basinwide salt load reduction program is 
the most feasible approach to achieving basinwide management 
of sa+inity. 

POTENTIAL ALTERNATIVE BASINWIDE SALINITY CONTROL PROGRAMS 

The potential measures for managing and controlling salinity 
concentrations presented in Chapter V were evaluated, and 
those which appeared most practical were selected for 
further investigation. Eight potential alternative salinity 
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control programs incorporating a variety of control measures 
were formulated as a means of evaluating the magnitude, scope, 
and economic feasibility of a potential basinwide control 
program. These alternatives include three salt-load 
reduction programs, four flow augmentation programs, and one 
program to demineralize water supplies at the point of use. 

The three salt load reduction programs utilized control 
measures such as desalination or impoundment and evaporation 
of mineral spring discharges, irrigation return flows and 
saline tributary flows, diversion of streams, and improvement 
of irrigation practices and facilities. These programs 
would acheive estimated salt load reductions of up to three 
million tons annually and would reduce average annual salinity 
concentrations at Hoover Dam by about 200 to 300 mg/l. 

The four flow augmentation programs evaluated were based on 
three potential sources of water: increased precipitation 
through weather modification, interbasin transfer of water, 
and importation of demineralized sea water. The volume of 
flow augmentation provided by these programs would range from 
1.7 to 5.9 million acre-feet annually. Resulting reductions 
in annual salinity concentrations at Hoover Dam would range 
from 100 to 300 mg/l. 

The last alternative program evaluated would utilize 
desalination of the water supplies di vert.ed to southern 
California as a means to minimize the adverse impact of 
salinity on the southern California water service area. 

Average annual costs including amortized construction costs, 
operation costs, and maintenance costs, were estimated for 
each alternative program and ranged from $3 million to.$177 
million annually. The present worth of total program costs 
for each alternative from 1975 to 2010 would range from $30 
million to $1,570 million. Estimated costs and resulting 
salinity concentrations are shown by program in Table 7. 
If no control or augmentation program were undertaken, 
comparable average salinity concentrations at Hoover Dam 
would be 876 mg/l and 990 mg/l in 1980 and 2010 respectively. 
Specific details used to compare and evaluate each alternative 
program are discussed in Appendix c, Chapter v. 

The eight alternative programs evaluated were not directly 
comparable due to differences in the level of salinity 
control achieved, the multi-purpose aspects of some programs 
versus the singular salinity control natures of others, and 
the time required for implementation. Based on evaluation of 
a number of factors including total program costs, 
practicality, the implementation time period, salinity control 
benefits, and other benefits such as increased water supply, 
the phased implementation of a salt load reduction program 
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Table 7 Comparison of Alternative Salinity Control Programs 

Average Salinity Concen- Average Annual Present 
trations at Hoover Dam Pros ram Worth 

Alternative Salinity 1980 2010 1980 2010 
No. Control Programs (mg/l) (mg/l) ($ Million/Yr)($ Million/Yr) ( $ Million) 

1. Salt Load Reduction 620 720 47 47 510 
(Full scale implementation) 

2. Salt Load Reduction 700 700 23 52 350 
(Phased Implementation) 

3. Flow Augmentation 780 870 3 3 30 
(Weather Modification) 
(1.7 MAF/Yr) 

4. Flow Augmentation 750 830 75 75 800 
(Interbasin Transfer) 
(2.5 MAF/Yr) 

5. Flow Augmentation 700 700 118 177 1,470 
(Interbasin Transfer) 
(3.9-5.9 MAF/Yr) 

6. Desalination 700 700 41 62 510 
(Source Control) 

7. Desalination 140 160 1,570 
(Supply Treatment) 

8. Desalination 710 740 131 131 1,400 
(Flow Augmentation) 
(2.0 MAF/Yr) 



was selected as the least cost alter~ative for achieving 
basinwide management and control of salinity. Should the 
practicality of flow augmentation by weather modification 
be demonstrated by current pilot studies, however, the 
combination of such flow augmentation with a salt load 
reduction program would be a more optimal approach. 

SALINITY MANAGEMENT COSTS 
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If salinity concentrations are reduced by the implementation 
of control measures, certain costs known as salinity manage­
ment costs will be incurred. The form and magnitude of these 
costs depend upon a number of factors including the control 
measures utilized and the degree of salinity control achieved. 
Estimates of the probable costs and effects of the salt load 
reduction program, were utilized to evaluate the magnitude 
of salinity management costs for various levels of salinity 
control. 

The major features of the salt load reduction program are 
presented in Table 8. This program was designed to reduce 
the salt load contributed by five large natural sources and 
twelve irrigated areas totaling 600,000 acres. Together, 
the five natural sources contribute about 14 percent of the 
Basin salt load. All of the irrigated areas selected 
exhibit high salt pick-up by return flows of about three 
to six tons per acre per year. Al though this acreage . ,, 
comprises only about 20 percent of the Basin's irrigated 1 

load from irrigation sources above Hoover Dam. The specific 
control measures for the 17 component projects are listed in 
Table 8 along with project locations (also shown in Figure 
5) • 

Average annual costs, including operation, maintenance, and 
amortized construction costs, were estimated for each of the 
17 projects. For the five single-purpose salt load reduction 
projects, all costs were assigned to salinity control. The 
irrigation improvement projects would be multi-purpose. It 
is estimated they would produce various economic benefits of 
about the same magnitude as salinity control benefits and 
for this reason, only half of the costs of irrigation 
improvement were allocated to salinity control. 

Estimates of the changes in streamflow depletions and salt 
load reductions were also prepared for each project. The 
five salt load reduction projects would remove an average 
of 172,000 acre-feet per year from the river system above 
Hoover Darn; of this amount, 140,000 acre-feet of demineralized 
water from the Blue Springs project would be available for 
use in central Arizona. The irrigation improvement projects 
would reduce non-beneficial consumptive water use by an 
estimated average of 299,000 acre-feet per year. The 
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Table B. Salinity Management Data For Potential Projects 

PROJECT DESCRIPTION AVERAGE ANNUAL COSTS EFFECTS AT HOOVER DAM 

·Total Salinity Salt Load TDS Retlucti.on 4Cost 

No. Location Features Proj, Cost Control Costs Flow Change Reduction in mr1./l Index 
($1000) ($1000) (1000 AF/Yr) llOOO T/Yr) 1980 2010 ($/T) 

I 
3.89° 1 Paradox Valley, Colorado Stream Diversion 700 700 0 180 15 16 

2 Grand Valley, Colorado Irrigation Improvement 3,140 1,570 38 312 29 33 5.04 

3 Lower Stem Gunnison 
River, Colorado Irrigation Improvement 3,600 1,800 45 334 32 35 5.40 

4 Price River, Utah Irrigation Improvement l,000 500 13 89 9 9 5.65 

5 Las Vegas Wash, Nevada Export & Evaporation 600 600 - 10 100 7 8 6.00 

6 Uncompahgre River, Colo. Irrigat:ion Improvement 4,000 2,000 50 320 31 35 6.25 

7 Big Sandy Creek, Wyoming Irrigation Improvement 490 245 7 39 4 4 6.28 

8 La Verkin Springs, Utah Impoun<hnent & Evap. 600 600 - 7 80 6 6 7.50 

9 Roaring Fork River, Colo. Irrigation Improvement 880 440 13 52 6 6 8.4 7 

10 Upper Stem Colorado I River, Colorado Irrigation Improvement 1,420 I 710 20 80 9 9 8.88 

11 Henry's Fork River, Utah Irrigation Improvement 710 I 355 10 40 4 5 8.88 
I 

12 Dirty Devil River, Utah Irrigation Improvement 710 355 10 40 4 5 8.88 

13 Duchesne River, Utah Irrigation Improvement 5,660 2,830 65 273 29 32 10.37 

14 San Rafael River, Utah Irrigation Improvement 1,360 680 18 65 7 8 10.48 

15 Ashley Creek, Utah Irrigation Improvement 830 415 10 36 4 4 11.55 

16 Glenwood Springs, Colo. Desalination 5,000 5,000 - 5 370 30 33 13.50 

17 Blue Springs, Arizona Export & Desalination 16,000 16,000 - 150 500 27 I 27 32.00 

Totals 46,700 34,800 127 2, 910 253 275 --



LEGEND 

& SALT LOAD REDUCTION PROJECT 

~IRRIGATION IMPROVEMENTS 

HENRY'S FORI 

- EMERY AREA 

117 

BIG SANDY CREEK 

FORK 
A REA 

Figure· 5. Location of Potential Salt Load Reduction Project s 



118 

salinity control program would thus result in a net increase 
in available basin water supply of more than 250,000 acre­
feet per year. 

The incremental reductions in average salinity concentrations 
at Hoover Dam were estimated for each control project for 
the years 1980 and 2010 by utilizing predicted changes in 
flow and salt load. These incremental changes are shown 
in Table 8. Note that the salinity reduction for each 
project is greater in the year 2010 than in 1980. This 
factor results from decreases in average streamflow predicted 
to occur between 1980 and 2010. 

A cost index utilizing estimated costs and salt load reductions 
was computed for each project. This index was then used to 
rank the projects in order of increasing unit cost of salt 
removal. 

By utilizing the data in Table 8, salinity management cost 
functions relating cumulative salinity management costs to 
salinity reductions were prepared. These cost functions are 
also shown in Figure 6. 

TOTAL SALINITY COSTS 

For a given salinity level, there is an economic cost 
associated with water use (salinity detriments) and a second 
economic cost associated with maintaining salinity concent­
rations at that level (salinity management costs). The sum 
of these costs, defined as total salinity costs, can be 
determined for any time period and salinity level by the 
proper manipulation of three factors: the salinity detriment 
functions presented in Chapter IV, (Figure 4); the salinity 
management cost functions, (Figure 6); and the predicted 
future salinity concentrations with no control implemented, 
(Figure 2). Total salinity cost functions for various time 
periods are presented in Figure 7. The methodology utilized 
to develop these functions is discussed in Appendix C, 
Chapter v. 

ECONOMIC AND WATER QUALITY EFFECTS 

Salinity controls could be implemented to meet a variety of 
salinity management objectives which include both water 
quality and economic objectives. Since salinity levels and 
total salinity costs are interrelated, the selection of a 
water quality objective will result in the indirect selection 
of associated economic effects; conversely, the selection 
of an economic objective will result in the selection of 
associated salinity levels. A knowledge of the interrelation­
ships between economic and water quality effects is thus 
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useful in the rational selection of salinity management 
objectives. 
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By utilizing the total cost functions shown in Figure 7, the 
economic and water quality effects associated with the three 
salinity management objectives were determined: (1) Maintain 
salinity at a level which would minimize its total economic 
impact and achieve economic efficiency (minimum cost objective); 
(2) Maintain salinity concentrations at some specified level 
(constant salinity objective); and (3) Maintain salinity at 
some low level for which the total economic impact would be 
equal to the economic impact that would be produced if no 
action were taken at all (equal cost objective). A 
comparison of the economic effects associated with these 
three objectives, in the form of variations in salinity costs 
with time, are shown in Figure 8. The economic effects 
associated with allowing unlimited water resource development 
in the absence of salinity control works (no control approach) 
and associated with the limited development approach are 
also shown in Figure 8. 

Total salinity costs would be minimized by the limited 
development alternative. This approach might not be the 
most economical, however, when all effects on the regional 
economy are measured. Water resource developments are not 
constructed unless it has been demonstrated that such 
development will return economic benefits which exceed all 
costs of the development. A project which is economically 
feasible will thus produce a net improvement in the regional 
economy. If the project is not built, the net benefits of 
the project would be foregone representing an economic 
cost. A determination of the net economic benefits fore­
gone if the limited d~velopment approach were utilized was 
beyond the scope of the Project's investigations. It is 
apparent from Figure 8, however, that if the annual benefits 
foregone exceed $3 million in 1980 and $11 million in 2010, 
the total economic impact of limited development would exceed 
the impact of the minimum cost alternative. 

If unrestricted water resource development is permitted, 
implementing salinity controls to achieve the minimum cost 
objective would minimize total salinity costs. The no 
control and equal cost alternatives produce the identical 
highest average costs and most rapid increase with time of 
all the alternatives evaluated. Total costs associated with 
a constant salinity objective will fall somewhere between 
the extremes established by the other alternatives with 
the exact cost dependent upon the target salinity level. 
For a target level of 700 mg/l, total costs approximate 
minimum costs until 1990, then increase rapidly, eventually 
exceeding the no control costs. Beyond the year 2000, the 
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rapidly increasing cost reduce the practicality of 
maintaining this salinity level. Selection of a higher 
target salinity concentration for the years 2000 and 2010 
would reduce the total cost of this alternative. 
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One important observation can be made from Figure 8. Regard­
less of the alternative selected, the future economic impact 
of salinity will be great. Although implementing salinity 
controls will result in the availability of better quality 
water for various uses and some of the economic impact will 
be shifted from salinity detriments to salinity management 
costs, the total economic impact of salinity will not be 
substantially reduced. As a minimum, average annual total 
salinity costs will increase threefold betwe~n 1960 and 2010. 
Selection of the limited development alternative would reduce 
total annual costs by only about 40 percent below the no 
control alternative in the year 2010. 

Variations with time of the predicted salinity levels 
associated with the five alternatives evaluated are shown in 
Figure 9. With no controls implemented, average annual 
salinity concentrations at Hoover Dam are predicted to 
increase between 1960 and 2010 by about 42 percent or 293 mg/l. 
Selection of any of the other alternatives evaluated would 
substantially reduce future salinity concentrations below 
the no control levels. Except for the limited development 
alternative, these reductions would result in the maintenance 
of average salinity concentrations at or below present 
(1970) levels for more than 25 years. Resulting water quality 
therefore would be consistent with non-degradation provisions 
of the water quality standards adopted by the seven Basin 
States. The limited development alternative would result in 
slight increases in average salinity concentrations. 

COST DISTRIBUTIONS AND EQUITY CONSIDERATIONS 

Although the total economic impact of salinity associated with 
each of the alternatives evaluated varies over a limited 
range, the distribution of salinity costs related to each 
alternative differs greatly. Distribution of costs may 
therefore be an important factor in the selection of 
alternatives. Associated with cost distribution are various 
equity considerations. These, too, "influence the selection of 
alternatives. Salinity cost distributions for the five 
alternatives evaluated for both 1980 and 2010 conditions of 
water use are compared in Table 9. A further breakdown of 
salinity management costs, by individual projects, is shown 
in Table 8. 

The no control and equal cost alternatives produced the 
extremes in the range of cost distributions evaluated. Total 
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costs for these two alternatives, by definition, are equal 
but the distributions of costs are vastly different. For 
the no control alternative, all costs are in the form of 
detriments. For the equal cost alternative, however, salinity 
detriments are reduced by an average of 60 percent. This 
cost reduction is off set by a corresponding increase in 
salinity management costs. 

The extremes in the range of cost distribution point out the 
basis for equity considerations which may enter into the 
selection of management objectives. If the no control 
alternative is selected, all salinity costs would essentially 
be borne by water users and by the regional economy in the 
Lower Basin and southern California water service area. In 
contrast, selection of the equal cost alternative would 
redistribute a majority of the costs to investments in 
salinity control facilities in the drainage area upstream 
from Hoover Dam. Much of this investment would be for 
irrigation improvements in the Upper Basin, improvements 
that would produce substantial economic benefits in addition 
to salinity control benefits. The equity of these two 
extremes in cost distributions is vastly different. 

Salinity detriments for the other three alternatives 
evaluated fall between the extremes extablished by the 
no control and equal cost alternatives. Salinity management 
costs -are less than for the equal cost alternative. The 
equity of these cost distrtbutions may also be an important 
factor in selection of the most desirable alternative. The 
cost distribution shown in Table 9 can be used to evaluate 
the relative costs and benefits of a given alternative. For 
example, a salinity control program designed to meet the 
minimum cost objective would have an estimated average annual 
cost of $7.2 million in 1980 and $12.7 million in 2010. The 
benefits associated with a given alternative would be the 
difference between salinity detriments expected if no controls 
are implemented and if the control program associated with 
that alternative is implemented. For the rninirnurn cost 
alternative, average annual salinity control benefits would 
total $10.7 million in 1980 and $22.0 million in 2010. 

LEGAL AND INSTITUTIONAL CONSTRAINTS 

Implementation of a basinwide salinity control program based 
on salt load reduction projects would face a number of legal 
and institutional constraints. Perhaps one of the most 
formidable constraints would be imposed by existing State 
water laws and their requirements concerning water rights 
and beneficial use. These laws do not recognize utilization 
of water for quality control purposes as a beneficial use, 
yet several of the salt load reduction projects formulated 
would result in some minor depletion of water. Modification 
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Table 9 ComEarison of Salinit~ Cost Distribution 

Salinity Management Costs 

Total 
Salt Load Salinity Salinity Total 

Salinity Reduction Control Management Salinity 
Alternative Detriments Projects Costs Costs Costs 
Objective Date ( $1, 000/Yr) ($1,000/Yr) {$1,000/Yr) ($1,000/Yr) ($1,000/Yr 

No Control 1980 27,700 0 0 0 27,700 

2010 50,500 0 0 0 50,500 

Limited 1980 21,000 0 0 0 21,000 

Development 2010 29,000 0 0 0 29,000 

Minimum Cost 1980 17,000 1, 300 5,900 7,200 24,200 
U1 
~ 2010 28,500 1,900 10,800 12,700 41,200 

Constant 1980 13,500 1,900 10,000 11,900 25' 300 
Salinity 
(700 mg/1) 2010 19,000 25,000 13,500 38,500 57,500 

Equal Cost 1980 9,200 6,900 11,600 18,500 27,700 

2010 21,000 17,600 11,900 29, 500 50,500 
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of existing constraints would therefore be required to allow 
operation of these project facilities. 

Irnproyement of irrigation efficiencies would reduce the 
amount of water required for diversion to a given farm or 
irrigation project. The effect of such a reduction in water 
use on perfected water rights is unclear and could cause 
legal problems. Such legal factors may affect the selection 
of control measures to be incorporated in a basinwide salinity 
management program. 

The Water Quality Act of 1965 provided that the States establish 
water quality standards for all interstate streams. Sub­
sequently, the seven Basin States developed water quality 
standards for the Colorado River. The standards established 
by the States did not include numerical salinity standards, 
primarily due to a lack of adequate salinity control inform­
ation on which an implementation plan could be based. The 
Secretary of the Interior approved the water quality standards 
for the Colorado River, with the provision that numerical 
salinity standards would be established at such a future 
.time when sufficient information had been developed to 
provide the basis for workable, equitable, and enforceable 
salinity standards. The states are thus still faced with 
the task of establishing suitable salinity standards in 
compliance with the Water Quality Act of .1965. The lack of 
numerical salinity standards may be a constraint to the 
rational planning of water resources development and 
implementation of salinity controls. 

An important institutional factor for consideration is the 
lack of a single entity with basinwide jurisdiction to direct 
and implement a salinity control program. In addition, water 
quality and water quantity considerations are generally under 
the jurisdiction of different agencies at both the State 
and Federal level. This split jurisdiction poses coordination 
problems to all interests affected by a salinity control 
program. 

Existing legal and institutional arrangements would also place 
constraints upon the means available to finance a salinity 
control program. In addition, a detailed analysis has not 
yet been made of the potential means for financing such a 
program. A cursory review of programs available for financing 
facilities similar to those contemplated indicated that 
existing financing schemes are not fully adequate to meet 
salinity control program needs. This is due either to an 
insufficient magnitude of available funds or a lack of legal 
authorization. 
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OTHER CONSIDERATIONS 

The least cost alternative program, utilized as the basis 
for the evaluation of the economic feasibility of salinity 
control, was directed toward the objective of minimizing 
salinity concentrations on a basinwide basis. This objective 
was achieved by reducing the average salt load passing 
Hoover Dam, a control point for the quality of water 
delivered to most Lower Basin and all Southern California 
water users. It is important to note that salinity con­
centrations increase substantially between Hoover Dam and 
Imperial Dam due to water use in the Lower Basin and exports 
of water to the Metropolitan Water District of Southern 
California. Implementation of salinity control measures 
along the Lower Colorado River could offset or minimize 
these salinity increases. Such measures have a higher unit 
cost for salinity reductions at Imperial Dam than those 
measures selected for the least cost program ar~d were omitted 
from consideration for this reason. Salinity control below 
Hoover Darn, however, is a possible, practical approach toward 
minimizing the economic impact of salinity and should receive 
further consideration in the formulation of a basinwide 
salinity control program. 

Fluctuations in salinity concentrations resulting from 
factors such as seasonal changes in streamf low and water use 
occur throughout the Basin. Peak concentrations reached during 
such fluctuation may exert adverse effects on water use far 
exceeding the effects predicted on the basis of average 
salinity concentrations. By reducing average salinity 
concentrations, a salt load reduction program would provide 
a moderating effect on peak concentrations. The possible 
magnitude of such fluctuations and their adverse impact, 
however, would indicate the need for more positive means of 
minimizing peak concentrations. Possible control.measures 
would include the manipulation of reservoir storage and 
releases, close control of water deliveries to minimize stream 
fluctuations, and seasonal storage of salts in irrigated 
areas. The water quality simulation model utilized to 
predict future salinity concentrations only determines long 
term average concentrations and does not .have the capability 
to predict the magnitude of short term fluctuations. Water 
quality simulation capabilities therefore will need to be 
refined before the effectiveness of control measures can 
be evaluated. 
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CHA.PTER VIII. ACTION PLAN FOR SALINITY CONTROL AND MANAGEMENT 

The preceding chapters defined the present and expected 
future magnitude of the physical and economic impacts of 
salinity. Possible technical solutions to minimize these 
impacts including alternative approaches to management of 
salinity and associated water quality and economic effects 
were also discussed. The range of possible problem solutions 
point out the need for rational selection by the Basin 
states of objectives for future water quality and uses and 
the formulation of a basinwide salinity control plan to meet 
these objectives. This Chapter outlines a recommended plan 
of action to achieve an early solution to the salinity 
problem in the Colorado River Basin. 

BASIC WATER QUALITY OBJECTIVE 

In the past, the development of the Basin's water resources 
was primarily guided by two basic objectives: (1) full 
development of the water supply allocated to each State by 
applicable water laws and compacts,-ana (2) expansion of the 
regional economy. A number of legal, institutional and 
political factors have supported these basic objectives. 
The lack of consideration given to the water quality impact 
of such development has resulted in the creation of a 
serious water quality problem which has basinwide economic 
significance. There is thus the urgent need for a water 
quality objective to supplement these basic objectives and 
provide guidance in the optimal development of remaining 
water resources. 

The Project's investigations have demonstrated that basinwide 
control and management of salinity is possible, practical 
and economically feasible. In addition, the feasibility 
of maintaining salinity concentrations at or below present 
levels in the Colorado River below Hoover Dam has been shown. 
The enhancement of water quality in the lower river would 
alleviate much of the future economic impact of salinity. 
Enhancement of the quality of the Nation's water resources 
has been declared a national policy. It is therefore 
recommended that a broad water quality objective be adopted 
by Basin interests which would require salinity concentrations 
to be maintained at or below present levels in the Lower 
Colorado River. This objective would become part of the basic 
policy guiding the comprehensive planning and development 
of the Basin's remaining water resources. 

Salinity Standards 

The present lack of numerical limits on salinity concentrations 
is a serious deficiency in the water quality standards 
established by the seven Basin States for the Colorado River 
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and interstate tributaries. Salinity affects a number of 
water uses which are designated as uses to be protected by the 
standards. Suitable limits should be established to provide 
adequate protection for these designated uses. 

In the initial process of establishing water quality standards 
pursuant to the Water Quality Act of 1965, salinity standards 
were not established, primarily due to a lack of information. 
Salinity levels which could be maintained by implementing 
controls were not.known. More significantly, the economic 
effects of maintaining any given salinity level were also 
unknown. The.Proj~ct's investigations have provided much of 
the needed information. Although additional effort will be 
required to establish detailed basinwide criteria which are 
equitable, workable and enforceable, present information is 
considered adequate to form the basis for the establishment 
of a salinity objective which will set an upper limit on 
sai'inity increases in the Lower Colorado River. 

It is recommended that appropriate Colorado River Basin 
States take the steps necessary to establish a numerical 
objective for salinity concentration. Based on the factors 
discussed below, it is recommended that, as a minimum, 
this objective require the average concentrations of total 
dissolved solids for any given month to be maintained below 
1000 mg/l at Imperial Darn. This would apply until such 
time as detailed basinwide criteria can be established as 
discussed in the following section. 

Evaluation of the water quality effects of various salinity 
control alternatives has shown that by either implementing 
a basinwide salinity control program or limiting water 
resource development, future salinity levels at Hoover Dam 
could be maintained at or below an average annual concentration 
of 800 rng/1. A corresponding limit of 1000 mg/l at Imperial 
Darn could be achieved. A maximum limit based on average 
annual salinity concentrations would not provide water uses 
with adequate protection against potentially damaging short­
term salinity fluctuations. A limit on average monthly 
concentrations is considered necessary to provide a more 
acceptable level of protection. 

To achieve compliance with the basic policy objective to 
enhance water quality in the Lower Colorado River will require 
that detailed salinity criteria be established at a number 
of key locations throughout the Basin. These criteria will 
serve two purposes. By maintaining salinity levels at 
upstream locations below assigned limits, compliance with 
downstream criteria will be assured. Secondly, the 
criteria will provide a basis for optimal development of 
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the water resources of a given tributary, sub-basin or 
State. 
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Complete Basinwide salinity criteria should be established 
after careful consideration by the Basin interests of such 
factors as existing salinity levels, proposed water resources 
development, the feasibility of salinity control, water 
quality requirements for water uses, and the economic impact 
of salinity. Such criteria should be consistent with the 
salinity policy and with the numerical objective outlined 
above, and should be adopted by January 1, 1973. 

It is recommended that a State/Federal task group be 
established immediately to carry out the necessary activities 
to develop detailed salinity criteria for key control points 
in the Basin. Following completion of the Task Group's 
activities, the salinity criteria should be adopted by the 
appropriate Basin States in accordance with the Federal 
Water Pollution Control Act, as amended. 

Task groups have been utilized in a similar manner in the 
Basin in the past. A task group was assembled to develop 
guidelines for establishing the initial water quality 
standards in the Basin. More recently, a task group was 
utilized to develop operating criteria for the large main­
stem reservoirs. 

To provide adequate consideration of all interests affected 
by salinity, the Task Group should include representation 
from Federal, State and local agencies. It would be 
desirable for state representation to include the State 
water pollution control agency and the State water resource 
agency. In view of Federal involvement in water resource 
development, water quality management, and the basinwide 
nature of the salinity problem Federal representation should 
include the Environmental Protection Agency, the Bureau 
of Reclamation, the Geological Survey, the Office of Salin~ 
Water, the Soil Conservation Service, the Agricultural 
Research Service and the International Boundary and Water 
Commission. Representation from other groups such as the 
Upper Colorado River Commission, Colorado River Commission 
of Nevada, Colorado River Board of California, arid the 
Colorado River Water Users Association would be desirable. 

SALINITY CONTROL AGENCY 

One major constraint that must be overcome before basinwide 
management and control of salinity can be achieved is the lack 
of a single institutional entity with basinwide jurisdiction 
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which could be responsible for planning and implementing 
a control program. There are various agencies with 
jurisdictions over parts or all of the Basin. In the case 
of the States, no suitable basinwide organizations exist. 
Several Federal agencies have basinwide responsibilities 
but no single agency has legislative authority to carry out 
all program elements. It would therefore appear necessary 
to create a new institution with the necessary authority 
to plan and implement a control program. 

Three possible means of creating a salinity control agency 
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are available. The Task Group assembled to formulate salinity 
criteria could continue to function and could be utilized 
to develop policy and plan a basinwide salinity control 
program. It would be heavily dependent upon member agencies 
to carry out the necessary program planning activities. A 
Task Group would be severly limited in its authority to 
require the States or Federal agencies to proceed with specific 
courses of action and would not have the necessary powers 
to fully implement a control program. No new legislative 
authority would be required to create this somewhat limited 
salinity control agency. 

A second possible approach would be to extend the authority 
of an existing agency or commission to provide the necessary 
powers to carry out all the phases of a basinwide salinity 
control program. This approach would require changes in the 
authorizing legislation for the particular institutional 
entity selected for expansion of its functions. 

Perhaps the most desirable approach would be to create a 
new permanent State/Federal agency or river basin commission 
with the authority to carry out all activities necessary to 
the basinwide management and control of salinity. Such an 
agency would have the advantages of concentrating all 
necessary powers in one agency and of being a single purpose 
institution with no conflict with other assigned functions. 
New legislation would be required to create the agency. 

In view of the magnitude and scope of the salinity problem 
and possible solutions, it is recommended that the third 
approach be taken and that legislation be sought to establish 
a permanent State/Federal agency or river basin commission 
with the authority to plan, formulate policy, direct, and 
implement a basinwide salinity control program. Consideration 
should also be given to the possibility of extending the 
authority of existing agencies or commissions to assume this 
responsibility. 

BASINWIDE SALINITY CONTROL PROGRAM 

A large-scale salt load reduction program was identified in 
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Chapter VII as the least cost alternative means of achieving 
basinwide control of salinity. The steps which must be 
taken to authorize, fund, plan and implement such a program 
are outlined in the following paragraphs. 

Legislative Authorization 

Existing legal and institutional arrangements are not 
adequate to provide the basis for implementing a large-scale 
salinity control program. It is therefore recommended that 
the necessary congressional authorization and funding be 
sought at an early date so that the implementatlon of the 
salinity control program can proceed. 

Due to the scale and types of control projects included in 
the salt load reduction program an approach similar to that 
utilized for the authorization and funding of water resources 
developments is recommended. Water resource projects 
normally move through three basic steps befo~e they are 
placed in operation. A project is first authorized by 
Congress on the basis of preliminary plans developed by 
limited studies known as reconnaissance studies. Following 
authorization, funds may be appropriated for more detailed 
planning investigations known as feasibility studies, a 
feasibility report is submitted to Congress, and construction 
funds are requested. The third step begins when funds are 
appropriated for construction. Completion of construction 
then places the project in operation. 

Frequently, a number of related projects are authorized by 
a single legislative act. This was the case for the 
Colorado River Storage Project Act which authorized several 
large reservoir projects at one time. It is reco~ended 
that legislation be introduced in the near future to authorize 
the entire basinwide salt load reduction program and to 
appropriate funds for the necessary planning studies. 

Planning Phase 

In line with the three steps outlined above for authorizing 
and funding a water resource project, once authorized, the 
basinwide salinity control program should be conducted in 
two phases, a planning phase and an _implementation phase. 
This section outlines the activities which make up the 
planning phase. 

The planning phase of the basinwide program should be directed 
toward the objectives of providing sufficient information 
for developing an implementation plan, and of providing the 
feasibility reports on which requests for construction funds 
for necessary control works can be based, and of identifying 

61 



134 

construction, operation and related costs which should be 
properly assigned to the Basin s·tates and other beneficiaries. 
To achieve these objectives will require substantial efforts 
to be expended in five types of activity: systems analyses, 
research and demonstration activities, reconnaissance 
investigations, feasibility studies and legal, institutional 
and financial evaluations. 

System Analyses. A systematic evaluation of the quality 
and economic aspects of the salinity problem provided a key 
element in the Project's determination of the potential 
feasibility and practicality of a basinwide salinity control 
program. Systems analysis capability similar to the 
methodology developed for this evaluation will be required 
for the planning phase. Refinement an4 updating of the 
analytical tools will be required, however, to provide 
adequate capability for the improved information developed 
by other planning activities. Specifically, a refined water 
quality simulation model and updated economic evaluation 
models will be required. 

The Project's water quality simulation model is basically a 
water and salt budget model with the capability to predict 
long term averages for streamflow, salt loads and salinity 
concentrations at various points in the basin and to evaluate 
the long term effects of modifications in water use and salt 
loading at any point in the river system. This model is not 
capable of predicting fluctuations in salinity concentrations 
or· of evaluating the short term effects of various control 
measures. The model should be refined to provide for 
simulation of water quality on a monthly basis including the 
routing of salt loads through irrigated areas and large 
reservoirs. This improved model would have the capability 
to evaluate the water quality effects of proposed annual 
operating plans for the major reservoirs of the basin, to 
optimize reservoir operations to minimize salinity fluctuations, 
to provide an improved degres of evaluation of the salinity 
impacts of proposed water resource development projects and 
to assist in th~ formulation of suitable numerical salinity 
standards in addition to its utilization for evaluation of 
alternative salinity control measures and facilities. 

The Project's economic evaluations and models were largely 
based on 1960 economic data. The economic impact of salinity 
increases in specific areas in the Upper Basin and Mexican 
water users was not evaluated. T~e effects of rising salinity 
levels in the Colorado River supply on the feasibility of 
controlling the salinity of the Salton Sea was not considered. 
Economic effects were based on average salinity concentrations 
and fluctuations in concentrations were not evaluated. 

Updating the economic models on the basis of 1970 economic 
data which should be available by 1972 would provide a better 
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estimate of the current detrimental effects of salinity and 
would improve predictions of future effects since historical 
trends from 1960 to 1970 would be available. In view of 
the probable economic impact of salinity on Mexican water 
users, on water use in certain areas of the Upper Basin and 
on control of salinity in the Salton Sea, the economic models 
should have the capability for handling such areas. In 
addition, the capability to evaluate the economic impact· of 
salinity fluctuations should be developed. 

Research and Demonstration Activities. A number of research 
and demonstration activities discussed in Chapter V are 
currently directed toward improvement of salinity control 
technology. Completion of these activities will not provide 
the technology needed for control of all types of salinity 
sources. Additional research will be required if certain 
types of salinity sources are to be controlled. 

The greatest lack of available technology is in the area of 
natural diffuse sources. Control of salt contributed by 
surface runoff and diffuse groundwater sources, although 
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the major sources of salt-loading in the Basin, is presently 
not technically feasible. The Soil Conservation Service, the 
Bureau of Reclamation, the Geological Survey, the ·Bureau of 
Land Management and various State agencies are all concerned 
with various aspects of water and land utilization which may 
have an impact on diffuse salt contributions. It may be 
possible to conduct research or demonstration efforts through 
these agencies programs to develop means of minimizing diffuse 
salt contributions. 

Control measures applicable to natural pqint sources are 
limited, especially in areas with low evaporation rates. The 
Geological Survey has an extensive reserach program in the 
field of groundwater quality and movement. Directing some 
of this research effort toward mineral springs could result 
in the development of additional control measures. 

Another area for which present control technology is limited 
is irrigated agriculture. Research concerning various 
irrigation practices and facilities, crop yields, and land 
characteristics being carried out by various State institutions, 
the Bureau of Reclamation, the Soil Conservation Service and 
the Agricultural Research Service may be expanded to include 
salinity control aspects. 

Reduction of salt loads from irrigated agriculture utilizing 
present technology as contemplated for the salt load reduction 
program previously discussed will require the education of 
irrigators with regard to improved practices and will require 
a substantial investment by irrigators for improved facilities. 
Demonstrations of the economic benefits associated with 
proposed improvements will be required to provide the incentive 
for irrigators to make the necessary changes. Such 
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demonstrations would also show the technical feasibility 
of such control measures with regard to water quality 
improvements. The Bureau of Reclamation, the Soil 
Conservation Service, the Agricultural Stabilization and 
Conservation Service, the Extension Service, various water 
user's associations and other state agencies conduct 
programs which could assist in such education and demon­
stration efforts. 

Completion of reconnaissance and feasibility studies 
discussed in the following sections will be dependent upon 
completion of research and demonstration activities 'in 
some cases. This fact coupled with the time span required 
for completion of most research efforts would indicate the 
need for early initiation of desired additional research 
and demonstration efforts. 

Reconnaissance Investigations. Preliminary, limited scope 
investigations known as reconnaissance investigations were 
completed in sufficient detail to provide the basis for 
seeking appropriations of funds for feasibility studies for 
on1y two of the seventeen projects included in the salt 
load reduction program. Reconnaissance investigations 
would thus be required for the other 15 projects. In 
addition, similar investigations should be made of control 
measures along the Lower Colorado River below Hoover Dam, 
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in the Yuma Valley area with respect to the salinity of 
Mexican water deliveries and in the Salton Sea area where 
such controls might alleviate rising salinity levels in the 
Sea. Such investigations could best be perfonned by the 
water resource development agencies at both the State and 
Federal level. The Bureau of Reclamation is currently 
conducting a planning study for rehabilitation of irrigation 
facilities for the Uncompahgre Project, Colorado, which 
could be expanded to include the desired salinity control 
reconnaissance investigation. 

An evaluation of the results of the reconnaissance invest­
igations would provide the basis for initiation of feasibility 
studies for those control projects showning economic 
feasibility at the reconnaissance level. 

Feasibility Studies 

Feasibility studies are planning studies which go into much 
greater detail than reconnaissance investigations and 
frequently require extensive and costly field investigations. 
For this reason, such studies should be conducted for 
only those control projects which could reasonably be 
constructed to meet salinity management objectives. Such 
studies would provide the basis for seeking appropriations 
for actual project construction. 
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Legal and Institutional Evaluation 

Constraints i~posed by legal and institutional factors may 
significantly alter the range of available salinity control 
measures. Detailed evaluations of existing legal and 
institutional constraints which may affect the basinwide 
salinity control program should be conducted. Where 
modifications of existing legislation or institutional 
arrangemepts are needed to allow a rational approach to 
management of salinity, such mpdifications should be 
id~ntified. Emphasis should be placed on evaluations of 
th~ various water laws controlling use and distribution of 
Colorado River water. 

~mplementation Phase 

The f ina+ or implementation phase of the basinwide control 
progr~ would inclqde the appropriation of construction 
funds, the actuql construction of projects, and the actual 
management of salinity tprough operation of control works. 
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As feasibility studies are completed, a final implementation 
plan should be developed which would be directed toward 
meeting the established numerical salinity standards. 
Feasibility reports for the control projects included in 
the final plan should then be submitted to Congress anq 
construction funds requested. Funds should be made available 
according to the construction schedule established by the 
implementation plan. Since the implementat1on of control 
wo+ks will be dependent to some extent upon the rate at 
which water resources development proceeds, the actual 
construction of control projects could extend over a lengthy 
period. 

Once control measures are implemented, provision will need to 
be made for funding for continued operation and maintenance 
as most facilities will be need continuously for the fore­
seeable future. 
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THE ENVIRONMENTAL PROTECTION AGENCY 

The Environmental Protection Agency was 
established by Reorganization Plan NQ. 3 of 1970 
and became operative on December 2, 1970. The 
EPA consolidates in one agency Federal control 
programs involving air and water pollution, solid 
waste management, pesticides, radiation and noise. 
This report was prepared over a period of eight 
years by water program components of EPA and their 
predecessor agencies--the Federal Water Quality 
Administration, U.S. Department of Interior, April 
1970 to December 1970; the Federal Water Pollution 
Control Administration, v.s. Department of Interior, 
October 1965 to April 1970; the Division of Water 
Supply and Pollution Control, U.S. Public Health 
Service, prior to October 1965. Throughout the 
report one or more of these agencies will be 
mentioned and should be considered as part of a 
single agency--in evolution. 
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PREFACE 

The Colorado River Basin Water Quality Control Project was estab­

lished as a result of recommendations made at the first session of a 

joint Federal-State "Conference in the Matter of Pollution of the Inter­

state Waters of the Colorado River and Its Tributaries," held in January 

of 1960 under the authority of Section 8 of the Federal Water Pollution 

Control Act (33 U.S.C. 466 et seq.). This conference was called at the 

request of the States of Arizona, California, Colorado, Nevada, New 

Mexico, and Utah to consider all types of water pollution in the Colorado 

River Basin. The Project serves as the technical arm of the conference 

and provides the conferees with detailed information on water uses, the 

nature and extent of pollution problems and their effects on water users, 

and recommended measures for control of pollution in the Colorado River 

Basin, 

The Project has carried out extensive field investigations along 

with detailed engineering and economic studies to accomplish the follow­

ing objectives: 

(1) Determine the location, magnitude, and causes of interstate 

pollution of the Colorado River and its tributaries. 

(2) Determine and evaluate the nature and magnitude of the 

damages to water users caused by various types of pollution. 

(3) Develop, evaluate. and recommend measures and programs for 

controlling or minimizing interstate water pollution problems. 
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In 1963, based upon recommendations of the conferees, the Project 

began detailed studies of the mineral quality problem in the Colorado 

River Basin. Mineral quality, commonly known as salinity, is a complex 

Basin-wide problem that is becoming increasingly important to users of 

Colorado River water. Due to the nature, extent, and impact of the 

salinity problem, the Project extended certain of its activities over 
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the entire Colorado River Basin and the Southern California water service 

area. 

The more significant findings and data from the Project's salinity 

studies and related pertinent information are swmnarized in the report 

entitled, "The Mineral Quality Problem in the Colorado River Basin." 

Detailed information pertaining to the methodology and findings of the 

Project's salinity studies are presented in three appendices to that 

report - Appendix A, "Natural and Man-Made Conditions Affecting Mineral 

Quality," Appendix B, "Physical and Economic Impacts," and Appendix C, 

"Salinity Control and Management Aspects." 
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CHAPTER I. INTRODUCTION 

As a part of its overall study of the mineral quality problem, the 
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Colorado River Basin Water Quality Control Project (Project) carried out 

a thorough review and analysis of past water quality data, and made de-

tailed field investigations of present conditions. These studies included 

a thorough review of factors which affect mineral quality of streams, re-

view of previous investigations of the mineral quality problem in the 

Colorado River Basin and other similar basins, a rigorous statistical 

analysis of existing mineral quality data, and extensive field studies 

to determine the location and magnitude of salinity sources throughout 

the Colorado River Basin. 

This Appendix includes a discussion of the factors which affect 

mineral quality in streams, a descri_ption of the statistical methods 

utilized in the analysis of existing water quality data and· a summary of 

the findings, a description of the methods employed !n the field studies, 

and a SUJIDllary of the findings regarding sources of mineral salts within 

the Colorado River Basin. 

Detailed compilations, discussions, and interpretations of data 

obtained. in the field studies are available in open file reports at the 

Project Office at the Federal Center, Denver, Colorado. Printouts of 

analytical results and field measurements have been furnished to the 

Conferees and are available for review at the Project Office. 
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CHAPTER II. FACTORS WHICH AFFECT MINERAL QUALITY OF STREAMS 

A clear distinction exists between the two basic causes of salinity 

increases in streams. These may be referred to as the salt loading and 

salt concentrating effects. The former is associated with the discharge 

of additional mineral salts into the stream system in municipal and in­

dustrial wastes, in. irrigation return flows, and in water from natural 

sources. In other words, the salt load returned to the stream is greater 

than that diverted thereby increasing the salt burden in the stream. In 

contrast, the salt concentrating effect occurs as a result of consumptive 

use of water. No mineral salts are added, but the salt concentration 

increases as a result of water lost from the stream system. Some of the 

salt loading and salt concentrating factors that influence water quality 

are discussed in the following section. 

SALT LOADING EFFECTS 

Municipal and Industrial 

The use of water for domestic purposes increases the mineral content 

of water in several ways. Washing, bathing, and laundering, of beings 

and things, make use of the principle of solution and disposal of mineral 

matter. The human body concentrates the mineral constituents in the 

food and water which passes through the digestive system. Water is forced 

to live up to its reputation as the "universal solvent" in an endless 

variety of ways in domestic use. 

Municipalities having surface supplies of domestic water may add 

to or subtract from the total salt burden carried by the affected stream, 

but the waste water returned to the stream always has a higher mineral 
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concentration than that of the diverted water. Municipalities which have 

ground water supplies and discharge waste water to surface streams always 

add salt loads to the receiving streams. 

Industrial use of water affects mineral quality of streams much the 

same way as municipal uses. Water is used in many processes which employ 

its solvent properties, and in others, such as floatation, where solution 

of mineral matter is a side effect. Many industries utilize ground-water 

supplies; and discharge waste water to surface streams thereby adding to 

their salt load. 

Mining and milling industries may contribute salts through seepage 

from waste holding ponds, tailings piles, and direct discharge of process 

wastes. Many mines intersect fissures and pervious fonnations containing 

highly mineralized water which may discharge to surface streams. 

Brines and brackish waters are often brought to the surface by oil 

and gas drilling operations and by producing wells. Existing regulations 

are inadequate from the standpoint of limiting the quality of water dis­

cha:r:ged to surface streams. Discharge of brackish oil field water to 

streams can contribute substantial salt burdens. 

Mineral exploitation, such as oil shale processing and subsurface 

nuclear explosions, may contribute mineral salts to surface streams unless 

such activities are properly monitored and regulated. 

Irrigation 

Irrigation contributes salt loads to streams through return flows. 

Water is diverted from streams and applied to the land in varying amounts 

depending upon the type of crops being grown. Some. of the diverted water 

is consumed by evaporation and transpiration and some is returned to the 
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stream system by way of canal wasteways and surface drains. Some of the 

water seeps into the soil and may or may not find its way back to the 

stream from which it was diverted. 

Sources of water entering the soil profile include seepage from con­

veyance systems, deep percolation from irrigated lands, and seepage from 

tail water and other wastes. Wherever this water is in prolonged contact 

with the soil, it tends to reach a chemical equilibrium with the soil. 

The result may be either the dissolution of salts from the soil profile 

or precipitation of salt in the soil profile. In the Colorado River Basin, 

evidence indicates that salts are generally dissolved from the soils. 

However, authorities differ in their estimates(l, 2, 3 ) of the amount of 

salts that will be dissolved and on the length of time solution will per­

sist following the initiation of irrigation. Some believe that with 

proper irrigation practices, solution of salts will be inconsequential 

after a brief "initial leaching." On the other hand, it seems apparent 

that solution of salts will persist in some cases. Water may travel a 

considerable distance in its underground route back to the stream system. 

Thus, there is ample time for the water to approach a state of chemical 

equilibrium with the soil formation. Soils yield soluble minerals 

through the process of weathering and decomposition. The solution pro­

cess will proceed as long as the water in contact with the soil has not 

attained chemical equilibrium with the soil mass. 

The amount of soil material dissolved depends upon a number of factors, 

including the type of soil, the quality of applied water, the length of 

the flow path, and the partial pressure of carbon dioxide. 
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Much of the service area for Colorado River water lies outside the 

confines of the Basin. The amount of water diverted from the Colorado 

River into adjoining basins is shown in the following tabulation. 

Amount 
Diverted To (Acre-feet/year) 

Platte River Basin~/ 

Arkansas River Basinl.1 

Rio Grande River Basin.!/ 

Bonneville Basinbl 

Southern Californialf 

. 4/ 
Mexico-: 

Total 

388,000 

71, 000 

2,000 

103,000 

4,425,000 

1,580,000 

6,569,000 

Diversions from the Upper Basin are generally made near the high mountains 

which serve as the source of the river's water supply. Water from these 

mountainous areas is generally of excellent quality (below 100 mg/1 TDS). 

Thus, these diversions do not effectively reduce the salt load of the 

Colorado River system" On the other hand, Lower Basin waters are of rela-

tively poor quality so that a substantial salt load is removed when water 

is diverted from the stream system. Where the diverted water is exported 

out of the Basin, as in the case of diversions to Los Angeles and to the 

Imperial and Coachella Valleys, the salt load is removed from the Colorado 

River Basin system. In these cases, a portion of the diverted supply must 

l/ Water Resources Data for Colorado, U. S. Geological Survey, 1967. 
21 !oms, et al, U. S. Geological Survey Professional Paper 441. 
3; California Water Bulletin for 1966. 
4; International Boundary Water Commission Water Bulletin, 1963. 
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leave the receiving area in order to purge iaported salts from the systems 

served. l'uture diversions to the Gila 'River Basin by way of the Central 

Arizona Project will remove salts froa the surface stream system since 

there will be no return of water from this project to the Colorado River. 

Present and future diversions are discussed aore fully in Appendix B of 

this report. 

Natural Sources 

'11le natural sources of salt may be classified as discrete or diffuse. 

Discrete, or point sources include springs, or seeps, which issue as a 

single flowing stream, or. as a series of such streams within a relatively 

small area. In contrast, diffuse natural sources are characterized by 

salt accretions from large drainage areas. In t:he Colorado lliwr Basin, 

diffuse sources are generally of auch greater aagniblde than point sources. 

Point Sources 

A significant portion of the salt load in the Colorado lliwr Basin 

issues from saline mineral springs which occur throughout the Basin. In 

this report, flowing wells are treated as discrete sources of salinity. 

Diffuse Sources 

In the Colorado River Basin, virtually all the stream flow and aich 

of the salt load arise in the form of spring runoff. lluch aore aoisture 

falls on the uplands and high mountains dlan in the lowlands and valleys. 

Because of both an increase in precipitation and a decrease in evaporation 

with increasing elevation, the upland areas yield moat of the runoff while 

the lowland areas yield alaoa t: no surface flow except during and immedi -

ately following storms. 

15,. 



A portion of the precipitation which falls on the land surface is 

evaporated, while some flows overland to enter nearby streams. Some 
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of the water which percolates into the soil may subsequently rise by 

capillary action and evaporate. Soil moisture may likewise be transpired 

by plants, move to nearby streams, or enter the ground-water reservoir. 

In each case, except for direct evaporation, there is a potential mecha­

nism for solution of salts from the soil. Overland flow may pick up 

soluble salts stranded at the soil surface by evaporation of the capillary 

water. Streamflow enters bank storage in times of high stream stage and 

while in bank storage, the water dissolves minerals from the alluvial 

soils. Salts dissolved may be concentrated by the removal of water through 

phreatic evaporation. During periods of low streamflow, water emerging 

from bank storage will contain the salts leached from the alluvial forma­

tions. Precipitation entering the soil may emerge far downstream as the 

mineralized fl~N of springs or wells, or it may emerge in nearby streams 

as upwelling ground-water. Salts contained in these flows have been 

leached from the soi1s and rocks enroute to the streams. 

As a result of the interaction between soil and water, the mineral 

quality of a stream is closely related to the geology and soils of its 

drainage area. The upland areas of the Colorado River Basin are, for the 

most part, composed of crystalline rocks which are resistant to weathering 

and contain few soluble minerals. These factors coupled with the relatively 

large amount of precipitation and restricted leaching opportunity result 

in runoff with low concentrations of dissolved solids, although the total 

salt load per unit of contributing land area is relatively large. The 

lowland valleys were created by erosion and deposition of mineral solids. 
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Thus, water which comes in contact with valley soils dissolves deposited 

mineral salts and transports them to nearby streams. Formations in some 

of these areas yield relatively high concentrations of mineral salts. 

Examples of such formations include: the Paradox formation which is 

composed of halite, gypsum, and anhydrite; Mancos shale which contains 

abundant amounts of gypsum; and ~he saline facies of Tertiary lake beds. 

In the Upper Colorado River Basin, lorns(4 ) has more extensively documented 

this relationship between the geology of various areas and mineral quality 

of streams in those areas. 

SALT OONCENI'RATING EFFECTS 

The consumptive loss of water from the stream system reduces the 

amount of water available to transport incoming salt loads. As a result, 

water consumption increases the downstream concentration of salts. Ways 

in which salinity conce~tration may be increased by removal of water from 

the stream system are discussed briefly in the following sections. 

Municipal and Ihdustriai 

A number of municipal and industrial uses cause salt concentrating 

effects. Thermal electric power plants are a good example of this form 

of mineral quality degradation. Such plants normally add very little 

salt to a stream. However, they deplete the supply of water by evapor­

ation, thus concentrating mineral salts ipto an ever-decreasing volume 

of water. The residual salts are removed from the power plant by "blow­

down" water from the system. If the ''blowdown" is returned to the stream 

system, it will return a quantity of salt approximately equivalent to 

the amount withdrawn. Thus, the net effect of the power plant is to con­

sume water without affecting the salt burden of the river. The result 
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is an increase in mineral quality in the stream. However, even if the 

"blowdown" were excluded from the stream system, the power plant would 

also affect mineral quality. The nature of this effect is discussed in 

considerable detail in the following section. 

Irrigation 

Irrigation entails consumptive use of water through evaporation, 

transpiration, and through seepage losses, where these losses do not 
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return to the stream system. Wherever such water losses occur upstream 

from significant salinity sources, they may be expected to cause mineral 

quality deterioration. Removal of water from the stream above a salinity 

source diminishes the amount of water available for dilution of salts 

'from that source. The impact of that salinity source on stream quality 

will therefore be increased by the consumptive loss of water. Thus, any 

removal of flow from a stream, for any purpose will adversely effect 

downstream water quality. This relationship is frequently overlooked 

since there may be no effect in the immediate vicinity of the water-using 

activity. Since irrigation depletes a significant quantity of flow from 

the Colorado River system, the salt concentrating effect of irrigation 

is especially important. Records indicate that an excessive amount of 

water is applied to irrigated lands in some areas of the Colorado River 

Basin. One reason is that irrigators feel compelled to use all the water 

historically diverted in order to maintain their water rights. Another 

reason is the lack of widespread understanding of the amount of irriga-

tion water required to meet evapotranspiration and salt balance require-

ments. A third factor is the inadequacy of most irrigation systems 
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to operate in accordance with irrigation demands. These systems generally 

serve water on a "rotation" basis so that the irrigator must use water 

when it is available to him, rather than when his crops need it. Wha·tever 

the justification, excessive consumptive use of irrigation water causes 

a detrimental increase in the concentration of mineral salts in the Colorado 

River Basin. 

Out-of-Basin Diversions 

Exportation of water from the Colorado River Basin increases salt 

concentrations below the points of diversion in the same way as other 

stream depletions. This concentrating effect is partially offset by the 

removal of salt from the Basin, as explained previously. However, in 

the Upper Colorado River Basin, diversions generally occur in the head­

waters areas where salt concentrations are relatively low. For this 

reason, the net effect of these exports is to increase downstream sa­

linity levels through reduction in available dilution water. 

In the Lower Colorado River Basin, the major out-of-Basin diversions 

are at Parker Dam where nearly a million acre-feet of water is diverted 

for distribution by the Metropolitan Water District of Southeni Califoniia 

and at Imperial Dam where water is diverted to the Gila Gravity Canal 

and the All-American canal for irrigation ~nd domestic uses in south­

western Arizona and southern california. These diversions remove water 

which would othexwise be available for dilution of downstream salt loads; 

however, the detrimental effect is partly mitigated since they also remove 

large quantities of salt. 

Most of the seven Basin States have elected to utilize a portion of 

their allocated share of Colorado River water outside the confines of 
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the Basin's drainage area. Thus, excluding Mexico, some five million 

acre-feet of water are currently exported from the Basin. The major 

exports are in California and Colorado; however, other Basin States are 

actively developing means for exportation of a part of their allocated 

share of the Basin's water supply. These planned out-of-Basin diversions 

will serve water to regions in the vicinity of Cheyenne, Albuquerque, 

Salt Lake City, and the Phoenix-Tucson area. Planned increases in the 

amount of exportation are as follows: Colorado, 432,000 acre-feet; 

New Mexico, 110,000 acre-feet; Utah, 144,000 acre-feet; Wyoming, 22,000 

acre-feet; Arizona, between 676,000 and 1,321,000 acre-feet. Thus, 

future out-of-Basin exports will account for about half of the water 

supply of the Colorado River Basin. 

The increase in out-of-Basin diversions, particularly those in the 

Upper Basin, will result in further degradation of ~ineral quality in 

the Colorado River system unless some means are found for augmenting the 

Basin's water supply with good quality waters. 
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CHAPTER III. HISTORIC CHANGES IN WATER QUALITY 

INTRODUCTION 

Those concerned with water resources of the Colorado River Basin 

generally recognize that changes have occurred in the mineral quality 

of surface waters of the Basin. This belief stems from the knowledge 

that development of the water resource projects and consumptive use of 

the water result in degradation of water quality. Although other studies 

of mineral quality of Basin streams have alluded to such changes, there 

has been no clear delineation of those changes which are associated 

with normal fluctuations in hydrologic patterns and those changes which 

"b d I i • i <4 , S) can be attri ute to man s act vit es. The Project attempted to 

fulfill this need by rigorous application of standard statistical tests 

to the mass of historical data that has been compiled. 

The Project's statistical analysis of existing mineral quality data 

was designed to: 

(1) Identify the statistically significant changes in mineral 

quality with respect to time and distance. 

(2) Provide a basis for development of sound conclusions regarding 

relationships to natural and man-made hydrogeological factors. 

(3) Assist in the selection of points and/or stream reaches where 

additional sampling was needed~ 

CHANGES IN WATER QUALITY WITH RESPECT TO TIME 

Statistical Methods Employed 

Long-term mineral quality data developed by the U. S. Geological 

Survey, the Metropolitan Water District of Southern California, and the 
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Agricultural Research Service were utilized in the study. Quality and 

streamflow data from twenty-seven stations representing 353 station­

years were analyzed. Many of the records dated from the early 1940's 

and a few began in the late 1920's. In all cases, the most recent data 

utilized was for water year 1963. 

Preparation of Input Data. Total dissolved solids (TDS) or total 

filterable residue was chosen as the parameter of interest. The total 

dissolved solids determination is a broad analytical procedure encom­

passing all of the constituents involved in salinity concentrations in 

a stream. Moreover, TDS was the only parameter, other than pH or 

specific conductance, which was reported continuously throughout the 

periods of record for each sampling location. 

Since the analytical results reported for any individual sample 

may have represented a variable time period based upon the collecting 

agency's procedures at the time of collection, it became necessary to 

develop a conmon time base for total dissolved solids concentration 

at all stations. The most logical time base appeared to be the 30-day 

nk>nth, since very few samples were composited for longer periods and 

the use of monthly values still permitted input of sufficiently large 

numbers of values for the statistical analysis. 

Two methods of deriving a representative TDS value for each 30-day 

month were considered. The flow-weighted mean concentration may be 

thought of as representing the composition of all the water that passed 

the sampling point during the period of interest and it is approximately 

the result that would have been obtained if all the water had been 

retained in a reservoir and thoroughly mixed before analysis. The 
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time-weighted average is most meaningful from the standpoint of the user 

who has a constant water demand and where the effect of variable flow 

is not important. 

To meet the overall objectives of the study, the flow-weighted 

monthly mean TDS concentration was selected as most suitable for the 

input statistic. These values were obtained or calculated for each 

month of the period of record for all stations. The monthly mean TDS 

values through water year 1957 were taken from USGS Professional Paper 

No. 441 for stations in the Upper Colorado River. For water years 1958 

through 1963 and for all stations in the Lower Colorado River Basin, 

these values were computed from USGS Water Supply Papers and other 

historical records. It was necessary to synthesize TDS values repre-

senting short periods where gaps in the data would have otherwise 

rendered the record unusable. This was accomplished by the use of 

flow-quality plots or the TDS-specific conductance ratio. 

Specific Analytical Techniques. '!be analysis of variance and the 

"Student t Test" which were employed have as one of their basic assump­

(6) 
tions the normal distribution of the population to be tested. In 

nature, few phenomena are characterized by true normal distributions. 

The reason for this, in many cases, is the impossibility of negative 

values. Fortunately, moderate departu~e from normal does not signifi-

cantly affect the use of more statistical tests which' depend upon normal 

distributions of input data. 

Preliminary examination of the data for unregulated streams of the 

Colorado River Basin revealed bimodal distributions of TDS concentra-

tions. Examples of this type distribution are illustrated in Figures 1 
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and 2 for the Eagle River at Gypsum, Colorado, and Colorado River near 

Cisco, Utah. Bimodal distributions, such as those illustrated, indicate 

that two different populations were sampled. Most of the low TDS con­

centrations are associated with the high spring runoff flows; whereas 

TDS values associated with the second peak on the plots are for the low 

streamflow months. 

Examination of the monthly mean discharge data for each of the 

unregulated streams indicated that the greatest portion of the spring 

runoff occurred in the months of May and June. The runoff period often 

extended into April or July, but only rarely to any other month. There­

fore, the water quality data for each year were separated into periods 

of similar flow. The first period included those months associated with 

the high TDS concentrations, or those months where the streamflow did 

not include the spring runoff. The months of August through March were 

found to exclude the spring runoff at all stations included in this 

study, and are referred to hereafter as the "base flow months." This 

grouping of monthly TDS data exhibits a nearly normal distribution as 

shown in Figures 3 and 4. The "base flow" data, then, was found to be 

suitable for analysis by standard parametric tests including analysis 

of variance and the "t" test. 

The second grouping of TDS concen.trations represented the months of 

April, May, June, and July. A histogram of these values for the Eagle 

River at Gypsum, Colorado, is presented in Figure 5. It is evident from 

this plot that the distribution is considerably skewed toward the lower 

values. At most of the sampling locations studied, April and July are 

in effect transition months. Their inclusion into either period would 
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not have presented a true picture of changes that may have occurred. 

Moreover, the exclusion of the transition months from either the runoff 

or base flow periods should not affect the detection of changes in 

quality since any significant change, if present, would have been 

demonstrated in the two clearly defined periods. Therefore, the data 

representing the transition months of April and July were not used in the 

analysis of changes in quality with time, and, for the purposes of this 

study, May and June were designated as "runoff months." 

Histograms of the TDS concentrations during the runoff months are 

presented in Figures 6 and 7 for the Eagle River at Gypsum, Colorado, 

and the Colorado River near Cisco, Utah. The distribution of TDS values 

for the runoff months does not approximat~ a normal distribution but 

is skewed toward zero. Parametric tests are not appropriate for analysis 

of this type of data. Therefore, the median test, a non·-parametric 

method of testing for differences in means was utilized for analysis of 

data for runoff months. 

The classifications described above are only applicable to data for 

unregulated streams. Streamflow regulation changes the distribution of 

both flow and concentrations. Because of the large storage capacity 

of reservoirs, such as Lake Mead, and mixing effects therein, variations 

within any year of record tend to be considerably dampened. This is 

illustrated by the distribution of TDS concentrations for the Colorado 

River at Parker Dam, California-Arizona, for all twelve months as shown 

in Figure 8. Therefore; data for stations on the main stem of the Colorado 

River below Lake Mead were analyzed using all twelve months in the same 

manner as the base flow data for stations in the Upper Colorado River Basin. 
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(7) 
Double Mass Curve techniques were employed to segregate periods 

of data for testing. In this application of the mass curve technique, 

the cumulative annual total TDS concentrations for either the runoff or 

base flow months are plotted against the corresponding years. This 

causes the time variable to be, in effect, cumulative. If no change in 

water quality occurred, over the period of record, then the data plots as 

a straight line and the slope of the line represents the mean concentra~on 

for that period. A break in the slope of the TDS mass curve indicates a 

change in the constant of proportionality between TDS and time, and the 

position of the break indicates the time at which the change occurred. 

The change in slope of the line at a break indicates the degree of change 

in water quality for the two periods. 

Cumulative annual totals of the flow-weighted monthly mean TDS con-

centrations were plotted as percentages of the 1963 water year cumulation. 

This, in effect, normalized or placed all of the mass curves on a common 

base. Figure 9 is a typical mass curve of the type utilized in this 

1/ 
analysis.-

M~ss curves were developed for both the runoff and base flow months 

on the unregulated streams and for complete years of data on the regulated 

streams of the Colorado River Basin. 

It was necessary to exercise judgment in the selection of breaks 

representing chaJ18eS in water quality and to ignore spurious breaks in the 

!/ All mass curves and other graphical analyses are on file in the Project 
Offices and are available for examination. The material is of such 
bulk that its inclusion herein is not practicable. The examples of 
these graphical techniques, provided herein, are intended to illustrate 
methods used in the statistical studies. 
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curve caused by the inherent variability related to short-term hydro-

logic patterns. "nierefore, only those time periods representing changes 

of at least five years duration were tested. 

In the statistical evaluation of the time patterns, the objective 

was to determine whether breaks in the mass curves corresponded to sta-

tistically significant changes in TDS concentrations. The hypothesis 

of significant difference between mean concentrations for two periods 

of time were tested by the "t" test. Sinc;e more than two apparent changes 

were to be tested, at most stations, the analysis of variance, or F-test, 

was the more appropriate analytical tool. 

'lbe F-test compares the variance, s 1
2 , of each period tested with 

the pooled variance, 2 sz . In other words, the F-test is a special case 

of the "t" test wherein the variances are compared rather than the means. 

If the same random factors that cause variation within time periods are 

responsible for observed differences among time period means, then 

and 
2 sz will be equal within sampling limits. Therefore, the hypothesis 

tested with the F-test is that 

F 
s 2 

= 1 
~ 2 

= 

= 

1 

2 
sz = 2 

(j or that, 

Usually the assumption is made that the alternative to 

2 2 
s 1 >s

2 
, and the one-sided test is used. 

= is 

The analysis of variance method of testing hypotheses is based upon 

the following assumptions: (1) that the samples come from a normally 

distribUted parent population, (2) that variances of the populations 

are equal, (3) that the samples are random, and (4) that in cases of 

more than one variable of classification the effects are additive. If 
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any of these conditions are not met there is uncertainty in tests of 

significance, particularly when the variance ratio is very near the 

critical value. 

The assumption of randomness is always questionable in time series 

data. However, study of runoff for the Colorado River indicated that 

mean annual runoff can be considered random for periods of five years 

or more. (B) Since there is a correlation between salinity concentrations 

and runoff for most unregulated streams in the Colorado River Basin, <2, 9) 

the assumption of randomness is reasonable where means representing 

periods of five years or more were compared. 

The assumption of homogeneous variance was tested by the Bartlett's 

test which is described in most statistics textbooks. 
(10) If the 

populations are not normal, the Bartlett's test is not appropriate since 

rejection of the hypothesis could mean that the population variances are 

unequal and that the populations are not normal, or both. However, 

since this test is very sensitive to normality, acceptance of the hypothesis 

of equal variances also indicates that the data approximates a normal 

distribution. 

The median test was utilized for the base flow months at those 

stations where the assumptions of normality and homogeneous variance 

were not satisfied. The number of cases in two samples, of size N1 and 

N2, falling above and below the median of the combined observations, 

N = N1 + N2, can be used to test the hypothesis that the samples are 

randomly drawn from two identically distributed populations. This test 

can be expanded for any number of samples and is not dependent upon 

normal distribution or homogeneous variances. 
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In cases where changes in quality appeared to be associated with 

changes in streamflow, three techniques were employed to confirm their 

association: 

(1) Mass curve for stream discharge using a five-year moving 

average. This curve illustrates any change in trend in the 

runoff pattern with respect to time at each station. A five-

year moving average was used to minimize the large variation 

in annual means which was exhibited at a number of stations. 

(2) Percent of average flow graphs. The mean flow was calculated 

for the period of record for each station, and then the 

average flow for each year was converted to percentage of the 

mean flow for the period of record. These percentages were 

plotted on the TDS mass curves. Those years having greater 

than average annual streamflow for the period of record are 

represented by the area above the TDS mass curve line. The 

area bleow the mass curve indicates deficient runoff. Figure 

10 illustrates the percent of average flow plots utilized in 

this technique. 

(3) S I R k c 1 . c ff. . ( 6) Th. . pearman s an orre ation oe 1c1ent. is is a non-
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parametric test to determine the degree of correlation between 

two variables when the observations are taken at the same time. 

It is similar to the correlation coefficient of the least 

squares technique. It has been shown that most unregulated 

streams exhibit some flow-quality relationship. If a change 

in quality was due to a change in climatic conditions, then a 

flow-quality relationship should have prevailed during the 

period examined. 
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Testing for significant changes in water quality, with respect to 
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time, for the runoff months at each station was accomplished in a manner 

similar to that used for the base flow months. The major difference 

was in the use and interpretation of the analysis of variance since the 

assumptions of normality and homogeneity of variance could not be 

satisfied. The non-parametric median test was used as the statistical 

basis for decisions on the acceptance or rejection of the hypotheses of 

equal means for the time periods being considered. 

The same procedures that were employed for the base flow months 

were followed in determining the causes of significant changes for the 

runoff months. 

Results of Time Analyses 

The time studies revealed that significant changes in mineral quality 

of Colorado River Basin streams, above Hoover Dam, occurred at eleven 

locations, during base flow months and at five locations during runoff 

months. Increases in mineral concentrations during base flow months 

were detected for the Colorado River at Hot Sulphur Springs, at Lees 

Ferry and at Grand Canyon; the Animas River at Farmington, New Mexico; 

and the San Juan River near Bluff, Utah. Statistically significant 

decreases in mineral concentrations were detected for the Colorado 

River near Cameo, Colorado, near Cisco, Utah, and Grand Canyon, Arizona; 

the Gunnison River near Grand Junction, Colorado; the White River near 

Watson, Utah; and the San Rafael River near Green River, Utah. 

Increases in mineral concentrations during runoff months occurred 

for the Colorado River at Hot Sulphur Springs, Colorado, near Glenwood 

Springs, Colorado, near Cameo, Colorado, and near Cisco, Utah. ~o 
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statistically significant decreases in mineral concentrations were 

detected during runoff months at Upper Colorado River Basin sampling 

stations. 

All of the changes detected were definitely associated with changes 

in streamflow but only the 22 mg/l increase in TDS concentration for the 

Colorado River at Hot Sulphur Springs could clearly be associated with 

man-caused changes in flow. Closure of Willow Creek Dam of the Colorado-

Big Thompson Project coincided with this increase. 

All stations downstream of Hoover Dam exhibited statistically sig-

riificant increases in mineral concentrations. These increases were 

associated with the drought of the mid-1950's, introduction of and sub-

sequent improvements in the drainage of irrigated lands, the closure of 

dams and increased consumptive use. Decreases in mineral concentrations 

were detected at all stations below Hoover Dam at the conclusion of the 

drought. 

Results of the time analyses are sunmarized in Tables 1, 2, and 3. 

Detailed discussions of these analyses are available in an open file 

report at the Project Office(ll). 

CHANGES IN WATER QUALITY WITH RESPECT TO DISTANCE 

The objective of the distance analysis was to ascertain the signifi-

cance of changes in mineral quality between sampling locations on streams 

in the Colorado River Basin. The study was also intended to single out 

reaches of streams in which significant increases in TDS concentrations 

occur. Such reaches would then be studied on a more intensive basis to 

identify the sources of salinity. 
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In the study of the distance patterns, the five years of record 

innnediately prior to water year 1964 were used in determining mean TDS 

concentrations. The five-year period was selected in order that the 

influences of wet and dry years might be eliminated and to assure that 

186 
38 

the data would be as nearly homogeneous as possible. The water quality 

data used in this portion of the study were grouped as "base flow" and 

"runoff months" in the same manner as in the time analysis. 

The approach taken, in the distance pattern analysis, was somewhat 

d . ff f h k b 1 ( 4) . h h . d d 1 erent rom t at ta en y Iorns, et a 1n t at no synt es1ze ata 

were utilized and a uniform five-year time span was employed. These 

constraints were imposed in order to minimize the effects of climatolog-

ical cycles and the non-uniform pattern of man's developmental activities 

in the Basin. Minor differences in qualitative results of Iorns' analysis 

and the Project are apparent; however, the results of both analyses lead 

to the same conclusions regarding distance patterns in the Upper Colorado 

River Basin. Iorns did not undertake a similar analysis in the Lower 

Basin. 

Data representing sequential pairs of stations were subjected to 

analysis by parametric and non-parametric tests. The TDS mean concen-

trations for all stations on the Lower Colorado River differed signifi-

cantly at the 95 percent confidence level. Even the 29 mg/l difference 

in mean TDS concentration for the runoff months between Lees Ferry and 

Grand Canyon was found to be highly significant. 

The mean TDS concentrations at key stations on streams in the 

Colorado River Basin are presented in Table 4. The difference in 

concentrations for adjacent stations is obvious in most cases. The 
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Table 4. 

River 

Colorado 

San Juan 

Green 

Eagle 

Gunnison 

Dolores 

Animas 

Henry's Fork 

Yampa 

Little Snake 

l)Jchesne 

White 

Price 

San Rafael 

Mean TDS Concentrations for Key Stations 
in the Colorado River Basin 

Water Years 1959-1963 

Location of Station 

Hot Sulphur Springs, Colo. 
Glenwood Springs, Colo. 
Cameo, Colorado 
Cisco, Utah 
Lees Ferry, Arizona 
Grand Canyon, Arizona 
Hoover Dam, Arizona-Nevada 
Imperial Dam, Arizona-Calif. 
Yuma, Arizona 

Archuleta, New Mexico 
Bluff, Utah 

Green River, Wyoming 
Greendale, Utah 
Ouray, Utah 
Green River, Utah 

Gypsum, Colorado 

Grand Junction, Colorado 

Cisco, Utah 

Farmington, New Mexico 

Linwood, Utah 

Maybell, Colorado 

Lily, Colorado 

Randlett, Utah 

Watson, Utah 

Woodside, Utah 

Green River, Utah 

Base 
Months 
(mg/l) 

94 
402 
732 

1,152 
1,015 
1,069 

259 
869 

441 
557(533) 
592 
722 

679 

1,220 

2,140 

552 

1,200 

317 

532 

1,220 

601 

3,950 

722 

All 
Months 
(mg/l) 

677 
792 

Changing 

Runoff 
Months 
(mg/l) 

77 
208 
265 

187 

316 
477(372# 
512(401) 

124 
316 

265 
407(337) !;,/ 
240 
276 

156 

408 

464 

203 

615 

112 

147 

999 

303 

4, 740 

276 

a/ Figures in parentheses are for water years 1959-62. Closure of Glen 
- canyon and Flaming Gorge.Dams caused abnormally high TDS concentrations 

at downstream stations in 1963. 



dendritic diagrams for the runoff months (Figure 11) and the base flow 

months (Figure 12) show the changes in mineral quality with respect to 
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distance for streams above Lake Mead. The relationships between quality 

changes and distance for sampling locations downstream of Hoover Dam are 

shown in Figure 13. Increases in TDS concentration occur, generally, 

in progression downstream, except where inputs of higher quality water 

dilute the water in the receiving streams. Increases are most marked in 

those reaches where agricultural drainage exerts strong influence and 

where overland runoff contributes dissolved salts to the streams. 

Causes of changes in water quality, with respect to distance, are dis-

cussed in detail in Chapter IV of this Appendix. 

SUMMARY OF FINDINGS 

During base flow months (August through March), four stations 

located above Hoover Dam exhibited increases in TDS concentrations, four 

showed decreases, and two experienced both increases and decreases. TDS 

concentrations increased significantly at five stations above Hoover 

Dam during runoff months. There were no cases of statistically signifi-

cant decreases in salinity during the runoff months at these stations. 

All of the Colorado River stations downstream of Roarer Dam showed both 

increases and decreases in TDS concentrations. 

All of the changes in quality in the Colorado River Basin at 

stations above Hoover Dam were associated with changes in the streamflow. 

Only one of these changes in streamf low could be clearly associated with 

man's activities. Closure of Willow Creek Dam was associated with 

increases in TDS concentrations at downstream stations. Other changes 

appeared to be the result of drought periods of the early and middle 

1930's and mid-19SO's. 



GS-

White River 

SJS-10 
San Juan River 

Mea Annual TDS Co centration (Mg/I) 

O Water Years 1959-63 
D Water Years 1959-62 

~ - Sampling Station No. 

UMS-1 

Figure 11 Distance Pattern or TDS Concentrations During RunoCC Months 
for the Colorado River & Tributaries above Lake Mead ...... 

00 
\() 



White River 

UMS-8 

SJS-10 
San Juan River 

lea• Aaa al TDS Conceatratioa ( Mg/I) 
o Water Years 1959-63 
0 Water Years 1959-62 

'\,,, CS-19 - Sampling Station No. 

SJS-

Figure 12 Distance Pattern of TBS Concentrations During Base Flow Months 

for the Colorado River & Tributaries above Lake Mead 

ft.. 
\0 
0 



lea• A•••al TBS Coaceatratio• (I g I I) 
o Water Years ·1959-63 
D Water Years 1958-60 
0 Water Years 1961-63 

LIS-I - Sampling Statio• No. 

Fig•re 13 Distaace Pattern of TDS Concentrations for the Colorado River below Hoover Da• 

...... 
\0 ...... 



192 
~ 

Changes in quality of the waters of the Colorado River downstream of 

Hoover Dam were found to be associated both with changes in streamflow and 

with the drainage from irrigated areas. 

Analyses of the changes in water quality with respect to distance 

affirm that increases in TDS concentrations occur generally in downstream 

sequence, except where inputs of higher quality water dilute the water 

in the receiving streams. Increases are most marked in those reaches 

where agricultural drainage exerts strong influence and where overland 

runoff contributes dissolved salts to the streams. 
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CHAPTER IV. NATURE, LOCATION, AND MAGNITUDE OF SALINITY SOURCES 

Several studies of mineral quality of water have been carried out in 

. (12) 
the Colorado River Basin. These include investigations by LaRue, the 

U. S. Geological Survey, <4> and the Bureau of Reclamation. (l3 ) These 

studies were based largely on existing water quality data, but incorporated 

the findings of special field studies in certain problem areas. Several 

Federal agencies, including the Bureau of Reclamation and the Geological 

Survey, have maintained long-term water quality surveillance programs, of 

varying intensity and techniques, throughout the Basin. 

A detailed review of publications, reports, and unpublished informa-

tion, by the Project staff, indicated certain gaps in existing data on 

mineral quality of the Basin's waters that needed to be filled in order 

to evaluate the changes in quality for certain reaches of streams. The 

Project, therefore, carried out short-term sampling programs and field 

investigations throughout the Basin to obtain data needed to fill major 

gaps in existing water data and to obtain detailed information on the lo-

cation and magnitude of salinity sources. The Project studies included: 

1. Detailed and intensive map and ground reconnaissance of the 

Colorado River Basin. 

2. Study of geohydrology and stratigraphy of the Basin, and their 

effects on mineral quality of streams. 

3. Evaluation of the effects of springs, seeps, diffuse natural 

sources, overland runoff, municipal and industrial discharges, 

and irrigation on mineral quality of streams. 
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4. Stream sampling and flow measurements to define stream reaches 

in which major changes in salinity and mineral composition occur. 

5. Intensive water and salt budget studies of individual watersheds 

in the Upper Colorado River Basin, and of major irrigated areas 

adjacent to the Lower Main Stem of the Colorado River. 

The studies were carried out in the Lower Colorado River Basin during 

the period November 1963 through December 1964, and in the Upper Basin from 

June 1965 through May 1966. The upper portions of the Little Colorado 

and Gila River drainage areas were not included in the studies since lit-

erature review and study of hydrological records indicated that these 

areas contribute insignificant amounts of flow and salt load to the Lower 

Colorado River. Except during infrequent floods, the Gila River has been 

discontinuous at Gillespie Dam since 1937. The river is reconstituted 

near the mouth by drainage from the Wellton-Mohawk Irrigation Project area. 

The effects of this drainage on mineral quality of the Lower Colorado River 

were included in the Project studies. 

The waters in the upper portion of the Little Colorado River Subbasin 

are impounded and consumptively used to the extent that flow below Winslow, 

Arizona, becomes intermittent. Continuous flow is reestablished near the 

river's mouth by discharges from Blue Springs. Both the ·intermittent flow 

from the lower river reaches and the flow from the springs were included 

in the studies of the Lower Colorado River, but it was not possible to 

quantify the effects of irrigation in the headwaters area of the Little 

Colorado River. 

In this Appendix, the term ''Lower Colorado River Basin" is used to 

describe the drainage area which actually contributes significant flow to 
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the Lower Colorado River. This excludes the reaches of the Little Colorado 

and Gila Rivers above the points at which the streams are discontinuous 

or intetmittent. 

FIELD srUDY METHODS 

Collection of Basic Information 

Basic information on irrigated acreage; cropping patterns; locations 

of springs and seeps; location, volume and quality of industrial waste 

discharges; quantity and quality of oil field brine and brackish water 

production; the effect of mine drainage; and other factors on mineral 

quality of Colorado River Basin streams was collected during the course 

of the field investigations. This information was obtained through inter­

views with responsible officials of irrigation districts, farm operators, 

county agents, State Engineers and staff, and faculty of agricultural 

schools, by detailed map and ground reconnaissance of s1:reams and tribu­

tary areas, and by review and updating of municipal and industrial waste 

inventories. Project personnel made full utilization of the excellent 

infoxmation on geology, geohydrology, and stratigraphy of the Upper Colo­

rado River Basin contained in the U. S. Geological survey Report by Iorna 

and his associates.<4 > Since no such compendium on Lower Colorado River 

Basin conditions was available, it was necessary for Project personnel to 

develop the water-related geological information for this area. 

Water Quality Investigations 

As indicated in Chapter III, various agencies, most notably the U. S. 

Geological Survey, have obtained mineral quality data at sampling stations 

throughout the Colorado River Basin. These sampling locations generally 

were selected to evaluate the effects of specific geohydrological factors 
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or individual water resources projects. Data from these stations were of 

great value to the Project, but the stations did not provide sufficient 

areal coverage to meet Project objectives. Accordingly, the Project carried 

out a two-phase water quality-quantity study with the following principal 

features and objectives: 

1. A network of sampling stations at key locations on principal 

streams within the Colorado River Basin. These stations, here-

after referred to as "main network stations" were located, 

insofar as possible, to provide measurement of salt loads en-

tering and leaving significant watersheds, to define the magni-

tude of changes in mineral composition within critical reaches 

of stream~ and to provide data for input to the Project's 

routing model studies. The locations of these stations in the 

Upper and Lower Colorado River Basins are shown on Figures 14 

and 15, respectively. 

2. Measurement of flow and mineral quality of selected streams, 

irrigation diversions and returns, and point sources of salinity. 

The stations sampled in connection with this activity are re-

ferred to, in this Appendix, as "survey stations." The Upper 

Colorado River Basin was subdivided into 29 watersheds or 

"study areas" for which salt and water budgets were developed. 

The locations of the 29 study areas are shown in Figure 16. 

Relative salt yields from these areas were evaluated in terms 

of the total salt load entering Lake Powell. The Lower Colorado 

River Basin studies were carried out in much the same manner. 

Budgets were developed for the reach between lees Ferry and 
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Hoover Dam, and for the reach between Hoover Dam and the Northerly 

International Boundary. It was not possible to develop a budget 

for the reach between the Northerly and Southerly International 

Boundaries, known as the "Limi trophe Section." 

Where possible, water quality stations maintained by the U. s. 

Geological Survey, the Bureau of Reclamation, and other State and Federal 

agencies were incorporated in the Project's field studies. Project samp-

ling stations were located near existing USGS flow-measurement stations 

where possible. In situations where flow data were not available, Project 

personnel performed the necessary stream gaging and stage measurements. 

Main network stations were sampled at two-week intervals. Samples 

were subjected to measurement of physical parameters in the field, and 

1/ 
to complete- mineral analysis at the Project laboratory in Salt Lake 

City, Utah. 

Survey stations were sampled at monthly intervals and samples for 

alternate months were subjected to complete analysis. Specific conduct-

ance was measured on samples collected for intervening months. TDS-

conductivity relationships developed at the survey stations were utilized 

to estimate TDS concentrations for the samples for which only conductivity 

was measured. 

'lhe study methods employed did permit differentiation between the 

salt concentrating and salt loading effects discussed in Chapter III of 

this Appendix. Although the distinction between the two effects is clear 

in the case of springs, some municipal and industrial effluents, and 

!_/ Calcium, Magnesium, Sodium plus Potassium, Chloride, Sulfate, Bicar­
bonate, residue at 180°c, pH, and Specific Conductance. 
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discharges of water used only for cooling, most of the results of this 

study represent the combined salt loading and salt concentrating effects. 

Raw analytical data developed in the course of the field studies are 

too voluminous for inclusion in this Appendix. These data have been fur-

nished to the Conferees, and to participating and cooperating agencies at 

periodic intervals. Printouts of the raw data are available for exami-

nation at the Project Off ice in Denver, Colorado. 

Evaluation of Discrete Sources of Dissolved Minerals. Springs and 

seeps, for which salt loads were available in various reports and publi-

cations, were checked by field measurements. Salt yields were measured 

and documented for other springs which were located by field recor.nais-

sance. Several abandoned oil-test wells were found to be discharging 

significant salt loads to Basin streams. An open file report, providing 

salient information on all known discrete natural sources of mineralized 

water in the Basin, has been prepared and is available in the Project 

Off
. (14) 
l.C~ • 

The salt loads contributed by municipal effluents were measured at 

thirteen representative communities within the Basin. The quantity and 

mineral quality of domestic water supplies, and of waste water discharged 

to surface streams, were determined. Based upon data obtained at the 

thirteen representative communities, salinity contribution coefficients 

(tons of salt per day per 1000 population) were developed and used in 

calculating salt loads for other communities throughout the Basin. 

Salt contributions from industries having direct discharge of in-

dustrial wastes, process water, or cooling water to streams were docu-

mented by flow measurement and sampling at appropriate intervals. Salt 

201 
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loads contributed by discrete return flows in surface drains from irri-

gated areas were evaluated in the same manner. 

The major producing oil fields within the Basin were surveyed on a 

well-by-well basis to determine the extent and magnitude of the salt 

loads attributable to disposal of produced water and other oil-field 

activities. 

Coal and metals mining operations, and associated mills and refin-

eries, were examined to ascertain their contribution of both mineral 

salts and heavy metals to Basin streams. 

Evaluation of Diffuse Sources of Dissolved Minerals. Mineral quality 

data developed from sampling of network and survey stations were used to 

prepare water and salt budgets for the study areas. These budgets were 

then utilized to calculate the flow and total dissolved solids yields of 

unit areas. The technique used has been described by Iorns and.his 

associates.<4> The Project studies, however, utilized quality and flow 

data for specific days, and included data for every known significant in-

flow within each area. Iorns' work was based upon mean values for fewer 

sampling stations. 

The water and salt budgets were based upon data from all gaged and 

1/ . measured runoff- to the stream system, runoff from ungaged tributaries, 

and measured outflows. The flow and salt loads for ungaged tributaries 

were derived by correlation with nearby gaged streams with appropriate 

adjustments for variation in geological characteristics and precipitation. 

y As used in· this Appendix, the term "runoff" refers to all of the water 
flowing in the stream channel and includes surface runoff, interflow, 
and base flow. "Surfa~e runoff" includes only the water t~f~)reaches 
the stream channel without percolating to the water table. 
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The difference between the calculated input loads and flows and the 

measured outflow, from the areas studied, was attributed to leaching and 

seepage associated with irrigation, and direct overland n.inoff to streams. 

The magnitude of the direct overland runoff from most areas was insignifi­

cant except during periods of snowmelt. Field obseivations, streamflow 

records, and u. S. Weather Bureau records were used to obtain estimates 

of the periods and magnitude of overland runoff. Periods of irrigation 

diversions occurred only during sunmer and early fall months, and were 

thus easi}y distinguished from periods of snowmelt. Return seepage from 

irrigation which carried leached salts continued throughout the year in 

most areas. 

For irrigated areas seived by surface water supplies, water and salt 

·budgets were structured so that only salt added to the streams by leach­

ing was attributed to irrigation. Where areas were irrigated with ground­

water, the entire salt load was attributed to irrigation since the dis­

solved minerals in the pumped ground-water in most cases would not have 

reached the imnediate reach of stream in the absence of pumping for.irri­

gation. 

The water and salt budget method utilized in these studies is well 

suited to headwaters areas, where streamflow and quality are sensitive 

to small inputs of water and salt. The method is less suitable for down­

stream reaches where errors in flow measurement or laboratory analyses 

can mask or distort the calculated response to salt inputs. Owing to 

the very large diversions and the highly developed systems of irrigation 

drains, the Lower Colorado River Basin studies were treated in terms of 

the effect of each salt load input and diversion on the stream. 

203 



Outcrop patterns for the various geologic forniations in the Upper 

204 
56 

Colorado River Basin are shown on U. S. Geological Survey bedrock geology 

maps for the Basin States. The geohydrologic characteristics of the 

pertinent foilDB.tions are surrmarized on Plate No. 1 of USGS Professional 

(4) 
Paper No. 441. 

Evaluation of Changes in Mineral Composition. Changes in the rela-

tive proportions of chemical constituents in water may occur with, or 

without, changes in the total dissolved solids content. Such changes 

may result from ion exchange, precipitation or solution of mineral com-

pounds, or the addition of water having a different chemical composition. 

Composition changes between key sampling stations, and the relationship 

of composition of major inflows to that of receiving streams, were studied 

by the method outlined by Hem in USGS Water Supply Paper No. 1473~ 5 ) 

RESULTS OF FIEID INVESI'IGATIONS - UPPER BASIN 

A brief description of each of the study areas in the Upper Colorado 

River Basin and the significant findings of the field studies for each 

are presented in the following sections. Detailed discussions of each 

study area are contained in an open file report(l 6 ) which is available 

for inspection at the Project Office in Denver, Colorado. 

Study Area 1 (Green River Subbasin) 

Description. Area 1 consists of the Green River drainage upstream 

of Big Sandy Creek, which encompasses 4,922 square miles in Sublette, 

Lincoln, and Sweetwater Counties in Wyoming (Figure 17). Elevations range 

from 6,300 feet at the junction of the Green River and Big Sandy Creek 

to 13,785 feet on Gannett Peak in the Wind River Range. 
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The higher portions of the Wind River Range are composed of highly 

resistant igneous and metamorphic rocks. Precipitation on these uplands 

ranges from 20 to 50 inches per year. Because of the abundant precipita-

tion and resistant characteristics of these areas, streams draining from 

them yield large flows of good quality water. The northern end of the 

Wind River Range and the entire Wyoming Range contain more soluble sedi-

mentary rocks that were deposited during the Cretaceous age. Although 

there is less precipitation on these mountain ranges, the soluble rocks 

yield runoff having TDS concentrations of 200 to 1,000 mg/I. Most of 

Area 1 is underlain by Tertiary rocks which were deposited in a brackish 

lake. The old residual lake beds contain highly saline materials and 

yield base flow to streams having TDS cohcentrations of from 300 to 

7,000 mg/l. 

Findings. Most of the flow in streams of Area l originates in the 

higher mountain areas and is of excellent quality. Nearly all of the 

salt load contributed by the area is derived from the saline lake bed 

materials in the central portion of the area. 

Two mineral springs near Kendall added 26 tons of salt per day. 

Irrigation of about 81,000 acres of hay and pasture land added approxi-

mately 30 tons of salt per day (Figure 17). The average salt contribu-

tion from irrigation was 0.1 ton per acre per year. 

Ionic composition diagrams for streams of this area have the tri-

angular shape which is characteristic of moat headwaters streams in the 

Upper Colorado River Basin. A general increase in total dissolved solids 

concentration occurs between Warren Bridge and the mouth of the New Fork 
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River. Inflow from the New Fork River improved quality in the Green 

River downstream of the confluence of the two streams, but there were 

no important changes in the relative proportions of chemical constituents 

in streams of Area 1 (Figure 48). 

The salt budget for Area 1 is shown in the following tabulation. 

TDS Load Percent of 
Source (tons/day) Total Load 

Springs 26. 2.1 
Irrigation 30 2.4 
Runoff 1194 95.5 

Sub-Total 1250 
Decrease in Storage 160 
Net 1410 

Study Area 2 (Green River Subbasin) 

Description. Area 2 covers approximately 1,720 square miles in 

Sublette, Fremont, and Sweetwater Counties in Wyoming, and includes the 

entire drainage area of Big Sandy Creek (Figure 18). 

The topography of the area ranges from extreme relief in the Wind 

River Mountain Range, to relatively flat desert land along Big Sandy Creek. 

Elevations range from 6,300 feet at the confluence of the Green River and 

Big Sandy Creek, to more than 12,000 feet in the Wind River Mountains. 

The headwaters areas of Big Sandy Creek and its tributaries are under-

lain by insoluble pre-cambrian rocks of the Wind River Range. These peaks, 

which constitute a minor portion of the area, yield most of the runoff 

in Area 2. A minor portion of the runoff is derived from Green River 

Desert areas which are underlain by saline Tertiary lake bed materials. 

Effluent ground-water from the saline lake beds reaches Big Sandy Creek 

near its mouth. 
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Findings. During the study period, the headwaters streams located 

in insoluble outcrop areas yielded approximately 10 tons of salt per day. 

The irrigation of 13,000 acres contributed approximately 200 tons of salt 

per day, or an average of 5.6 tons per acre per year. The salt load yield 

from these irrigated areas was among the highest observed within the Basin, 

and results from leaching of the soluble gypsiferous sediments. Ground-

water seepage from saline lake beds caused an increase in flOW' of 71 cf s 

and a salt load increase of 590 tons per day between the USGS gage below 

Eden, Wyoming, and the mouth of Big Sandy Creek. 

The chemical composition changed from essentially pure water in the 

headwaters areas to predominantly sulfate-type water at the sampling 

station below Eden~ Wyoming. All cations increased above the Eden sta-

tion, and sodium became predominant in the reach below Eden. Chemical 

composition ·of Big Sandy Creek, at its mouth, was essentially identical 

to that of seepage collected in the stream reach below Eden. The high 

sulfate content of the seepage water is caused by solution of gypsum 

underlying the area. 

The salt budget for Area 2 is shown in the following tabulation. 

Source 

Irrigation 
Runoff 

Total 

TDS Load 
(tons/day) 

200 
632 

832 

Study Area 3 (Green River Subbasin) 

Percent of 
Total Load 

24 
76 

Description. Area 3 comprises the Green River drainage area between 

Big Sandy Creek and Blacks Fork River, which covers approximately 2,960 

square miles in Sweetwater County in Wyoming (Figure 19). Rock Springs 

209 
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and Green River, with 1960 populations of 10,371 and 3,496, respectively, 

are the only significant coumunities in the area. Bitter Creek is the 

only significant tributary to the Green River within Area 3. The Bitter 

Creek drainage area is underlain by continental and marine rocks which 

are mostly shale and shaley sandstone of Cretaceous and Tertiary age. 

The Bitter Creek area receives very little precipitation and yields only 

small quantities of water except during periods of storms. 

Findings. The increase of 360 cfs and 481 tons of salt per day from 

the tributary area between Fontenelle Dam and the mouth of Bitter Creek 

resulted from seepage of mineralized ground-water from highly saline rocks 

underlying the drainage area. 

The flow and salt load contribution by Bitter Creek varied widely 

during the year. Flows ranged from 4 to 40 cfs and the salt load varied 

from 26 to 280 tons per day. Flow data were insufficient to permit cal-

culation of a mean annual salt load contribution. It is estimated, based 

upon available data, that natural tunoff from the highly saline geologic 

formations in the Bitter Creek watershed added a salt load of more than 

30 tons per day to the area. Discharges from the communities of Rock 

Springs and Green River added a salt load of one ton per day. 

The chemical composition diagram for the station near Green River, 

Wyoming, showed a significant increase in sulfate due to the saline in-

flow within the reach (Figure 48). 

The salt budget for Area 3 is shown in the following tabulation. 

Source 
Municipal 
Irrigation 
Runoff 

Total 

TDS Load 
(tons/day) 

1 
30 

317 

348 

Percent of 
Total Load 

0.3 
8.6 

91.1 
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Description. Area 4 includes the entire Blacks Fork River drainage 

basin which covers 3,630 square miles in Lincoln, Uinta, and SWeetwater 

Counties in Wyoming; and Sunmit County in Utah (Figure 20). Keumerer 

and Lyman, the only sizeable conmunities within the area, had populations 

of 2,028 and 425, respectively, in 1960. 

Elevations of the area range from 6,000 to more than 10 1 000 feet. 

Annual precipitation isohyets roughly pa.rallel the contours and range 

from less than 8 inches to more than 40 inches per year. 

Principal tributaries to Blacks Fork River are Muddy Creek and Hams 

Fork River. Blacks Fork River heads high in the rugged, glaciated Uinta 

Mountains. Muddy Creek and Hams Fork River head in the Wyoming Mountains. 

Virtually all runoff in the area is derived from the Uinta Mountans which 

are underlain by insoluble igneous and metamorphic rock which yield water 

of excellent quality. Only a minor portion of the flow originates in the 

higher glacial moraine areas just north of the Utah-Wyoming line. 

Findings. "Reagan Spring," located near Interstate 80 bridge over 

Muddy Creek contributed approximately 2 tons of salt per day. 

Irrigation of 71,000 acres in the vicinity of Lyman, Mountainview, 

and Fort Bridger, contributed a salt load of 475 tons per day or an average 

of 2.4 tons per acre per year. This yield is significantly larger than 

the 0.9 tons of salt per acre per year reported by Ioms, et al. This 

disparity probably reflects leaching of new lands brought under irriga-

tion since preparation of the lorns report. Irrigation of 7,000 acres of 

hay and pasture lands upstream of Frontier, Wyoming, added a salt load 

of 6 tons per day to the system. 



65 

.------------------------------------------------------------1513 

249 306 

I 2 •3 I 

lE&llD 
Natural Runoff 
(Entire Drainage Area) 

Irrigated Land 

Mineral Spring 0 

1 u7s lau 

IEY 

Salinity Sampling Stat ion 8 

Flow TDS Cone. TDS Load 

cfs (mg/I) (tons/day) 

COLORADO RIVER BASIN WATER 
QUALITY CONTROL PROJECT 

U. $ . DEPARTMENT OF THE INTERIOR 
Federal Water Pollution Control Adm1n1strat1on 

SOUTHWEST REGION SAN FRANCISCO, CALIF. 

Figwre 20 Flow aad Qwality at Key Sa•pliag Statieas a•~ Lotatioa 
of Priadpal Saliaity Sowrees ia Stady Area 4, 

Upper Colorado River Basi•, 1965-66 



2114 
66 

The salt budget for Area 4 is presented in the following tabulation. 

TDS Load Percent of 
Source (tons/day) Total Load 

Irrigation 481 54.3 
Springs 2 0.2 
Runoff 403 45.5 

Total 886 

Study Area 5. (Green River Subbasin) 

Description. Area 5 includes the Green River drainage between the 

mouth of Blacks Fork River and the mouth of the Yampa River (Figure 21). 

It covers 3,555 square miles in Sweetwater County in Wyoming; Sunmit and 

Daggett Counties in Utah; and Moffat County in Colorado. 

The headwaters of the area are located on the older sediments and 

igneous outcrops of the Uinta Mountains. This small area yields virtually 

all runoff within the study area. In Utah, the Green River crosses a 

small outcrop of sediments of Cretaceous through Mississippian age which 

yield good quality water. Downstream from Sheep Creek, the Green River 

crosses a fault and enters the canyon cut in pre-Cambrian meta-sediments 

of the Uinta Range which also yield high quality water. The sediments 

to the north and east of the Green River yield smaller amounts of water 

with higher concentrations of dissolved minerals. 

Findings. The Uinta Mountains yield most of the runoff within Area 

5. Runoff from these headwaters areas is of excellent quality. Small 

amounts of tributary inflow in the downstream areas contain variable 

amounts of minerals dissolved from the sedimentary formations. 1rriga-

tion of 18,000 acres of hay and pasture lands along Henrys Fork contri-

buted a salt load of 243 tons per day or an average of 4.9 tons per acre 
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per year. This relatively large salt contribution is due to the leaching 

of the soluble sediments which underly most of the irrigated area. 

Runoff added more than 2,300 tons per day to the total salt load 

from the area. Most of this load originates from the soluble sediments 

of the lower areas. During the study period, storage in Flaming Gorge 

Reservoir caused a negative salt load balance for Area 5. 

Chemical composition of Henrys Fork at Linwood is predominated by 

calcium sulfate and with the exception of a low sodium content, is typical 

of Upper Basin streams which receive drainage from irrigated areas 

(Figure 48). Mineral composition of the Green River below inflows from 

Blacks Fork and Henrys Fork is typical of mature streams in the Basin, 

i.e., calcium and sodium are the predominant cations, and sulfate con-

centrations exceed those of bicarbonate and chloride. 

The salt budget for Area 5 is shown in the following tabulation. 

Source 

Irrigation 
Runoff 

TDS Load 
(tons/day) 

243 
2337 

Flaming Gorge Res­
ervoir Storage -3770 

Total -1190 

Study Area 6 (Green River Subbasin) 

Percent of 
Total Load 

9.4 
90.6 

Description. Area 6 includes the entire Yampa River drainage basin, 

and covers 3,560 square miles in Routt and Moffat Counties in Colorado; 

and carbon and Sweetwater Counties in Wyoming (Figure 22). Principal 

communities within the area included Steamboat Springs, Hayden, Craig, 

and Maybell in Colorado; and Baggs in Wyoming. 
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The Yampa River heads on flat-lying lava flows of the White River 

Plateau at elevations greater than 12,000 feet. Major tributaries up­

stream of Steamboat Springs head in mountains of the Park Range along 
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the Continental Divide. These headwater areas are underlain by insoluble 

granitic rocks. Precipitation on these high areas exceeds 50 inches per 

year and runoff is of excellent quality. Downstream areas receive as 

little as 10 inches of precipitation per year. Runoff from these saline 

formations contains moderate concentrations of dissolved minerals. 

Findings. The TDS concentrations in Yampa River near oak Creek, 

Colorado, ranged from 177 mg/l to 329 mg/l during the study period. The 

concentrations in the Yampa River at Steamboat Springs ranged from 29 to 

174 mg/l. This illustrates the effect of the high quality runoff from 

the Park Range which enters the Yampa above Steamboat Springs. 

The total salt load of 110 tons per day in the Yampa River at Steam­

boat Springs includes approximately 6 tons per day from_ an abandoned coal 

mine located along Oak Creek just downstream of Oak Creek, Colorado. 

Mineral springs in the vicinity of Steamboat Springs add approximately 

24 tons of salt per day. Irrigation of approximately 38,000 acres of 

forage land contributes 20 tons of salt per day or an average of 0.2 ton 

per acre per year. 

The mean flow and salt load in the Yampa River at Craig, Col~ado, 

was 1,643 cfs and 458 tons per day, respectively. This reflects an addi­

tion of 1,126 cfs and 324 tons of salt per day.downstream of Steamboat 

Springs. ApP.roximately 300 tons per day of this load is from natural 

runoff contributed by Elk River, Elkhead Creek, Trout Creek, Fortification 
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Creek, and other small streams. The remaining salt load addition of 24 

tons per day results from irrigation along the Yampa River and its tribu-

taries. The average salt yield from irrigation was approximately 0.4 

tons per acre per year. This value is in close agreement with the findings 

of lorns,-et a1.<4> 

The Yampa River at Maybell carried a mean annual flow of 1,720 cfs 

and a mean salt load of 695 tons per day during the study period. This 

represents an increase of 78 cfs and 237 tons per day over the flow and 

salt load of the Yampa River at Craig. The release of saline water from 

the Iles Dome Oil Field located south of Lloyd, Colorado, was responsible 

for the addition of 4 cfs and 17 tons of salt per day. Inflow from Milk 

Creek added 96 tons of salt per.day and 30 cfs. Approximately 6 tons per 

day of this addition resulted from irrigation of 2,100 acres of forage 

area along Milk Creek. Natural runoff from Mancos shale outcrop areas 

contributed 90 tons of salt per day. The Williams Fork River yielded 

a salt load of 64 tons per day and a flow of 44 cfs. A Portion of this 

load resulted from spillage of brine produced in the Williams Fork Oil 

Field. Release of this saline water was discontinued during the study 

period. Irrigation of 16,000 acres along Williams Fork added an esti­

mated 13 tons of salt per day to the system. 

Obsetved changes in chemical composition of the Yampa River between 

Steamboat Springs and Maybell were insignificant (Figure 48). Although 

TDS concentrations decreased between Oak Creek and Steamboat Springs, the 

effect of the saline bedrock above Oak Creek is reflected by the increase 

in sodium concentration at Steamboat Springs. 
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The Little Snake River and Slater Fork one of its principle tribu-

tarie~ yielded water with a TDS concentration of less than 160 mg/l 

throughout the year. This excellent quality water reflects the insoluble 

nature of the pre-Cambrian granite along the Continental Divide. Savery 

Creek, another tributary to the Little Snake River, discharged water with 

high salt concentrations derived from mineralized Tertiary sediments. 

Runoff per square mile from Savery Creek watershed was approximately 

equal to that for the Little Snake River; however, the salt contribution 

was about twice as great. 

Approximately 15,000 acres of irrigated land above Dixon contributed 

15 tons of salt per day or an average of 0.3 ton per acre per year to 

the Little Snake River. An additional 25 tons per day was added by irri-

gation of 17,000 acres along the Little Snake between Dixon and Baggs. 

During the study period the Little Snake at Lily yielded a mean 

annual flow of 686 cfs and a salt load of 402 tons per day. The major 

portion of the salt load increase in Area 6 resulted from mineralized 

natural runoff and the solution of minerals from the bed and banks of 

the Little Snake River. 

The salt budget for Area 6 is shown in the following tabulation. 

TDS Load Percent of 
Source (tons/day) Total Load 

Springs 24 2.2 
Irrigation 103 9.4 
Industrial (Oil field 

produced water)!/ 17 1.5 
Mine Drainage 6 o.s 
Runoff 950 86.4 

Total 1100 

1/ Does not include discharge of saline water from Williams Fork Oil 
- Field which was discontinued during the study period. 



73 

Study Area 7 (Green River Subbasin) . 

Description. Area 7 includes the Green River watershed below the 

mouth of the Yampa River and above the mouth of the Duchesne and White 

Rivers. This 1,650 square mile area is located mostly within Uintah 

County of Utah but includes a small portion of Moffat County in Colorado 

(Figure 23). Major tributaries include Brush, Ashley, Cliff, and Jones 

Hole Creeks. Vetnal, Utah, the only major community within the area, 

had a population of 3,655 in 1960. 

Brush and Ashley Creeks originate high in the rugged, glaciated 

Uinta Mountains. The Jones Hole Creek drainage area consists of high 

uplands with deeply incised stream channels and steep hogbacks. The 

streams flow southward to the Uinta Basin, a plateau underlain by flat­

lying sediments of Tertiary through Quatetnary Ages. Elevations of the 

area range from less than 4,800 feet to more than 10,000 feet. Annual 

precipitation isohyets closely follow elevation contours and ranges from 

less than 8 inches per year on the lowlands to more than 40 inches per 

year on the Uinta peaks. Thus, most of the runoff in Area 7 is derived 

from a relatively small area of pre-Cambrian rock formation and is rela­

tively free of dissolved minerals. The sediments of lower areas yield 

smaller quantities of salt~laden water. 

Findings. Data from suxvey stations on Brush Creek and Little Brush 

Creek indicated that large losses of water occurred during the irrigation 

season, and smaller losses occurred during the base flow period. Salt 

loss occurred throughout the period of study indicating that salt may 

have been stored in some portions of the S,100 acres of irrigated land 

within the area. 
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The predominantly clacium-bicarbonate composition of Brush Creek 

during runoff months was characteristic of headwater streams in the Upper 

Basin. Large increases in mineral concentrations occurred during the 

,irrigation season with sulfate being the prevalent anion. During the 

winter months, sodium and sulfate decreased, although sulfate remained 

the predominate anion. The high sulfate concentrations resulted from 

solution of gypsum by overland runoff and irrigation waters. 

Water quality data on Ashley Creek watershed developed by the Bureau 

of Reclamation for the period 1957-1965.were included in the study. 

During water years 1959, 1960, and 1961, irrigation of 20,000 acres in 

Ashley Valley contributed approximately 50 tons of salt per day to Ashley 

Creek. In water year 1962 the salt load increased to more than 100 tons 

per day. In 1963, the. salt load was only 60 tons per day and declined 

to approximately 30 tons pe.r day for water year 1964. In water year 1965 

the salt load was 100 tons pe.r day. The salt load during the Project 

study period, June 1965 to May 1966, was computed to be approximately 

230 tons pe.r day, or an average of 4.2 tons per acre. The heavy snow 

pack ~n 1965 produced abundant ninoff and local irrigators applied large 

amounts of water which undoubtedly leached out salts which had accumulated 

in the soils during the previous dry years. 

Several salt springs and other sources of saline ground-water added 
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to the salt load of the Green River in Area 7. Split Mountain Wann Springs, 

located in Dinosaur National Monument, are reported to contribute 51 tons 

of salt pe.r day. These Springs have been inaccessible since the impound­

ment of Flaming Gorge Reservoir. 
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Water produced at the Ashley Valley Oil Field along the lower reaches 

of Ashley Creek is released to Ashley Creek for irrigation use. The water 

from the oil field contributed 32 tons of salt per day to the system. An 

oil-test hole located adjacent to U. S. Highway 40, east of Jensen, Utah, 

discharges 100 gallons per minute with a TDS concentration of 1,800 mg/I. 

This water is used for stock watering and was not included in the area 

budget. 

Magnesium and sulfate ions increase in proportion to the other 

principal ions in the Green River as a result of irrigation return flows 

(Figure 48). 

The salt budget for Area 7 is shown in the following tabulation. 

TDS Load Percent of 
Source (tons/day) Total Load 

Springs 51 5.6 
Irrigation 230 25.2 
Industrial 32 3.5 
Runoff 599 65.7 

Total 912 

Study Area 8 (Green River Subbasin) 

Description. Area 8 consists of the entire Duchesne River drainage 

basin, comprising 3,820 square miles located mostly in Duchesne County 

but including small portions of Uintah and Wasatch Counties in Utah 

(Figure 24). 

Most of the streams originate in the glaciated Uinta Mountains or 

the high uplands of the Wasatch Plateau. The Uinta Mountains are under-

lain by crystalline rocks which yield runoff of excellent quality. The 

Wasatch Plateau is a high rolling upland with deeply incised streams. 

The area is underlain by marls, shales, and oil shales of the Green River 
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and Uinta formations which contain numerous soluble minerals. The streams 

flow south to the Uinta Basin crossing sedimentary layers en route. The 

valley floor, which covers the greater part of the study area, is under-

lain with flat-lying Tertiary rock. 

Virtually all the runoff in Area 8 is derived from the south flanks 

of the Uinta Mountains or from headwaters area of the Stra~berry River. 

Together, these areas make up less than 10 percent of Study Area 8. 

Findings. Several discrete natural sources discharge minor salt 

loads to streams within the area. Stinking Springs on the Strawberry 

River discharges from 20 to 50 gallons per minute of water with a TDS 

concentration of approximately 7,700 mg/l. These Springs contribute 

a salt load of approximately 1.3 tons per day. Springs along Indian 

Creek add 3.3 tons of salt per day to the system. 

The 166,000 acres of irrigated land in Area 8 adds approximately 

1,350 tons of salt per day to the system. This amounts to an average 

yield of 3.0 tons per acre per year. 

Ionic composition of the headwaters of the Duchesne River was of the 

characteristic calcium-bicarbonate type (Figure 48). Inflow of poor 

quality water from the Strawberry River caused increases in the propor-

tions of sodium and sulfate. The composition diagram for the most down-

stream station on the Duchesne showed the calcium, sodium, sulfate pattern 

characteristics of a mature stream carrying irrigation return water. 

The salt budget for Area 8 is given in the following tabulation. 

TDS Load Percent of 
Source (tons/dax) Total Load 

Springs 4 0.2 
Irrigation 1350 67.8 
Runoff 636 32.0 

Total 1990 
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Study Area 9 (Green River SUbbasin) 

Description. Area 9 includes the entire drainage area of the White 

River and covers approximately 44,000 square miles in Garfield, Rio Blanco, 

and Moffitt Counties of Colorado; and Uintah County in Utah (Figure 25). 

The area includes the communities of Meeker and Rangely, and several other 

smaller settlements. The area has a total population of approximately 

5,600. 

Main tributaries of the White River include the South Fork of the 

White River and Piceance, Yellow, Douglas, and Evacuation Creeks. The 

White River and South Fork of the White ~iver originate on the White River 

Plateau at elevations over 12,000 feet. This Plateau consists of a series 

of flat laya flows with glaciated valleys through which the headwater 

streams fl~. Runoff from this Plateau is of good quality. Below Meeker> 

. the river ehannel cuts through the Grand Hogback and then enters more 

_varied. topography consisting of plateaus, ridges, and cliffs, interspersed 

with open valleys. The varied topography reflects the varying erosion 

resistence of the rocks which underlie the area. The easily eroded for­

mations in the lower elevations yield small amounts of mineralized water •. 

Findings. During the study period, the White River at Buford dis­

charged a mean flow of 352 cfs and a mean salt load of 157 tons per day. 

The South Fork of the White River at Buford yielded a mean flow of 310 cfs 

and a mean salt load of 115 tons per day. These two streams which origi­

nate on the White River Plateau contributed more than two-thirds of the 

total runoff, but less than one-fourth of the salt load from Area 9. 

An increase of 30 cfs and 70 tons of salt per day was measured down­

stream at the Coal Creek station. Almost all of the increase in flow and 
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salt load resulted from tributary inflow to the reach. The effect on 

water quality, of irrigation of approximately 10,000 acres within the 

White River reach between Buford and Coal Creek, was virtually nil. 

Soils within this reach have been well leached by abundant precipitation. 

No significant changes in chemical composition were observed between the 

Buford and Coal Creek stations. 

Increases of 55 cfs and 296 tons of salt per day occurred between 

the Coal Creek and Meeker stations on the White River. An abandoned oil­

test hole near Meeker contributed 3.1 cfs of water with a dissolved solids 

concentration of approximately 19,000 mg/l. This accounted for approximately 

160 tons per day of the salt load increase within this reach. The remain­

ing flow of 52 cfs and a salt load of 136 tons per day within the reach 

was from undefined sources. Irrigation of approximately 10,000 acres 

within_the same reach yields an undetermined quantity of salt to the 

stream, but .it is believed to be considerably less than the 136 tons per 

day from undefined sources. 

In the past, water flowed from a test hole located on the mesa to 

the north of the White River. Salt water also flowed from a seismic shot 

hole until it was recently plugged. Thus, it is evident that saline water 

in the near surface fo~tions east of Meeker is under artisian pressure 

and may be moving into the stream through naturally occurring fissures or 

other test holes. 

Chemical composition changes in the White River reach between Coal 

Creek and Meeker tends to substantiate that salt load increases are caused 

by ground-water inflow. Sodium, chloride, and sulfate were the predomi­

nate ions in discharge from the Meeker oil-test hole. These ions increased 

markedly in the immediate reach of the White River. 
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Flow and salt load at the USGS station on the White River at Watson 

reflect an increase of 67 cfs and 352 tons of salt per day in the reach 

of the stream below Meeker. Approximately 100 tons per day of this in-

crease is discharged from the Piceance Creek drainage area. This in-

eludes the salt contribution from irrigation of approximately 5,000 acres 

along Piceance Creek. A flowing oil-test hole along Piceance Creek added 

17 tons of salt per day. 

The salt load from Yellow Creek was approximately 7 tons per day. 

This included approximately 2 tons of salt per day from a sulfur spring 

located above the mouth of Yellow Creek. The TDS concentration in Yellow 

Creek exceeded 2,000 mg/l throughout the year. The salt load from Douglas 

Creek varied widely with flow, but was estimated to average 35 tons per 

day. Approximately 20 tons of salt per day were added by irrigation of 

small areas along the White River below Meeker. 

The saline inflow from Piceance, Yellow, and Douglas Creeks caused 

major changes in chemical composition.of the White River (Figure 48). 

Sodium, sulfate, and bicarbonate increased significantly below the entrance 

of these streams. Relatively small changes in salt loads and chemical 

composition were observed in the White River between Watson and Ouray, Utah. 

The salt budget for Area 9 is given in the following tabulation. 

Source 

Irrigation 
Abandoned oil-test holes 
Springs 
Runoff 

Total 

TDS Load 
(tons/day) 

20.!/ 
177 

2 
951.!/ 

1150 

Percent of 
Total Load 

1.7 
15.4 
0.2 

82. 7 

.!/ Includes salt contribution from irrigated areas along Piceance, Yellow, 
and Douglas Creeks. 
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Study Area 10 (Green River Subbasin) 

Description. Area 10 includes the Green River drainage area between 

the mouth of the White River and the town of Green River, Utah (Figure 26). 

The area covers approximately 3,000 square miles in Grand, Emery, Carbon, 

Uintah, and Duchesne Counties of Utah. Major tributaries in the area 

include Willow Creek, Pariette Draw, Nine-Mile Creek (Minnie Maud Creek), 

and the Price River. There are no communities and few inhabitants within 

the area. 

The Green River flows from the Uinta Basin toward the east side of 

the San Rafael Swell, cutting through the Roan Cliffs and Book Cliffs in 

Desolation Canyon. In the Dinta Basin, the rocks are flat lying and form 

broad flat valleys and mesas. In the Desolation canyon area, streams 

are deeply incised with small flat mesas remaining. As the river flows 

south, it crosses progressively older rocks from the Tertiary sediments 

in the Ouray, Utah, area to the Mancos shale at Green River, Utah. The 

Book Cliffs are formed by the late Cretaeious Mesa Verde group and 'Roan 

Cliffs are fanned by the oil shales of the Green River formation. Runoff 

from all formations within the area is moderately to highly mineralized. 

The mean annual runoff from Area 10 is negligible except during snowmelt 

and infrequent summer storms. 

Findings. During the study period, total flow within the area de­

creased by 66 cfs while the salt load increased by 510 tons per day. 

The total salt load added by Pariette Draw, Willow Creek and Nine-Mfle 

Creek accovnted for more than half of the salt load increase within the 

reach. The remaining increase was derived from minor tributaries and from 

direct runoff to the Green River. Virtually the entire salt load from 

Area 10 was attributable to natural runoff. 
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Study Area 11 (Green River Subbasin) 

Description. Area 11 includes the entire Price River drainage basin, 

which covers approximately 1,900 square miles in western Carbon and northern 

Emery Counties of Utah, and small portions of adjacent counties. The 

communities of castle Gate, Helper, Price, Wellington, Draggerton, and 

numerous smaller settlements are located in the area. (Figure 27) 

Most of the runoff in the area originates along the east flank of 

the Wasatch Plateau, which forms the western boundary of the area. The 

Price River crosses the Book Cliffs, flows across Castle Valley, the 

source of most of the salt load in the Price River, then across the San 

Rafael Swell and across the Book Cliffs again, to join the Green River. 

The area downstream of Castle Valley yields little flCM or salt, except 

during snowmelt or summer storms. 

Findings. During the study period, the Price River at Woodside, 

Utah, carried a mean flow of 136 cfs and a mean salt load of 885 tons 

per day. Irrigation in the San Rafael River area contributed approxi-

mately 100 tons of salt per day. Runoff above the diversion dam near 

Price, Utah, yielded approximately 100 tons of salt per day. A coal 

washing plant!/ and a dry ice manufacturing plant on Flood Wash near 

Wellington yielded 13 tons of salt per day. Municipal discharges added 

3 tons of salt per day. The small tributaries and direct runoff belCM 

Price contributed approximately 80 tons of salt per day. The total 

measured salt load from Area 11 was approximately 300 tons per day leaving 

some 580 tons per day attributable to influent ground-water and irrigation. 

!f The coal washing plant ceased operations subsequent to completion of 
this study. 
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Very intensive study of ground-water conditions wovld be required 

to define the relative amounts of salt contributed by naturally occurring 

effluent ground-water and irrigation. If most of the unmeasured salt load 

was due to irrigation of the 25,000 acres in Castle Valley, the average 

yield would be on the order of 8.5 tons per acre per year. In any event, 

the application of irrigation water on the outcrop of Mancos shale 

severely degrades mineral quality of the Price River. 

The effect of leaching of soils underlain by Mancos shale is reflected 

in the composition pattern diagram for the Price River at Woodside (Figure 

48). The TDS concentration was very high with sulfate being the predomi-

nate anion. Concentratior,s of all cations were high, with sodium exceeding 

all others. Although discharge from the Price River is small compared 

to flow in the Green River, concentrations of sulfate and sc:Hum in the 

Price River were sufficiently high to cause significant alteration in 

the chemical composition of the Green River. 

The salt budget for Area 11 is shown in the following tabulation. 

TDS Load Percent of 
Source (tons/day) Total Load 

Irrigation 
saoY (Castle Valley) 65.5 

Irrigatior. 
(San Rafael River) 100 11.3 

Industrial 13 1.5 
Municipal 3 0.3 
Runoff 189 21.4 

Total 885 

!/ Includes effluent ground-water which cannot be quantified without 
extensive ground-water study. 
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Study Area 12 (Green River Subbasin) 
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Description. The study area is the San Rafael River drainage basin, 

including approximately 2,065 square miles in Emery and Sanpete Counties 

of Utah. There are no communities of sufficient size to have signifi-

cant effect on mineral quality of water within the area. Rainfall with-

in the area ranges from less than 8 inches per year at the lower altitudes 

to more than 40 inches per year in the higher altitudes. Virtually all 

the runoff from Area 12 is derived fro~ streams which head in the uplands 

of the Wasatch Plateau, along the western edge of the study area. The 

streams then flow into the relatively flat Castle Valley which is under-

lain by the highly soluble Mancos shale. Most of the headwater streams 

are intercepted by the San Rafael River in the Castle Valley area. The 

San Rafael River crosses the San Rafael Swell which is underlain by sedi-

ments of the Morrison formation of the San Rafael group. These forma-

tions include thick beds of gypsum, but yield small amounts of runoff 

except during periods of snowmelt. The San Rafael River then crosses 

the relatively flat San Rafael desert and joins the Green River belO'A 

Green River, Utah. The San Rafael watershed downstream of Castle Valley 

Yields relatively small amounts of runoff and salt due to the low annual 

precipitation. (Figure 28) 

Findings. Two minor sources, Iron Wash Spring and Buckhorn Wash 

Spring contributed approximately 0.5 to~ of salt per day to the stream 

system. 

The Bureau of Reclamation collected extensive data on water quality 

in the Castle Valley area during the period 1962-1965. These data were 
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combined with quality data collected by the Project in developing the 

salt budget for the area. Irrigation of 36,000 acres in Castle Valley 

added a salt load of approximately 290 tons per day, a portion of which 

is returned to the Price River. The average yield of approximately 

2.9 tons per acre per year closely approximates the 3.2 toLs per acre 

1 1 d b I d h
. . (4) 

per year ca cu ate y orns an is associates. Runoff, the major 

salinity source in the area, increased the salt load from the area by 

607 tons per day. 

Chemical composition of the San Rafael River is similar to that of 

the Price River with sulfate being the major anion (Figure 48). Nearly 

equal amounts of calcium, magnesium, and sodium indicate that solution 

of gypsum from Mancos shale, by precipitation and applied irrigation 

water, is responsible for a major portion of the salt load input from 

this area. 

The salt budget for Area 12 is shown in the following tabulation. 

TDS Load Percent of 
Source (tons/day) Total Load 

Springs <l 0.1 
Irrigation 290 32.3 
Runoff 606 67.6 

Total 897 

Study Area 13 (Green River Subbasin) 

Description. Area 13 consists of the Green River drainage below 

238 
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the town of Green River, Utah, exclusive of the San Rafael River drainage 

area (Figure 29). It covers approximately 1,900 square miles in parts 

of San Juan, Wayne, Grand, and Emery Counties in Utah. The community 
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of Green River and the small village of Thompson are the only population 

centers in the area. 

The study area is located in the "Canyon Lands" section of the Colo­

rado Plateau, an area characterized by young to mature c~nyon plateaus 

with high relief. The northern portion of the area is underlain by 

Mancos shale. In the southern portior.s of the area, streams have cut 

deep canyons into the sandstones and shales of the San Rafael Group and 

the Dakota and Morrison fonnations, which yield moderately mineralized 

runoff. The Green River crosses the Little Grand fault dCMnstream of the 

town of Green River. In the geologic past, the Little Grand fault served 

as a passageway for the upward migration of mineralized ground-water 

prior to the drilling of a test hole, "Crystal Geyser," which currently 

serves to relieve the driving pressure. 

Findings. "Crystal Geyser" is the only known point source of salt 

in Area 13. This "geyser" erupts periodically as carbon dioxide pressure 

buildup in the originating formation exceeds the head required to expel 

accumulated water from the test hole. This source adds a salt load of 

53 tons per day directly to the Green River. 

The reach of the Green River immediately above its mouth is inac­

cessible; therefore, no outflow station for Area 13 could be established. 

Although it was not possible to develop a budget for this study area, 

mineral contributio11s within the area are believed to be insignificant. 

No perennial streams enter the Green River in Area 13, but Browns Wash 

and Salaratos Wash, both of which drain Mancos shale outcrops, discharge 

highly mineralized water during infrequent storms. 
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Study Area 14 (Upper Main Stem) 

Description. Area 14 consists of the Colorado River drainage above 

the mouth of the Eagle River, which covers 3,480 square miles in Grand, 

Routt, Eagle, and Summit Counties of Colorado. The communities of Hot 

Sulphur Springs, Granby, Grand Lake, Kremmling, and other small settle­

ments are located within the area (Figure 30). 

Streams in Area 14 originate along the Continental Divide, in and 

south of Rocky Mountain National Park. The headwater areas are under­

lain by insoluble granitic formations. Elevations range from approxi­

mately 6,300 feet at Dotsero, to more than 13,000 feet at the Continen­

tal Divide. Precipitation varies from approximately 12 inches per year 

at the lower elevations, to more than 40 inches per year at higher ela­

vations. 

Findings. During fhe period of the study, the Colorado River drain­

age area above Hot Sulphur Springs, Colorado, yielded a mean annual flow 

of 230 cfs and a mean salt load of 57 tons per day. In general, runoff 

from the pre-cambrian crystalline rocks and the Tertiary volcanics above 

Granby was of very good quality. Irrigation added little salt due to 

the low solubility of the soil. Flow and salt load contributions to 

the Colorado River above Hot Sulphur Spring~ due to runoff, were 232 cfs 

and 40 tons per day. Irrigation of mountain meadows and forage crops in 

the tributary area above Hot Sulphur Springs added 15 tons of salt per 

day to the Colorado River. 

The thermal springs, for which the town of Hot Sulphur Springs is 

named, contributed approximately 0.4 tons of salt per day to the Colorado 
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River. In the reach between Hot Sulphur Springs and Krenunling the increase 

in mean flow and salt load amounted to 25 cfs and 92 tons per day. Tri­

butaries within this reach include Williams Fork, Reeder Creek, Trouble­

some Creek, East Troublesome Creek, Muddy Creek, and the Blue River. 

These tributaries add approximately 30 tons of salt per day to the Colo­

rado River. Irrigation of approximately 24,000 acres in the Colorado 

River Valley, upstream of Kremmling, added 61 tons of salt per day to 

the stream system. This yield averages 0.9 tor.s per acre per year. 

The Muddy Creek drainage area contributed a total salt load of 82 

tons per day of which 32 tons per day were from runoff, and 46 tons were 

attributable to the irrigation of 7,000 acres within the Muddy Creek 

area. The salt yield from irrigation averaged 2.4 tons per acre per 

year. 

Flow and salt load increases in the Colorado River between Krennnling 

and the mouth of the Eagle River were 588 cfs and 474 tons per day, 

respectively. These figures indicate the low mineral content of runoff 

from this area and are directly related to the insoluble character of 

the rock which outcrops throughout much of the tributary area. 

Chemical composition of the Colorado River at Hot Sulphur Springs 

was typical of a headwater stream. The shape of the composition diagram 

is roughly triangular, with calcium and bicarbonate concentrations pre­

dominant, and sodium and chloride present only in small amounts (Figure 

47). Downstream stations show an increase in the proportions of magne­

sium and sulfate concentrations due to the influence of irrigation return 

flows. 



The salt budget for Area 14·is given in the foll~wing tabulation. 

ms~~ Percent of 
Source (tons/day) Total Load 

Springs <l 0.1 
Irrigation 122 14.9 
Runoff 694 85.0 

Total 817 

Study Area 15 (Upper Main Stem) 
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Description. Area 15 includes the drainage areas of the Eagle and 

Roaring Fork Rivers and the Colorado River watershed between the mouth 

of the Eagle River and the USGS gage at Silt, Colorado (Figure 31). 

The area covers some 3,200 square miles in Eagle, Garfield, Pitkin, and 

Mesa Counties of Colorado. The communities of Glenwood Springs, Aspen, 

and several other smaller settlements are located in the area. 

The higher mountain areas are underlain by resistant, insoluble rock 

formations which yield large volumes of high quality water. The valleys 

of the Eagle River below Gypsum and the Roaring Fork River between Carbon-

dale and Glenwood Springs are cut into more easily eroded rock including 

the gypsum and anhydrite of the Paradox formation. These lower areas 

receive less precipitation and yield smaller quantities of runoff, but 

ground-water and runoff from these areas are highly mineralized. 

Findings. The Eagle River upstream of Redcliff, Colorado, contained 

TDS concentrations of 120 mg/l, or less, throughout the year of study. 

Cross Creek above Minturn, Colorado, had 'I'DS concentrations of less than 

50 mg/I. These low concentrations of 'I'DS demonstrate the insoluble 

character of the bedrock underlying the headwater areas. 
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The New Jersey Zinc Corporation mine and mill at Gilman, Colorado, 

discharges process waste to a tailings pond located near the mm~th of 

Cross Creek. The decanted tailings liquor is discharged into Cross 

Creek, and adds approximately 10 tons of salt per day to the stream 

system. Ground-water moving through an old tailings area, at this lo-

cation, also picked up acid and dissolved metals which were then 

carried into the Eagle River. The toxic materials which entered Eagle 

River and Cross Creek eliminated aquatic life in the immediate reaches 

of both streams. Since the con•pletion of the study, the New Jersey Zinc 

Corporation has installed pumps which collect and return the toxic 

seepage to the tailings area. 

Salt load in the Eagle River at Edwards, Colorado, varied from 130 
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tons per day during the winter months to more than 600 to~s per day during 

the spring runoff period. Much of this salt load is contributed by ground-

water seeping from mineralized formations which outcrop in the area, and 

leaching from irrigated areas underlain by saline formations upstream 

of Edwards. It was not possible to separate these ground-w-ater and irri-

gation effects. Brush Creek, another Eagle River tributary, contributed 

approximately 60 tons of salt per d~y, of which approximately 10 tons 

per day were from small irrigated areas. The remainder of the salt load 

was due to natural runoff from the outcrop of the highly saline Paradox 

formation. 

The quality of Gypsum Creek was determined at its mouth at Gypsum, 

Colorado, but it was not possible to obtain accurate fl<M measurements 

at this point; therefore, no salt load contribution could be calculated. 
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Total dissolved solids concentrations at the mo11th of Gypsum Creek ranged 

fro:n 400 to 1,250 mg/l during the study period. These concentrations 

were observed below an area underlain by gypsum of the Paradox formation 

and downstream of 6,400 acres of irrigated land. 

The salt load of the Eagle River above the mouth of Gypsum Creek 

was 491 tons per day during the study period. The salt load contribu­

tion by Gypsum Creek is not included in this total. A total salt load 

increase of 938 tons per day occurred within the reach of the Colorado 

River in Study Area 15. Mineral springs, located on both banks of the 

Colorado River approximately 2~ miles below the mouth of the Eagle River, 

and minor tributary inflow, appeared to be responsible for virtually all 

of the 447 tons of salt per day increase which is not otherwise accounted 

for. 

Thermal springs in the vicinity of Glenwood Springs added 11.5 cfs 

and 585 tons of salt per day to the Colorado River. Flow from one of 

the major springs, not included in the above total, is used in a large 

outdoor swimming pool at Hot Springs Lodge·- in Glenwood Springs. Flow 

from this spring is also used to heat the lodge and to convey raw sewage 

from the lodge to the Colorado River. Discharge from the lodge was 7 cf s 

and the salt load was calculated at 333 tons per day. Mineral springs 

located in the area below Eagle River and above the mouth of Roaring Fork 

River add a salt load of approximately 1,360 tons per day to the stream 

system. 

During the year of study, the Roaring Fork drainage area yielded a 

mean flow of 1,694 cfs, and a salt load of 994 tons per day. The drain­

age area of Roaring Fork River above Basalt yielded 64 percent of the 
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flow, but only 39 percent of the salt load. The Fryingpan River above 

Basalt yielded 18 percent of the flow but only 7.5 percent of the salt 

load in the Roaring Fork drainage area. Crystal River at Carbondale 

yielded 26 percent of the flow in the Roaring Fork system, and 19 per-

cent of the salt load. Direct ninoff to the Roaring Fork River from 

small tributaries and ground-water inflow was calculated to yield 145 

tons of salt per day. Irrigation of 21,000 acres in the Roaring Fork 
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drainage area cortributed a salt load of 200 tons per day or an average 

of 3.5 tons per acre per year. This irrigation occurs on lands under-

lain by saline material derived largely from the Paradox formation. 

In the reach of the Colorado River between the mouth of Roaring 

Fork River and the USGS gage at Silt, increases of 136 cfs and 212 tons 

of salt per day were observed. Approximately 25 cfs and 16 tons per day 

of these increases were attributable to runoff in Canyon Creek. Elk 

Creek yielded approximately 50 cfs and 40 tons of salt per day. Natural 

runoff contributed approximately 56 tons of salt per day and irrigation 

of 16,000 acres contributed approximately 100 tons per day to ~he Colorado 

River. The salt yield from irrigation averaged approximately 2.3 tons per 

acre per year. 

The chemical composition of the Eagle and Roaring Fork Rivers was 

very similar and reflected the influence of outcrops of gypsum and anhydrite 

of the Paradox formation over which the streams flow. The composition 

pattern diagrams for the Colorado River show increases in chloride and 

sodium due to the springs at Dotsero and Glenwood Springs (Figure 47). 

The mineral springs in this area also add radioactive elements to the 

river system. 
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The salt budget for Study Area 15 is shown in the following tabulation. 

Source 

Industrial Effluents 
Springs 
Runoff 
Irrigation 

Total 

IDS Load 
(tons/day) 

10 
1,360 
1,384 

310 

3,064 

Percent of 
Total Load 

0.3 
44.4 
45.2 
10.1 

Study Area 16 (Upper Main Steam) 

Description. Area 16 includes the drainage area of the Colorado 

River between the USGS gages at Silt and Cameo, Colorado. The area covers 

1,375 square miles in Garfield and Mesa Counties of Colorado. The signifi-

cant tributaries within the area are Rifle, Parachute, and Roan Creeks. 

Rifle which had a 1960 population of 2,135 is the principle community in 

the area. Elevations range from less than 5,000 feet to more than 11,000 

feet. Precipitation varies from about 12 to more than 30 inches per year. 

With the exception of minor mesa areas along the south boundary of 

the study area and the headwaters of East Rifle Creek, Area 16 is under-

lain by sediments containing saline minerals which result in mineralized 

runoff. (Figure 32) 

Findings. During the year of the study, flow within Area 16 increased 

by 240 cfs and 490 tons of salt per day were added to the system. Approxi-

mately one ton of the load was contributed by sewage effluents from the 

towns of Rifle and Silt. Forty tons of salt per day were added by efflu-

ent from the Union carbide Nuclear Corporation uranium mill at Rifle, 

Colorado. An additional undetermined amount of salt was added by seepage 

from the tailings pond at this location. The mill is located on highly 

pervious Colorado River alluvium and much of the process water from the 

mill is discharged into ponds constructed on this alluvium. Water from 
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the ponds infiltrates to the ground-water body and moves downgrade to 

intersect the river. Determination of the salt load added by this seep-

age would require further investigation of ground-water conditions in 

the mi:l 1 area. 

During the study period, TDS concentrations in Roan Creek near 

DeBeque varied from 600 rng/l to 1,700 mg/l with most values ranging be-

tween 800 and 850 mg/l. TDS concentrations at the mouth of Roan Creek 

ranged from 1,200 to 2,400 mg/l. During most of the study period the 

salt load in Roan Creek near DeBeque, above the irrigated area, was 

greater than the salt load in Roan Creek at its mouth. This loss indi-

cated that irrigated areas within the reach may have been storing salt. 

The negative salt balance resulted from an insufficient application of 

irrigation water to leach the salt. 

Only minor changes in chemical composition of the Colorado River 

occurred within Area 16. There was a slight increase in sulfate concen-

tration in proportion to other constituents. 

The salt budget for Study Area 16 is given in the following·tabulation. 

TDS Load 
Source (tons/day) 

Irrigation 30 
Industrial Effluent 40 
Runoff and Industrial 

wastes.!./ 420 

Total 490 

Percent of 
Total Load 

6.1 
8.2 

85.7 

Study Area 17 (Upper Main Stem) 

Description. Area 17 consists of the drainage area of the Colorado 

River between USGS gaging stations near Cameo and near Loma, Colorado, 

1/ Salt loads contributed by effluent ground-water and seepage from in­
dustrial waste ponds in the Rifle area could not be separated at the 
time of the study. 
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excluding the Gunnison River drainage area. The study area covers approxi­

mately 1,866 square miles in Mesa County, Colorado, and Grand County, Utah. 

Major tributaries which enter this reach of the Colorado River include 

Plateau, Ashbury, and Salt Creeks. Principle communities within the area 

and their 1960 population are Grand Junction, 18,694; and Fruita, 1,830. 

Smaller communities in the area include Loma, Appleton, Clifton, Palisade, 

Fruitvale, and Cameo (Figure 33). 

A major portion of the study area is within the valley carved by the 

Colorado River and is bounded on the north and west by the Roan Cliffs 

and Book Cliffs and on the east by the Grand Mesa. Elevations range from 

less than 4,500 feet at the Loma gaging station to more than 10,000 feet 

in the headwaters of the Plateau Creek on Grand Mesa. 

Quality of runoff is directly related to the underlying rock forma­

tions. Grand Valley is underlain by gypsiferous Mancos shale. Ground­

water and runoff from this area contain high concentrations of calcium 

sulfate. The lava capped Grand Mesa yields most of the runoff in Area 

17. This runoff is of excellent quality due to the insoluble nature of 

the lava formations. 

Findings. During the study period, direct discharge of effluent 

from the Climax Uranium Mill at Grand Junction contributed a salt load 

of 35 tons per day to the system. The "South Sewage Treatment Plant" at 

Grand Junction contributed approximately 5 tons of salt per day, and the 

"West Sewage Treatment Plant" added approximately 11 tons per day. 

Effluent from the American Gilsonite Corporation Plant near Fruita added 

approximately 9 tons of mineral salts per day to the river. Direct 
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tributary drainage in the immediate valley area added 2 tons of salt per 

day to the river. Irrigation of approximately 88,000 acres in the Grand 

Valley area added 1,925 tons of salt per day to the Colorado River, or 

an average yield of 8.0 tons per day per acre per year. This high salt 

yield, which is among the largest observed in the Colorado River Basin, 

is due to the highly soluble nature of the Mancos shale underlying the 

irrigated area. 

Plateau Creek added 161 tons of salt per day to the Colorado River. 

It was not possible to develop an accurate salt budget for the Plateau 

Creek drainage, but the salt load contribution by irrigation was esti-

mated at 60 to 82 tons per day. Thus, the total salt contribution for 

irrigation in Area 17 was approximately 2,000 tons per day. This amounts 

to 93 percent of the total salt load contribution from Area 17 and 7.7 

percent of the total Upper Colorado River Basin salt load. 

Chemical composition of the Colorado River within Area 17 changed 

significantly. Calcium increased slightly, but the relative proportions 

of cations remained essentially constant. The large increase in sulfate 

and decrease in chloride concentrations resulted from ion-exchange in 

the gypsum-rich Mancos soils irrigated with Colorado River water and 

from similar conditions in the Gunnison River drainage area. 

The salt budget for Study Area 17 is tabulated below. 

TDS Load Percent of 
Source (tons/day) Total Load 

Industrial Effluents 44 2.2 
Municipal Effluents 16 0.7 
Runoff 90 4.1 
Irrigation 2000 93.0 

Total 2150 
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Study Areas 18, 19, 20, and 21 (Upper Main Stem) 

Description. Study Areas 18, 19, 20, and 2~ comprising the Gunnison 

River Drainage, were combined for study as a unit because of the complex 

water diversions between the areas (Figure 34). The study area covers 

8,000 square miles in Mesa, Delta, Gunnison, Saguache, Hinsdale, San Juan, 

Ouray, and Montrose Counties of Colorado. Delta, Montrose, Gunnison, 

Ouray, and Paonia are the principle communities in the area. 

Major tributaries in the area include Tomichi Creek, Lake Fork, 

North Fork, and the Uncompahgre River. The headwaters of the Gunnison 

River, Tomichi Creek, and Lake Fork are underlain by resistant rocks 

which yield large quantities of high quality runoff; while the areas 

drained by the North Fork, the Uncompahgr~ and the Lower Gunnison River 

are underlain by more soluble formations which result in more mineral­

ized runoff. 

Findings. The Gunnison River discharged a mean flow of 1,040 cfs 

and a mean salt load of 314 tons per day at Gunnison, Colorado. The 

salt load from irrigation upstream of Gunnison was 9 tons per day, or 0.3 

tons per acre per year. Runoff from the Taylor River, East River, Ohio 

Cree~ and directly to the Gunnison River contributed a mean flow and 

salt load of 1,085 cfs and 294 tons per day. The excellent quality of 

this ninoff is directly attributable to the resistant nature of the 

headwaters rock formations. 

Salt load budgets for the Razor Creek drainage and the irrigated 

areas along Tomichi Creek indicated a similar low salt yield from irri­

gation. The soils which were under irrigation have been well leached 

by the relatively high precipitation in this area. 
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The Lake Fork drainage area contributed a mean flow of 348 cfs and 

a salt load of 73 tons per day during the period of the study. About 

one ton per day of this total salt load was contributed by drainage from 

abandoned mines located in the headwaters area of Lake Fork. Irrigation 

of 3,800 acres in the Lake Fork watershed contributed approximately one 

ton per day to the total salt burden. The remainder of the salt load 

resulted from natural runoff, and the low yield is indicative of the 

highly resistant character of the igneous and metamorphic rocks under­

lying the area. Closure of Blue Mesa Dam on the Gunnison River during 

the period of study precluded development of a salt budget for that reach 

of the stream. During summer runoff, the area yielded approximately 

1,000 cfs and 300 tons of salt per day. This yield declined to 150 cfs 

and 30 tons per day just prior to closure of the dam in October 1965. 

The Uncompahgre River drainage area, upstream of Ouray, Colorado, 

yielded a mean annual flow of 137 cfs and a salt load of 62 tons per 

day. Drainage from active and abandoned mines in the area above Ouray 

yielded approximately 9 cfs and 13 tons of salt per day. Much of the 

mine drainage is highly toxic and precludes aquatic life in many of the 

headwater streams. 

Flow from Ouray Hot Spring is collected in Box Canyon and piped 

downstream to a swimming pool located below Ouray. Overflow from the 

pool is discharged into the Uncompahgre River and adds a salt load of 

approximately 4.5 tons per day to the stream. Other hot mineral springs 

located along the Uncompahgre River, about one mile above Ridgeway, 

add approximately 1 cfs and 7 tons of salt per day to the stream. Water 
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budgets for the Uncompahgre River below OUray and above the mouth of 

Dallas Creek showed flows varying from a loss of 29 cfs to a gain of 

278 cfs. The large variation in flow is due to the seasonal nature of 

the runoff and the diversion of water for irrigation. The mean annual 

flow in the reach was 28 cfs and the mean salt load was 124 tons per 
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day. Irrigation of 6,000 acres in the Uncompahgre River Valley consumed 

7 cfs and added 74 tons of salt per day to the stream. The salt yield 

from irrigation which was calculated to average 4.5 tons per acre per 

year, was attributable to leaching of minerals from saline soils of the 

area. Runoff from soluble sedimentary outcrops within the Region con-

tributed approximately 50 tons of salt per day. Losses in salt load, 

within the reach of the Uncompahgre River between Ridgeway and Colona, 

indicated the possibility of salt storage in irrigated lands. 

Water and salt budgets for the Lower Gunnison Valley in the vicinity 

of Montrose and Delta are highly complex. A detailed discussion of 

sources and changes in mineral quality within this reach is available 

in an open file report at the Project Office in Denver, Colorado. Irri-

gation of 164,000 acres in Gunnison Valley, most of which is underlain 

by gypsiferous Mancos shale, yielded a salt load of approximately 3,000 

tons per day or an average 6.7 tons per acre per year. This high yield 

results from application of irrigation water to soils derived from the 

Mancos shale. 

During the year of study, the Gunnison River Basin yielded a mean 

annual flow of 3,100 cfs and a mean salt load of 4,670 tons per day. 

The 3,000 tons per day from irrigation in the Lower Gunnison River Basin 

represents 64 percent of the total salt load additions to the area. 
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An additional salt load of 100 tons per day was contributed by irrigation 

throughout the remainder of the Gunnison Basin. 

The chemical composition of the upper reaches of the Gunnison River, 

Tomichi Cree~ and Lake Fork was typical of headwater streams derived from 

highly r~sistant rock formations. In the lower reach of the Gunnison 

River, there was a significant change in chemical composition which was 

caused by runoff from the North Fork of the Gunnison River and irriga-

tion in the vicinity of Delta. Solution of saline minerals in the Mancos 

shale in this area caused calcium and sulfate to predominate. 

Chemical composition of the upper reaches of the Uncompahgre River 

was unusual for headwater streams in that calcium and sulfate predomi-

nated. The high concentration of these chemicals was due primarily to 

mine drainage and natural oxidation of sulfide minerals in the Red Moun-

tain Creek drainage area. Calcium and sulfate were predGminate through-

out the lower reaches of the Uncompahgre and Gunnison Rivers due to 

irrigation return flows and runoff from the widespread gypsiferous Mancos 

shale in the area. 

The salt budget for Study Areas 18, 19, 20, and 21 is shown in the 

following tabulation. 

TDS Load Percent of 
Source (tons/dai) Total Load 

Municipal 36!/ 0.8 
Irrigation 3100 66.4 
Mine drainage 14 0.3 
Runoff and Springs 1520 32.S 

Total 4670 

!/ Includes ungaged infiltration to the Delta sewage collection system. 



Study Area 22 (Upper Main Stem) 

Description. Study Area 22 consists of the Colorado River water-

shed between Loma, Colorado, and the mouth of the Dolores River (Figure 

35). It covers an area of approximately 1,190 square miles in north-

eastern Grand County, Utah, and northwestern Mesa County, Colorado. 

Tributaries within the area include the Little Dolores River, West-

water Creek, Bitter Creek, and Cottonwood Wash, all of which yield in-

significant runoff. 

The area is characteristic of the Colorado Plateau with st~ep-

walled buttes rising high above the valleys occupied by intermittent 

streams. The tops of the buttes are forested while the valleys are 

generally barren. Elevations in the area range from 4,000 to 9,500 

feet. Annual precipitation ranges from slightly less than 8 inches, 

along the river, to more than 20 inches at high elevations. The total 

area yields insignificant runoff. 

Findings. There were no significant salt load additions by tribu-

taries during the study period, and there were no consumptive losses 

within the reach other than evapotranspiration by phreatophytes in the 

valleys. During the study period, flow within this area decreased by 

70 cfs and the salt load decreased by 60 tons per day. The observed 

changes in flow and salt loading are well within the limits of accuracy 

of stream measurement and sampling analysis. Small decreases in flow; 

however, may have occurred due to evapotranspiration. Some precipita-
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tion of minerals may also have occurred within the Colorado River reach 

in Study Area 22. 
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Study Area 23 (Upper Main Stem) 

Description. Study Area 23 includes the entire drainage area of 

the Dolores and San Miguel Rivers (Figure 36). It covers 4,536 square 

miles in Montezuma, Dolores, San Miguel, Montrose, and Mesa Counties, 

Colorado, and in Grand and San Juan Counties, Utah. There are no com-
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munities of significance from the standpoint of effects on water quality. 

Active and inactive mines and mills within the area have profound effects 

on water quality. Elevations of the area range from 4,200 feet to more 

than 14,000 feet. The Dolores River and its major tributary, the San 

Miguel River, head in the alpine topography of the San Juan Mountains, 

in a region of high precipitation and resistant rocks. Most of the 

streamflow comes from these areas which comprise less than 10 percent 

of the study area. Downstream areas yield less 11Jnoff, having higher 

concentrations of TDS. 

Findings. The highly resistant rocks upstream of Dolores yield 

large volumes of high-quality water. During the study period, the Dolores 

River at Dolores yielded a mean annual discharge of 580 cfs, and a mean 

salt load of 215 tons per day. Approximately 6 tons per day of this load 

were attributaule to drainage from three mines in the Rico area. This 

drainage also contains high concentrations of heavy metals which limits 

aquatic life in the Dolores River. Stoner Creek discharged water with 

TDS concentrations of from 70 to 150 mg/I and the West Fork of the Dolores 

River had concentrations ranging from 100 to 350 mg/l. Paradise Hot 

Springs, located on the West Fork of the Dolores River, discharged water 

with a TDS concentration of 5,500 mg/I. This salt spring contributed a 

salt load of 1.7 tons per day and partially accounts for the higher 
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mineral concentrations in West Fork. A small amount of irrigation may also 

contribute some salt to the West Fork. Much of the flow in the Dolores 

River is diverted into the McElmo Creek Basin. This diversion of high-

quality water deprives the Dolores River system of dilution water in the 

downstream reaches. 

Disappointment Creek, which flows over Mancos shale throughout its 

entire length, discharged salt loads of from 3 to 142 tons per day to 

the Dolores River. The runoff of Disappointment Creek was highly mineral-

ized throughout the year. 

The Dolores River at Bedrock discharges a mean annual flow of 530 

cfs and a mean salt load of 456 tons per day. This reflects a decrease 

of 50 cfs and an increase of 240 tons per day over the stream reach 

between Dolores and Bedrock. The decrease in flow resulted from the 

diversion of water to the McElmo Creek Basin. This diversion also 

carried a small amount of salt out of the Dolores River Basin. 

In the reach of the Dolores River between Bedrock and the mouth of 

the San Miguel River, water quality is severely degraded by solution of 

minerals in Paradox Valley. The mean salt load addition, due to solution 

of minerals from the Paradox Valley salt anticline, was calculated to be 

688 tons per day. A detailed discussion of the geohydrologic conditions 

which are responsible for this major salt load is available in an open 

file report at the Project Off ice in Denver, Colorado. 

The San Miguel River below Telluride had a mean flow of 88 cfs and 

a mean salt load of 31 tons per day, reflecting the high quality of 

runoff from the San Juan Mountains. This salt load included approximately 

4 tons per day from several active and abandoned mines in the headwaters 
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area. The Idarado Mining Corporation mill above Telluride adds small 

amounts of salt through seepage from a tailings pond. 

In the reach of the San Miguel River between Telluride and Naturita, 

flow increased by 296 cfs and the salt load increased by 287 tons per 

day. The South Fork of the San Miguel River contributed 30 to 150 tons 

of salt per day of which approximately 10 tons per day resulted from 

drainage from mines in the headwaters area. Naturita Creek added a salt 

load of approximately 70 tons per day of which 46 tons per day were 

attributable to irrigation of approximately 6,000 acres in the Norwood 

area. The salt yield attributable to irrigation averaged approximately 

2.8 tons per acre per year. The remainder of the salt load increase was 

due to natural runoff from formations containing soluble minerals. 

The San Miguel River above Uravan had a mean annual flow of 437 cfs 

and a mean salt load of 425 tons per day. This represents an increase 

of 53 cfs and 107 tons of salt per day in the reach between Naturita 

and Uravan which was due to diffuse groundwater inflow and overland 

runoff. 

At the station below Uravan, there was a mean annual salt load of 

544 tons of salt per day, a gain of 119 tons per day in the Uravan 

reach. Effluent from the Union Carbide Uranium Mill at Uravan con­

tributed approximately 24 tons of salt per day. An unknown amount of 

the increase within the Uravan reach was contributed by seepage from 

the industrial waste holding ponds adjacent to the San Miguel River 

bed at the Union Carbide mill. 

The mean flow and salt load in the Dolores River near Cisco was 1,060 

cfs and 1,660 tons per day, respectively. This represents an increase 
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of 20 cfs and a decrease of 454 tons per day within the reach between the 

mouth of the San Miguel River and the station at Cisco. The magnitude of 

the decrease in salt load approximated the magnitude of an unexplained 

increase in the Dolores River between Bedrock and the mouth of the San 

Miguel River. This disparity cannot be further refined in the absence 

of improved flow measurements on the Dolores River above the mouth of 

the San Miguel. The Dolores at this point is a steep, boulder-strewn 

canyon in which accurate flow measurement is virtually impossible. 

Sinbad Valley, a small collapsed anticline similar in natu~e to 

Paradox Valley salt anticline, is drained by Salt Creek. The TDS con-

centrations in Salt Creek during the year of study ranged from 34,000 

mg/I to 49,300 mg/l, although the salt load contributed to the Dolores 

was only approximately 9 tons per day. Additional salt loads may enter 

the Dolores River from the Salt Wash area as underflow from the alluvium 

in Salt wash canyon. 

Chemical composition of the headwaters of the Dolores River was 

typical of headwater streams with calcium bicarbonate water of low TDS 

concentrations. At Bedrock, the chemical composition of the Dol~res River 

was altered significantly by solution of minerals in Gypsum Valley and 

the inflow of Disappointment Creek. Ionic composition of the Dolores River, 

above the mouth of the San Miguel River, was altered ~rastically·by the 

addition of sodium chloride and calcium sulfate from the Paradox formation. 

The chemical composition of the headwaters of the San Miguel River 

was very similar to that of the Uncompahgre River. Both streams head in the 

San Juan Mountains and have calcium-sulfate type waters, reflecting the 

oxidation of sulfides from natural sources and from active and abandoned 
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mines. Downstream stations on the San Miguel show essentially no change 

in the proportion of the mineral constituents, but do reflect substantial 

increases in all constituents. The Dolores River near Cisco showed an 

increas~ in the proportion of sulfate, and a decrease in the proportions 

of sodium and chloride, as a result of minerals contributed by the San 

Miguel River. 

The salt budget for Study Area 23 is shown in the Following tabula-

tion. 

* TDS Load Percent of 
Source (tons/day) Total Load 

Irrigation 46 4.8 
Industrial Effluent 

and Seepage from 
Ponds 119 12.4 

Springs and Salt 
Seeps 695 72. 5 

Mine Drainage 20 2.2 
Runoff 780 8.1 

Total 1660 

Study Area 24 (Upper Main Stem) 

Description. Study Area 24 encompasses the Colorado River water-

shed below the mouth of the Dolores River and above the mouth of the 

Green River (Figure 37). It covers an area of 2,504 square miles in 

Grand and San Juan Counties, Utah. The area includes the community of 

~oab, Utah, which had a population of 4,682 in 1960. Onion Creek, 

castle Creek, Salt Wash, Mill Creek, Hatch Wash, and Indian Creek con-

tributed insignificant flow during the study period. The effluent from 

the Atlas Mineral Coporation uranium mill at Moab was the only signifi-

cant inflow in the area. This mill added a mean salt load of 36 tons 

per day to the Colorado Rive:i:.. 

*See corrected percentages, Page 724. 
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Study Area 25 (San Juan Subbasin) 

Description. Area 25 includes the entire Dirty Devil River drain-

age area, which covers approximately 4,300 square miles in Wayne, Garfield, 

Sevier, and Emery Counties of Utah. Settlements in the area and their 

1960 populations include Loa (359), Bicknell (366), Torrey (128), and 

Hanksville (80). The Dirty Devil River is formed at Hanksville by the 

junction of the Fremont River and Muddy Creek (Figure 38) • 

The topography consists of high block plateaus, which are partly 

lava capped, and young to mature canyoned plateaus with high relief. 

With the exception of volcanic rocks in the headwaters of the Fremont 

River, virtually the entire sedimentary section crossed by the Dirty 

Devil River and its upstream tributaries is easily eroded and yields 

poor quality ground-water. These conditions result in poor quality 

runoff downstream of Bicknell. There are only a few perennial streams 

within the area. 

Findings. The Fremont River above the community of Fremont dis­

charged approximately 26 cfs and a salt load of 10 tons per day during 

the study period. This high-quality water is derived from headwaters 

underlain by relatively insoluble lava flows. An increase in flow of 28 

cfs and a salt load pickup of 47 tons per day was observed between the 

Fremont station and the station upstream of Torrey. Approximately 14 

cfs and 8 tons of salt per day of this change was attributable to inflow 

from a spring at Loa Fish Hatchery. A salt load of approximately 20 

tons per day was contributed by irrigation of 18,000 acres upstream of 

Torrey. The salt yield from irrigation averaged approximately 0.4 tons 

per acre per year. 
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The reach of the Fremont River between Torrey and Caineville received 

inflow of 9 cfs and a salt load of 33 tons per day during the study period. 

Virtually all of this inflow was due to natural runoff over formations 

which become increasingly saline in the lower reaches of the drainage area. 

In the reach between Caineville and the mouth of Hanksville, the Fremont 

River experienced a mean annual depletion of 6 cfs, but a salt load gain 

of 32 tons per day. The small amount of irrigation within the drainage 

area caused a salt load increase of about 16 tons per day. The leaching 

of soluble salts by runoff in the inunediate drainage area also added 

about 16 tons per day to the system. 

The waters of Muddy Creek at its mouth were highly saline during the 

entire study period. Concentrations of TDS ranged from 3,600 mg/l to 

5,400 mg/l. Most of this salt was due to natural leaching from the 

Mancos shale in the Castle Valley area upstream of the San Rafael swell. 

Approximately 60 tons per day of the total salt load is attributable to 

irrigation of 7,000 acres upstream of the San Rafael swell. 

The Dirty Devil River, from its origin at the junction of the Muddy 

and Fremont Rivers to its mouth at Lake Powell, flows through remote, 

uninhabited areas. The area contributed almost no runoff, but some salts 

are added to the system by leaching from the streambed and banks. The 

Dirty Devil River contributed 101 cfs and a salt load of 485 tons per day. 

Waters of the Dirty Devil River were of calcium-sulfate type, which 

reflected leaching of gypsum from the Mancos shale outcrop area along the 

Fremont River. 

The salt budget for Study Area 25 is given in the following tabulation. 
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Source 

Irrigation 
Springs 
Runoff 

Total 

Study Area 26 (San Juan Subbasin) 

TDS Load 
(tons/day) 

96 
8 

381 

485 

Percent of 
Total Load 

19.8 
1.6 

78.6 
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Description. Area 26 consists of the Colorado River drainage area 

between the mouth of the Green River and Lees Ferry, Arizona, excluding 

the drainage area of the Dirty Devil and San Juan Rivers (Figure 39). 

This extremely remote area receives little inflow, and yields almost no 

runoff, except from the highlands along the western boundary of the area. 

Two streams, the Escalante and Paria Rivers, discharge to the Colorado 

River within this reach. The Escalante River heads on the Great Basin 

Divide west of the town of Escalante, Utah, where formations are rela-

tively resistent to weathering. The formations which make up the drainage 

area of the Paria River are easily eroded, as is evidenced by the bizarre 

structure in Bryce Canyon. 

Findings. Runoff from the area during the study period was prac-

tically nil. Total dissolved solids concentrations in the Escalante River 

were usually on the order of 300 to 400 mg/l. Concentrations of TDS in 

the Paria River usually exceeded 1,000 mg/l. The salt load from the 

entire drainage area had virtually no effect on the Colorado River during 

the period of study. 

Study Areas 27 and 28 (San Juan Subbasin) 

Description of Area 27. This study area includes the San Juan River 

watershed upstream of Shiprock, New Mexico, excluding the Animas and 
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La Plata drainage areas (Figure 40). The area encompasses 11,484 square 

miles in Hinsdale, Archuleta, Mineral, and La Plata Counties of Colorado; 

and Rio Arriba, Sandoval, McKinley, and San Juan Counties in New Mexico. 

Principal communities in the area and their 1960 populations include 

Pagosa Springs, Colorado (l,374); and Farmington, New Mexico (23,786). 

The San Juan River and its tributaries head on the Continental 

Divide in the glaciated Rocky Mountains. Below Pagosa Springs, the 

streams flow on flat-lying sediments of the Colorado plateau. Elevations 

range from approximately 4,950 feet at Shiprock to more than 13,000 feet 

in the headwaters areas. Precipitation varies from less than 8 inches 

in the lowlands to more than 20 inches in the headwaters areas, with 

virtually all the streamf low being derived from a small portion of the 

area. 

Description of Area 28. This area consists of the Animas and La 

Plata River drainage basins, which cover 1,340 square miles in San Juan 

and La Plata Counties in Colorado; and San Juan County in New Mexico. 

Principal communities in the area and their 1960 populations include 

Durango (10,530) and Silverton (822) in Colorado; and Aztec (4,137) in 

New Mexico. A portion of the city of Fannington, New Mexico, also lies 

within the Animas drainage. Elevations range from S,400 feet at Farmington 

to more than 13,000 feet in the headwaters areas. Precipitation varies 

from less than 8 inches to over 20 inches per year, with the bulk of the 

runoff coming from the high mountains in Colorado. 

Findings (Areas 27 and 28). Because of the complex system of water 

interchanges between Areas 27 and 28, they are considered together in the 

discussion of findings. 
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Irrigation of approximately 12,000 acres above Pagosa Springs con­

tributed a salt load of 3 to 4 tons per day to the San Juan River. This 

low average yield of 0.01 ton per acre per year indicates the insoluble 

nature of the formations underlying the irrigated areas. Mineral springs 

in the Pagosa Springs area yielded 2.3 cfs and 20 tons of salt per day to 

the San Juan River. 

In the San Juan River reach, between Pagosa Springs and Carracas, 

Colorado, the mean annual increase in flow was 540 cfs and the salt load 

increase was 260 tons per day. Approximately 100 tons per day of this 

increase was due to irrigation of lands underlain by Mancos shale and 

Tertiary sediments, which are rich in soluble minerals. 

Because of the complex interrelations between diversions and returns 

within the watersheds of the Animas River between Durango and Cedar Hill, 

and the Los Pinos and Florida Rivers, a water and salt budget was prepared 

for this entire area. During the study period, the mean salt load from 

irrigation in the area was only 33 tons per day, or an average yield of 

approximately 0.2 tons per acre per year. In the Animas River reach 

between Cedar Hill and Farmington mean annual flow was depleted by 60 

cfs but the salt load increased 177 tons per day. Irrigation of 

approximately 17,000 acres along this reach added 165 tons of salt per 

day, or an average 3.5 tons per acre per year. Runoff from the area 

contributed 33 cfs and 12 tons of salt per day to the river. 

The Animas River headwaters above Howardsville are of fair quality, 

with TDS concentrations of less than 300 mg/l. Cement Creek was badly 

polluted with mine drainage and products of natural sulfide oxidation. 
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The pH of the stream was approximately 4 and TDS concentration was greater 

than 1,000 mg/l during the study period. Much of this pollution was 

attributable to drainage from an active mine at the old town of Gladstone; 

however, drainage from other abandoned mines and tunnels added to the 

problem. Mineral Creek is also polluted by mine drainage, although to a 

lesser degree. During the study period, pH ranged from 4.6 to 7.1 and 

TDS concentrations were less than 400 mg/l. 

The Animas River reach, below Baker's Bridge and upstream of Durango, 

had a salt-load increase of approximately 100 tons per day. Pinkerton 

Hot Springs, at the Golden Horseshoe Ranch, accounted for approximately 

5 tons of salt per day of this total. Other small springs, including 

Trimble Hot Springs, contributed unknown amounts of salt to the stream. 

The remainder of the salt load within the reach may result from mineralized 

inflow into the stream directly from alluvium along the river. 

Almost the entire flow of the La Plata River is consumed during the 

irrigation season. The allocation of water between Colorado and New 

Mexico is defined by the La Plata River Treaty. The mean annual flow 

of the La Plata River at its mouth during the study period was 30 cfs, 

and the salt load contributed was 105 tons per day. Irrigation of 15,000 

acres in Cclorado contributed 56 tons of salt per day, or an average 

yield of 1.4 tons per acre per year. Irrigation of 5,000 acres in New 

Mexico contributed 4 tons of salt per day, or an average yield of 0.3 tons 

per acre per year. '11te difference in salt yields from these areas is 

largely due to the presence of Mancos shale in the Colorado areas, and the 

less soluble formations underlying the New Mexico area. 
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Seepage from the tailings ponds at the Vanadium Corporation of 
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America uranium mill at Shiprock added approximately 11 tons of salt per 

day to the San Juan River. Bottom ash and fly ash removal systems at the 

Pour Corners Powerplant near Shiprock contributed a salt load of approxi-

mately 35 tons per day. The increase in total dissolved solids concentrations 

in the San Juan River, due to blowdown from the cooling systems, consump-

tive use, and discharge of minerals dissolved from fly ash and ~cttom ash, 

was 54 mg/l. 

Chemica: composition of all headwater streams in the St\:.dy area were 

generally typical, except that proportions of sulfate were slightly higher 

due to irrigation in the headwater areas. Sulfate became prEd'.'m:i.r;flnt below 

the inflow from the La Plata River reflecting the effects of irrigation 

of gypsum-rich soils in the Colorado-New Mexico Border areas. 

The salt budget for Study Areas 27 and 28 is given in the following 

tabulation. 

TDS Load Percent of 
Source (tons/day) Total L'Jad 

Mine Drainage 15 1.0 
Irrigation 362 24.0 
Mineral Springs 25 1. 7 
Runoff 1,037 69.5 
Municipal Effluents 10 ., .. 
Industrial Effluent 46 3.1 

Total 1,495 

Study Area 29 (San Juan Subbasi!!l_ 

Description. Area 29 comprises the San Juan River drainage between 

Shiprock, New Mexico, and the San Juan arm of Lake Powell. It covers 

approximately 11,500 square miles and includes portions of Montezuma 

and Dolores Counties in Colorado; San Juan County of Utah; San Juan 
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County in New Mexico; and Apache and Navajo Counties in Arizona. Commu­

nities within the area and their 1960 populations include Cortez (6,764), 

Colorado; Bluff (100), Blanding (2,200), and Mexican Hat (250), Utah. 

The area downstream of Mexican Hat, Utah, is virtually inaccessible. 

Tributaries to the San Juan River include Mancos River, McElmo Creek, 

Navajo Springs Creek, and Chinle Wash. Elevations range from 4,000 feet 

to approximately 7,500 feet. Precipitation varies from less than 6 

inches per year in the lowlands to approximately 16 inches per year along 

the northern boundary of the study area (Figure 41). 

Area 29 is located in the flat-lying sediments of the Colorado Plateau. 

Streams are deeply incised, throughout most of the area, but ground-water 

is at such great depth that there is virtually no base flow to streams in 

the canyon areas. A principal tributary, the Mancos River, flows across 

the Mancos shale, dissolving salts fran the formation, and degrading 

the stream. Other than during infrequent thunder storms, the only signifi­

cant runoff originates in the uplands along the northern limits of t~ 

study area. 

Findings. Flow in the San Juan River reach between Shiprock, New 

Mexico and Mexican Hat, Utah, increased by 240 cfs and the salt load 

increased by 2,490 tons per day during the study period. Much of the 

inflow is attributable to diversion from the Dolores River and subsequent 

irrigation and drainage in the McElmo Creek Basin. Intermittent tributary 

inflow within the reach conveyed approximately 650 tons of s.611.t per day to 

the San Juan River. A major portion of this salt load was contributed by 

irrigation return flows, including water which originated upstream of the 

USGS gage on the San Juan River near Shiprock. Thus, it was not possible 
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to develop an accurate salt and water budget for the area. Within this 

reach, the Mancos River upstream of the mouth of Navajo Creek contributed 

a salt load of approximately 100 tons per day. Navajo Springs Creek 

discharged approximately 80 tons of salt per day, virtually all of which 

was attributable to irrigation return flow in the Cortez-Towaoc area. 

TDS concentrations in the Mancos River varied from 280 mg/l during spring 

runoff to a high of 1,580 mg/l during the winter months. The concentrations 

in Navajo Springs Creek ranged from 1,790 mg/l to 6,480 mg/1. 

McElmo Creek yielded a mean annual flow of 89 cfs and a salt load 

of 533 tons per day. Most of the flow in McElmo Creek is derived from 

irrigation in the Cortez area which is supplied by water diverted from 

the Dolores River. Chinle Wash contributed a mean flow of 25 cfs and a 

salt load of 29 tons per day. Flowing oil-test holes in the Four Corners 

area contributed an additional 5 tons of salt per day to the San Juan 

River system. 

The proportions of mineral constituents remained essentially the 

same throughout the San Juan River reach in Area 29. 

RESULTS OF FIELD INVESTIGATIONS - LOWER BASIN 

A brief description of the Lower Colorado River Basin and the 

significant findings of the Project's field studies in the Lower Basin 

are presented in this section. 

Description 

For the purpose of this Appendix, the Lower Colorado River Basin 

consists of the drainage area directly tributary to the Colorado River 

from Lees Ferry near the Arizona-Utah state line to the Southerly 

International Boundary, excluding the upper reaches of the drainage 
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a~eas of the Little Colorado and Gila Rivers. The tributary areas include 

lands in southwestern Utah, southern Nevada, southeastern California, and 

northern and western Arizona. Principal communities and their 1960 popu­

lation are Las Vegas (170,000),l/ Henderson (12,525), and Boulder City 

(4,058), Nevada; Kanab (1,645) and St. George (5,130), Utah; Kingman (4,525) 

and Yuma (23,974), Arizona; Needles (4,540) and Blythe (6,023), California, 

Numberous other small settlements and resort communities are located along 

the Colorado River between Davis Dam and Yuma. 

Principal tributaries include Kanab Creek, Bright Angel Creek, Havasu 

Creek, the Virgin River, Muddy River, and the Bill Williams River. Through-

out the Colorado Plateau portion of the Basin, the Colorado River flows 

through the Grand Canyon. The western and southern portions of the Basin 

are within the Basin and Range Province and are made up of a series of 

fault block and volcanic mountains separated by valleys filled to great 

depths with alluvium. The climate of the Basin varies widely from near 

Alpine conditions in the mountainous areas to true desert conditions in 

the lowlands along the lower reaches of the Colorado River. Annual 

precipitation ranges from less than 5 inches in the lower Colorado River 

area to more than 20 inches along the North Rim of the Grand Canyon. Only 

small portions of the Lower Colorado River Basin yield significant amounts 

of runoff, 

Evaporation has a major effect on mineral quality in many areas of 

the Lower Colorado River Basin, Evaporation from lakes and reservoirs 

exceeds 6 feet annually in many areas. The concentrating effect of 

l/ Includes metropolitan area outside city limits, but does not include 
visitor population. 
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transpiration by the large areas of phreatophyte growth along the streams 

also has a major influence on mineral quality of water. 

Owing to low precipitation and high evaporation, the lowlands yield 

almost no runoff except during intense storms. Soluble minerals in the 

soil profile are leached out and discharged to streams during the 

infrequent runoff events. 

Findings. 

Lees Ferry to Hoover Dam. Flow and salt load in the reach of the 

Colorado River between Lees Ferry and Grand Canyon, Arizona, increased 

by 460 cfs and 2,310 tons per day during the study period. The flow 

and salt load contributed by various sources within this reach are given 

in the following tabulation (Figure 42). 

Flow TDS Salt Load 
Source (cfs) (mg/l) (tons/day) 

Paria River at Lees 
Ferry 18.1 880 43 

Little Colorado River 
at Cameron 209 780 439 

Moenkopi Wash near 
Cameron 27.3 1,490 110 

Blue Springs at mouth 
of Little Colorado 
River 222 2,500 1,500 

Miscellaneous Springs 14.0 10 

Total 490.4 2,102 

Ionic composition within the reach was essentially constant throvghout 

the study area (Figure 50). 

Between the Grand Canyon station and Hoover Dam it is not possible 

to balance flow since there is no flow measurement on the Colorado River 

near its entrance to Lake Mead. If evaporation from the lake could be 

accurately quantified, ungaged flow into the lake could be calculated 
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from evaporation losses and the sum of flows from the Grand Canyon gaging 

station and the intervening tributaries. Water and salt sources within 

the reach are shown in the following tabulation. 

Source 

Bright Angel Creek 

Tapeats Creek 

Kanab Creek 

Havasu Creek 

Flow 
(cfs~ 

20 

80 

12 

70 

Vulcan or Lava Falls Spring 6 

Approx. 18 misc. springs 26 

Virgin River at Riverside 60 

Muddy River at mouth 2 

Rogers Spring 2 

Las Vegas Wash 27 

Total 305 

TDS 
J.mg/l) 

159 

120 

1,180 

352 

750 

2,790 

3,160 

3, 200 

5,470 

Salt Load 
(tons/day) 

8 

26 

38 

66 

10 

21 

452 

17 

17 

400 

1,055 

The headw~ters of the North Fork of the Virgin River in Zion 

National Park y•elded 66.3 cfs and 77 tons of salt per day. In the stream 

reach between Springdale and Virgin, Utah, flow increased by 60 cfs and 

salt load increased by 85 tons per day. These increases were attrib-

utable to ungaged inflow from the East Fork of the Virgin River and 

irrigation of small parcels of land in the Rockville, Springville, and 

Virgin areas. 

In the reach of the Virgin River between Virgin, Utat, and Little-

field, Arizona, mean annual flow decreased by 7 cfs and salt load increased 

by 557 tons per day. Two major springs add salt and water to the Virgin 
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River within this reach. One of these, LaVerkin Springs, is located along 

both banks and in the channel of the Virgin River, immediately upstream 

of the trace of the Hurricane Fault, at LaVerkin, Utah. The dischlrge 

from this spring is of a sodium-sulfate-chloride composition and add 

286 tons of salt per day to the system, as well as h~ghly significant 

quantities of radioactive elements. The second spring, located at 

Littlefield, may not be an additional source since it is possible that 

it represents the reappearance of water which is lost from the Virgin 

River into the cavernous bedrock in Virgin Canyon between St. George and 

Littlefield. Irrigation of approximately 18,000 acres within the reach 

added a salt load of 112 tons of salt per day to the system, or an 

average salt yield of 2.3 tons per acre per year. 

In the reach of the Virgin River between Littlefield, Arizona, and 

Riverside, Nevada, flow decreased by 59 cfs and the salt load decreased 

by 267 tons per day. These decreases in flow and load indicate that 

salt was stored in the irrigated areas during the study period. 

Chemical composition of the Virgin River was not characteristic of 

headwaters streams (Figure SO). Calcium and bicarbonate were predominant, 

with concentrations of sodium and chloride nearly as high. Slight 

increases in the proportions of calcium and sulfide were observed at 

the sampling station at Virgin, Utah. At Littlefield the chemical 

composition of the Virgin River was significantly altered by the irrigation 

returns near St. George, Utah, and by the inflow from springs at LaVerkin 

and Littlefield. Sulfate and chloride concentrations increased sharply 

and all cations increased in approximately equal proportions. Additional 

consumptive use and irrigation return flows in the Littlefield and Mesquite 
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areas caused increases in all mineral constituents in approximately 

equal proportions. 
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Essentially the entire flow of the Muddy River was utilized consump-

tively in the irrigation of approximately 9,000 acres. Another 10,000 

acres in the area are irrigated by ground-water. Mean flow and salt load 

discharged at the most downstream station on the Muddy River was 2 cfs 

and 17 tons per day during the study period. The sampling station near 

the point of inflow to Lake Mead was situated such that considerable 

amounts of seepage from irrigation may not have been measured. 

Chemical composition of the Muddy River at Glendale was predomi-

nantly calcium-sodium-sulfate reflecting the character of runoff from 

this area. Near the mouth of the Muddy River, sulfate and chloride 

became the predominant anions, and each of the principal cations increased. 

Except during infrequent storms, flow in Las Vegas Wash is made up 

entirely of municipal and industrial effluent, seepage from industrial 

waste ponds, irrigation return flow, and outflow from an artificially 

recharged near-surface aquifer. During the period of study, mean annual 

flow and salt load measured at the USGS gage near Henderson, Nevada, was 

22 cfs and 229 tons per day. The mean TDS concentration was 3,850 mg/l. 

At the mouth of Las Vegas Wash, mean flow was 27 cfs, mean salt load was 

400 tons per day and the mean TDS concentration was 5,470 mg/l. Thus, 

an increase of 5 cfs and 171 tons per day occurred between the two stations. 

Since there were no surface inflows between these two stations, the 

increase in flow resulted in flow of ground-water which is not measured 

at the upstream gage. A natural bedrock sill below the gage apparently 

forces water moving in the aquifer upward into the stream increasing the 
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the surface fljw at the mouth of the Wash. Discharge measurements at 

the two stations subsequent to the year of study indicate that the inflow 

between the two stations has increased to as much as 8 cfs. 

Increases in individual mineral constituents between the two sampling 

staions on Las Vegas Wash were essentially proportional. 

The salt budget for the reach of the Colorado River between Lees 

Ferry and Hoover Dam is given in the following tabulation. 

TDS Load Percent of 
Source (tons/ day) Average Load 

Springs 1,990 58.0 
Irrigation 112 3.3 
Municipal 43 1.3 
Runoff 1,282 37.4 

Total 3,427 

Hoover Dam to Southerly International Boundary. The mean flows, 

TDS concentrations and salt loads at stations within this reach are shown 

in the following tabulation (Figure 43). 

Location of Stat ion Flow TDS TDS Load 
on Colorado River (cfs) (mg/ 1) (tons/day) 

Below Hoover Dam 11,430 721 21,860 
Below Davis Dam 11, 190 726 21, 930 
Below Parker Dam 9,290 723 18,130 
Below Palo Verde weir 7 ,470 732 14,760 
At Blythe-Ehrenberg Bridge 7,610 755 15, 510 
Below Cibola Valley 8,280 822 18,380 

The causes of changes in flow and salt load between each of the stations 

are discussed briefly in the fol1owing sections. More detailed discussions 

of these changes are included in an open file report available at the 

Project Office in Denver, Colorado. 

The increase in TDS concentration between Hoover Dam and Davis Dam 

is due to evapotranspiration by phreatophytes and inflow from saline 
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springs below Willow Beach. The decrease in flow is well within the 

range of accuracy of flow measurement at the two stations, but may 

actually reflect some losses due to the phreatophyte growth within the 

reach. 

In the river reach between Davis Dam and Parker Dam, the Metropoli­

tan Water District of Southern California {MWD) diverted 1520 cfs and 

2770 tons of salt per day during the study period. The analytical meth­

ods employed by MWD in determining TDS concentrations at Parker Dam 

utilized a calculation of the sum of the constituent ions which caused 

the reported concentration to be slightly lower than that at upstream 

and downstream stations. On the basis of residue concentrations, the 

diverted load was on the order of 3,000 tons per day. Municipal discharge 

from Needles, California, added 1 cfs and 4 tons of salt per day. The 

Bill Williams River discharged a mean flow of 50 cfs at a TDS concentra­

tion of 549 mg/l and contributed 74 tons of salt per day to the river 

system. The salt load contributed by the Bill Williams River was vir­

tually all from natural sources. D.lring the study period, water levels 

in Lake Mohave and Lake Havasu increased as additional water was stored. 

It is estimated that decreases in flow due to evaporation and bank stor­

age within the reach totaled 620 cfs during the study period. Bank 

storage of salt load was estimated at 724 tons per day. The additional 

losses of 60 cfs and 110 tons of salt per day were apparently caused by 

the increase in storage in Lake Mohave and Lake Havasu during the study 

period. 

Between Parker Dam and Imperial Dam there are no major flowing trib­

utaries and no significant discharges of salt loads from natural sources. 



143 

The Colorado River Indian Reservation (CRIR) on the Arizona side of the 

river near Parker, Arizona, and the Palo Verde Irrigation District (PVID) 

in California near the town of Blythe, returned irrigation drainage, 

spillage qf excess water from canals, and groundwater from drainage 

wells to the Colorado River. 

The CRIR, with 31,940 acres under irrigation, consumed 187,300 acre-

feet of water and contributed a salt load of 48 tons per day or an aver­

age of 0.5 tons per acre per year. 

The Palo Verde Irrigation District, with approximately 84,300 acres 

under irrigation, consumed 366,000 acre-feet of water and contributed a 

salt load of 492 tons per day, an average of 2.1 tons per acre per year. 

Much of the salt addition from the Palo Verde Irrigation District resulted 

from lowering of the groundwater table by deepening of existing drains 

which resulted in removal of salt previously stored in the irrigated area. 

With adequate drainage, the salt yield from PVID would be expected to 

approximate that from the Colorado River Indian Reservation. Irrigation 

of a small area in Cibola Valley may also contribute some salt load to 

the Colorado River through diffuse seepage. 

A sunnnation of the salt loads and discharge gains and losses between 

Parker Dam and Imperial Dam revealed a loss of 242 cfs and a salt load 

gain of 100 tons per day. Calculations indicate that transpiration from 

41,600 acres of phreatophyte growth and evaporation from the 9,600 acres 

of free water surface within the reach consumed 240,000 acre-feet of 

water during the year of study. Ungaged inflow within the reach, due to 

seepage from irrigated areas, was calculated at 60,000 acre-feet. Local 

precipitation and runoff contributed 13,000 acre-feet. Tile ungaged inflow 

of 73,000 acre-feet plus the previously cited loss in flow over the reach 

291 



totaled 258,000 acre-feet. This approximated the calculated losses due 

to evapotranspiration. 

Chemical composition of the Colorado River in the reach between 

Parker Dam and Imperial Dam reflected the inflow of drainage from irri­

gated areas having high sodium and chloride concentrations (Figure 50). 

The chemical composition of drainage from the Upper Main Drain on the 

CRIR had the same relative proportions as water of the Colorado River 

but all concentrations were slightly higher. Drainage from the Lower 

Main Drain on the CRIR was predominantly sodium-chloride-sulfate type 

water. These observations are in keeping with the history of irrigation 

development on the CRIR. Lands drained by the Upper Main Drain have 

been irrigated for a number of years and are well leached. Some of the 

lands drained by the Lower Main Drain were receiving initial leaching 

during the period of study. Sodium, chloride, and sulfate were predomi­

nant in drainage water from the Palo Verde Irrigation District. As in­

dicated earlier, the higher TDS concentrations were related to the 

deepening of drains within that area. 

Of the 8,280 cfs and 18,770 tons of salt per day reaching Imperial 

Dam during the study period, 718 cfs and 1,630 tons per day continued 

down the Colorado River channel; 1,240 cfs and 2,810 tons per day were 

diverted into the Gila Main Gravity Canal; and 6,320 cfs and 14,330 tons 

were diverted into the All American Canal. 

Between Imperial Dam and the Northerly International Boundary, flow 

and salt load in the river increased by 1,460 cfs and 6,780 tons per day. 

These increases were attributable to numerous canal and irrigation returns 

to the river. The measured contributions are summarized in the following 

tabulation. 
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Source 

Laguna Canal Wasteway 

Levee Canal Wasteway 

North Gila Drain 

Gila River (incl. Wellton-Mohawk 
Drainage as well as South and 
North Gila Valley 

Yuma Main Canal Was teway 

Reservation Drain No. 4 

Drain 8-B 

Pilot Knob Wasteway 

Total 

Discharge 
(cfs) 

5.7 

17 .6 

11.2 

335 

117 

62.7 

4. 7 

806 

1,359.9 

ms Load 
(tons/day) 

14 

40 

44 

3,470 

265 

196 

12 

1,830 

5,871 

It is emphasized that the above tabulation lists gross returns to the 

river. Net measured changes in flow and salt load due to irrigation within 
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the reach were a depletion of 1,160 cfs and an addition of 530 tons per day. 

Domestic use of water at Yuma added a salt load of 17 tons per day to 

the reach. The totals in the tabulation leave an unaccounted ungaged 

increase in flow of 100 cfs and increase in salt load of 910 tons per 

day. These increases are believed to be mainly dtie to seepage from 

intensive irrigation within the reach although some of the increase may 

be due to normal errors in flow measurements and laboratory analyses on 

the many measured returns shown in the tabulation. 

Subsequent to completion of the Project's studies in the Lower Basin, 

the Wellton-Mohawk Main Outlet Drain was extended to the Northerly 

International Boundary where the Mexican government exercises the 

option of accepting the highly saline water above or below Morelos Dam. 
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No attempt was made to develop· water and salt budgets for the Colorado 

River downstream of the Northerly International Boundary. Return flows 

to the Colorado River include the Cooper Wasteway which returned 5 tons 

of salt per day; the 11-Mile Wasteway, returning 28 tons of salt per 

day; and the 21-Mile Wasteway, discharging 19 tons of salt per day. The 

Yuma Project Valley Division Main Drain and the East Main Canal join at 

the Southerly International Boundary and cross into Mexico at San Luis 

Sonora. The Main Drain discharged 187 cfs ~nd 796 tons of salt per day, 

and the East Main Canal discharged 12.2 cfs and 40 tons of salt per day 

during the study period. In suumary, discharges at the Northerly Inter-

national Boundary returns to the Limatrophe Section, and discharges at 

the Southerly International Boundary totaled 2,400 cfs with a salt load 

of 9,300 tons per day during the study period. 

Chemical composition of the Colorado River, between Imperial Dam 

and the Northerly International Boundary, became predominantly sodium, 

chloride, and sulfate as a result of the highly saline inputs from the 

lower Gila River and the Wellton-Mohawk Irrigation District (Figure 50). 

Extension of the Wellton-Mohawk Main Outlet Drain to the Northerly 

Border has ameliorated this unfavorable condition in the iU111ediate 

reach of the Colorado River. 

SUMMARY OF FINDINGS FOR ENTIRE COLORADO RIVER BASIN 

During the period June 1965 through May 1966, the mean annual flow 

from the Upper Colorado River Basin was 19,263 cfs. The salt load 

discharged into Lake Powell during the same period averaged 26,160 tons p:![' 

day. The flow and salt load contributed by each of three major subbasins 

is shown in the following tabulation. 
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Subbasin 

Upper Main Stem 
Green River 
San Juan River 

Total 

cfs 

8,582 
6,600 
4,081 

19,263 

Flow 
Percent of 
Upper Basin 

Outflow 

44.5 
34.3 
21.2 

Salt Load 

Tons/day 

12,587 
9,020 
4,553 

26,160 

Percent of 
Upper Basin 

Outflow 

48.1 
34.5 
17.4 

The percentage of total Upper Basin mean daily flow and salt load 

passing key stations is shown in Figure 44. 

Runoff, including both overland runoff and groundwater inflow to 

streams, contributed 52 percent of the salt load from the Upper Colorado 

River Basin. The mountainous headwaters areas, consisting of insoluble 

rocks of highly resistant outcrops, yielded large quantities of good 

quality water. The lower valley areas, composed of more soluble sedi-

ments, contributed small amounts of highly mineralized water. It became 

clear that contact of water with the saline geologic formations of the 

Upper Basin, whether from natural precipitation or from irrigation, 

caused serious degradation of water quality in the streams receiving run-

off or drainage from these formations. 

In the Lower Colorado Basin, consumptive use of water greatly exceeded 

inflow to the river system and salt sources within the Basin added an esti-

mated 5,484 tons per day to the stream system. Approximately three-fourths 

of the salt load and virtually all of the flow in the Lower Colorado Basin 

was discharged from the Upper Basin. The relative magnitudes of salt 

loads contributed by various types of s<nrces in the Colorado River Basin 

are sUD1Darized graphically in Figure 45. The percentage of Lower Basin 

flow and load passing key sampling stations is shown in Figure 46. 
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Irrigation contributed 37 percent of the salt load produced in the 

Upper Colorado River Basin. The salt load contributions and average salt 

yields from the major irrigated areas in the three subbasins are given 

by Table 5. Salt load contributions from the major irrigated areas in 

the Colorado River Basin are compared graphically in Figure 47. 

Irrigation adjacent to the reach of the Colorado River between 

Hoover Dam and the Southerly International Boundary caused a net depletion 

of 1928 cfs in the Colorado River, and a net salt load addition to the 

stream of 1068 tons per day during the study period. The relative salt 

yields from these areas are summarized in Table 6. The range of salt 

load yields from the principal irrigated areas in the Colorado River 

Basin is shown in Figure 48. 

Point sources such as springs, wells, and abandoned oil-test holes, 

contributed 10 percent of the salt load in the Upper Baain. The signifi­

cant point sources of salinity and their respective salt loads are given 

in Table 7. 

Springs added more salt load to the Lower Colorado River Basin than 

any other type of source. The measured contribution was nearly 2,000 
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tons of salt per day. Blue Springs, located near the mouth of the Little 

Colorado River, contributed a salt load of approximately 1,500 tons per day, 

constituting the largest single point source in the Colorado River Basin. 

Salt load contributions by major point sources are compared in Figure 49. 

Municipal and industrial effluents added only about one percent of 

the Upper Basin salt load. Salt inputs from oil-field activities were 

found to be transitory in nature, and may at times, contribute considerably 

more or less salt to the system than was observed during the study. The 
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Table S. Salt Yields and Loads From Irrigation 
In Green River Subbasin 

Area 

Green River above New Fork River 

Big Sandy Creek 

Blacks Fork in Lyman area 

Hams Fork 

Henry's Fork 

Yampa River above Steamboat Springs 

::trope:. River, Steamboat Springs to Craig 

Milk Creek 

Williams Fork River 

Little Sanke above Dixon 

Little Sanke, Dixon to Baggs 

Ashley Creek 

Duchesne River 

White River below Meeker 

Price River 

San Rafael River 

Total 

Percent of Green River Subbasin Salt Load 

Percent of Total Upper Basin Salt Load 

Salt Load 
(Tons/Day) 

30 

200 

475 

6 

244 

20 

24 

6 

13 

15 

25 

230 

1350 

20 

580 

290 

3,528 

39.2 

13.5 

Average 
Salt Yield 

(Tons/ Acre/Yr) 

0.1 

5.6 

2.4 

0.3 

4.9 

0.2 

0.4 

1.0 

0.3 

0.3 

0.5 

4.2 

3.0 

2.0 

8.5 

2.9 



153 

Table 5 (Cont'd.). Salt Yields and Loads From Irrigation 
In Upper Main Stem Sub bas in 

Salt Load 
~ (Tons/Day) 

Main Stem above Hot Sulphur Springs 15 

Main Stem, Hot Sulphur Springs to Kreuanling 61 

Muddy Creek Drainage Area 46 

Brush Creek 10 

Roaring Fork River 200 

Colorado River Valley, Glenwood Springs 
to Silt 100 

Colorado River, Silt to Cameo 30 

Grand Valley 1,925 

Plateau Creek 75 

Gunnison River above Gunnison 9 

Tomichi Creek above Parlin 6 

Tomichi Creek, Parlin to mouth 6 

Uncompahgre above Dallas Creek 74 

Lower Gunnison 3,000 

Naturita Creek near Norwood 46 

Total 

Percent of Upper Colorado River 
Subbasin Salt Load 

Percent Total of Upper Basin Salt Load 

5,603 

44.5 

21.5 

Average 
Salt Yield 

(Tons I Ac re /Yr) 

0.3 

0.9 

2.4 

0.7 

3.5 

2.3 

3.5 

8.0 

0.9 

0.3 

0.3 

0.3 

4.5 

6.7 

2.8 
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Table 5 (Cont'd.). Salt Yields and Loads From Irrigation 
In San Juan River Subbasin 

Salt Load 
Area (Tons /Day) 

Fremont River above Torrey, Utah 20 

Fremont River" Torrey to Hanksville, Utah 16 

Muddy Creek above Hanksville, Utah 60 

San Juan above Carracas 104 

Florida, Los Pinos, Animas drainage 33 

Lower Animas Bas in 165 

LaPlata River in Colorado 56 

LaPlata River in New Mexico 4 

Total 518 

Percent of San Juan Subbasin Salt Load 12.9 

Percent Total of Upper Basin Salt Load 1.9 

Average 
Salt Yield 

(Tons/Acre/Yr) 

0.4 

5.8 

3.1 

2.7 

0.2 

3.5 

1.4 

0.3 
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Figure 47 Relative Salt Loads from Irrigated Areas in 

Colorado River Basin 
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Table 6. Salt Yields and Loads From Irrigation 
In Lower Colorado River Basin 

Area 

Virgin River 

Colorado River Indian Reservation 

Palo Verde Irrigation District 

Below Imperial Dam 
(Gila and Yuma Projects) 

Total 

Salt Load 
(Tons/Day) 

112 

48 

490 

530 

1,180 

Average 
Salt Yield 

(Tons/ Acre/Yr) 

2.3 

0.5 

2.1 

Variable 
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Table 7 Salt Load Contributions From Major Point Sources in 
Colorado River Basin 

Source 

Green River Subbasin 

Warm Kendall Spring 
Cold Kendall Spring 
Coal Mine Drainage near Oak Creek, Colorado 
Steamboat Springs Mineral Springs 
Jones Hole Creek-Whirlpool Canyon 
Split Mountain Warm Springs 
Test Hole near Jensen, Utah 
Stinking Spring 
Indian Creek Springs 
Meeker Oil Test Hole 
Piceance Creek Well 
Crystal Geyser 

Total 

Upper Main Stem 

Hot Sulphur Springs 
Dotsero Sp_ring 
Glenwood Springs Area 
Ouray Hot Springs 
Ridgeway Hot Springs 
Paradise Hot Spring 
Paradox Valley 

Total 

San Juan Subbasin 

Pagosa Hot Springs 
Pinkerton Hot Spring 

Total 

Lower Colorado River Basin 

Blue Springs 
Miscellaneous small springs above Grand Canyon 
Vulcan or Lava Falls Spring 
Miscellaneous springs above Virgin River 
Havasu Spring 
LaVerkin Spring 
Littlefield Salt Springs 
Rogers Spring 

Total 

Salt Load 
(Tons/Day) 

18 
8 
6 

24 
21 
51 

l 
1 
3 

160 
17 
53 

363 

0 
440 
920 

4 
7 
2 

688 
2,061 

20 
--2. 

25 

1,500 
10 
10 
21 
65 

286 
81 
17 

1,990 
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principal industrial and oil-field sources and their observed yields, are 

shown in Table 8. 

Municipal and industrial waste discharges added 64 tons of salt per 

day to the Lower Colorado River. Seepage from ponds containing municipal 

and industrial wastes contributed a portion of the 400 tons per day input 

from Las Vegas Wash. 

Headwater areas of streams in the Upper Basin, with few exceptions, 

yield predominantly calcium-bicarbonate type water. The use of these 

waters for irrigation of well-leached soils in upland areas did not 

seriously alter the chemical composition of the streams. Leaching of 

saline sediments in the lower valleys caused the waters to become predom-

.nantly sodium-calcium-sulfate type, in stream reaches below such areas 

where precipitation and/or applied irrigation water came into contact with 

these geological formations. The Mancos shale, the Paradox formation, 

and various saline Tertiary-age lakebed formations had the most serious 

effect on the chemical composition of streams. The effects of major 

springs and industrial effluents were discerned in the chemical composi-

tion of small receiving streams, but were essentially masked in the 

larger streams. Figures 51, 52, and 53 show the chemical composition 

of streams at key sampling stations in the Upper Basin. 

The relative proportions of chemical constituents remained surpris-

ingly consistent in the Lower Colorado River between Lee's Ferry and the 

mouth of the Gila River (Figure 50). Drainage containing predominantly 

calcium-sodium-sulfate-chloride type waters was discharged from newly 

irrigated lands on the lower portion of the Cola:ado River Indian 

Reservation, and from newly deepened drains in the Palo Verde Irrigation 



161 

T~ble 8. Salt Loads From Princi~al Industrial Sources, 
Colorado River Basin 

Source 

Green River Subbasin 

Flood Wash near Wellington, Utah 
Iles Dome Oil Field water, Colorado 
Ashley Valley Oil Field water, Utah 

Total 

Upper Main Stem 

Salt Load 
(Tons/Day) 

13 
17 
32 
62 

New Jersey Zinc tailings decant, Gilman, Colorado 10 
Union Carbide uranium mill effluent, Rifle, Colorado 40 
Climax uranium mill effluent, Grand Junction, Colorado 35 
American Gilsonite refinery effluent, Fruita, Colorado 9 
Union Carbide uranium mill effluent, Uravan, Colorado 119 
Atlas Mineral Corporation uranium mill effluent, Moab, Utah _1§.. 

Total 249 

San Juan Subbasin 

Four Corners Power Plant, Sbiprock, New Mexico 
Foote Mineral Corporation uranium mill effluent 

Shiprock, New Mexico 
Total 

35 

11 
46 
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District. These inputs were not of sufficient magnitude to significantly 

alter the chemical composition of the Colorado River. Large quantities 

of predominantly sodium-chloride type water discharged from the Wellton­

Mohawk Main Outlet Drain caused the Colorado River water to beccme predomi­

nantly sodium-chloride type in the reach between the mouth of the Gila 

River and the Northerly International Boundary. 
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THE ENVIRONMENTAL PROTECTION AGENCY 

The Environmental Protection Agency was 
established by Reorganization Plan No. 3 of 1970 
and became operative on December 2, 1970. The 
EPA consolidates in one agency Federal control 
programs involving air and water pollution, solid 
waste management, pesticides, radiation and noise. 
This report was prepared over a period of eight 
years by water program components of EPA and their 
predecessor agencies--the Federal Water Quality 
Administration, U.S. Department of Interior, April 
1970 to December 1970; the Federal Water Pollution 
Control Administration, U.S. Department of Interior, 
October 1965 to April 1970; the Division of Water 
Supply and Pollution Control, U.S. Public Health 
Service, prior to October 1965. Throughout the 
report one or more of these agencies will be 
mentioned and should be considered as part of a 
single agency--in evolution. 
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PREFACE 

The Colorado River Basin Water Quality Control Project was estab­

lished as a ~esult of recommendations made at the first session of a 

joint Federal-State "Conference in the Matter of Pollution of the Inter­

state Waters of the Colorado River and its Tributaries," held in January 

of 1960 under the authority of Section 8 of the Federal Water Pollution 

Control Act (33 U.S.C. 466 et seq.). This conference was called at the 

request of the states of Arizona, California, Colorado, Nevada, New 

Mexico, and Utah to consider all types of water pollution in the Colorado 

River Basin. The Project serves as the technical arm of the conference 

and provides the conferees with detailed information on water uses, 

the nature and extent of pollution problems and their effects on water 

users, and recommended measures for control of pollution in the Colorado 

River Basin. 

The Project has carried out extensive field investigations along 

with detailed engineering and economic studies to accomplish the 

following objectives: 

(1) To determine the location, magnutide, and causes of inter­

state pollution of the Colorado River and its tributaries. 

(2) To determine and evaluate the nature and magnitude of' the 

damages to water users caused by various types of pollution. 

(3) To develop, evaluate, and recommend measures and programs 

for controlling or minimizing interstate water pollution 

problems. 

In 1963, based upon recommendations of the conferees, the Project 
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began detailed studies of the mineral quality problem in the Colorado 

River Basin. Mineral quality, comnonly known as salinity, is a com­

plex Basin-wide problem that is becoming increasingly important to 

users of Colorado River water. Due to the nature, extent, and impact 

of the salinity problem, the Project extended certain of its activities 

over the entire Colorado River Basin and the Southern California water 

service area. 

The more significant findings and data from the Project's salinity 

studies and related pertinent information are suumarized in a report 

entitled, ''The Mineral Quality Problem in the Colorado River Basin." 

Detailed information pertaining to methodology and findings of the 

Project's salinity studies is presented in three appendices to that 

report - Appendix A, ''Natural and Man-Made Conditions Affecting Mineral 

Quality," Appendix B, "Physical and Economic Impacts," and Appendix C, 

"Salinity Control and Management Aspects." 

ii 
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CHAPTER I. INTRODUCTION 

Salinity is one of the most serious water quality problems in the 

Colorado River Basin. Like many streams in the arid West, the Colorado 

River displays a progressive increase in salinity (total dissolved 

solids)...!:/ between its headwaters and its mouth. Salinity concentrations 

in the Lower Colorado River (below Lees Ferry, Arizona) are approaching 

critical levels for municipal, industrial, and agricultural water use. 

In the face of this present situation, planned and proposed water re-

source developments, primarily in the Upper Basin, will cause further 

increases in salinity concentrations in the Lower Colorado River. 

As a part of its overall study of the salinity problem, the Colorado 

River Basin Water Quality Control Project (Project) carried out detailed 

studies to evaluate the physical and economic impacts associated with 

anticipated degradation in the mineral quality of Colorado River water. 

The methods of investigation and the results of these studies are pre-

sented in this appendix. 

Before the impacts associated with degradation in mineral quality 

could be determined, it was necessary to understand the effect of salinity 

on various beneficial uses of water The general effects of salinity on 

domestic, industrial, agricultural, and other beneficial uses are dis-

~ussed in Chapter II of this appendix. Hardness, a water quality 

parameter closely related to total dissolved solids (TDS), is also 

discussed since it has significant effects on domestic and industrial 

water uses. 

!/ The terms "salinity" and "total dissolved solids" are used sr1ony­
mously throughout this report. 
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The mineral quality conditions presently prevailing at various 

locations along the river and the conditions likely to occur in the 

329 
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years 1980 and 2010 are described in Cahpter III In order to deter-

mine these conditions, a mathematical flow and salt loading routing model 

was developed for the Colorado River Basin. Published flow and salinity 

data supplemented by data collected by the Project were used in this 

model. 

Once the general effects of salinity on beneficial uses of water 

were ~dentified and the anticipated mineral quality for the river system 

had been determined, methods were developed to quantify the ahticipated 

quality effects in economic terms. Methods were developed also to 

determine the direct impact of salinity. The methods and results for 

the direct penalty-cost evaluation are described in Chapter IV. 

The first step in the direct penalty-cost evaluation inv~~ved the 

development of methods for relating increases in TDS to the economic 

cost which each user would incur. Alternative methods were investi-

gated based on the study of the effects of salinity on beneficial 

uses of water. After careful analysis, methods were chosen for evalu-

ating the effects on each category of water use. Among factors con-

sidered in this analysis were the hydrology of the Basin, the quantities 

of water used by various users, the economy of the Basin, the population 

of the Basin, and existing water-treatment technology. The amount and 

location of direct penalty costs incurred by water users in the Basin 

were determined by the magnitude of expected salinity increase and the 

volume of anticipated water use. 

In addition to the direct impact of degradation in mineral quality 

upon water users, there are indirect economic effects upon the regional 
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economy. These indirect effects result from the close interdependence 

of one industry to another, which causes direct effects on one industry 

to produce indirect effects on another. The first step in evaluating 

this impact was to investigate the structure of the economy. An input-
c 

output, or transactions, table was constructed to identify the flow of 

goods and services between groups of industries or sectors. Once con-

structed, the transactions table became a series of linear simultaneous 

equations that could be solved with a high-speed digital computer utili-

zing methods of matrix algebra. Direct changes in the economic structure 

caused by salinity were thereby translated into indirect, or "multiplier," 

effects to arrive at the total regional economic impact associated with 

mineral quality degradation. A final step of the analysis was to 

determine the sensitivity of the calculations to some of the underlying 

assumptions which were made. A more detailed discussion of the methods 

used in calculating the total regional economic impact and the results 

obtained are presented in Chapter V. 



CHAPTER II. EFFECTS OF SALINITY ON BENEFICIAL USES OF WATER 
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Water polluting substances have been traditionally classified in 

relation to their degradability, principally by biological and bacteri-

ological processes. Biochemical oxygen demand, coliform density, organic 

content, and nutrient concentrations are classic pollutant properties 

that are degradable and subject to natural or man-induced biological 

treatment. Some pollutants such as synthetic detergents, certain classes 

of pesticides, or other organic substances are only slightly degradable. 

A large class of substances, primarily the inorganic or complex organic 

chemicals, exists that is non-degradable or conservative. Since inorganic 

chemicals are not degraded by the usual stream purification processes, 

the concentrations typically increase with each water use as the material 

moves downstream. In the Colorado River Basin the mineral constituents 

of total dissolved solids are of prime importance in the class of non-

degradable or conservative substances. 

The effect of polluting substances is generally discussed in terms 

of their impact upon water uses. In the case of salinity two. general 

categories of water uses should be distinguished: consumptive and .!:!£!!-

consumptive. The former includes agricultural uses, such as irrigation 

and livestock watering, as well as municipal and industrial uses. The 

latter comprises such uses as hydroelectric power generation, navigation, 

water-oriented recreation, fish and wildlife habitat, ground water 

recharge, silt control, and general water quality control. The division 

obviously arises from the fact that consumptive uses remove water from 

the system, whereas the non-consumptive uses utilize water in situ. In 
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the following two sections the affected uses in these two categories are 

discussed in detail. 

CONSUMPTIVE USES 

Municipal 

The use of water for domestic purposes is generally considered to 

be the highest beneficial use. Standards for drinking water utilized 

by carriers subject to the Federal Quarantine Regulations have been 

established and revised by the United States Public Health Service since 

1914, the latest being issued in 1962.(.1) These standards have been 

adopted by most states for all public water supplies. 

Included in these standards are limits for certain inorganic mate-

rials which are mandatory in some cases and recommended in other cases. 

The level of total hardness in a water supply is of primary interest in 

assessing water quality effects on domestic use. A single criterion for 

maximum hardness is not recolillllended for public supplies by the U. S. 

Public Health Service since public acceptance varies from community to 

community and is related to the normal levels for a particular community" 

However, other publications do contain numerous recommendations for de-

sirable levels of hardness in public water supplies. A number of these 

recommendations are summarized in "Water Quality Criteria. 11 (2) Also, 

according to Sawyer(3) waters are normally classified in terms of degree 

of hardness as follows: 

0 - 75 mg/l 
75 - 150 mg/l 

150 - 300 mg/l 
300 Up 

Soft 
Moderately Hard 
Hard 
Very Hard 

Using these criteria, all raw water supplies derived from the Colorado 

River at or below Lake Mead would be classified as "very hard." 
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Also of interest in domestic water supplies are the levels of total 

dissolved solids. The Public Health Service(!) recommends a limit of 

500 mg/1 provided that more suitable supplies are not or cannot be made 

available. A previous issuance of the Drinking Water Standards had 

permitted a TDS concentration of 1,000 mg/1 in the absence of an alter­

nate source, but this provision is not included in the present Pub lie: 

Health Service standards. Increases in the concentration of hardness 

and salinity can cause damages to municipal water users in five ways 

discussed in the following sections. 

Potable Water Supply. In extreme cases mineralization may render 

a public water supply unfit or highly undesirable for human consumption. 

One example of this situation within the Colorado River Basin is the 

experience at Yuma, Arizona. The penalty costs in this situation could 

include: (1) the cost of obtaining water rights and developing a new 

water supply, (2) losses associated with abandoning the existing supply 

and appanages, and (3) differences in operation and maintenance costs 

between the old and new water supply facilities. 

Water Softening. In conmrunities where water softening is practiced, 

either by municipal softening or invidivual home water softeners, harder 

water increases the cost of treatment. Resulting increments of treat­

ment costs can be related to anticipated increases in the hardness of 

the water supply. 

Soap and Detergent Consumption. Communities that have hard water 

supplies and do not elect to provide softening nevertheless incur penalty 

costs in the form of higher expenditures for soap, synthetic detergents, 

and softening additives. Such costs are normally greater than would be 
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incurred in a central softening treatment plant. In areas where portions 

of the population receive softened water and others do not, penalty 

costs incurred from hardness are the sum of two items: (1) the opera­

tion and maintenance of softening equipment for the portion of the 

population that benefits by such treatment, and (2) the additional cost 

of soap and detergents incurred by the remainder of the community. 

Corrosion and Scaling of Metal Water Pipes and Fittings. The cor­

rosiveness of water is governed by many factors such as telJlPerature; 

presence of dissolved gasses, acids, and mineral salts; and electro­

chemical properties of the materials utilized. No simple relationship 

exists between the levels of mineral salts present and corrosiveness. 

Therefore, translation of such a relationship into tangible economic 

penalty costs is difficult and was not utilized in this study. Scaling, 

as evidenced in home hot-water systems such as water heaters, is also 

difficult to assess in terms of monetary values. 

Accelerated Fabric Wear. Laundering with hard water has been stated 

to be a factor in the hastening of wear of clothing and other textile 

products. One reference(4) cites a 25-percent faster rate of wear with 

hard water than with soft. However, the relationship of fractional 

changes in hardness to fabric wear is difficult to quantify and, for 

this reason, penalty costs were not assessed for this factor. 

Industrial 

The effect of water quality on industrial uses is difficult to 

generalize because of the varied purposes to which industry puts water. 

A supply that meets Drinking Water Standards is often acceptable, but 

some industries requix:e even better quality water. For example, the 
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confectionery trade and certain paper-making and textile processes 

require water containing not over 200 parts per million (ppm) of .dis­

solved solids and an iron content of 0.1 - 1.0 ppm. This is considerably 

better than domestic quality water. 

Industrial water use may be classified by purpose as cooling, boiler 

feed, process, or general purpose. Data in a 1964 publication by the 

State of C&lifornia Department of Water ResourcesC5) indicate that the 

relative magnitudes of these uses in California were: (1) cooling -

57 percent, (2) boiler feed - nine percent, (3) process - 2; percent, 

and (4) general purpose - nine percent. These relative percentages apply 

to the State of California as a whole and do not reflect the effects of 

recirculation of water which is quite significant in that state, espe­

cially for cooling and boiler feed operations. 

When the raw water supply does not meet quality criteria for the 

various purposes described above, industry uses two general types of 

treatment approaches: external treatment or internal treatment. External 

treatment is used when better quality water is required for nearly every 

purpose for which water is to be used. Such methods include water sof­

tening, evaporation, and demineralization. Internal treatment, on the 

other hand, is used to improve quality for a particular purpose such as 

process water. This type of treatment includes such operations as 

chromate addition and chlorination in cooling systems for control of 

corrosion and slime. In some cases, economic considerations lead to a 

combination of the two treatment approaches. 
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Fundamental processes, water quality criteria, treatment methods, 

and associated penalty cost considerations for the four major industrial 

water uses are sunnnarized in the following section. 

Boiler Feed Water. Quality of boiler feed water is a significant 

factor in the (1) rate of scale formation on heating surfaces, (2) degree 

of corrosion to the system, and (3) quality of produced steam. Three 

quality parameters - total dissolved solids, alkalinity, and hardness -

are most important, their relative significance being dependent upon the 

system's operating temperature and pressure. 

For convenience and uniformity, the operating temperatures of 

systems are translated into equivalent pressures. Recommendations for 

quality requirements vary widely; one such recommendation is that of 

the American Boiler and Affiliated Industries shown in Table 1. 

Table 1. American Boiler and Affiliated Industries' Limits for Boiler 
Water Quality Concentrations in Units with a Steam Drum~/ 

Pressure at Outlet of Total Total Suspended 
Steam Generating Unit Solids Alkalinity Solids 

(lbs. per sq. in.) (ppm) ·. (ppm) (ppm) 

0 - 300 3500 700 300 
301 - 450 3000 600 25-0 
451 - 600 2500 500 150 
601 - 750 2000 400 100 
751 - 900 1500 300 60 
901 - 1000 1250 250 40 

1001 - 1500 1000 200 20 
1501 - 2000 750 150 lQ 

2001 and higher 500 100 5 

!_/ Nordel, Eskel, "Water Treatment for !ndustrial and Other Uses," 
Second Edition, Reinhold Publishing Corporation, New York, 1961, 
p. 273 .. (Reference No. 6) 
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Another recommendation for boiler feed water quality requirements 

was formulated by the Committee on Water Quality Tolerances for Industrial 

Uses, NEWWA as shown in Table 2. 

Table 2. Suggested Limits of Tolerance for 
Boiler Feed Waters 

(From Progress Report of the Committee on Water Quality 
Tolerances for Industrial Uses, NEWWA) (1959) 

(units are in mg/l except as otherwise noted) 

Pressure (psi) 0-150 150-250 250-400 Over 400 

Turbidity ----------------- 20 10 5 1 
Color --------------------- 80 40 5 2 
Oxygen consumed ----------- 15 10 4 3 
Dissolved oxygen** -------- 2. CJ!./ 0.2!/ 0.0 0.0 
Hydrogen sulfide* --------- 5 3 0 0 
Total hardness (CaC03) 80 40 10 2 
Sulfate-carbonate tatio 1:1 2:1 3:1 3·1 

{ASME) 
{Na2so4 :Na2co3) 

Aluminum oxide ------------ 5 0.5 0.05 0.01 
Silica -------------------- 40 20 5 1 
Bicarbonate** ------------- 50 30 5 0 
Carbonate ----------------- 200 100 40 20 
Hydroxide ----------------- 50 40 30 15 
Total solid~/ ------------ 3000-500 2500-500 1500-100 50 
pH value {Min.) ------------ 8.0 8.4 9.0 9.6 

*Except when odor in live steam would be objectionable. 
**Limits applicable only to feed water entering boiler, not to original 

water supply. 
~/Given as ml per liter. Multiply by 0.70 for ppm. 
~/Depends on design of boiler. 

For the Project's analysis an operating tolerance of 3,500 mg/l was 

selected because: (1) most boilers in the Colorado River Basin appear 

to be operated in the lower pressure ranges, (2) the American Boiler 

Manufacturer's Association stipulates a limit of 3,500 mg/l for boilers 

operating at 300 psi or less in its standard guarantee of steam purityll, 

------
!/Betz Handbook of Industrial Water Conditioning, Betz Laboratories, 

Inc., Philadelphia, 1962, p. 211. (Reference No. 7) 
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and (3) the relatively high tolerance provided a somewhat conservative 

estimate of boiler feed water penalties. 

For highly mineralized water supplies, some form of softening is 

mandatory before use as a boiler feed water. While the costs of water 

softening are generally proportional to the amount of hardness removed, 

the cost of evaporation to produce distilled water is essentially 

independent of the level of mineral constituents in the raw water supply. 

For units operating at pressure levels where boiler feed water soften-

ing by more conventional means is appropriate, the penalty costs due 

to salinity increases can be partially assessed in terms of increased 

treatment costs. Such an approach is less readily applicable to high­

pressure boilers since the cost of obtaining the necessary quality by 

distillation or evaporation has little or no dependence on influent 

quality. Raw water quality may, however, affect the cost of pre-treatment 

before evaporation. 

In order to maintain a level of total dissolved solids in the boiler 

system that can be tolerated, some of the concentrated boiler water must 

be removed from the system. This process of solids removal by either 

continually or intermittently drawing off a portion of the circulating 

water is known as "blowdown." The quality of the boiler feed water 

introduced to the system in relation to the concentration that can be 

tolerated within the system determines the amount of blowdown required. 

Cooling Water. Cooling water is used for a variety of purposes, 

including the cooling of condensers, internal combustion engines, and 

compressors. Also included would be water used in air conditioners as 

well as a variety of other cooling processes. 
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Although the intake water quality requirements and the extent of 

water treatment depend in large measure on the particular system employed, 

there are some generally desirable characteristics of an intake water. 

The following characteristics are of great significance: low, relatively 

constant temperature; non-corrosiveness; non-slime forming; non-scaling. 

The following specific limits on the concentration of qual'ity parameters 

are presented in the manual, "Water. Quality and Treatment." (8) 

Turbidity 
Hardness 
Iron 
Manganese 
Iron and Manganese 

50 mg/l 
50 mg/l 
0.5 mg/l 
0.5 mg/l 
0.5 mg/l 

Information on industrial cooling water practice available to the Pro-

ject indicates that, within the Lower Colorado and Southern California 

areas, the concentration of total dissolved solids in cooling water 

systems is normally held at a level of 2,000 mg/l. In addition, the 

publication, "Water Quality Criteria, 11 (2) states: 

"Among the constituents of natural water that may 
prove detrimental to its use for cooling purposes 
are hardness, suspended solids, dissolved gasses, 
acids, oil, and other organic compounds and slime­
forming organisms." 

Although cooling water systems are subject to the same type of 

problems that affect boiler water systems (e.g., scale formation and 

corrosion), each type of system experiences those problems to a different 

degree. Once-through systems have fewer scale-buildup problems than 

either open-recirculating or closed-recirculating systems. A closed 

system utilizes a heat-excnanging mechanism rather than an evaporative 

device such as a cooling tower to remove excess heat in the system. 

Corrosion problems in open-recirculating systems are particularly acute 



13 

due to the continuous saturation of circulating water with oxygen upon 

passage through the cooling tower. 

Penalty costs for quality degradation are incurred in additional 

treatment costs and greater makeup water requirements. Calcium carbonate 

scaling is often controlled by anti-nucleating agents which increase 

the solubility of·calcium carbonate. The use of such agents is limited 

insofar as it is necessary to limit the mineral concentration by means 

of blowdown. Often the relative costs of makeup water and treatment 

methods dictate the magnitude of blowdown. Corrosion prevention is 

frequently accomplished by corrosion inhibitors like polyphosphates. 

Process Water. Process water is used in preparation of the products 

of industry. This water is either incorporated directly in the finished 

product, such as in bottled beverages and canned foods, or used in 

transporting, washing, mixing, dissolving, concentrating, or cooking 

operations. As might be expected, the water quality requirements vary 

widely according to type of use and, in some instances as previously 

noted, they are more exacting than for domestic water supply. In such 

cases the expense of treating a public water supply to conform to par­

ticular industrial needs is accepted as a normal business expense. In 

view of the great variety of special qualities needed in industrial 

process waters, it is not feasible to make a comprehensive penalty cost 

analysis. However, a summary of the water quality tolerance for indus­

trial process water uses is shown in Table 3. 

General Purpose Water. General purpose water is used by industry 

for plant personnel needs (drinking water, sanitation), general cleaning, 

lawn sprinkling, and fire protection. While drinking water can be 
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Table 3. Water gualitI Tolerance for Industrial Process Uses.!/ 
(Allowable limits in parts per million) 

Hardness IronH./ Manganese Total Alkalinity Odor Hydrogen 
IndustrI or Use TurbiditI Color as CaC03 !.!..h... as Mn Solids as CaC03 Taste Sulfide Other Reguirements.£./ 

Baking 10 10 0.2 0.2 Low 0.2 P. 

Brewing 
Light Beer 10 0.1 0.1 500 75 Low 0.2 P. NaCl less than 275 ppm 

(pH 6 .5 ~ 7.0) 
Dark Beer 10 0.1 0.1 1,000 150 Low 0.2 P. NaCl less than 275 ppm 

(pH 7.0 or more) 

Canning 
Legumes 10 25-72 0.2 0.2 Low l P. 
General 10 0.2 0.2 Low 1 P. 

Carbonated Beverages 2 10 250 0.2 0.2 850 50-100 Low 0.2 P. Organic color plus oxygen 
consumed less than 10 ppm 

Confectionery 0.2 0.2 100 Low 0.2 P. pH above 7.0 for hard candy 

Food: General 10 0.2 0.2 Low P. 

Ice 5 5 50 0.2 0.2 Low P. SiOz less than 10 ppm 

Laundering 50 0.2 0.2 

Plastics, clear, uncolored 2 2 0.02 200.0 200 

Paper and Pulp 
Groundwood 50 20 180 1.0 0.5 No grit, corrosivene86 
Kraft Pulp 25 15 100 0.2 0.1 300 
Soda and Sulfide 15 10 100 0.1 0.05 200 
High-grade Light Papers 5 5 50 0.1 0.05 200 

Rayon (Vicose) 
Pulp Production 5 5 8 0.05 0.03 100 Total 50; Al~03 less than 8 ppm, 

Hydroxide 3 Si 2 less than 25 ppm, 
Cu less than 5 ppm 

Manufacture 0.3 55 o.o o.o pH 7.8 to 8.3 

.... VJ 
~ ~ ..... 



Table 3. Contd. Water !2!!alitx Tolerance for Industrial Process Uses!/ 
(Allowable limits in parts per million) 

Hardness lrong/ Manganese Total Alkalinity OdoT RydTogen 
Industri or Use Turbiditl Color as CaC03 .!!...!! as Mn ~ as CaC03 !!.!!!. Sulfide Other Reguirements£1 

Tanning 20 10-100 50-135 0.2 0.2 Total 135; 
Hydroxide 8 

Textiles: General 5 20 0.25 0.25 

Dyeing 5 5-20 0.25 0.25 200 Constant composition 
Residual alumina less than 

0.5 ppm 

Wool Scouring 70 1.0 l.O 

Cotton Bandage 5 5 0.2 0.2 Low 

!_/ Anonymous, "Progress Report of Conunittee on Quality Tolerance of Water for Industrial Uses," Journal New England Water Works Association, 
Volume 54, 1940, p. 271. (Reference No. 9) 

'Jl/ Limit given applies to both iron alone and the sum of iron and manganese. 
£./ "P" indicates that potable water conforming to U. S. Public Health Service standards is necessary. 

..... 
"' 



impaired or rendered unusable by high salinity concentrations, the 
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quantity involved, in comparison to that used elsewhere in the industrial 

plant, is so small that any penalty costs associated with salinity in-

creases would not be significant. 

Hot wash water, which is used in lavatories and plant laundries, 

may need to be softened but the same penalty cost considerations apply 

as for municipal and domestic water previously discussed and the quan-

tity of water involved is comparatively insignificant. Increases in 

salinity and hardness have little effect on water used for general 

cleaning, lawn sprinkling, and fire protection. 

Irrigation 

Several characteristics of water are important in relation to its 

use as an irrigation supply. These characteristics include: (1) the 

total concentration of soluble salts, (2) the relative proportion of 

sodium to other cations, (3) the concentrations of boron or other toxic 

elements, and (4) under certain conditions, the bicarbonate concentration 

as related to the concentration of calcium plus magnesium. A discussion 

of each of these characteristics follows and is based on Handbook 6o(l0) 

of the U. S. Department of Agriculture, unless otherwise indicated. 

The concentration of soluble salts in irrigation water is ex-

pressed either in terms of specific electrical conductance, which is 

a measure of concentration of ions per unit of water, or in terms of 

total dissolved solids, in milligrams per liter of water. The main 

adverse effect of a high salt content in irrigation water is in re-

ducing osmotic action, and thereby reducing the uptake of water by 

plants. Some other effects involve the direct chemical effects upon 
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metabolic reactions of plants (toxic effects), and the indirect effects 

of changes in soil structure, permeability, and aeration.(11) 

It is difficult to set precise salinity limits for irrigation water 

for several reasons, including: (1) plants vary widely in their taler-

ance to salinit~ and to specific constituents, (2) soil types, climate 

conditions, and irrigation practices influence the reactions of a crop 

to salt constituents, and (3) the interrelationships between constituents 

may be highly significant. Although absolute limits cannot be set for 

irrigation water, the U. S. Department of Agriculture's Salinity Labora-

tory has established some general classifications which are shown in 

T~ble 4. 

Table 4. Classification of Irrigation Water as to Salinity Hazard 

Classification 

Low 
Medium 
High 
Very High 

Conductivity 
micromhos/cm 

100 - 250 
250 - 750 
750 - 2250 

> 2250 

Salts dissolved in irrigation water tend to accumulate in the soil 

on which they are applied. This accumulation eventually causes the soil 

to become too saline to support plant life. Therefore, in order to main-

tain productivity, excess water must be applied to wash out an amount of 

salt equal to the amount contained in the applied water. The application 

of excess water, termed the leaching requirement, is directed at main-

taining a salt balance within the plant root zone. 

In humid climates, leaching is accomplished by the excess of 

percolating rain and snow-water. In arid climates there is no such 
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natural excess, and the leaching must be accomplished by application 

of irrigation water in excess of the normal crop growth requirements. 

The amount of irrigation water needed for leaching increases in 

proportion to the salinity concentration of the applied irrigation water. 

Any increase in the salinity of an irrigation water supply therefore 

results in an economic penalty since more water is required for equiva­

lent service. This is a large, although sometimes unrecognized, economic 

loss caused by degraded irrigation water. 

Comb~ting the effects of saline irrigation water by leaching assumes 

that the soil will accept an increase in the amount of irrigation water 

applied. For the porous soils of the arid or semi-arid areas of the 

Southwest, this assumption is generally valid. 

There are two alternative courses an irrigation water user may 

follow when confronted with degradation in the quality of his water 

supply: (1) apply more water to the fields and thereby maintain crop 

yields, or (2) maintain present water use and thereby suffer a decrease 

in crop yields. Obviously, there are disadvantages in doing either. 

If additional water necessary for leaching is not available, the 

irrigator will have to either: (1) irrigate the same acreage and suffer 

a decrease in crop yields, or (2) take some acreage out of production 

and use the water previously applied to this acreage to leach the re­

maining acreage in order to maintain crop yields. Either alternative 

results in an economic loss to the water user, comparable to that 

suffered when additional water is available for leaching. 

Where additional water is available for leaching several other 

associated economic detriments are incurred. As the applied irrigation 
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water becomes more saline, greater and greater volumes of water are 

needed for leaching to maintain the salt concentration in the plant 

root zone at a satisfactory level. In some areas, the application of 

greater volumes of water may make it necessary to install artificial 

drainage facilities, such as open drains or buried tile drains. Such 

drainage facilities can represent a substantial cost to the irrigator. 

Water percolating through the plant root zone will remove applied 

fertilizers as well as mineral salts. The nitrate fertilizers are 

especially susceptible to loss this way because of their high solu­

bility. As additional water is applied for leaching, an additional 

amount of fertilizer must be applied to the land to offset the loss of 

fertilizer dissolved by the additional leaching water. 

Finally, when additional water has to be applied for leaching pur­

poses, more frequent applications of water are normally required causing 

increased labor costs. 

The second characteristic of irrigation water that must be con­

sidered is the relative proportion of sodium to other cations. The 

alkali hazard involved in using irrigation water is determined by the 

absolute and relative concentrations of cations in the water. Soluble 

inorganic constituents in irrigation water react with soils as ions 

rather than as molecules. calcium and magnesium in proper proportions 

maintain soil in good condition of tilth and permeability. The opposite 

is true if sodium predominates. In the soils of arid and semi-arid 

regions, calcium and magnesium are the major cations held in the soil 

in exchange form. Under normal use these soils have a favorable physi­

cal condition for root and water percolation. In situations where 
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sodium is predominant, the soil pores begin to seal resulting in a 

decrease in permeability. 

It is easier for calcium to replace sodium in the exchange complex 

than vice versa. Unless the sodium of the soil solution is in con-

siderable excess of the calcium no reaction will occur. The soil 

solution is always more concentrated than the applied irrigation water. 

If the amount of magnesium is high in proportion to the total replace-

able cations of the soil, more sodium will be absorbed than if calcium 

is the only divalent cation present. 

The sodium adsorption ratio (SAR) has been developed to express the 

sodium hazard in irrigation water. The ratio expresses the relative 

activity of sodium ions in the exchange reaction with ions in the soil. 

The ratio is defined by the following equation: 

SAR = 

(ca++ +Mg*) 
2 

where Na+, ea++, and Mg++ represent the concentrations in milliequiva-

lents per liter of the respective ions. The SAR, in other word~, is 

related to the adsorption of sodium by the soil. 

The Salinity Laboratory has set up classifications of irrigation 

water in regard to the sodium hazard. The sodium hazard varies ~ith 

the salinity concentration of the irrigation water. The classifications 

are shown in Figure 1. 

Low sodium water can be used without much danger of development of 

harmful levels of sodium. However, some sodium sensitive crops such 

as stone fruit trees and avocados may be injured. An appreciable sodium 

hazard may develop in fine textured soils with the use of medium sodium 
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water, especially under low leaching conditions. The presence of gypsum 

in the soil is helpful. High sodium water may produce harmful effects 

in most soils and will require special soil management such as good 

drainage, high leaching, and addition of organic matter. A very high 

sodium water is generally not satisfactory for irrigation except at low 

or medium salinity concentrations, where the solution of calcium from 

the soil or the use of gypsum or other additives make the use of such 

water feasible. 

A third characteristic of irrigation water that must be considered 

is the boron concentration. This element is present in most natural 

waters with concentrations varying from traces to several milligrams 

per liter. Boron is essential to plant growth but is very toxic at 

concentrations only slightly above optimum. Eaton!/ found that many 

plants made normal growth in sand cultures with a trace of boron, but 

injury often occurred with cultures containing one mg/l. 

In waters containing high concentrations of bicarbonate ion, as 

the soil solution becomes more concentrated there is a greater tendency 

for calcium and magnesium to precipitate as carbonates. This reaction 

-does not usually go to completion, but it may go far enough to cause a 

decrease in the concentrations of calcium and magnesium with an increase 

in the relative proportion of sodium. 

Eaton's workl/ resulted further in classification of waters with 

regard to the bicarbonate ion hazard using the "residual sodium carbonate" 

!/Eaton, F. M., "Deficiency, Toxicity and Accumulation of Boron in 
Plants," Journal Agricultural Research, Volume 69, Illustration 
1944, pp. 237-277. (Reference No. 12) 

II Eaton, F. M., "Significance of Carbonates in Irrigation Waters," 
Soil Science, Volume 69, 1950, pp. 123-133. (Reference No. 13) 
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concept. This classification is shown in Table 5. Waters classified 

as marginal may be used if good management is practiced. 

In appraising the quality of irrigation water, the salinity hazard 

should be considered first, followed by the alkali hazard. Next, con-

sideration should be given to boron or other possible toxic elements, 

followed by consideration of the bicarbonate ion concentration. 

Table 5. Classification of Irrigation Water as to Bicarbonate 
Ion Hazard 

Classification 

Probably safe 
Marginal 
Not suitable 

Livestock 

Residual sodium 
carbonate in 

millieguivalents 

< 1.25 
1.25 - 2.5 

> 2 .5 

Information on livestock tolerance to mineralized water was 

dervied from the "Report of the Committee on Water Quality Criteria" 

published by the Federal Water Pollution Control Administration, U. S. 

Department of the Interior.< 14) The following discussion of the effect 

of total dissolved solids on livestock is also based on "Water Quality 

Criteria11 <2) published by the California Water Quality Control Board. 

It has been assumed that water safe for human use is also safe for 

livestock, and it has been recommended that such water be used for best 

stock production. However, it appears that stock animals have higher 

tolerances than humans, although they may differ in tolerance to par-

ticular substances. The use of highly mineralized water may result in 

physiological disturbances such as gastrointestinal symptoms and death. 

In animals, lactation and reproduction can be affected by use of water 

of high concentrations of unfavorable minerals. Milk and egg production 
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also may be reduced or interrupted. Animals can adjust, within limits, 

to consumption of saline water that at first they refuse to drink. How-

ever, a sudden change from good water to highly saline water can cause 

acute salt poisoning and rapid death. The salt tolerance of an animal 

depends upon several factors including species, age, physiological con-

dition, season of the year, diet, and the quality and quantity of salts 

present. Officials of the Department of Agriculture and the government 

chemical laboratories of Western Australia have established threshold 

concentrations for livestock water in Western Australia as shown in 

Table 6. 

The effect of water containing heavy concentrations of chlorides, 

sulfates, carbonates, bicarbonates, sodium, calcium, and/or magnesium 

is due to the total salts present rather than the toxic effect of any 

one constituent. Alkali salts are more harmful than neutral salts, 

sulfates more harmful than chlorides, and magnesium chloride more harm-

ful than calcium or sodium chloride. Some of the states have set 

classifications for stock water, as shown in Table 7. Except for short 

reaches of some tributary ·streams, the waters of the Colorado River 

Basin would fall within the highest quality classification. 

Some particular salts are toxic to animals, even in very low con-

centrations. Compounds causing trouble in water are fluorides, nitrates, 

and salts of selenium and molybdenum. The effect of fluoride on animals 

is similar to that for humans, and 1.0 mg/l is the threshold value below 

which no harm results. Nitrates in livestock water have been harmful 

in lower concentrations than mixtures of chlorides and sulfates of 

alkaline metals. When the salinity concentration of livestock water 
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Table 6. Safe Upper Limits of Salinity Concentrations Recommended for 
Livestock Water in Western Australia 

Animal 

Poultry 

Pigs 

Horses 

Cattle, dairy 

Cattle, beef 

Adult dry sheep 

Threshold Salinity 
Concentration in mg/l 

2,860 

4,290 

6,435 

7,150 

10,000 

12,900 

Table 7. Salinity Classifications for Livestock Water Set b~ 
Several States 

State Classification and Concentration in mg/l 

Montana 

South Dakota 

Colorado 

good 
0-2500 

excellent 
0-1000 

acceptable 
0-2500 

fair 
2500-3500 

good 
1000-4000 

poor 
3500-4500 

satisfactory 
4000-7000 

unfit 
> 4500 

unsatisfactory 
> 7000 
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exceeds 570 to 1,000 mg/l, the nitrate concentration should be watched 

carefully. The principal hazard of molybdenum and selenium results 

from its uptake in pasture grasses and concentration in the plant tissues. 

If copper is fed to cattle in some form along with molybdenum, the 

toxicity of the molybdenum appears to be reduced. The concentration of 

these minor elements in waters of the Colorado River and tributaries 

are generally below the threshold values. In recent years the fluoride 

concentrations at two stations on the Gila River were well above the 

threshold value, being as high as 4.2 mg/l. These two stations are the 

Gila River below Gillespie Dam and the Gila River at Kelvin, Arizona. 

NON-CONSUMPTIVE USES 

Non-consumptive uses of water include hydroelectric power generation, 

navigation, water-oriented recreation, fish and wildlife, silt control, 

general·water quality control, and ground water recharge. Detriments 

to navigation and power generation certainly should be insignificant for 

the projected tie in salinity (from about 800 to 1,200 parts per million 

at Imperial Dam). Similarly, little or no detrimental effect can be 

envisaged on native fauna, water sports, recreation and esthetic enjoy-

ment. Although minor detrimental effects are expected for two categories 

of non-consumptive use--(1) fish and wildlife, and (2) ground water re­

charge--these effects are not expected to have significant economic 

impact on the Basin for the anticipated range of salinity concentrations. 

Fish and Aquatic Life 

Fish and aquatic life are affected by dissolved substances in two 

basic ways: 
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(1) Substances such as aluminum, iron, manganese, zinc, and copper 

can be toxic to some species of fish in very low concentrations; 

(2) Other substances exert lethal osmotic pressures at high con­

centrations. A pure solution of NaCl is lethal to fresh-water 

fish at concentrations in excess of 7,000 ppm, the concentration 

at which the fish's osmotic blood pressure (six atmospheres) is 

exceeded. 

Criteria for the required quality of fresh water supply that will 

support a good mixed fish population were developed by Ellis, who proposed 

the following limits:(l5) 

1. Dissolved oxygen, not less than 5 mg/l; 

2. pH, approximately 6.7 to 8.6, with an extreme range of 6.3 

to 9.0; 

3. Specific conductance at 25° C, 150 to 500 mho X lo-6, with a 

maximum of 1,000 to 2,000 mho X lo-6 permissible for streams 

in western alkaline areas; 

4. Free carbon dioxide, not over 3 cc per liter;· 

5. Ammonia, not over 1.5 mg/l; 

6. Suspended solids such that the millionth intensity level for 

light penetration will not be less than 5 meters. 

In the absence of toxic substances or pollutants, the water described 

above is favorable, not merely sublethal, for a mixed warm-water fish 

population and its food organisms. It must not, however, be assumed 

that fish are not found or cannot survive in waters with concentrations 

beyond these limits. 
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Measures of total dissolved solids, whether in terms of parts per 

million, conductivity, or osmotic pressure equivalents, are inadequate 

as an index of toxicity. Therefore, biossay techniques are used to 

determine the degree of dilution essential for the safe disposal of 

brines and other complex wastes which are high in dissolved solids. 

After a review of available biological data and a limited amount 

of field investigations, it can be concluded that the expected future 

increases in salinity per se within the Colorado River Basin will have 

very little or no effect on the fish and aquatic life. However, the 

Salton Sea of Southern California, whose inflow is originally derived 

from the Colorado River, is facing possible extinction to its fish and 

aquatic life if present trends in salinity increases prevail into the 

future. Present salinity of the sea is about 33,000 mg/l, or nearly 

that of sea water. Chloride concentrations approximate 14,000 mg/l. 

It has been estimated(l6) that salinity will increase about 400 mg/l 

per year. Other researchers have indicated that salinity can be expected 

to increase at more rapid rates. At the rate of 400 mg/l per year the 

salinity of the sea will reach 40,000 mg/l in 1975 and 50,000 mg/l in 

the year 2000. While the total effects of such salinity levels on the 

biota of the sea is not definitely known, the State of California 

Department of Fish and Game believe that the food chain will be seriously 

affected and possibly destroyed sometime around 1980-1990. The problems 

of the Salton Sea and possible solutions are currently being considered 

by several groups. 
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Ground Water Recharge 

Underground basins are a major source of water supply in three of 

the seven Colorado River Basin states. The ground water supply pro­

portion of the total water supply in the States of Arizona, California, 

and New Mexico is 69 percent, 36 percent, and 58 percent, respectively. 

In Southern California ground water comprises about SO percent of the 

total supply, or approximately 1,400,000 acre-feet per year, and 300,000 

to 400,000 acre-feet of this amount is in excess of the estimated safe 

yield from natural recharge. 

Imported water has a large and growing role in the replenishment 

of ground water basins in Southern California. This replenishment is 

the intentional or managed recharge, and not the advent.itious recharge 

accomplished by disposal of waste water on land. The amount of Colorado 

River water used for direct recharge of ground water basins in Los 

Angeles and Orange counties was 346,000 acre-feet in 1962-63 and 300,000 

acre-feet in 1963-64. The use of Colorado River water for this purpose 

is declining because of the growing demand for domestic and industrial 

water. Leading authorities in the water resources management field in 

California foresee a continual decline in the amount of Colorado River 

water available for recharge. If and when the Central Arizona Project 

is completed, Colorado River water will probably not be available for 

direct recharge in California because all of the Metropolitan Water 

District entitlement will be needed for municipal and industrial uses. 

The Central Arizona Project planning documents indicate that im­

ported Colorado River water will not be used for direct replenishment. 

It is anticipated that the Project will provide a net delivery of 
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1,020,000 acre-feet annually. Municipal and industrial users will con-

sume approximately 250,000 acre-feet of this net delivery, and the 

remainder will be used for supplemental irrigation. A fraction of this 

amount will certainly replenish ground water basins by percolation, but 

this fraction will contain nearly all of the dissolved salts in the 

imported water, plus increments added in a cycle of municipal, indus-

trial or agricultural use. 

The effects of the quality of recharge water upon a ground water 

body have been recognized only in recent years. In the operation of 

any ground water reservoir large amounts of mineral salts may be brought 

in by tributary inflow; both surface and underground. As a result of 

human activities other salts are brought into the area in the form of 

agricultural chemicals, inorganic fertilizers, and numerous chemicals 

of commerce. A considerable portion of these latter forms of salt 

may percolate through the upper soil horizon to the ground water. 

Since the ground water body is of finite size, it is evident that 

a stable condition of quality requires salts to be removed in the same 

amount that enter the Basin. This condition is known as salt balance. 

In nature it is achieved by removal of the dissolved salts in sub-

surface outflow or in rising ground water (springs) which contribute 

to surface streams. In developed areas the process may be modified 

considerably by well pumping, import or export of water, outfall sewers, 

etc., but the principle is unchanged. 

The process can be expressed mathematically for an idealized case 

by the simple relation, 

-5YL. • I-0 
dt 
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where x = the total weight of dissolved salts in a ground water 

basin at any time £, 

I = the rate of inflow or addition of salts 

0 = rate of outflow of salts. 

If the natural balance is altered by the importation of water con­

taining dissolved mineral salts, the outflow of salts must be increased; 

otherwise, water quality will deteriorate. The increased burden of 

salts can be removed in three ways: (1) by an increased outflow of 

water of unchanged salinity concentration, (2) by an unchanged outflow 

of water with an increased proportion of dissolved salts, or (3) by some 

condition intermediate between these two. 

If the quality of the imported water becomes degraded in time, 

i.e. attains a higher salinity, it is apparent that provision must be 

made for removal of the new burden of salt. A degradation of the im­

ported source engenders two alternative economic penalties. Either more 

water must be wasted in outflow from the Basin in order to maintain a 

stable water quality in the underground aquifers, or the salt concentra­

tion in those aquifers will build up, perhaps to the point where the 

ground water will become unfit for domestic, industry or agriculture 

uses. This is an issue in the proposed Central Arizona Project. A 

worsening of the mineral quality of Colorado River water might generate 

these undesirable effects: (1) the need for higher outflow, with con­

sequent waste of water and drainage expense, and (2) a salinity in­

crease in the ground water basins in the Project area. 

Specific limits on the quality of water_ for ground water recharge 

have rarely been recommended or imposed by regulatory agencies. Numerous 
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factors must be taken into consideration in the establishment of such 

limits includ_ing: {l) the quality of the recharge waters, (2) a reason-

able allowance for effects of water use in their area of origin, (3) the 

existing quality of water in the aquifers to be replenished, and (4) the 

beneficial uses of water within the overlying areas. 

In the late 1950's a State of California regulatory agency(l7) 

established mineral quality objectives for the underground and surface 

water outflows in the Bunker Hill Basin and in the Santa Ana River. 

These objectives were designed to preserve the quality of those waters 

for replenishment of downstream ground water basins. The limiting values 

adopted are shown in Table 8. 

In 1955 a board of consultants to the California Department of 

Water Resources recommended chemical and physical quality standards 

for water which was to be exported from the Sacramento-San Joaquin 

Delta to Southern California.(18) Major uses of the exported water 

included ground water replenishment, which was undoubtedly an influential 

factor in determining the quality limits which are shown in Table 9. 

The results of a water resources study{l9) made several years ago 

by the Department of Water Resources of the State of California illus-

trate the importance water quality may have in ground water recharge. 

An analysis was made of the effects of differences in quality between 

two alternative replenishment supplies for certain ground water basins 

in Riverside and San Bernardino Counties. The economic penalty in-

curred by using the poorer of the two sources was estimated to be about 

four million dollars annually. 
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Table 8. Proposed Ground Water Quality Objectives for the Bunker Hill 
Basin and the Santa Ana River in California 

Constituent 

Total dissolved solids 

Total hardness as CaC03 

Chloride 

Bicarbonate 

Maximum Tolerable Concentration 
(parts per million) 

Bunker Santa Ana 
Hill Unit River at Prado 

500 800 

300 400 

60 175 

300 320 

Table 9. Recommended Chemical and Physical Quality Standards for Water 
to be Exported to Southern California from the 

Sacramento-San Joaguin Delta 

Item Limit 

Total dissolved solids 400 ppm 

Electrical conductance @ 25° C 600 micromhos 

Hardness as Caco3 160 ppm 

Sodium percentage 50% 

Sulphate 100 ppm 

Chloride 100 ppm 

Fluoride 1.0 ppm 

Boron 0.5 ppm 

pH 7.0 - 8.5 

Color 10 ppm 
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The actions cited above serve to show that salinity or mineral 
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quality is an important consideration in waters used to replenish ground 

water reservoirs, and that poor quality of such recharge waters is 

likely to engender economic loss. Although methods can be derived to 

evaluate such losses, data for such an evaluation are quite limited. 

Therefore, no attempt was made to evaluate such effects in the Project's 

salinity studies of the Colorado River Basin. 
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CHAPTER Ill. PRESENT AND FU'IURE MINERAL QUALI'IY 

PRESENT MINERAL QUALITY 

The findings of field studies conducted by the Project to define 

present mineral quality and its causes are presented in Appendix A of 

the Project's Report entitled ''Mineral Water Quality Problem in the 

Colorado River Basin." The purpose of this section is to summarize 

those findings and to relate them to methods used in the economic 

impact analysis 

A summary of water quality, as defined by Project field studies 

during the period October, 1963, to May, 1966, is shown in Figures 19 

through 46 of Appendix A. Although the overall findings of the Project. 

studies were substantially identical to the 1956-1958 quality described 

above, local discrepancies were noted. Discrepancies of this type are 

quite common when two records based upon relatively short-duration 

studies are compared The value of short-term studies resides in 

refinement of cause-and-effect relationships; however, long-term records 

and analysis must be used to establish average or base qualities. 

Average salinity concentrations existing in the Basin streams 

during the period from 1956 to 1958 are illustrated by Figure 2 

Salinity increases progressively in the main stem of the Colorado from 

the headwaters to the mouth. With the exception of a few streams such 

as the Price, San Rafael and Dolores Rivers, mineral quality of major 

streams in the Upper Basin (upstream from Lees Ferry) is good, averaging 

less than 1 O tons of dissolved solids per acre foot {T/AF). In the 

Lower Basin salinity increases more rapidly, reaching concentrations 
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exceeding 2.0 T/AF at the Mexican border. Diverse factors, both 

natural and man-caused, contribute to this pattern of mineral quality 

as described elsewhere in this report. 

As discussed later in this chapter, a suitable salinity bas~ was 

esta~lished to which a comparison of projected quality was made. Since 

any record of water quality is a function of changing patterns of water 

use and pollution discharge, it was determined that a mathematical 

model of the Basin should be constructed to similate long-term mineral 

quality The development of the model and the resulting analyses are 

described in the section of this chapter entitled, "Methods and 

Assumptions Used to Project Mineral Quality " Results of the analyses 

based upon the 1942.-1961 hydrologic period are summarized in Table 10. 

These results, corrected for 1960 condition of water use, are referred 

to as present, or 1960, mineral water quality in the remainder of the 

report. 

AREAS AFFECTED BY MINERAL QUALITY 

The greatest impact of mineral quality occurs in the Lower Colorado 

Basin and Southern California water service area where water usage is 

much greater than in the Upper Basin The relative concentration of 

population and irrigation water demands in the Hpper and Lower Basins 

are shown in Table 11 It is clear that there is a preponderance of 

population and irrigation in the Lower Basin and, consequently, a 

greater requirement for water The areas of greatest water use, or the 

location of largest water-demand centers, are below Lees Ferry and 

comprise the subbasins of the Lower Main Stem (~S) of the Colorado 

with urban territory cente~ed in Las Vegas and Yuma; the Gila Basin, 
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Table 10. Total Dissolved Solids Concentrations in the Colorado 
River at Selected Stations (1960) 
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Stream Mile 
(Measured from Southern 
International Boundary) 

Station 
Total 

Dissolved Solids-!/ 
(Mg/l) 

716 

625 

356 

200 

50 

28 

Lee Ferry, Arizona 

Grand Canyon 

Hoover Dam 

Parker Dam 

Imperial Dam 

Ytmla, Arizona 

558 

631 

697 

684 

759 

2,63~/ 

~ Results of flow and salt routing model based on 1942-1961 hydrologic 
period. 

EJ Time-weighted mean value for water year 1962, including drainage 
from Wellton-Mohawk Project. 
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Table 11. Population and Irrigation Water Use in the Colorado 
River Basin and Southern California Water Service Area 

Area 1960 

Upper Basin above Lee Ferry 

Lower Basin below Lee Ferry 

Little Colorado Sub basin 

Gila Subbasin 

Lower Main Stem Sub basin 
less Imperial County, 
California 

Southern California Water 
Service Area 

Lower Basin plus Southern 
California Water Service Area 

Percent of Total in Upper Basin 

Percent of Total in Lower Basin 
and Southern California 

Estimated Deliveries 
PoEulation of Water for Irrigation 
(1000) (acre-feet per year) 

338 2,aoo,ooo!l 

106 

1,159 

236 

a,9oo!U 

10,401 6,323,0oo£1 

3 31 

97 69 

!} Based upon an assumed 60 percent irrigation efficiency, a high value, 
and a total estimated consumptive use of 1,685,000 acre-feet. See 
repott of the U. So Department of the Interior, "Quality of Water, 
Colorado River Basin," January 1965, pp, 10-lL (Reference No. 20) 

EJ Comprises the 1963 population of the Metropolitan Water District plus 
app~opriate parts of Imperial County. 

E_/ Comprises 4,690,000 acre-feet in Lower Basin plus 1,633,000 acre-feet 
in the Southern California Water Service Area. See Table 8 of U. S. 
Department of the Interior report, "Pacific Southwest Water Plan," 
August 1963. (Reference No. 21) 



with large populations in Phoenix and Tucson; and the Southern 

California (SC) water service area. The latter area covers all of 

Southern California lying outside the natural drainage basin of the 

Colorado River which is served by water exported from that stream. 
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It includes parts of Los Angeles and San Diego served by the Metropolitan 

Water District (MWD) of Southern California and the Imperial and 

Coachella Valley lands and communities which receive water via the All 

American Canal. 

Present use of Colorado River water in Arizona is limited to land 

riparian to, or located only a short distance from the river. The 

principal users are the Colorado River Indian Reservation ~CRIR) 

with consumptive water use in 1960 of about 185,000 A.F. and the several 

subdivisions of the Gila and Yuma Projects with consumptive water use 

in 1960 of about 640,000 A.F. <22> The only sizeable diversion for 

urban use is for the city of Yuma, which currently uses about 8,000 A.F. 

per year. The Pacific Southwest Water Plan of the Department of the 

Interior provides for considerable expansion of irrigation on the CRIR, 

with a future water requirement estimated to reach 380,000 A.F. annually 

by the year 2000< 21). These areas are all sensitive to changes in 

mineral quality of water at the present time. 

The Central Arizona Project (CAP) of the Department of the Interior 

will, when completed (probably about 1979), divert a gross volume of 

about 1,600,000 A.F. annually from the Colorado River at Lake Havasu. 

This diversion will be decreased to 676,000 A.F. annually by the year 

2030. Delivery to municipal and industrial users in Phoenix and Tucson 

will make up five percent of the diversion and is expected to increase 
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to 50 percent in 2030. The remainder of the delivery will be for 

agricultural service in the rural areas of Maricopa and Pinal Countie$~23) 

These uses, as well as the replenishment of ground water bodies in the 

area, will be affected by changes in mineral quality of the Colorado 

River supply after 1975 and the associated importation of over one 

million tons of salt annually. 

Although the principal effects of future degradation in mineral 

quality will be experienced in the Lower Basin, two Upper Basin areas 

will experience pronounced salinity increases in surface water supplies 

because of future economic and water resources developments. These are 

the Duchesne Basin in Utah and the upper basin of the San Juan River 

above Shiprock, New Mexico. 

The first, the Duchesne River Basin located in northeastern Utah, 

is made up of portions of Wasatch, Duchesne, and Uintah Counties. Total 

irrigated acreage amounts to about 140,000 acres, of which about 62,000 

acres is Indian land. According to estimates of the Bureau of Recla­

mation, (20) the average dissolved solids concentration in the Duchesne 

River near Randlett, Utah, will rise from a present-modified value of 

0.98 T/AF (720 mg/l) to 1.59 T/AF (1170 mg/l) £ollowing construction 

of the Bonneville and Upalco Units of the Central Utah Project. 

Municipal and industrial water supplies are obtained mainly from ground­

water. Thus, the impact of mineralized Colorado River water upon 

these users will be practically nil. 

The second area in the Upper Colorado Basin, the Upper San Juan 

subbasin, comprises all or portions of 22 counties in southern Colorado, 

northern New Mexico, and southeastern Utah. Like the first area, 

population is sparce and agriculture dominates the economy. Unlike 
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the Duchesne area, the gas and petroleum industry has replaced 
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agriculture in importance in some areas. In the San Juan River near 

Bluff, Utah, progressive small increases in salinity are anticipated 

following construction of the Navajo, Hammond, and Florida Projects, 

and a larger rise under operation of the San Juan-Chama and the Navajo 

Indian Irrigation Projects. The maximum increase expected is 0.38 T/AF, 

of which the greater part, 0.35 T/AF, would result from consumptive 

use and leaching of salts from irrigated lands on the Navajo Reser-

vation. Tile magnitude of the future water quality change will be too 

small to have appreciable effect on the limited amount of irrigated 

land downstream of the anticipated increase. The municipal penalty 

costs are also ~nsignificant due to the small population and the 

relatively low hardness of the water. 

'Economic analysis of the Duchesne and San Juan areas indicated 

that a significant impact of salinity on water uses is not likely to 

be incurred by any Basin area unless it possesses the following character-

istics in combination with appreciable future water quality degradation 

of the Colorado River: (1) contains large population centers, and/or 

(2) has a high level of industrial and irrigated agriculture development. 

After studying various areas within the Colorado River Basin and 

applying the above criteria, it became fairly obvious that significant 

physical and economic impacts were most likely to occur in the Lower 

Colorado River Basin and its contiguous water service areas. Three 

study areas, as shown in Figure 3, were therefore delineated below 

Lees Ferry. 

It should be noted that the study area boundaries do not always 



A3 

HEHi 

-- --r---

I 
I 
I 
I 

-11- I 

i I 
I 
I 
I 
I 
I 

\ 
' " " ' " " " 

CALIFIHIA 

lllEll 
nm HU lllllUT 
Hiii llllHIT 
nm 11111m 
mm mmu 

I 

I 
I 

I 
~, 

,, 

J 
I 
I 
I 
I 

I 
I 

I 

-.!_ - - -- -

mm 

' 

ltlUIHlllt 

nm HU 

IHll 

--T-

I 
I 
I 

- -- -, 
I 
I 

l 

\ 
I ,_ r-

'1 ~ I 
l ' I \"' __ ,......_...,._ 'i 

ITU 

I 
I 
I 

-- ~ 
I 
~ -

I 
, .. ---L 

1-' ,, 
~ ' 

IUU II lllll 

llllUlll .. It 

, __ 

""'-......_ -- ---··· 
ITlllH 

' I 
I 
' 
' I ,-------- , 

- - -- __ J 

\ 

I 
I 
I r-

I 
I 
I 
I 

- - -- · ~ .1, 

IEl'JEllCI 
'--- - -, 

- -.'• 

....... 
'\ 

Clllllll llYEI USll llTEI 
llALITY CllTllL PllJECT 

' 

t .S. HPllTIHT If TIE llTUIH 
hfml 11111 Ptlllllu C111111 U1l1l1l11ll11 

'-

' ... 

HITlllll 111111 HI llUCllU. llllf. 

Figure 3. Location of Salinity Impact Study Areas 

370 



conform to hydrologic basins. Since economic data are most often 

reported by civil areas rather than natural drainage areas, it was 

necessary to alter boundaries somewhat to achieve the objective of 
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analyzing economic impacts. 'llle Lower Main Stem study area includes 

Clark and Lincoln Counties in Nevada; Washington County in Utah; and 

Mohave, Coconino, and Yuma Counties in Arizona. All California land in 

the Lower Main Stem hydrologic subbasin is included in the Southern 

California study area. This study area includes the following counties: 

Santa Barbara, Ventura, Los Angeles, San Bernardino, Orange, Riverside, 

San Diego, and Imperial. The Gila study area includes Cochise, Gila, 

Graham, Greenlee, Maricopa, Pima, Pinal, Santa Cruz, and Yavapai 

Counties in Arizona, and Catrol County in New Mexico. 

METIIODS AND ASSUMPTIONS USED TO PROJECT MINERAL QUALI'lY 

In order to calculate economic impacts associated with mineral 

quality degradation, it was necessary to establish a base quality and 

to project future qualities. Since long-range effects were to be 

assessed, including one projection to the year 2010, the decision was 

made to use a long-term average for base quality Future changes in 

mineral quality would then be compared to the base quality in order 

to quantify the effect of anticipated development upon future water 

users Furthermore, it was decided that the methods used to calculate 

future quality should be consistent with those used to determine base 

quality In any such determination of mineral quality there are three 

factors which are critical: (1) the basic flow or hydrology of the 

system; (2) location and magnitude of demands for water; and (3) the 

location and magnitude of salt sources. 'lllese three factors must be 
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known or estimated for each target year for which the economic impact 

of water quality is to be determined. 

Hydrology 

A long-term hydrological period of flow was selected as a base 

condition for several reasons, the first of which is that short-term 

fluctuations may be accomodated within the Basin.( 24) It is ~ell 

known that short-term variations in stream quality a.re dampened by tr.e 

large mainstream reservoirs and that salts can be stored in the soils 

of the water-producing and water-using areas. 

Secondly, it was felt that economic losses due to water quality 

problems of short duration might be balanced against bountiful returns 

obtained in years of good water quality. Long-term conditions, however, 

would lead to permanent changes in water-use practices and would, 

therefore, be reflected in detectable economic effects. 

A third reason for using a long hydrologic period is that mean 

flows for periods longer than five years may be treated as stochastic 

variables, which allow the application of the principals of elernent~ry 

statistics to the virgin flow or modified flow data. 

Fianlly, aygmentation of flow through storage regulation may be 

ignored for long-base periods since it evens out flow variability. A 

study of the 20-year yield from present and proposed storage has not 

11 been made;- however, it has been assumed that the 20-year mean virgin 

!/ For :=<. study of the firm yield of the Upper Basin reservoir system, 
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see p. 21 of reference 26. Their estimate of the firm yield from 
Upper Basin storage is 13.8 MAF of regulated delivery. Some additional 
yield could presumably be developed from Lower Basin reservoirs. 
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The period 1942-1961, which has a mean annual virgin flow at Lees 

Ferry, Arizona, of 13.8 million acre-feet (MAF), was chosen as the lowest 

available consecutive 20 years of record in 1963 when the Project study 

was started. This choice is consistent with the practices of basing 

water quality studies on extreme low flow conditions when there is ade-

quate assurance that the extremes are si~nificant. There is a probability 

of about 0.13 that this value will not be exceeded by any 20-year mean 

virgin flow, and a probability of about 0.62 that the virgin flow for any 

one year will exceed 13.8 MAF. 

Selection of a longer period of record or of any other 20-year period 

of record would yield a slightly higher mean annual virgin flow and mean 

annual salt burden. If water-use conditions were such that the increased 

flow could be consumptively used above Lake Powell, predicted salinity 

concentrations would be higher than for the 1942-1961 period of record 

since a larger salt burden would be carried by essentially the same 

stream flow below Lees Ferry. However, operational hydrology studies 

indicate that existing and planned holdover storage above Lake Powell 

would not be adequate to permit full utilization of excess supply in 

periods of extremely high runoff. Thus, the larger salt load produced 

during such periods would be carried into Lakes Powell and Mead in high 

It is also possible to augment the in-basin storage by exporting water 
to holdover storage in other basins as is done in the Colorado Big­
Thompson Project. Thus, one might realistically expect the long-
term yield to approach the long-term mean flow; however, the water 
will not be available as a uniform regulated annual flow. Thus, 
questions concerning the impact of ai.cft aad lew flow sequences are 
important. 
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high quality runoff resulting in lower mean salinity concentrations 

in the Lower Basin. 

Additional hydrologic information for the Upper Basin was taken 

from Geological Survey Professional Papers 441 and 442 (Iams). (27) 

The historic flows published in the Geological Survey Water Supply 

Papers were compiled for the station at Lees Ferry during the base 

period and were then modified to 1960 conditions of use in the Upper 

Basin. These modified values were used as the factors to adjust Iams' 

data (1914-1957 period) to the 1942-1961 period. For the Lower Basin 

the historic flows recorded at U. S. Geological Survey gaging stations 

during the base period were modified to 1960 conditions. 

Water Demand 

Present water-use data were obtained by means of a limited number 

of field interviews and an extensive search of current literature. 

Municipal water-use data were obtained from the publications of agencies 

like the Bureau of Reclamation (BR) and the Arizona Water Company. For 

the most part, industrial and agricultural water-use data were obtained 

by means of field interviews. 

Future municipal water-use projections were obtained from the cur­

rent literature wherever possible (BR and Arizona Water Company). 

Industrial water-use projections were obtained by assuming a relationship 

between future water use and economic production. Consideration was also 

given to the industrial water-11Se projections made by agencies like the 

BR. Future water resource projects that were included in the analysis are 

shown in Table 12. Methods used to determine-future water-use require-
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ments for irrigated agriculture are described in another part of this chapter. 
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Table 12. Future Water Resources Projects!/ 

Completion Total 
Project Date Acreage Total Flow Salt Load 

(acre-feet) (tons) 

UPPER COLORADO RIVER BASIN 

Lyman, Wyoming 1980 0 10,000 
Silt, Colorado 1980 2,120 6,000 3,964 
Emery County, Utah 1980 770 17,000 1,925 
Hammond, New Mexico 1980 2,000 5,000 3,420 
Seedskadee, Wyoming 2010 58,775 165,000 129,305 
Central Utah, Utah 

Bonneville Unit 2010 166,000 - 31,000 
Jensen Unit 1980 500 10,000 1,220 
Upalco Unit 1980 20,000 
Uinta Unit 2010 20,000 

Denver, Englewood, Colorado 
Springs & Pueblo Diversions 2010 234,000 - 16,000 

M&I Green Mountain 1980 12,000 
Independence Pass Expansion 1980 14,000 3,000 
Homestake Project, Colorado 2010 74,000 - 10,000 
Hayden Steam Plant 2010 12,000 
Bostwick Park, Colorado 1980 1,320 4,000 673 
Savery-Pot Hook, Wyoming-

Colorado 1980 21,920 38,000 26,304 
Fruitland Mesa, Colorado 1980 16,520 28,000 8,425 
Expansion Hogback 1980 10,000 
Utah Construction Company, 

New Mexico 1980 25,000 
Westraco-Utah Power & Light 

Company, Wyoming 1980 36,000 
San Juan-Chama, Colorado-

New Mexico 1980 110,000 - 14,000 
Navajo Indian Irrigation, 

New Mexico 2010 110,000 250,000 188,100 
Fryingpan-Arkansas, Colorado 1980 70,000 - 15,000 
M&I Ruedi Reservoir, Colorado 2010 40,000 
Four County, Colorado 2010 40,000 4,000 
San Miguel, Colorado 2010 26,000 85,000 70,460 
Cheyenne, Wyoming 2010 31,000 - 10,000 
West Divide, Colorado 2010 19,000 76,000 35,530 
Animas-La Plata, Colorado-

New Mexico 2010 47,500 146,000 81,225 
Dolores, Colorado 2010 32,000 87,000 54, 720 
Dallas Creek, Colorado 2010 15,000 37,000 45,000 
Resources Inc., Utah 2010 102,000 
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Table 12. Contd. Future Water Resources Pro j ec ts.!-1 

Completion Total 
Project Date Acreage Total Flow Salt Load 

(acre-feet) (tons) 

LOWER COLORADO RIVER BASIN 

Arizona M&I • Arizona 1980 39,000 
Marble Canyon, Arizona 2010~ 14,000 
Dixie Project, Utah 2010 11,615 62,000 14,000 
Southern Nevada Pumping 2010 253,000 
Ft. Mohave Indian Reservation 1980 18,974 76,000 19,000 
Chemeheuvi Indian Reservation 1980 1,900 8,000 2,000 

!f Marble Canyon Project deleted from Bureau of Reclamation Progress 
Report No. 4 (Reference No. 28). 

E.J References: U. s. Department of Interior, "Quality of Water, Colorado 
River Basin," Progress Report No. 3, January 1967 (Reference No. 29). 
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A different method was used to determine present and future water 

use in situations where groundwater is blended with Colorado River water 

to make up a given entity's supply. Since water demand is frequently a 

function of water quality, it was necessary to consider the demand for a 

blend of water with different qualities. If the entity in question was 

utilizing Colorado River water exclusively, the intake quality was taken 

as the quality of the Colorado River at the point of diversion. If, how-

ever, an entity utilized Colorado River water in conjunction with a ground-

water supply and blended the two, it was necessary to estimate the intake 

quality by determining the quality of the resulting blended supply. The 

projected demand for water was then modified to reflect this quality. 

Salt-Load Sources 

Salt-load sources in the Upper Basin were estimated primarily from 

. (27) 
data contallled in the Iams report. In cases where published infor-

mation was lacking, the Project used its own supplemental data which was 

obtained from field surveys. A description of these surveys and results 

obtained are presented in Appendix A. 

DETERMINATION OF WATER QUALITY 

A computer program which calculates water quality at critical points 

in the system was used to integrate the hydrologic characteristics, water 

demand data, and estimates of salt loads for each target year. This pro-

gram, a flow and salt-routing model, was used to develop estimates of the 

average mineral quality levels for the years 1960, 1980, and 2010. 

The computer program simulates Basin response to input data in a 

series of calculations for small drainage areas. Figure 4 illustrates 

the method used for dividing the Basin into drainage areas and establishing 
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points at confluence of streams. Natural flow discharges and salt loads 

originating within the defined drainage areas were first determined. The 

effects of man's activities, such as depletions of water for consumptive 

use or addition of salt loads by irrigation, were added to the natural 

effects. The program then accumulates these effects and routes them 

downstream to be added to successive effects. 

From Figure 4 the accumulated flow and salt load runoff below 

junction X would be FR = FRa + FRt, + FRc, and 

SR= SRa + SRb + SRc, respectively. 

The flow discharge runoff equation for each drainage area would be 

FRa,b,c = (AN x CN) + DS - (IA x CI) - (P x CP) + DV; 

and the salt load runoff equation would be 

where 

SRa,b,c • (AN x CN) + DS + (IA x CI) + (P x CP) ± DV; 

FRa,b,c = annual flow runoff in acre-feet, 

SRa,b,c = annual salt load runoff in tons, 

AN = natural drainage area in square miles, 

CN = coefficient for contributions from the natural 
area in acre-feet/sq. mi. or T/sq. mi., 

DS = annual contribution from discrete sources in 
acre-feet or tons, 

IA = irrigated acreage, 

CI = coefficient for depletions or contributions from 
irrigation in acre-feet/acre or tons/acre, 

P • population, 

CP = coefficient for depletions or contributions by the 
population in acre-feet/person or tons/person, and 

DV = annual diversions {imports or exports) within the 
drainage area in acre-feet or tons. 

The drainage areas were divided, where possible, so that the 



380 

53 

stations or points selected for the routing model would coincide with the 

locations of USGS gaging stations. As the inflows of water in the Lower 

Basin were small compared to the Upper Basin, the routing model for the 

Lower Basin was simply a budget listing the various depletions of water. 

TARGET YEAR MINERAL QUALITY 

Flow depletions and expected salt loads from new irrigation projects, 

growth of existing irrigation district water demands, and increased 

municipal and industrial uses were projected independently and entered 

into the model. The model was used to correlate the data and to produce 

a new array of quality values for years 1980 and 2010. The water quality 

values obtained by this analysis are shown in Table 13 and Figure 5. 

Salinity concentrations were computed by the model to the nearest mg/l. 

This degree of refinement in reporting computer predic~ions was selected 

to allow evaluation of the small incremental changes in salinity concen-

trations produced by a given salt source or water resource development 

and to reduce rounding errors. It was not intended that a high degree 

of accuracy be implied as predictions of future salinity concentrations 

are dependent upon a ntnnber of factors which are not known with certainty. 

Table 13. Water gualitl Values (mg/l) for the Lower Main 
Stem Subbasin Obtained bx Flow and Salt Routing 
Model for the Colorado River Basin 

1960 1980 2010 
Hard- Hard- Hard-

Location TDS ness TDS ness TDS ness 

Colorado River @ Hoover Dam 697 345 876 420 990 460 
Colorado River @ Parker Dam 684 340 866 415 985 460 
Colorado River @ Palo Verde 713 350 940 445 1082 495 
Colorado River @ Imperial Dam 759 370 1056 485 1223 540 
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It is interesting to note that the quality at Lees Ferry is projected 

to increase from 558 mg/l to 764 mg/l (37 percent increase) while the 

quality at Imperial Dam, the last delivery point in the system, is pro­

jected to increase from 759 mg/l to 1223 mg/l (61 percent increase)'. 

These results tend to verify the conclusion that the impact of mineral 

quality degradation in the Colorado River Basin will be much more severe 

for downstream users than for upstream users. 

The model describes the relative effect of the various types of salt 

sources on salinity concentrations. Accumulated data on flow, salt 

loading and salinity concQntrations can be summarized by source for a 

number of key points in the system. Table 14 presents such a summary 

for the target year 1960 at Hoover Dam. As illustrated by the table, 

approximately 73 percent of the 1960 salinity concentration at Hoover 

Dam was contributed by various sources of salt loading and only 27 per­

cent of the salinity was the result of consumptive water use including 

water exports from the basin. 

From similar tables developed from routing model data, it is possible 

to determine the relative effect of projected changes on mineral quality. 

Future mineral quality changes at Hoover Dam due to projected consumptive 

use of water and added salt loads above that point are shown in Figure 6. 

It will be noted that nearly 83 percent of the projected mineral quality 

increase at Hoover Dam will be caused by increased consumptive use of 

water. Such a significant effect is important in view of anticipated 

diversions from the Upper Basin. 

INDEX OF MINERAL QUALITY 

For any given "steady state" of a river system, a fixed array of 
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Table 14. Effect of Various Factors on Salt Concentrations in Colorado River at Hoover Dam 
(1942-1961 period of record adjusted to 1960 conditions):!/ 

Cumulative Cumulative Cumulative Change in Percent of Total 
!!sE?..!: Flow Flow Salt Load Salt Load Concentration Concentration!U Concentration 

(lOOOAF/Yr) (1000 AF/Yr) (1000 Tons/Yr) (1000 Tons/Yr) Tons/AF Mg/l Mg/l 

Natural Diffuse Sources 14,471 14,471 5,408 5,408 o. 374 275 275 39 

Natural Point Sources 229 14,700 1,283 6,691 0.455 334 59 8 

Irrigation (Salt 
Contribution) 0 14,700 3,536 10,227 0.696 512 178 26 

Irrigation 
(Consumptive Use) - 1,883 12,817 0 10,227 0.798 587 75 11 

Municipal and 
Industrial Source& - 42 12, 775 146 10,373 0.812 597 10 1 

Exports Out of Basin - 465 12,310 - 37 10,336 0.840 617 20 3 

Evaporation and 
Phreatophytes - 1,409 10,901 0 10,336 0.948 697 80 12 

Storage Release from 
Hoover 4t2 11,313 391 10,727 0.948 697 0 0 

TOTAL 11,313 10,727 697 100 

~ Based on data from the following sources: 
(1) Ioms, W. V., Hembree, C. H., and Oakland, G. L., "1965 Water Resources of the Upper Colorado River Basin - Technical Reports," 

U. S. Geological Survey Professional Papers 441 and 442. 
(2) U, S. Department of Interior, "Quality of Water, Colorado River Basin," Progress Report No. 3, January 1967. 
(3) FWPCA unpublished recofds. 

EJ Concentrations in this column will vary depending upon the order in which they are calculated. 

w 
CX> 
w 
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water quality and use data exists. A change in quality or use at any 

point may affect the entire system. To simplify presentation of the prob-

able impact caused by a modification in the system, it is useful to 

have a single index representative of water quality for the entire 

system. Selection of such an index is discussed below. 

Since the concentration and the volume of water withdrawn at each 

water-use location are important in determining total effects, one possible 

index representing the state of the system could be: 

Where: I is the mineral quality index, 
D is the volume of diversion at a location, 
c is the TDS concentration at a location, 
i is a location index ranging from 1 to n, and 
n is the total number of diversions in the basin. 

A second, more simplified approach is to select a single key point 

in the system to which water quality at major points of use is related 

and utilize water quality at this key point as an index of the system. 

Essentially all of the economic impact of projected salinity increases 

will accrue to Lower Basin water users. Since Hoover Dam regulates 

water releases to Lower Basin users, sal:nity r:nnce!ltration at various 

downstream points of use can be directly related to salinity concentration 

at Hoover Dam. Therefore, mineral quality at Hoover Dam was selected 

as a simplified index of water quality for the entire Colorado Basin. 

For the remainder of this report, presentations of the economic impact 

of various proposed changes in water use are directly related to this 

mineral quality index at Hoover Dam. 
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CHAPTER IV. DIRECT PENALTY COST EVALUATION 

DEFINITION OF PENALTY COST 

In order to define the term "penalty cost," it is necessary to 

understand the term "detriments." Detriments are user costs incurred 

when a specific quality of water is used. A penalty cost is defined 

as the difference between the detriments associated with the use of 

two different levels of water quality; thus, it is based on similar 

economic conditions which permits the cost effect of water quality to 

be isolated. The following hypothetical situation will serve to illus­

trate the meaning of the terms defined above. 

Assume that a city utilizing Colorado River water as its source 

of municipal supply has an intake hardness of 200 mg/l in 1960 and a 

forecasted intake hardness of 300 mg/l in 1980. The detriments in 1980 

associated with using water of 200 mg/l and 300 mg/l hardness are shoWn 

as points "a" and "c" respectively in Figure 7. The difference 

between the detriments is the penalty cost "A" which would be incurred 

by the municipal users in 1980 if the hardness of their supply increasd 

from 200 mg/l to 300 mg/l. It should be noted that, if the intake 

quality remained at 200 mg/l from 1960 to 1980, there would be an 

increase in the detriments from 1960 to 1980 as indicated by points "a" 

and "d." The increase is caused by changes in economic conditions, 

such as a larger population affected, not by a change in the water 

quality. Although such a difference in detriments represents an economic 

penalty associated with water quality, it is not a penalty cost as 

defined above. 
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METHODS OF PENALTY COST EVALUATION 

Users in the Lower Basin have recently begun to recognize that 

degradation of the mineral quality of Colorado River water is having 

a direct adverse affect upon their economic welfare. Although individual 

users have not felt the impact to a significant degree, there is a 

general awareness of the problem. In such a situation each individual 

affected begins searching for potential solutions which will offset the 

direct loss to his welfare. From various alternative solutions, the 

individual will generally select one which is the least costly. 

In a similar fashion the Project attempted to formulate several 

alternatives for each major type of water use in the Basin, each of 

which was considered satisfactory from a practical viewpoint, Various 

alternatives were evaluated and one was selected for the purpose of 

analyzing basinwide effects. It should be emphasized that, even though 

one alternative was selected for use in the analysis, the Project does 

not propose that such an alternative be implemented in practice. This 

analysis was carried out for the purpose of measuring the value of 

anticipated changes in a physical system. The various alternatives con­

sidered and the one selected for use by the Project in its penalty-cost 

evaluations are discussed in considerable detail in the following sections. 

Irrigated Agriculture 

Several alternatives are available to an irrigator when the quality 

of his water supply becomes degraded. If additional water is available 

and no soil problems exist, he can increase the quantity of applied 

leaching water. When soil conditions are such that additional leaching 

water cannot be applied, the alternatives are to adjust the soil condit~ons 

388 
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or replace salt-sensitive crops with less sensitive ones that require 

less leaching water. The remaining alternative with additional water 

available is to take no action and, thereby, suffer a decrease in crop 

yields. If additional water is not available, two alternatives exist. 

The acreage in production can be reduced, either uniformly or non-

uniformly, or no action can be taken. All these alternatives are shown 

schematically in Figure 8. 

The following methods were investigated: (1) the yield-decrement 

method, (2) the Scofield-Hill equivalent service concept,(30) (3) the 

"constant quality of percolate" leaching requirement formula,(9) (4) the 

uniform acreage reduction alternative, and (5) the selective acreage 

reduction alternative. The techniques for calculating penalty costs 

by each of these methods are discussed in the following sections. 

Yield Decrement. One alternative available to an irrigator when 

the quality of his water supply becomes degraded is to take no remedial 

action. This is shown as alternative No. 1 in Figure 8. Salinity detri-

ments in this case are considered to be the loss in yield per acre due 

to increased salinity in the irrigation water supply. The percent of 

optimum yields realized are calculated for base and for adjusted water 

qualities. The economic value of the difference in yield associated with 

the two water qualities represents the penalty costs due to increased 

salinity in the irrigation water. 

The Department of Agriculture Salinity Laboratory at Riverside, 

California, has developed data(Jl) that show the relationship between 

the expected yield of various crops as a function of the root zone soil 
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saturation extract..!.! quality. These data were used to construct salinity-

yield curves for various crops as shown in Figure 9. The percent of 

optimum yield with respect to salinity can be computed by determining 

the mean conductivity of the root zone soil saturation extract and by 

reading the corresponding "percent of optimum yield" from the salinity 

crop yield curves. Since the consumptive use, amount of applied water, 

and quality of the irrigation water are known, the quality and quantity 

of the drainage water may be calculated using Department of Agriculture 

Handbook 60 formulas.~ The mean conductivity of the root zone soil 

saturation extract is the average of the conductivities of the applied 

water and the drainage water. This average value is divided by two 

in order to correct the conductivity of the soil solution to an equiva-

lent conductivity of the saturation extract, as recommended by the 

salinity laboratory. 

As previously stated, the conductivity of the saturation extract, 

when applied to the empirical salinity-yield relationship, gives a 

percent of possible yield. In order to obtain the salinity detriments 

for each target year, including 1960, it was necessary to choose a base 

quality below the 1960 target-year quality. A base quality was selected 

for each area and was used in all calculations pertaining to that area. 

!J The electrical conductivity of the saturation extract of a soil was 
adopted by the salinity laboratory as a scale for estimating the 
salinity of a soil. The procedure for determining the saturation 
extract value involves preparing a saturated soil paste by stirring, 
during the addition of distilled water, until a characteristic end­
point is reached. A suction filter is then used to obtain a suffi­
cient amount of the extract for making the conductivity measurement. 

f:J U. s. Department of Agriculture, U. S. Salinity Laboratory, "Saline 
and Alkali Soils," Agriculture Handbook No. 60, 1954, pp. 31-38. 
(Reference No. 10). 
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The salinity detriment for each crop is equal to the decrease in yield 

per acre times the total gross value of the crop, and is calculated 

according to the following equation: 

where: 

DETyn 

DETyD 

PYIELD1 

PYIELDz 

= (l-PYIELD2) (A) (V) 
PYIELD1 

= Yield decrement detriment for a 

crop in a given area for a 

given quality (TDS), 

= Percent of optimum yield at base 

quality, 

Percent of optimum yield at 

adjusted quality (target year), 

A = Gross acreage of the crop, and 

V = Gross value of crop per acre. 

Gross value is used here because the technique assumes no change 

in farm management practices. Therefore, pre-harvest costs are still 

incurred, and no profit is realized for that portion of the crop lost 

because of quality degradation. To obtain the total detriments for 

each area for a given target year, the detriments for all the crops are 

summed. The penalty costs for 1980 and 2010 are the differences between 

the detriments for these two years, respectively, and the 1960 detri-

ments. It should be noted that the actual values of the detriments have 

little meaning because a base quality was used to obtain them. However, 

the penalty costs do have meaning if the same base quality is used for 

all target year calculations. 
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Equivalent Service. As an alternative to the no-action condition, 

the irrigator could choose to maintain existing yields as the quality 

of his water supply degrades. This is shown as alternative No. 2 in 

Figure 8. He could accomplish this by applying more water in order 

to increase the leaching fraction. In this case the major problem lies 

in determining how much additional water would be required. Hill and 

Scofield considered this problem and set forth the concept of "equiva­

lent service"()O) as one method of calculating the amount of water 

required. Equivalent service requires reduction in the concentration 

of the drainage water in order to off set the increase in concentration 

of dissolved solids in the applied water. This concept calls for a 

substantial increase in the leaching fraction in order to improve the 

drainage water quality. 

The quantity of water required for a given crop being irrigated 

with a certain quality of water can be calculated by the following 

equation: 

- D (4Cr - 3Ca) A· 
o 4Cr - 4Ca ' 

where: Da - Quantity of applied water required 

for a crop at a given quality, 

Do - Consumptive use required by a crop, 

Ca - Concentration of salts in applied water, 

Cr = Average effective concentration of the 

soil solution, and 

A = Gross acreage of crop. 

As was the case with the yield decrement method, it is felt that the 
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mean effective concentration of the soil extract is closer to one-fourth 

of the sum of the concentrations of the applied water and the percolate. 

It should be noted that this judgment leads to a more conservative esti-

mate of penalty costs than that resulting from using the average of 

the concentration of the applied water and the percolate. 

Maintaining the root zone water quality at its present level would 

be sufficient to maintain existing crop yields. However, in order to 

evaluate penalty costs attributable to this alternative, the volume of 

additional water needed to maintain present root zone quality has to 

be determined for the range of irrigation water quality expected in the 

future. It should be noted that maintenance of present root zone con-

centrations requires use of water in excess of the amount required to 

maintain salt balance. 

The dollar value of salinity detriments in a given area is cal-

culated by the following equation: 

where: TOTAL DETEs = Total equivalent service detriments 

for a given area at adjusted quality, 

EDa2 - Summation of applied water required 

for all crops at adjusted qual~ty . 
(target year), 

EDal ... Summation of applied water required 

for all crops at base quality, 

RVw = Residual value of water, and 

E = Overall delivery efficiency. 
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The penalty costs for 1980 and 2010 are the difference between the 

detriments for these two years, respectively, and the 1960 detriments. 

A short discussion is in order at this point concerning the 

economic value of water used for irrigation. Water for irrigating 

agricultural crops is often in scarce supply, thus it has an economic 

value. Several methods may be used in determining the value of irri­

gation water. The most widely accepted method is the "market price," 

where water is not appurtenant to the land. Very few areas have a 

true market price for water, i.e., wher~ water is traded or rented 

for the season just like any other commodity. In the absence of a 

market price for irrigation water in the Colorado River Basin, the 

"residual value" is the most widely accepted substitute. The residual 

value of irrigation water represents the average amount a farmer can 

pay for water without impinging on the going rate of return to other 

inputs (land, labor, capital, overhead, and management) used in crop 

production. Crop budgets were used to calculate crop receipts, crop 

expenses, and the return to water. Total residual value for each crop 

and residual value per acre-foot of water applied were both calculated. 

When the TDS concentration of the applied water equals the present 

mean root zone quality for any crop, no amount of water of the same 

quality can dilute it enough to offset the concentrating effect caused 

by consumptive use and the technique of equivalent service is no longer 

applicable. Therefore, salinity detriments calculated in this manner 

become infinitely large when the quality of water nears the present mean 

root zone quality of the most inefficiently irrigated crop. 

Since excess amounts w water are applied in some areas and the 
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supply of water is limited in others, equivalent service has been found 

to be not directly applicable to areas in the Lower Colorado River 

region • .!/ 

Constant Quality of Percolate. The equivalent service concept 

discussed in the previous section is one method of calculating leach-

ing water requirements. Another method is known as the "constant 

quality of percolate." The theories used as a basis for this method 

are described in detail in Handbook 60 published by the u. s. Department 

of Agriculture. (lO) The equation developed for calculating the leaching 

water requirement for a given applied water quality and for a particu-

lar crop is: 

LR = TOL (U)(A) 
TOL - QUAL 

where: LR = Total leaching requirement for a 

crop at a given quality, 

TOL = Salt tolerance of crop in mmhos/cm,'l:.J 

QUAL = Quality of irrigation water in mm.hos/cm, 

U = Consumptive use (evapotranspiration), and 

A = Gross acreage of crop. 

Total detriments for a given area are calculated according to the 

following equation: 

!J The staff of the Economic Research Service, USDA, collaborated in 
the investigations; results were also reviewed with Dr. Bernstein 
and the staff of the salinity laboratory, as well as Dr. Vaughn 
Hansen and Mr. Raymond Hill who served as consultants to the Project. 

!:} According to Mr. L. V. Wilcox, the conductivity of the drainage 
water associated with a 50 percent decrease in yield is nearly the 
same as the conductivity of the root zone saturation extract associated 
with a 10 percent reduction in yield. 
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TOTAL DETCQP = 

where: TOTAL DETcQp = 

ELRz = 

ELR1 = 

RVw = 

E = 

(ELRz - E LR1) 
E 

Total detriments for a given area at 

adjusted quality for target year, 

Summation of leaching water requirements 

for all crops at adjusted quality for 

target year, 

Summation of leaching water requirements 

for all crops at base quality, 

Residual value of water, and 

Overall delivery efficiency. 

The penalty costs for 1980 and 2010 are the differences between the 

detriments for these two years, respectively, and the 1960 detriments. 

To determine the penalty costs associated with quality degradation, 

it is necessary to account for the increase in conveyance losses and 

to determine the dollar value of this quantity of water. This is done 

by dividing the increase in leaching water by the overall delivery effi­

ciency • ..!I The costs added by the need for extra labor, more fertilizer, 

and additional drainage associated with the application of more irri-

gation water should be added to these detriments. The latter has been 

shown to be quite substantial, sometimes equal to the value of the 

water itself. 

In many locations waters of the Colorado River are fully appropri-

ated or systems are used to capacity. In such cases an irrigator may 

be unable to purchase more water at a reasonable cost. He does have 

the option, however, of reallocating the priorities of use without 

];} This includes conveyance, main system, and farm lateral losses. 
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increasing total consumption. In evaluating the costs of this option, 

the water requirement is determined as explained above except it is 

assumed that the additional water would be available from a reduction 

in irrigated acreage. Thus, slightly less additional water is required 

in this case since quality control water is not needed on the acreage 

taken out of production. The methods used in the acreage reduction 

analyses are described in the following sections. 

Uniform Acreage Reduction. In the event additional water is not 

available for leaching as the quality degrades, an irrigator may take 

a portion of his crop land out of production and use the water thereby 

saved to increase the amount of leaching water applied to the remaining 

crop acreage. Even though this may prevent any yield reduction of the 

remaining crops, the profit that would have been made on the crops 

taken out of production is lost. Three methods of reducing acreage 

were investigated: (1) removal of ~ portion of all crops in propor­

tion to total acreage (uniform reduction), (2) removal of the least 

profitable crops, and (3) removal of the least salt-tolerant crops. 

These alternatives are shown as "Jc," "3a," and "3b" respectively in 

Figure 8. 

The first step in determining detriments by the uniform acreage 

reduction technique is to calculate the leaching water requirements 

associated with a base quality and an adjusted quality for the target 

year. The "constant quality of percolate" method is used to obtain 

these leaching water quantities. The next step is to calculate the 

total volume of water required at the adjusted quality using the 

following equation: 
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where: 

cu 

EFF 

n . 

= L (i~F + 
i=l 

= 

= 

= 

= 

Total volt.nne of water required at 

adjusted quality, 

Total const.nnptive use (evapotrans-

piration) of the ith crop, 

Field efficiency, and 

Total leaching requirement for the 

ith crop at adjusted water quality. 

To obtain the percentage of land to be removed, let 

p (100%) 

P = Percent of land to be removed 

from production, and 

~LR = Additional leaching requirement, 

( L.LR2 - L.LR1), associated with 

quality degrAdation. 

Careful analysis reveals that the percentage, "P" determined by 

the above equation is slightly over-estimated since no additional 

leaching water is needed on the land removed from production. To 

obtain the actual percent of land to be removed, it is necessary to 

use a successive approximation technique. 

First, the true quantity of additional leaching water, LR', 

needed on the acreage that remains is calculated by the following 

equation: 
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The actual or true percent to be removed, P', is then equal to 

By substitution, the following equation can be derived: 

and 

P' = p _ p2 + p3 _ p4 + . . • . + pn • 

If P is less than 100%, which it will be, the sum of the infinite 

series can be expressed as P' = ~-P--
1 + p 

After P' is determined, the 
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total salinity detriments can be calculated by the following equation: 

n 
TOTAL DETUAR • ~ (AiViP') 

i=l 

where: TOTAL DETUAR = Total uniform acreage reduction detriments 

for a given area at adjusted quality, 

Ai = Gross acreage of ith crop before reduction, 

and 

= Net value of ith crop. 

The net value is used because production costs are not incurred and only 

profit is lost. 

Selective Acreage Reduction. Another acreage reduction method 

involves taking out of production the least profitable crops. The first 

step in this method is to calculate the leaching water requirements 

associated with a base quality and the adjusted quality for the target 

year by the "constant quality of percolate" method. The additional 

leaching requirement, ~LR, due to quality degradation is the difference 

in the leaching water requirements referred to in the previous section. 

The quantity, ~LR, is the amount of water that would be saved by reducing 

the acreage. The next step is to arrange the crops in order of increasing 
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economic return from water use and then to calculate the total amount 

of water required by each crop according to the following equation: 

r2 = 

where: r2 = 

cu = 

EFF = 

= 

( E~UF + LR2) 

Total water required by the ith crop, 

Total consumptive use (evapotranspira-

tion) of the ith crop, 

Field efficiency, 

Total leaching requirement of the ith 

crop at adjusted quality. 

The next step in the analysis is to determine if the total amount 

of water required by the least profitable crop is less than ALR. If 

1~ is, the entire crop is removed from production and 6,LR is reduced 

by r2 of the crop removed. The same comparison is then made between 

the amount of LlLR remaining and the total amount of water required 

by the next lowest profitable crop. If the r2 of this crop is less than 

the portion of ALR remaining, the entire crop is removed and the process 

is repeated. 

At some point in the process, the portion of ~LR remaining after 

several crops have been removed will be less than the total amount of 

water required by the next crop in line for removal. (Actually this 

could be the case with the least profitable crop grown, or the first 

considered.) When this point in the process is reached, it becomes 

necessary to determine the portion of this crop to be removed. The 

actual percentage of the crop to be removed, F, is equal to 
1 
~ 

0 
(100 

percent). The value of D is determined by dividing the portion of L\.LR 
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remaining at this stage by r2 of the crop being considered. At this 

point, the analysis becomes identical to the uniform acreage reduction 

technique. The values D and Fare similar to the values P and P', 

respectively. 

After F is determined, the total salinity detriments can be deter-

mined by the following equation: 

TOTAL DETsAR • Total selective acreage reduction detri-

ments for a given area at adjusted quality, 

- o, 

x = Reference number of the last crop affected 

(the numbering system begins with the least 

profitable and proceeds to the most profitable), 

~ = Gross acreage of the ith crop, 

vi = Net value of the ith crop, 

Ax = Gross acreage of the i=x crop, and 

Vx = Net value of the i=x cropo 

A third acreage reduction method, which involves selective removal 

of those crops having the greatest yield loss per unit of root zone 

concentration increase, was not used by the Project. 

Labor, Fertilizer, and Drainage. When more irrigation water is 

applied, additional labor costs are incurred; additional amounts of 

fertilizer are lost; and additional drainage facilities may be needed. 

In the case of additional labor costs it was assumed that irrigators 

would tend to decrease the interval between irrigations. In order to 



77 

maximize the interval, an irrigator would apply the maximum amount of 

water which could be beneficially used during each irrigation. It fol-

lows that any substantial increased water requirement would necessitate 

more irrigations per year. The cost of additional irrigations was 

assessed at $2 per foot of required additional irrigation water in 

excess of three inches. The initial three inches of additional water 

was assessed no labor cost. The foregoing values are based on an 

application of six inches per irrigation at a cost of approximately 

$1 per irrigation. 

Fertilizer losses were calculated according to a first-order 

chemical solution reaction equation. For convenience, this equation 

was expressed in the form: 

L = L pn . 
0 , 

where: = Quantity of fertilizer presently applied, 

L = Quantity of fertilizer remaining, 

P = Percent of fertilizer remaining under present 

conditions, and 

n = Ratio of the volume of drainage with degraded 

water supply to present volume of drainage. 

From this equation, the loss in nitrogen fertilizer associated with 

increases in drainage water may be calculated. This amount is multiplied 

by the 1960 fertilizer cost to establish a dollar penalty cost ($.12/lb.). 

Drainage facilities were assessed no penalty costs for two reasons. 

First, it was found that irrigation districts build facilities as they 

are needed; and secondly, the additional leaching water required because 

of water quality degradation can easily be carried by the existing 
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closed drain systems. Hence, the size of drains would not have to be 

increased due to additional volumes of percolating water. 

Selection of Best Method. Penalty costs associated with each of 

the alternatives discussed above were calculated for each of the major 

irrigation water-use areas belCM Hoover Dam, and the results compared. 

Figure 10 shows such a comparison for a typical water-use area. 

Within each of the study areas, water users utilize various combina­

tions of alternatives in an attempt to minimize the economic impact of 

salinity increases in their water supply. Given sufficient data with 

regard to the acreage and crops to which each alternative is applied, 

it would be possible to accurately evaluate the magnitude of present 

salinity detriments. However, such data is not available. Also, the 

accuracy of projections of future detriments based on present combina­

tions of alternatives would be questionable as changing conditions might 

alter the selection of alternatives in the future. It was thus desirable 

to select one alternative as a me.ans of evaluating present and future 

penalty costs. The selective acreage reduction method, the least cost 

alternative, produced inconsistent results and was rejected. The yield 

decrement method, which assumes no increased use of water nor any acreage 

reduction, was selected as it was considered to be most applicable to 

conditions in the three study areas. This method results in a con­

servative estimate of penalty costs since any combination of other 

methods would result in higher costs. Thus, present penalty costs are 

probably higher than estimates presented in this report, but a more 

accurate evaluation cannot be made at this time. 

Industrial 

The study of industrial penalty costs of mineralized water supplies 
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involves two of the four major types of industrial uses classified in 

Chapter II, namely cooling and boiler feed. The large number and variety 

of manufacturing industries in the major centers of water use, especially 

in Southern California,!J made it impracticable to attempt an evaluation 

of effects on process waters within the scope of this study. In addition, 

process water use falls into two categories: (1) use that is insensitive 

to small incremental changes in mineral concentration, or (2) use that 

requires a completely demineralized supply. In either case the effect 

of changes in mineral quality over the range of concentrations expected 

to prevail is considered to be unmeasurable. General purpose water, or 

that used for plant drinking water, sanitation, lawn irrigation, and 

fire protection, is small in volume compared with other types; and for 

some applications, such as general cleaning and fire protection, the 

mineral content is not very important. 

In view of these considerations, the industrial penalty costs 

derived in the Project's study are somewhat understated. There is no 

doubt, however, that the included costs cover a major portion of the 

fresh water used in manufacturing. In the United States as a whole 

over 74 percent of all industrial fresh water is used in cooling and 

boiler feed, <33) and in the state of California 67 percent is so 

employed. <34> A survey of water use in the chemical and metallurgical 

complex at Henderson, Nevada, made in August, 1964, by the Nevada Depart­

ment of Public Health<35> showed 80 percent of the water to be employed 

for cooling, four percent for boiler feed, and the remaining 16 percent 

!J Bureau of the Census, "Statistical Abstract of the United States," 
1964, lists 17,665 manufacturing plants in the Los Angeles-San Diego 
metropolitan areas. (Reference No. 32). 
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for processing, sanitary, and miscellaneous purposes. 

There are two pertinent types of cooling and boiler systems: those 

which are not sensitive to mineral quality and those which are sensitive 

to mineral quality. High-pressure boilers require a demineralized sup­

ply; thus, they are not sensitive to minor changes in plant intake water 

quality, Similarly, specially designed cooling towers can accept 

brackish or highly saline waters; thus, they are insensitive to water 

quality. 

Low-pressure boilers and cooling towers on fresh water systems, 

however, can tolerate only a limited concentration of dissolved mineral 

constituen~s. These systems, therefore, are directly affected by 

changes in mineral quality. This analysis is based entirely on an 

evaluation of penalty costs associated with Colorado River water used 

in sensitive systems. Therefore, all references to cooling and boiler 

feed water are meant to imply such use in sensitive systems only. 

Current practice in the region has established the tolerance limit 

for low-pressure boilers to be in the range of 2,000 to 3,500 mg/l of 

TDS, There are several suggested requirements for mineral quality 

limits of boiler feed supply water which depend on the operating pres­

sure of the boiler system. (6 , 36 > (See Table 1 in Chapter II.) Limited 

investigations of manufacturing plant practice made in the Colorado 

River Basin indicated that steam for plant processes is generated at 

comparatively low pressure, 300 psi and under. This is in contrast with 

operation of modern thermoelectric power stations where very high pres­

sures are often employed" Accordingly, the value of 3,500 mg/1 was used 

in the Project's study as a basis for the determination of penalty effects 
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For the Colorado River Basin, it appears that upper limits of dis-

solved solids for cooling water supplies are somewhat lower than for 

boiler feed water supplies. The limited studies which the Project was 

able to make indicate that the maximum in actual practice ranges from 

1,000 mg/l to 2,500 mg/l. Accordingly, a value of 2,000 mg/! seems 

typical and was used as a basis for penalty cost assessment. 

To simplify the calculation of industrial penalty costs, a single 

tolerance value was established for a system which considered both 

boiler feed and cooling use. It was found that cooling water use 

accounted for at least seven times the boiler feed usage (Table 15); 

and, based on this information, a volume-weighted tolerance was cal-

culated to be approximately 2,200 mg/l. 

Material balance in these systems establishes the quantity of dis-

charge water required for any level of water use, intake quality, and 

system tolerance. Increasing concentrations of dissolved mineral con-

stituents in the feed water necessitates an increase in the discharge 

requirement, and thus an increase in the water intake requirement, in 

order to prevent salt accumulation within the system. The increase in 

water use, the 1960 cost of water, and feed-water treatment costs were 

used in the assessment of industrial penalty costs. 

The cleaning and sanitary water use portions of the industrial 

supply were assessed no user penalty costs. Only those costs incurred 

in providing and treating additional makeup water for cooling and low-

pressure boiler systems were used in assessing industrial penalty costs. 

Four major steps were required to evaluate industrial penalty 



Tabl.e 15. __ Annual. Manufactur~na Water Re9u~re111ent 
b~ :!Zee of Uee Ln CalLfornLa 1957-59 

C> 
'-'> 

Total Cooling Processing Boiler Feed Sanita!I & Misc. 
SIC Type of Intake 3 of 3 of 3 of 3 of 
Code Industry Acre-Feet Acre-Feet Total Acre-Feet Total Acre-Feet Total Acre-Feet Total -
290 Petroleum 148,000 128,500 86.9 3,850 2.6 13,490 9.1 2,070 1.4 

Refining 

200 Food 93,600 44,800 47.8 30,900 33.0 4,680 5.0 13,500 14.4 

280 Chemical & 60,600 31,300 51.6 21,000 34.7 5,340 8.8 3,090 5.1 
Allied Products 

260 Paper & 24,200 6,500 26.8 16,250 67.0 655 2.7 849 3.5 
Allied Products 

320 Stone, Clay 27,900 11,000 39.3 14, 700 52.6 559 2.0 1,680 6.0 
& Glass 

340 Fabricated 5,070 665 13.l 3,070 60.6 137 2.7 1,190 23.5 
Metal Products 

370 Transportation 
Equipment 12,600 1, 110 8.8 5,460 43.4 302 2.4 5,710 45.4 

330 Primary 9,890 4,400 44.3 1,580 16.0 1,220 12.3 2,620 26.5 
Metals 

240 Lumber (wood 27,100 10 2850 40.1 4 2070 15.0 10 2050 37.1 2 2080 7.7 
except furniture) 

Sub-Totals 408,960 239,125 100,880 36,433 32, 789 

Percent of Total 100.0 58.5 24.6 8.9 8.0 

Total for all 
Manufactures 421,700 242,500 104,100 37,100 37,900 

.:::-
Percent of Total 100.0 57.5 24.7 8.8 9.0 ..... 

0 
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costs: (1) present and future intake water demands for the cooling and 

boiler feed water categories of use were estimated; (2) the quality of 

available supplies, including the effect of blending different supplies, 

was determined; (3) the required increase in water intake to offset 

quality degradation was calculated; and (4) the penalty costs associated 

with quality degradation were derived. Methodology used in the penalty 

cost assessment varied slightly between the study areas, but the basic 

four-step approach was used in all. A discussion of each step, with an 

explanation of the differences in methodology used for specific areas, 

is presented in the following sections. 

Intake Water Requirements. Intake water requirements were esti-

mated by the input-output model (see Chapter V) method in the Lower 

Main Stem study area and by trend-extrapolation methods in the Southern 

California study area. As explained in the section entitled, "Deter-

mination of Direct Penalty Costs, Gila Study Area," it was determined 

that industrial user penalty costs could not be calculated for the Gila 

study area. 

Cooling and boiler feed intake water requirements for ·each economic 

sector of an input-output table can be calculated by the following 

equation: 

u = (TGO)(Wi)(%) I 325851 . , 
where: u = Cooling and boiler feed use in acre-feet, 

TGO = Total gross output in $, 

wi = Water use coefficient in gal/$, and 

% = Percent of total use for cooling and boiler 

feed purposes. 
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As previously noted, this relationship was used for industries located 

in the Lower Main Stem study area because an extensive study of the 

subbasin economy had been completed and the input-output, or transactions, 

table had been assembled. 

At the time of this phase of the Project's study, the input-output 

table had not been constructed for the Southern California area; there-

fore, more conventional techniques of trend-extrapolation were used 

for Southern California. Such techniques are well known and will not 

be discussed here. The data and assumptions which were utilized are 

discussed in the last section of this chapter. 

Quality of Supply. As described in Chapter III, the mineral quality 

of the Colorado River was determined by a computer program at critical 

points throughout the Basin for each of the target years. No additional 

calculations were required for those industries served directly from 

the river. 

Some industries were known to rely on a blended water supply from 

the Colorado River and one or more other sources. The determination of 

the blended quality in such situations is straightforward once the 

volume and quality of each source have been established. For a three-

source blended supply, 

= 

where: qb = 

ql, q2, q3 = 

Fl' F2' F3 = 

(ql)(Fl) + (q2)(F2) + (q3)(F3) 

F1 + F2 + F3 

quality of the blended supply, 

mineral qualities of each source 

volumes of water from each source 

the blended supply. 

used in 
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Many assumptions must be made to determine the quality of a blended 

supply. A discussion of assumptions made and the resulting qualities 

appear in the last section of this chapter entitled, "Determination of 

Direct Penalty Costs." 

Incremental Water Requirement. A mathematical relationship, 

derived from salt-balance and water-balance equations for a closed 

system, was used to determine the amount of additional water required 

to offset any increase in dissolved solids projected for each supply. 

The relationship is: 

61 u!. T (Qz - Ql) 

Qi) J = 
l_(T - Q2) (T -

where: /;,.I = Change in intake volume in acre-feet resulting 

from the change in quality from Q1 to Q2, 

u = Cooling and boiler feed water use in acre-feet, 

T = Tolerance of system in mg/l or tons/acre-foot, and 

= Quality of intake in mg/l or tons/acre-foot. 

Penalty Cost Assessment. The difference in makeup water require-

ments at any two levels of quality, multiplied by the unit cost of water, 

equals the first detriment associated with a change in water quality. 

Since the additional makeup water needs to be chemically treated in the 

same manner as the rest, a second detriment is computed by multiplying 

the incremental amount of makeup water by its unit cost of treatment. 

Costs of treating cooling water vary according to the type of treat-

ment, scale of the operation, and local costs of chemicals. 

Municipal 

Although irrigation is the major water use in the Basin, municipal 
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use is also significant. Hardness, which is closely correlated with 

dissolved solids content, creates undesirable effects in domestic uses. 

'J.'hree alternative methods of evaluating the economic impact upon muni­

cipal uses were examined: (1) the acceptance of undesirable effects, 

(2) home water softening, and (3) central softening. Each of these 

methods is discussed in the following section. 

Acceptance of Undesirable Effects. Domestic users may elect to 

accept the consequences of a degraded water supply, in which case the 

economic penalties associated with soap use, corrosion, and evaporative 

cooling systems are incurred. However, only the additional soap costs 

were used in evaluating penalty costs. Howson(Jl) studied the relation­

ship between hardness and soap use, and his results indicate an approxi­

mate linear relationship between hardness and annual soap cost per 

person. The equation applicable for the Lower Colorado River region 

is: 

where: 

= 

= Annual per capita cost of all cleaning products, 

• 

= 

= 

Total hardness of the water supply in mg/l, 

$8.224 when H ? 300 mg/l and $9.60 when H < 300 

mg/l, and 

$0.0128/mg/l when H ~ 300 mg/l and $0.0084/mg/l 

when H < 300 mg/!. 

In this case, K1 represents the annual per capita expenditure for clean­

ing agents, whereas K2H represents the annual per capita cost of cleaning 

aaents lost through chemical association with water hardness. As hard­

ness increases, this non-beneficial soap loss also increases. The 
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detriments then are calculated as follows: 

where: 

TOTAL DET = (C) (population affected); 

TOTAL DET = Total detriments considered when undesirable 

effects of a degraded supply are accepted, and 

C = Annual per capita cost associated with 

specific hardness. 

The penalty cost is the difference between the two target years' "total 

detriments." 

Penalty Cost = ( C) (poP.ulation affected) 

Other forms of economic loss incident to a hard domestic water have 

been recognized, of which the following four seem most important: 

(1) Accelerated depreciation and higher maintenance costs of 

hot-water appliances, pipe, and fittings due to scaling 

and corrosion; 

(2) Higher fuel costs caused by heat losses in water heaters 

(these losses are a consequence of hard scale formation on 

heating coils, tubes, and similar fittings); 

(3) More rapid wear of fabrics (clothing, linens) washed in 

hard water, owing to longer time needed for washing; 

(4) Cost of bottled water for drinking and culinary us.es (an 

unpalatable mineralized water supply may induce consumers 

to buy relatively expensive bottled water). 

The &UPl of losses (1) and (2) has been reported from several different 

sources to range from $22 to $70 annually for a family of four persons. 

Available estimates of savings by use of soft water to offset excess 

fabric wear range from $8 to $75 annually per family. Although these 
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losses are known to exist, several studies - including one conducted 

by a member of the Project staff in 1964 - have failed to find acceptable 

relationships between quality a.~d incurred cost for these four eifects. 

The Project staff concluded that it would be incorrect to ass1..nne any 

direct linear relationship between quality and user cost. Therefore, 

no attempt was made to evaluate losses associated with these four factors 

although it is recognized that such losses may outweigh those associated 

with soap and detergent wastage. 

For this alternative it was assumed that part of the community 

would elect to purchase home softeners and the remainder would elect 

to incur increased costs for soaps and detergents to offset the 

increased hardness. The penalty costs associated with the use of home 

softeners is derived by: 

where: 

Penalty Costs 
(Home Softeners) = 

= 

= 

Number of people using home softeners 

with Colo~ado River water at the pro-

jected quality level, 

The unit cost of home softening at the 

corresponding water quality level, and 

P2, bz = similarly defined, except Colorado River 

water is taken at tbe 1960 quality 

level. 

Estimates for total future population were provided the Project's 

economic contractor. (38) Field interviews with officials of individual 

water softening companies were made in order to determine the percentage 
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of the present population using home softeners. The percentages of sof­

tener users for future water quality conditions were estimated from the 

information contained in Howson's article. <37
) From these sources of 

information, a conservative range of increases (5 to 15 percent) in 

the percentage of people using softeners was assumed for future quality 

conditions. 

The variables, b1 and b2 , in the equation for home softener penalty 

costs represent the unit costs of home softening in dollars per capita 

per year. The values used for the "b" terms were derived empirically 

from rate schedules obtained in interviews with representatives of 

individual water softening companies. Although not all people employ­

ing home softening units do so on a rental basis, the unit cost of 

rented units compares favorably with the unit cost of purchased units 

if the purchase price is amortized over a ten-year period. For this 

reason the unit cost on a rental basis, which is easier to work with 

boch conceptually and mathematically, was utilized in the determination 

of home softener detriments. An average family of three to five per­

sons <39) and an average daily usage of softened water of 50 gallons per 

capita were used to determine the grain capacity of the softening unit 

requi::::-ed and "b" values referred to earlier. 

Penalty costs for this alternative are also incurred by the portion 

of the community not using home softeners as reflected in increased 

cost of soaps and detergents. It should be noted that this is a con-

sequence affecting only those persons who do not seek a remedy in water 

softening. The penalty costs for the second effect of this alternative 

are calculated by the following equation: 
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Penalty Costs • c1P1 - c2P2 (Non-Use of 
Home Softeners) 

C1 = Annual per capita costs associated 

with future hardness levels, 

= Annual per capita costs associated 

with 1960 level of hardness, and 

= Number of people not using home 

softeners at projected quality level 

and 1960 quality level, respectively. 

The total penalty costs for this alternative are the sum of the penalty 

costs for the two effects. 

Central Softening. Municipal users could elect to install central 

softening facilities as the third alternative. The detriments for 

this alternative are calculated as follows: 

Detriments 
(Central Softening) = 

Q = Annual volume of water treated, 

AH1 = The difference in hardness between the 

plant influent and effluent, 

d = Unit operating cost of central soften-

ing expressed in dollars per 1,000 

g~llons per 100 mg/l hardness removed, 

K1, K2 = Constants defined under first alter-

native, and 

= Hardness of the plant effluent. 

Since a plant is usually designed for a particular quality effluent, the 
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quality of the effluent remains constant. Thus, H2 • H1 so that the term 

CK1 + K2H1) cancels out. Penalty costs are therefore calculated as 

follows: 

Penalty Costs 
(Central Softening) = 

= Difference in hardness between a 

future target year quality and the 

plant effluent quality, 

~Hl • Difference in hardness b~tween the 

1960 quality and the same plant 

effluent quality. 

If Q is in thousands of gallons per year, 6hardness is in mg/l, 

and d is expressed in terms of dollars per thousand gallons per 100 mg/l, 

the equation will yield penalty costs in dollars per year. 

In the foregoing relationship, the appropriate values of Q were 

derived from various estimates in current literature of such organiza-

tions as the Bureau of Reclamation and the Arizona Water Company, and 

t~e values of 6hardness were derived from the Project's flow and salt 

routing model. The value of d was computed from data obtained in 

interviews with the officials of the specific central softening plant 

1.1D.der consideration. The values compared closely with those developed 

by Howson who estimated the unit cost of central softening to be $0.05 

per 1,000 gallons for the first 100 mg/l removed and $0.0125 per 1,000 

gallons for each subsequent 100 mg/l removed. In all cases considered 

by the Project the differences in hardness were well above the 0-100 

mg/l ~ange; therefore, a d value of $0.0125 per 1,000 gallons per 100 
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mg/l ho.rdness removed was used. 

If central softening facilities are not available, the cost of 

builci.::..ng s-;,ich a plant can be determined. The fixed costs for proposed 

plani:S were evaluated using a load factor Of two-thirds, an assmned 

:ire of 50 years, and interest rates varying between 3-1/2 and 4-1/2 

perc~nt. The foregoing values correspond to current design practice 

and municipal bond interest rates in 1965, respectively. Although 

operating costs in existing softening plants vary considerably, an 

a;rerage value of $0. 0125 per 1,000 gallons per 100 mg/l hardness 

rereoved was used in this study. 

For this alternative, plants were evaluated for several levels of 

water supply hardness for which operating costs were calculated. These 

costs defined several points on a continuous cost-concentration func­

ti'Jn. The increase in costs over the range of increased hardness 

r;onc.::ntrations studied was taken as the penalty costs associated with 

:h~& a.-<.ternative. 

Compaorison of Alternatives. The penalty costs associated with each 

C•f the c:1.l ternatives des.:ribed were calculated for each major municipality 

:~~ th~ gacgraphic region studied. A comparison of these penalty costs 

fo:· &:hE'~ Lower Maio Stem study area is presented in Figure lL Except 

for the Cclorado River Aqueduct service area, the alternative resulting 

in hi.ghest penalty cost was home softening followed by central softening 

:J.O . .:l soap -wastage, in that order. This ranking undoubtedly reflects the 

.faci: that the soap-wastage method does not account for a1.l the costs 

in.:ur:;:-ed. Nevertheless, the soap-wastage method was selected as the 

me.3sure of municipal water use penalty costs for all municipal entities 
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eltcept those that actually have central softening plants" These are 

the Metropolitan Water District of Southern Califom,ia and the city of 

Calexico, California, in the Southern {iA.lifornia water service area. 

For these mt.micipalities the central softening method was used to 

calculate penalty costs. 

DETERMINATION OF DIRECT PENALTY COSTS 

Direct economic impacts of projected changes in mineral quality 

of the Colorado River were determined for the three primary study areas 

(Figure 3): {l) Lower Main Stem, (2) Southern California, and (3) Gila. 

The determination of penalty costs associated with each area is dis­

cussed below. A summary of penalty costs for the entire area affected 

by quality changes begins on page l2e. 

Lower Main Stem Study Area (Figure 12) 

lrr1gated Agriculture Users Affected. The irrigation water users 

assessed penalty costs in the Lower Main Stem study area are all located 

in Yum.a. County, Arizona. Yuma County was divided into two areas: (1) 

C:>lor~d.:- River Indian Reservation, and (2) the remainder of Yuma County. 

A third ~rea in the Lower Main Stem - including Washington County, Utah; 

Clark ~nd LLn~oln Counties, Nevada; and Coconino and Mohave Counties, 

Ari~ona - was studied, but the results of penalty cost assessments 

proved negligible. Table 16 summarizes data inputs which were assumed 

foe pena1cy cost assessment for irrigation water uses. 

lnd~st~ial Users Affected" Industrial water users are defined as 

all non-agricultural users other than municipalities. They include 

mining, manufacturing, trades and services, and all utilities, The pe~­

cent of total use for boiler feed and cooling purposes was projected 

422 
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Table 16. ~!!sic Data for Penalty Cost Assessment for Irrigate.d 
Ag ri cu 1 tu re in Lower Ma in Stem Study A re a 

Target Applied Amount 
Area 

Colorado River Indian 
Reservation 

Remainder of Yuma County 

Yuma Project 

Gila Project 

Major Crops Grown 

Barley, Sorgh11m Grain, 
Cotton 

Cotton, Pasture, 
Alfalfa, Flaxseed, 
Grapefruit, Oranges, 
Tangerines, Lemons, 
Limes 

Alfalfa Hay, Cotton, 
Irrigated Pasture, 
Sorghums, Lemons, Limes, 
Oranges, Tangerines, 
Cantaloupes, Lettuce 

Year 

1960 

1980 

2010 

1960 

1980 

2010 

AC~J.{~ (Acre-Feet) 

30)1+61 126,500 

84' 525 406,600 

10ls360 483,000 

7GO, 700 

150,568 714,000 

133,500 618,000 



to remain at the 1960 level for all sectors except electrical energy 
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which is the major heavy water use in the Lower Main Stem study area. 

Although recent trends indicate that this percentage is decreasing, <4o, 41 ) 

it was felt that the majority of industrial users would not convert to 

more costly high tolerant systems. These users would, therefore, be 

forced to maintain the present relative percentage of boiler feed and 

cooling water usage. For the electrical energy sector, it was assumed 

that present volume of cooling and boiler feed water use by sensitive 

systems would remain constant over time although total use was projected 

to increase. This assumption resulted in projected percentages of 90, 

11, and 3 for 1960, 1980, and 2010, respectively, for sensitive-system 

use relative to total intake requirement. 

The intakes for industrial users of Colorado River water are located 

throughout the length of the study area. However, more than 75 percent 

of all industrial water consumed in the Lower Main Stem study area is 

diverted from Lake Mead to the Henderson, Nevada, industrial complex, 

Thus. it was assumed that all industrial diversions occurred at Lake 

Meade The target year mineral qualities at Lake Mead were, therefore, 

used as intake qualities for all industries in the Lower Main Stem 

study area. The relative magnitude of penalty costs did not warrant 

further refinement. 

Municipal Users Affected. Five municipalities in the Lower Main 

Stem area will be affected by changes in the quality of Colorado River 

water. The target year populations served by Colorado River water (not 

necessarily the total populations) and the target year water qualities 

(hardness) at the respective points of diversion from the river are 

shown in Table 17. 
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Table 17. Municipalities Served by Colorado River Wa~er 
in the Lower Main Stem Study Area 

Po2ulation Served21 
Hardness (Caco3)c/ 

(!!!&/ l) 
Mrmicipality 1960 1980EJ 2010JU 1960 1980 2010 

Las Vegas, Nevada 42,500 141,000 272,000 345 420 .:.60 
Henderson, Nevada 17,000 39,000 75,000 345 420 4.60 
Boulder City, Nevada 4,300 12,700 24,000 345 420 .::so 
Parker, Arizona l.soo 4,000 7,000 340 415 460 
Yuma, Arizona 30,000 58,000 101,000 370 485 540 

!} Population served by Colorado River water, not necessarily the total 
population. 

'EJ Population projections are Leasure's median projections. 0 8) 
!:} lnt~ke quality as developed in Project's salt and flow routing modeL 

Results of Analyses. Each individual user's water quality is 

directly related to the water quality at Hoover Dam, as shown in Table 

17. As indicated in Chapter III, penalty costs incurred by each user 

were plotted versus Hoover Dam water qualities. Hoover Dam serves as 

a convenient reference point and is the major control structure on the 

river system below which all significant penalty costs are incurred 

In fact all user intakes in the three study areas are lo.:ated at ,)f below 

Hoover Dam. The results of the direct penalty cost analyses are 

summarized in Table 18. 

Table 18. Summary of Direct Penalty Costs in the 
Lower Main Stem Study Area 

Type User 

Irrigated Agriculture 
Municipal 
Industrial 

TOTAL 

Target Years 
1980 .2010 

($1000 annually) 

1,09605 
275.0 
106.7 

1,478.2 

2 ,423 ,8 
779.0 
41002 

3,613,0 

426 



Southern California Study Area (Figure 13) 
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For convenience, all California lands receiving Colorado River water 

were included in this study area. The area is divided into three parts: 

one served by the Colorado River Aqueduct with diversion point at Parker 

Dam, one served by the All American Canal which originates at Imperial 

Dam, and the other comprising California lands along the Colorado River 

with varying diversion points. The total study area is shown in Figure 

13, and the water distribution systems are shown more clearly in Figure 14. 

Colorado River Aqueduct Service Area. A substantial blending of 

northern California water with Colorado River Aqueduct (CRA) water is 

expected by 1980. An increasing supply of northern California water of 

high quality will be delivered via the Foothill Feeder to MWD's present 

treatment plants at La Verne and Yorbe Linda, and probably also to a 

third plant near Pasadena proposed for construction in the 1980's. 

An analysis of the possible effect on MWD water blended with northern 

California water was made assuming that the CAP delivery schedule i:s 

met. The results are s\DDDlarized graphically in Figure 15. The upper 

curve shows that, based upon projected Colorado River quality degrada-

tion, the quality of MWD supply will continue degrading until 1971 when 

deliveries of northern California water are scheduled to begin and, 

thereafter, will improve rapidly to 550 mg/l by 1979, the date postulated 

for the beginning operation of the CAP. Assuming that the full load of 

the CAP is realized immediately, salinity levels in the blended MWD 

supply sh9uld drop to about 380 mg/l in the following year. Thereafter, 

over the next 35 years, there will be a long decline as gradually 

increasing amounts of high quality northern California wate~ are brought 
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in. In the year 2010 the quality of the blended MWD supply will be 

about 290 mg/l if quality degradation of Colorado River water continues 

at the projected rate. 

The lower curve shows the consequences of an unchanging quality 

level in the Colorado River portion of the supply with total dissolved 

solids maintained constant at the 1960 value of 684 mg/l at Parker 

Dam. Therefore, use of Colorado River water affects the blended MWD 

supplies by 55 mg/l (325 to 380) in 1980 and by 50 mg/l (240 to 290) in 

2010. A synoptic tabulation of anticipated changes in salinity of the 

MWD blended supply is shown in Table 19. 

Table 19. Present and Projected Mineral Quality of Metropolitan 
Water District Blended Water Deliveries 

Colorado River SuEEll Feather River Su22lx Blended Su22ll 
Year Volume TDS Volume TDS gualitI TD"S!J 

(1000 AF/Yr) (mg/l) (1000 AF/Yr) (mg./l) (mg/l) (mg/l) 

1960 817 684 684 684 
1971 1,105 784 95 160 740 640 
1972 1,120 793 200 160 700 600 
1979 1,212 857 956 160 550 450 
1980 550 866 1,064 160 380 325 
2010 550 985 2,635 160 290 240 

~ Blended quality assuming constant Colorado River salinity of 684 mg/l. 

A.gricultural Users Affected. The MWD provides an agricultural 

water supply to several constituent members. At the present time, 

the most prominent agricultural use member - the San Diego County 

Water Authority - distributes water to four irrigation districts 

in the western part of the county, and this pattern is expected to 

continue. The relationship between the total agricultural use of 

431 
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MWD water and the agricultural use of MWD water su~plied to the 

San Diego County Water Authority is shown in Table 20. 

Table 20. Present and Projected Use of Metropolitan Water 
District Water for Irrigated Agriculture 

Year Total MWD Us~ San Diego Countx use!l 
(Acre-Feet) (Acre-Feet) 

1960 119,160 39,700 
1965 152,756 69,069 
1980 161,000 110,000 
2010 130,000 130,000 

~ Information obtained from personal contact with MWD 
personnel. 

Three asslllllptions were made in order to evaluate the effects 

of changes in the quality of Colorado River water on the MWD 

users. The first assumption was that the cropping pattern of 

western San Diego County is representative of the cropping pat-

tern in the total area served by the MWD. This assumption seems 

reasonable since the portion of MWD agricultural water used in 

San Diego County will increase until the year 2010 when all MWD 

agricultural water will be used in that area. The second assump-

tion was that by the year 1980 the MWD deliveries would be a blend 

of 485,000 AF of Colorado River (684 mg/l) and ln5 million AF of 

Feather River water (160 mg/l) . .!/ The third assumption was that 

!J The blend of northern California and Colorado River water is based 
upon published delivery schedules assuming that CAP will be completed 
by 1980. MWD personnel have informed the Project that present plans 
are to divert 65,000 AF from the CRA directly to agricultural users 
in the San Diego area before any blending with northern California 
water. Therefore, the amount of Colorado River water which will be 
blended has been reduced from 550,000 AF to 485,000 AF. 
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the blended irrigation water would be diluted uniformly by an 

average annual effective loc~l rainfall of nine incheslf and that 

this water would be consumed by crops and other vegetation. (It 

should be recognized that the economic effects are dampened con-

siderably by the last two assumptions.) 

Based upon the assumptions stated above, data were developed 

for use in calculating the direct economic penalty costs to the 

irrigation water users served by the MWD. These data are summarized 

in Table 21. 

Table 21. Present and Projected Data Used in Evaluating 
the Direct Penalty Costs to Irrigation Water 

Users Served by the Metropolitan Water District 

Amount 
Target Irrigation Water Effective Total Water Blended 
Year Acreage AJ2J2lied Rainfall AJ2Elied Qualitz (TDS~ 

(AC) (AF) (AF) (AF) (mg/l) 

1960 62,900 120,000 50,000 170,000 
1980 83,100 160,000 66,000 226,000 409 
2010 66,700 130,000 53,000 183,000 452 

Industrial Users Affected. The Colorado River Aqueduct 

delivers water to the Metropolitan Water District of Southern 

California which, in turn, serves water users in a six-county 

area stretching from Ventura County to San Diego County (~igure 14). 

Present total water use for the Southern California study areas 

y "Effective rainfall" is defined as rainfall that is not lost by runoff 
during a storm and is not lost by evaporation from the ground surface 
after a storm. During the seasons 1932-1957, 15 inches of seasonal 
rainfall was exceeded only five times at Pomona, an area with higher 
rainfall than the study area. There were only three years in 25 that 
were likely to produce any leaching of lands under winter crops.Cl9) 
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was determined from available published data. Data for the MWD, 

which is the only entity served by the Colorado River Aqueduct, was 

obtained from State of California publications. <34> A summary of 

these data for the six-county area served by MWD is given in Table 

22. Bulletin 78, California Department of Water Resources, (l9) 

contains information indicating that 87 percent of the six-county 

area is served by MWD; however, only 28 percent of the water 

delivered by MWD is supplied by the Colorado River.ll Therefore, 

the present total amount of industrial water supplied to Southern 

California via the CRA was estimated to be: (0.87)(0.28)(290,000) 

= 71,000 AF. 

Future intake requirements for the CRA were extrapolated from 

estimates of the probable ultimate industrial development and the 

ultimate delivery requirements per irrigated acre. An alternate 

calculation relating industrial use to projected urban demand 

produced a second approximation of intake requirements. From 

these two estimates, a total intake requirement of 825,000 AF was 

established for the year 2010 and 500,000 AF for the year 1980" 

Based upon the assumptions: (1) published delivery schedules for 

northern California water will be met; (2) Colorado River water 

will be delivered in accordance with the authorized schedule for 

the Central Arizona Project; (3) two-thirds of all water use is 

for cooling and boiler feed purposes;(S) and (4) industry will 

use local and imported waters in proportion to their general 

availability in the area, it was estimated that 215,000 AF of 

Colorado River water would be used for cooling and boiler feed 

!J Records of MWD for water year 1962-63. 



Table 22. Water Use bl'.: Manufacturing liiduatr.r :L:; tt~<;__ 
Six Counties of the MetroEolitar_ Wetter D~l'ltrict ..... 

0 of Southern California, 1957-1959 00 

Stone~ Wood 3 of 
Petrol. Chern.& Clay & Fab. Trar.sp. p :rim• (Exe. Sub·· County C9unty 

Ref Food Allied Paper Glass Metals E9,E_t. Metals Furn.) Totals Totals Totals --(Acre-Feet per year x 1000) 
SIC No. 29 20 28 26 32 34 37 33 24 

Los Angeles 75.3 32.4 22.0 19.6 7.2 20.6 16.3 5.6 0.5 199.5 89 224.2 

Orange 2.6 4.8 2.0 1.1 0.1 0.8 0.9 0.5 0.4 13.2 74 17.9 

San Diego 9.2 3.7 1.1 o.o 0 .. 2 0.3 2.5 0.1 0.1 17.2 93 18.5 

San Bernardino 0.2 2.0 0 .. 3 o.o 5 .. 6 0.1 0.1 6.5 L4 16.2 93 17.5 

Riverside 1.8 1 • 2 o.o 0.1 2.9 0.1 o.s 0.4 o.o 7.0 96 7.3 

Ventura 0.4 1. 7 0.7 0.6 0.2 o.o o.o o.o 0.4 4.0 92 4.4 

Grand Total 289.8 

or Approximately 290 



purposes within the MWD in 1980 and 418,000 AF would be used for 

these purposes in 2010. 

Incremental water requirements were calculated by the mathe-

matical relationship discussed in the section entitled, "Methods of 

Penalty Cost Evaluation." The mineral quality of water delivered to 

industrial uses was assumed to deteriorate from 360 to 400 mg/l in 

1980 and from 240 to 300 mg/l in 2010. Based on an average tolerance 

of 2,200 mg/l for sensitive industrial systems in the Colorado River 

Basin, additional water required to offset quality deterioration was 

estimated to be 455 AF/yr in 1980 and 735 AF/yr in 2010. 

A tmit cost of $35 per acre-foot was used to calculate the 

penalty cost associated with makeup water requirements in the MWD. 

Incremental treatment costs were derived from an industrial water-

use survey made in 1959 by the National Aluminate Corporation. <42> 

Unit costs for treating cooling water generally ranged between three 

and seven cents per 1,000 gallons for internal treatment in Southern 

California with a bias toward the higher figure. The latter figure 

was used except where a lower cost was known to prevail. 

A summary of pertinent data used to evaluate industrial penalty 

costs in the Southern California area is presented in Table 23. 

Table 23. Projected Industrial Water Requirements 
for the Metropolitan Water District 

Type of Use 

Cooling Requirement 
Boiler Feed Requirement 

1960 
(AF) 

46,000 
6,000 

1980 
(AF) 

187,000 
28,000 

2010 
(AF) 

362,000 
56,000 
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Municipal Users Affected. The MWD has two large water treat­

ment plants. The older F. E. Weymouth Filtration and Softening Plant 

located near La Verne has a capacity of 400 mgd. Softening is done 

by a cation-exchange process. The large-scale and integrated nature 

of the operation (the district itself produces much of the sodium 

chloride needed for·regeneration of the cation exchange materials) 

permits softening at a very low cost of less than 1-1/2 cents per 

1,000 gallons. A new water treatment facility, the Robert B. Diemer 

Plant located near the community of Yorbe Linda, was dedicated in 

1964. It has a filtration capacity of 200 mgd, but does not have 

any water-softening facilities. 

Of the 550,000 AF/year assumed to be diverted from Lake Havasu 

in 1980 and 2010, the MWD municipal users are assessed the costs 

of softening 400,000 AF/year in both target years. The remaining 

unsoftened volumes are assumed filtered at the Diemer Plant and 

then blended with northern California water. Of these 

remaining volumes, it was assumed that agriculture would use 95,000 

AF/year and 65,000 AF/year in 1980 and 2010, respectively. Only 

the softening expense makes up the penalty costs; the cost of 

filtering is, of course, not included. 

Penalty cost assessments were based on central softening treat­

ment cost of $0.125/1,000 gal/100 mg/l hardness removed. The present 

and projected municipal use of MWD water is shown in Table 24. 

All American Canal Service Area. 

Agricultural Users Affected. The All American Canal conveys 

water diverted at Imperial Dam to Imperial County and the Coachella 

437 



Table 24. Present and Projected Municipal Use 
of Metropolitan Water District Water 

Target Year 

1960 
1980 
2010 

Volume 
(AF) 

442,000 
400,000 
400,000 
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Valley Irrigation District. The present and projected acreages, 

amounts of applied water, and majo·r crops grown in these areas 

are shown in Table 25. 

Industrial Users Affected. Present industrial water intake 

requirements for the All .American Canal service area were derived 

from existing data. Future demand was assumed to grow in strict 

proportion to sales of manufactured products. Based upon this 

assumption and considering that the relative ratio of boiler feed 

and cooling water use to total intake would remain constant, esti-

mates of 125 AF/year in 1980 and 380 AF/year in 2010 were derived. 

Table 26 shows present and fut·1~e intake water requirements. In 

addition to the amounts shown in the table, approximately 433 AF 

of water were consumed in steam-electric power generation in 1964. 

The annual projected intake requirements for this purpose are 860 

AF in 1980 and 1,740 AF in 2010. 

Industries served by the All American Canal use Colorado 

River water exclusively so that there are no effects caused by dilu-

tion water from other sources. The water quality at Imperial Dam 

was used as the intake quality in all cases for industries in this 

area. The significant industrial supply qualities for diversion 
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Imperial County 

Coachella Valley 
County Water 
District 

Table 25. Basic Data for Penalty Cost Assessment to 
Irrigated Agriculture, All American Canal Users 

Major Crops Grown 
Target 

Year Acreage 

Alfalfa, Barley, Vegetables 1960 4~9, 716 

1980 560,000 

2010 529,000 

Carrots, Grapes, ::i.nd Cotton 1960 44' 6 71 

1980 54, 800 

2010 54, 500 

Water Applied 
(Acre-Feet) 

2,426,700 

2,704,000 

2,552,000 

284,000 

351,750 

351,000 

..... 

...... 
N 



Table 26. Summary of Water Data Used for Industrial Penalty 
Cost Assessmer..t in Imperial County, California 

Cooling Boiler Feed Process Other Total 

Ye&r (A-F/yr) (A-F/yr) (A-F/yr) (A-F /yr) (A-F /yr) -
196oY 1,927 192 1,706 526 4,351 

1965 2,670 270 2,360 560 5,860 

1980 5,290 530 4,6~0 1,100 ll,60o£_/ 

2010 10,800 1,070 9,520 2,250 23 60o£! ' 

a/ Based on 1957-1959 period. 
~Values rounded. 

Intake 
Qua li t.l 

(mg/l) 

759 

1,056 

1,223 
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a~d delivery points are summarized in Table 26. 

Municipal Users Affected. As mentl.oned before, several com-

m1.1nities in Imperial Co~nty get their water supply from the Colorado 

River via the All American Canal distribution system. These com-

munities, listed in order of their population, are El Centro, Braw-

ley, Calexico, Holtville, Imperial, Calipatria, Westmorland,. and 

Niland. The present and projected populations of these communities 

are shown in Table 27. 

Table 27. Present and Projected Populations of 
Imperial County Communities 

Towns 1960 1980 

El Centro 18,300 25,800 
Brawley 13,000 14,300 
Calexico 8,900 12,600 
All Others 11,200 _15 2000 

Total 51,400 ~7,700 

2010 

45,400 
16,800 
22,300 
22,500 

107,000 

Only Calexico practices softening in a central municipal plant. 

Privately owned or rented water softeners are widely used in other 

c~mmunities because of the hardness of the supply (approximately 

385 mg/l). A survey conducted in December of 1964 among several 

commercial water softening services and sales outlets indicated 

that between 2,500 and 3,000 water softeners are in use in Imperial 

County. A reasonable estimate of the total population using sof-

tened water in the valley would be 19,000 (9,000 in Calexico and 

10,000 in the remaining communities). This is about 37 percent of 

the urban population. All of this group would be affected by 

rising costs of water softening if the hardness of the supply should 

441 
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increase. The remaining 63 percent of the population would also 

be injured, not by rising expense of treatment but rather by the 

necessity for heavier consumption of soap, etc., as previously 

described. 

Other California Users. There are other users of Colorado River 

water located in California that are not served either by the MWD system 

or the All American Canal. These users, located along the Colorado River, 

are the Palo Verde Irrigation District and the communities of Needles 

and Blythe. 

Agricultural Users Affected. Irrigation water for the Palo 

Verde district is diverted from the Palo Verde Diversion Dam located 

upstream from Blythe, California. The present and projected 

acreage of principal crops grown and amounts of applied water in 

the district are shown in Table 28. 

Table 28. Principal C=ops Grown, Present and Projected 
Irrigation Acreages, and Amounts of Applied 
Water in the Palo Verde Irrigation District 

Target Irrigated Applied 
Principal Crops Grown Year Acreage Irrigation Water 

(Acre-Feet) 
Alfalfa, Cotton, Barley 1960 78,735 376,600 

1980 111,800 541,400 
2010 121,000 595,400 

Municipal Users Affected. The towns of Needles and Blythe 

are located in California along the Colorado River and both get 

their municipal water supply from the river. For purposes of 

penalty cost assessment, they are included in the Southern Cali-

fornia water service area. The present and projected populations 
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of these two towns are shown in Table 29. 

Table 29. Present and Projected Populations 
of Needles and Blythe, California 

Town 

Needles 
Blythe 

1960 

6,080 
6,000 

1980 

10,600 
13,900 

2010 

14,000 
18,500 

Results of Analyses. The results of the penalty cost analyses for 

the MWD service area, the All American Canal service area, the "other 

California" area, and the total Southern California study area are 

stamnarized in Table 30. 

Gila Study Area (Figure 16) 

The Gila study area is defined by counties. It includes Maricopa, 

Pima, Pinal, Santa Cruz, Cochise, Graham, Greenlee, Gila, Yavapai, and 

Gatron Counties. 

Agricultural Users Affected, In order to evaluate the effect of 

salinity in the Central Arizona Project area, it was necessary to make 

four assumptions: (1) All Colorado River water deliveries will be used 

for irrigated agriculture, the least sensitive of all users; (2) there 

will be uniform mixing of agricultural supplies from all sources (ground, 

surfaLe, and CAP deliveries); (3) the quality of ground water in the 

CAP area is the median or 50 percentile average quality of all gr0und 

water presently used; and (4) the quality of surface and ground water 

presently used will not change in time, and only CAP water delivered 

from the Colortldo River will change. 

Each of the above assumptions was designed to produce conservative 



Type Users 

Irrigated 
Agricu 1 tu re 

Industrial 

Municipal 

TdrAL 

Colorado River 
Aqueduct 

484.9 

49.4 

1 2220.0 

1,754.3 

Table 30. Su-ry Of Direct Penal t:y Costs Incurred by All 
Southern California Users of Colorado tiver Water 

1980 

All-American Other 
Canal Galif. 

($1,000 annually) 

3,704.3 427.8 

6.8 

100.0 27.0 

3,811.l 454.8 

Southern 
Galif. Sbldy 
Area Total 

4,617.0 

56.2 

1,347.0 

6,020.2 

2010 

Colorado Jliver All-American Other 
Aquecluct Canal Gal if. 

($1,000 annually) 

751.9 

79.7 

1,950.0 

2,781.6 

8,371.7 

22.9 

233.0 

8,627.6 

948.5 

56.0 

1,004.5 

Southern 
Galif. Sbldy 

Area Total 

10,072.3 

102.6 

2,239 .. 0 

12,413.9 
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estimates of total penalty costso The assumptions were necessary because 

present and projected data were not adequate and, in some instances, 

not available. The first assumption implies that good quality ground 

water now used for irrigation will be exchanged for CAP water allocated 

to municipal use. Refining the second assumption would require opera­

tional data and projections of use (in many cases not available) from 

each individual water company, entailing a long and expensive survey and 

analysis. In the third assumption, quality of ground water used for 

irrigation was estimated at a median TDS concentration of 835 mg/l 

(Figure 17). A more representative flow-weighted average could have 

been computed if the volume of water and quality data were available 

for each well. The arithmetic average TDS concentrations for the wells 

is 1,300 mg/l (Figure 17). The fourth assumption was based on infor­

mation obtained from knowledgeable persOD.s in the Phoenix-Tucson area 

who indicated that separate analyses for each ground water basin would 

be required to identify quality trends. Preliminary attempts to identify 

quality trends using limited data were unsuccessful, primarily because 

ground water quality in the CAP area varies widely in composition and 

concentration both horizontally and verticallyo This variance is not 

only related to the quality of the recharge waters, but also to the 

chemical changes occurring within the ground water mass. 

The present (1960) and projected irrigated acreages were defined 

for the Gila study area by economic sector. From the aqueduct delivery 

and turnout points, it appeared that substantially all of Maricopa and 

Pinal Counties and portions of Pima County would receive CAP water ur 

return flows. It was assumed that no area south of Tucson would be 
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affected and that areas outside the Santa Cruz River Valley proper north 

of Tucson would not be affected, Thus, about 50 percent of the irrigated 

area of Pim.a County wou~d be influenced. Therefore, all irrigated lands 

in Maricopa and Pinal Counties and half of those in Pima County were 

assessed agricultural salinity penalty costs. 

A decline in irrigated acreage is projected for every county in 

the study area. Since the irrigated area affected by the CAP accounts 

for 81.5 percent of all a~reage in the study area in 1960, it was assmned 

that the CAP area acreages would decrease in proportion to the total 

reduction in subbasin acreage Water requirements for the CAP are 

shown in Table 31. 

Table 31. Present and Projected Water Required for Agriculture 
in the Central Arizona Project Area 

Year 

1960 
1980 
2010 

Amount 
(1000 AF/Yr) 

3,482 
3,286 
2 ,.923 

The sources from which the wa~er requirements will be met are shown 

in Table 32. The surface supply quality was estimated to be the average 

of the 1914-1958 hydrologic period as shown in Table 33. 

Estimating an average grcund water quality is subject to uncertainty 

due in part to a lack of both flow and quality data. Therefore, a sta-

tistical analysis of domestic and of irrigation ground water quality 

was made, based on data from two University of Arizona publications. 

C43, 44) The affected ground water areas were delineated as indicated 
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-fear 

1950 

B80 

2010 

Table 32. Present and Projected Sources of Water 
for Irrigation in the CAP Area 

Sources 
Surf ace Ground CAP 

(1,000 A.F./Yr"T 

723!!1 
2,7S9 

723 1,606 9S7£/ 

723 1,627 S73£/ 

Total 

3,482 

3,286 

2,923 

a/ Farm deliveries from diversion of 1,096,000 acre-feet. 
_E; Applied CAP water assuming a 70 percent delivery efficiency 

to farm headgates. 

Table 33. ouantity and Quality of Surface 
Waters Entering the CAP Area!!! 

Volume 

A~"1:° F·Lia River at Lake Pleasant 100,600 

v~·:d~ River at Bartlett Dam 4S4,800 

3:: 1 ~~ River at Stewart Dam 626,000 

Gila River at Kelvin 3S6,000 

V2l~~e ~eighted Average for all Supplies 

TDS 
Quality 
(mg/l) 

210 

240 

810 

600 

SSS 

a/ From Colorado River Basin Water Quality Control Project 
routing model. 

449 
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in Figure 18. The distribution of mineral quality for wells in these 

areas is shown in Figure 17. The median TDS concentration is 835 mg/1 

while the flow-weighted mean is about 1,300 mg/ln The median and weighted 

mean for the domestic wells are 480 mg/l and 700 mg/l, respectively. 

It was assumed that the TDS concentration of ground water used for 

agriculture would be 835 mg/l in each target year" 

Imported water is the third supply source. Mineral quality at 

Parker Dam, the diversion point, was projected by the routing model to 

be 866 mg/l in 1980 and 985 mg/l in 2010. Mineral quality at the point 

of delivery was estimated by computing the evaporation losses (concen-

trating effects) incurred in transit. These losses were determined 

by subtracting the seepage losses from the total losses. Bureau of 

Reclamation estimates of total losses on the order of 10 percent of total 

volume were used. The dimensions of the proposed aqueduct and the 

coefficient of permeability of the concrete lining were obtained from 

Bureau of Reclamation repo::ts and were used in C')mputing the seepage 

losses. Based on these calculation8, the qualities at the point of 

delivery were estimated to be 920 mg1l and 1,010 mg/l in 1980 and 2010, 

respectively. 

The penalty cost assessment w'3.s based on the schedule of deliveries 

presented in the 1967 Hearings on the Ce-atral Arizona Project before the 

U. S. Senate Subcounnittee on Water and Power 0 

Major crops grown, irrigated acreages, and the am~unt and q~ality 

of applied irrigation water in 1960 and projections for 1980 and 2010 

are shown in Table 34. 
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Table 34. Major Crops Grown, Present a.nd Projected Irrigated 
. . Acreages! and Amounts and Quality of Applied 

Irrigation Water in the Central Arizona Project Area 

Major Applied Blended 
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CroEs Grown Year Acreage Amount gualit}'.: (TDS) 
(AF) (mg/l) 

Cotton, alfalfa, 19.60 835,700 3,482,000 777 
barley 1980 771,000 3,286,000 796 

2010 630,000 2,923,000 800 

Existing surface and ground water supplies made up the 1960 require-

ment since there was no Colorado River water used in that year. The 

effect of the CAP is shown from 1980 to 2010. There is no salinity 

penalty cost in 1980 - the assumed water delivery date for the CAP'· 

Industrial and Municipal Users Affected. According to the assump-

tions previously discussed, all CAP water would be used for irrigated 

agriculture. Based on this assumption, there would be no industrial 

and municipal users affected by quality degradation of Colorado River 

water. 

Results of Analyses. There woul~ be no penalty costs in 1980, the 

ass\DDed base year for this analysis. The use of 1980 as a base for 

the CAP analysis is comparable to the use of 1960 as a base for analyses 

of other areas. 

Again, the purpose of this study was to measure external dis-

economies caused by the degradation of Colorado River water only. In 

the CAP area it was anticipated that the Colorado River would provide 

no more than 30 percent of all agricultural water. Thus, the effects 

of the water quality degradations of the blended supply are diminished 

at least three-fold, based on the assumption that the qualities of all 
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other supplies would remain constant over rime as previously discussed. 

The results of the direct penalty cost analyses are shown in Table 35. 

Sunnnary of Lower Basin and Southern California Areas 

The results of the analyses of direct penalty costs are summarized 

in Table 36 and Figure 19. Based upon this analysis, the total direct 

penalty cost in 1980 due to mineral quality degradation of Colorado 

River water would be $7.5 million. The projected total for year 2010 

would be $16.3 million. It should be noted that more than 75 percent 

of the total direct penalties in both target years will be incurred 

by irrigated agricultural users. 



Table 35. Summary Qf Direct Penalty Cost in 
the Gila Study Area 

1980 2010 
~ (In $1,000 Annually) (In $1,000 Annually) 

Agricultural 0 245.7 

Industrial 0 --~/ 

Municipal 0 a/ ----

TOTAL 0 245.7 

a/ All CAP water is assumed to be used for irrigated 
agricu 1 tu re. 

Table 36. Summary of Direct Penalty Costs in 
the Lower Colorado Basin 

1980 2010 

~ (In $1,000 Annually) (In $1, 000 Annually) 

Irrigated 
Agriculture 5,713.5 12, 741.8 

Industry 162.9 512.8 

Municipalities 1,622.0 3,018.0 

TOTAL 7,498.4 16,272.6 

454 
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CHAPTER V. REGION-WIDE ECONOMIC IMPACT 

INTERDEPENDENCE OF ECONOMIC ACTIVITIES 

In addition to the direct economic effects of salinity upon beneficial 

users of water, there are numerous indirect effects which are brought 

about by the interdependence of economic activities. These effects are 

observed in nearly every sphere of economic activity and can be calculated 

when the dependency of each economic sector upon other sectors is known. 

Examples of the interdependence between economic activities are discussed 

in this section. 

Water quality degradation of an industrial source causes either a 

direct loss of production or added costs of treatment and water purchases 

in order to maintain production. The former situation leads to decreased 

demands for other resource inputs to the production process forcing the 

supplier of such input resources to reduce his production. This secondary, 

or indirect effect, continues in a domino-like sequence until all such 

interdependent relationships have been exhausted. Added costs of pro­

duction, the latter situation, induces indirect costs through a misalloca­

tion of resources (expenditures for treatment versus expenditures for 

productive purposes) representing a loss to the optimum regional economic 

output. 

Similar effects are observed in other sectors of the economy. A 

decrease in the output of agriculture products leads to both direct and 

indirect decreases in the output of all other industries due to regional 

economic interdependence. Agriculture decreases its purchases from 

dependent industries and these industries in turn decrease their purchases 
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from dependent industries until all reduced demands are satisfied. The 

economy settles back to a new demand-supply relationship. 

The purpose of this chapter is to describe the methodology used to 

calculate the indirect economic effects of water quality degradation. 

INPUT-OU'IPU'I MODEL 

The technique and underlying assumptions of input-output analysis 

are well documented.(45 ) This chapter is concerned with the application 

of the model to evaluate mineral qualit¥ degradation effects. This 

type of analysis depends basically on a transaction table. This table 

is described succinctly by Miernykl/ as follows: 

"The transactions table simultaneously describes 

the demand-supply relationships of an economy in 

equilibrium. It describes the economy as it is, 

not as it should be, on the basis of some criterion 

or set of criteria. The table does not tell us 

whether the economy is operating at peak efficiency 

-- it does show the final demand for goods and 

services and the interindustry transactions 

required to satisfy that demand." 

The input-output table is essentially a record of sales and pur-

chases for each of the sectors defined in the table. The table describes 

the demand-and-supply relationship of the region's economy for the year 

designated. 

J./ Miernyk, William H., "The Element of Input-Output Analyses," New York 
Random House, 1965, Library of Congress No. 65-23339, p. 30. 
(Reference No. 45) 

457 
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Construction of the input-output table for a given year is the 

first of several steps. From the 1-0 table, a matrix of requirements 

(direct coefficients) from each industry per dollar of adjusted gross 

output for each industry is computed, and a corresponding table of 

interdependence (Direct-Indirect) coefficients is derived. The inter-

dependence coefficients take into account the direct and indirect 

effects on all industries of changes in final demand for any one 

industry. 

To illustrate the use of this tool, a simplified version of a 

model composed of the agricultural, mining, and manufacturing sectors 

will be discussed. Symbolic transactions for this simplified version 

of the economy are shown in Figure 20. The portion of the transactions 

table enclosed in black lines is defined as the processing sector.1/ 

Reading across the top row, A1 , A2 , A3 , and DA represent total sales 

(TA) by agriculture. Reading down the left column, A1 , M1 , F1, and PA 

represent total purchases (TPA) by agriculture. The same procedures 

apply for mining and manufacturing. The expression in mathematical 

terms for the agriculture sector 

TA = Al + A2 + A3 + DA, and 

TPA = A1 + M1 + F1 + PA 

(1) 

(2) 

applied equally with different symbols for the mining and manufacturing 

458 

sectors. Thus, gross output (TA) minus intermediate use (A1, A2, and A3) 

equals final use (DA) for the total system. 

1/ A sector may be defined as a single industry such as mining, or a 
group of industries such as referred to in the table. The meaning 
in each case should be clear from the context. 
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The equation form of the table is more useful for analytical pur-

poses. As described earlier, the direct coefficients show the direct 

purchases by each sector from every other sector per dollar of output. 

Thus, for agriculture we can define a direct coefficient as follows:!/ 

a11 = A1 __ , (3) 
TPA 

a21 = M1 and (4) __ , 
TPA 

a31 = Fl . (5) 
TPA 

The production function (equation 2) may be replaced by its eRuivalent 

form: 

TPA = a 11 TPA + a 21 TPA + a31 TPA + PA, (6) 

or, since TPA = TA, 

TA = a
11 

TA + a
21 

TA + a31 TA + PA.l/ (7) 

Originally the sales distribution equations were defined as: 

If direct 

sectors, 

TA 

TM 

TF 

= 

= 

A1 + A
2 

+ A.
3 

+ DA, 

Ml + M
2 

+ M3 + DM, and 

F1 + F
2 

+ F3 + DF. 

coefficients are defined for the mining 

these may be rewritten as follows: 

TA = all TA+ a 12 TM+ a13 TF + DA, 

TM = a21 TA+ a 22 TM+ a23 TF + DM, 

TF a31 TA+ a32 TM+ a33 TF + DF. 

and 

and 

(8) 

(9) 

(10) 

manufacturing 

(11) 

(12) 

(13) 

ll This simplified description overlooks problems of inventory adjustment, 
margin·ing and so on which are important to the process but not to 
illustration of the logic. For a detailed discussion, see Reference 
No. 46. 
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These equations in standard form are written: 

(a11 -1) TA + a 12 TM+ a
13 TF + DA = 0, 

a 21 TA + (a22 -1) TM+ a23 TF + DM = 0, and 

a31 TA + a32 TM+ (a33 -1) TF + DF = o. 

The same equations in the notation of matrix algebra are written: 

all -1 al2 al3 TA DA 

a21 a22 -1 a23 x TM + DM 0. 

a31 a32 a33 -1 TF DF 

In short hand notation the same equations are written: r -3 [T] + ~] • o; 

or solving for the level of t~tal 

[~ = ~ - ~-1 x &J 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Equation (19) is the "model" used for evaluating the indirect effects 

of salinity upon the Colorado River Basin economy. This model may be 

used to evaluate constraints on output, T; changes in economic structure, 

A; or changes in demand patterns, D. Although the notation of equation 

(19) is used throughout this section, it is necessary to emphasize that 

the effect of changing any individual transaction in the initial table 

can be evaluated by the model. Thus, equation (19) is merely a short 

hand notation which indicates· the mathematical form of the economic 

model. 

EVALUATION OF TOTAL SALINITY EFFECTS 

Because economic activities are interrelated, any change leads 

the economy to adjust _to a new equilibrium condition. Economic changes 

directly related to water quality degradation were evaluated by using 

the economic model to determine their influence on the regional economic 

461 
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equilibrium. Total changes in the conditions of economic equilibrium 

attributable to water quality degradation are defined as the "direct 

and indirect" effects. 

With the analytical model of the economy described in the preceding 

section, it is possible to evaluate three principal kinds of potential 

decisions or courses of action: (1) decisions which affect the avail-

ability of resources; (2) decisions which affect the demand for goods 

and services; (3) decisions which affect the production processes. Each 

of these decisions may deal with either absolute or relative changes, 

e.g., one can consider limits on the availability of a particular 

resource, or changes in patterns of resource use through substitution. 

Furthermore, the decisions are not mutually exclusive. Changes in the 

production process may implicitly involve changes in: (1) patterns of 

resource use; (2) demand; (3) resource employment; and (4) production. 

The first step in analysis of the direct and indirect economic 

impact of water quality is to determine what alternative decisions are 

available to a water user who is confronted with water quality 

degradation. The direct economic effect of each alternative decision 

is then identified, and the results are quantified. These steps, taken 

together, constitute the process of "direct penalty cost assessment" 

described and evaluated in the preceding chapter. The penalty cost is 

then injected into the model in order to determine its effect on the 

regional economy. Different procedures are used to evaluate the effect 

of each type of potential water quality decision. These procedures 

are discussed in more detail in the following sections. 
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Agricultural Penalty Costs 

Direct penalty costs incurred by agricultural sectors are inter-

preted as causing a resource constraint. The cost of developing addi-

tional water is the principal factor limiting present and projected 

future agricultural development. In response to an increment of water 

quality degradation, an irrigat_or can increase water use, reduce 

acreage, or incur a yield loss. As previously indicated, results 

from the yield decrement method of analysis were chosen as representa-

tive of the direct agricultural penalty costs. However, regardless of 

the penalty cost assessment method used, the effective water supply is 

diminished by reducing the yield per acre foot. Therefore, the effect 

of water quality degradation is to constrain agricultural development. 

In the case of irrigated agriculture it was assumed that any reduction 

in output would result in fewer consumer and export sales rather than 

fewer interindustry sales. Consider the definition of the aggregated 

input-output model presented previously: 

T = E- ~-1 D· , 

if R = E- ~-! the equation takes the form 

T = RD, 

or 

~J= ~11 r12 

'1U ~;]. 21 r22 r23 x 

31 r32 r33 

or expanding by the rules of vector algebra 

TA = r 11 DA + r 12 DM + r 13 DF, 

TM = r21 DA + r22 DM + r23 DF, and 

TF = r31 DA + r 32 DM + r33 DF. 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 
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In the above equations, r's are referred to as direct and indirect 

coefficients. These coefficients are fixed by the v~lues of a, the 

direct coefficients. It is apparent from equations (24) and (25) that 

if D1 were to change, because of a constraint on the level of T
1

, then 

T2 and T3 would also change. In this simple illustrative case, the 

magnitude of the change may be easily determined. 

From equation (23) 

(26) 

where ~TA is the direct penalty cost (determined by the yield 

decrement technique), 

ADA is the associated reduction in consumer and export 

sales, and 

r 11 is the direct-indirect coefficient. 

The direct and indirect economic impact of water quality costs is 

defined as the sum of TGO changes in all sectors, corresponding to the 

final demand change, A DA, in the first sector: 

3 
TEA1 = L ATi = A TA + ~TM = ~ TF. (27) 

i=l 

Values of 6 TM and .6 TF can be determined from equations (24) and (25) 

as follows: 

ATM r21 L\DA = r21 A TA, and (28) 

rll 

.6. TF = r 31 ~DA = r31 .A TA . (29) 

rll 
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Substituting these values into equation (27) gives: 

{30) 

or = ATA PM1 ; (31) 

where TEA1 = Total economic effect of costs incurred by 

the agricultural sector, and 

PM1 = Water quality cost multiplier (Note: that the 

multiplier is always greater than 1.0, and 

that it is determined by the structure of the 

economy). 

PM = 1 + + ... ,where rij >O; therefore, 

PM >l, and PM = f(a) since R 

Industrial Penalty Costs 

Direct penalty costs incurred by industries in .sectors other than 

agriculture cause changes in the economic structure. For example, in 

order to offset the effect of water quality degradation, the industrial 

water users provide a higher level of treatment for the existtng supply 

or divert, treat, use, and discharge an additional quantity of water. 

The cost of obtaining or treating the additional water is the direct 

penalty cost. Such additional costs are identified sector-by-sector and 

entered in the model. 

Water purchased from local governmental entities is assumed to be 

an expenditure otherwise distributed in the form of income or profit in 

the final payments sector. Since payments to local governmental entities 

are also composited in the final payments sector, a payment for additional 
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water is exactly compensating. Since both sector entries are outside 

the processing sector (refer to Figure 20) there is no interdependence 

effect and the direct cost of the water purchase is taken as the total 

cost. This cost is determined by summing the water use cost for each 

sector: 

wuc (32) 

where m is the number of affected sectors. 

Treatment costs of the increment of water required to offset 

quality degradation is considered to be an increase in the retail sales 

of water treatment chemicals to the affected industry. To reflect this 

increase, the corresponding direct coefficient is changed and the model 

is used to produce a new transaction table. The procedure is illus-

trated for a simplified model as follows: Assuming a direct effect of 

"X"· dollars, a new direct coefficient is defined. 

A' 22 = 

= 

A
22 

Tm + X 

TM 

A22 + X. 
TM 

(33) 

(34) 

This coefficient increases the transaction amount entered in the inter­

section of row 2 and column 2 of the model by an amount.!/ "X". 

The second step in calculating indirect costs is to substitute A' 

into equation (12), and to obtain a new set of solutionsl/ for the set 

11 The actual amount of the increase is determined by multiplying the 
direct effect by a trade margin. For a discussion of trade margins, 
see Reference No. 46. 

]._I The solution given by the model is: T* = fi-A'3 -1 D; where A* is 
identical to A except for element A22 which has been replaced by 
A'22· 
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of equations (11), (12), and (13). The new set of solutions, as repre-

sented by TA', TM', and TF' are: 

TA' = All TA' + Al2 TM' + A13 TF' + DA, (35) 

TM' = A21 TA' + A22 TM' + A23 TF' + DM, and (36) 

TF' = A31 TA' + A32 TM' + A33 TF' + DF. (37) 

The combined direct-and-indirect effect of water quality due to 

the increased demand for chemicals per unit of manufacturing sector 

output is defined as the total increase in gross economic output: 

TEM1 = {TA' - TA) + (TM' - TM) + {TF' - TF) (38) 
n 

= L TI . T .• 
1 1 

i=l 

In the general case, where more than one industrial sector may 

incur water user penalty costs, the detriments are defined as the total 

of the detriments incurred by each sector as follows: 
m 

TEM = L TEMi; 
i=l 

m = the number of industrial sectors, and TEM. is 
1 

the value obtained from equation (38) for each 

sector. 

(39) 

Two important aspects of this procedure should be pointed out. The 

first is that direct and indirect penalty costs calculated according to 

equation (39) are determined for each sector of the model and summed. 

This procedure is based on the desire to associate the indirect effects 

of each element of assessed user cost with its source. The step-by-

step process also identifies those industries which have a relatively 

large "secondary" effect (strong interdependence) associated with a 
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moderate direct cost. This so-called "innocent industry" effect is 

discussed more fully in "An Interindustry Analysis of the Colorado River 

Basin in 1960 with Projections to 1980 and 2010," University of Colorado, 

Boulder, Colorado, June, 1968. (46) 

The second important aspect is that an increase in gross output is 

interpreted as a penalty cost. This stems from the fact that more 

chemical inputs are required to produce at the same level (delivery of 

goods and services to final demand) in each sector directly affected 

by water quality. The model measures the increased inputs (costs) 

required from all other sectors even though the regional level of 

production remains unchanged. The effects of the increase in resource 

inputs required to sustain the same level of production is an indication 

of the regional economic cost of offsetting the impact of water quality. 

Municipal Penalty Costs 

The effects of increased hardness of water in domestic or municipal 

uses can be partially evaluated through the cost of softening or de-

mineralizing. In areas where softeners are not used the effects can be 

measured by the additional outlays for soap and detergents, plumbing 

repairs, and the like. Thus, the direct municipal penalty costs for 

degradation of water quality are represented by two effects: increased 

treatment costs incurred by municipal and private softening plants, and 

the increased cost of soap and detergents used by individual households. 

The impact of these direct costs are observed mainly in the trades, 

services, and government sectors. 

Increased treatment costs by municipalities (local government 

sector) are offset by additional charges or taxes to the consumers, 
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thereby reducing household profits or income. However, since both 

households and local government are components of the final demand 

sector (outside the processing sector), the net effect is zero. On 

the othe~ hand, the purchase of additional chemicals by local govern-

ment from the trade sector (source of supply for chemicals) and the 

change in househbld purchasing patterns in order to purchase additional 

soap and detergents alter the resulting outputs of the model. The 

underlying assumption concerning households is that income previously 

allocated .to what might be termed "luxury items" (eating out, incidental 

services, etc.) will be reallocated to the retail sector to purchase 

more soap and detergents. To properly handle such factors, a rather 

detailed procedure is required to adjust the model for the municipal 

and domestic penalty costs. 

The first step in the procedure is to determine the percentage of 

household purchases allocated to each sector. This is accomplished by 

dividing the household final demand entry (purchase) in the affected 

sectors (trades and services) by the total of all household purchas~s 

as shown by the equation: 

= 

where = 

= 

the percentage of household expenditures 

allocated to the ith sector, 

the dollar amount of household purchases from 

the i..t.h sector, and 

(40) 

469 
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n = the number of all sectors in the economy 

including processing and final payments 

sectors. 

The next step is to determine the relative reduction in final 

demand in each of the effected sectors, which are Eating and Drinking, 

Retail Trade, and Services. These changes are assumed to be proportional 

to the relative percentage of household expenditures: 

where 

r = q 

rr 

= 

hq 

hq+hr+hs 

hr 
hq+hr+hs 

h +h +h q r s 

, and 

r is the relative reduction in final demand, and 

Subscripts q, r, and s refer to the eating and 

drinking, retail trade, and services sectors, 

respectively. 

(41) 

(42) 

(43) 

The next step is to calculate a Final Demand Change Coefficient as 

follows: 

where 

= 

m 
dr = r r ~ hi, and 

i=l 

ds = rs ~ hs; 

i=l 

d is the final demand change coefficient, and 

m is the number of processing sectors. 

(44) 

(45) 

(46) 
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The actual change in final demand, corresponding to a direct munici-

pal penalty cost of X is determined as follows: 

where 

~Dq = -dqTqX, 

AD = -d TX + TX r q q q 

= Tq (1 - dq) x, and 

6Ds = -dsTsX; 

AD is the change in final demand, 

T is the trade margin for the sector indicated, and 

d is the final demand change coefficient. 

(47) 

(48) 

(49) 

It should be noted that all three final demand changes are entered 

simultaneously in the model in order to determine total direct and in-

direct detriments. In this case, total costs are defined as: 

where 

TMD = ~ \ TGO' i - TGOi' ; (SO) 

i=l 

m = the number of sectors in the processing sector, 

TGOi is the output of the ith sector before adjustment 

of final demands, 

TGOi is the output of the ith sector subsequent to ad-

justment of the final demands, and 

the symbol I I means that the absolute value is to be 

considered; or that all differences are considered 

to be positive. 

TOTAL EFFECT OF WATER QUALITY DEGRADATION 

The total effect of water quality degradation is determined by 

summing the direct and indirect penalty costs for agricultural, 

industrial and municipal (household) sectors: 

471 
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TEC = TEA + WVC + TEM + TEH; 

TEC is the total direct and indirect effect of quality 

deterioration on the subbasin 
' 

TEA is the total direct and indirect economic impact 

of agricultural detriments, 

(WVC + TEM) is the total direct and indirect economic 

impact of industrial penalty costs, and 

TEH is the total direct and indirect economic impact 

of municipal penalty costs. 

Again, it is important to note that each of the above measures of 

cost has been determined by calculating the impact of a direct penalty 

cost on the economic equilibrium of the unconstrained (with regard to 

water quality) subbasin economy. The model was used to measure the 

total effect of water quality degradation. In some cases, as a result 

of the measurement technique, the shift is in the direction of increasing 

dollar value of economic output, at a constant level of production while 

other cases have led to direct decreases in the level of production, 

therefore, encompassing both income and production effects. If these 

effects were to be considered simultaneously, changes in dollar value 

of output would be partially self-cancelling. The result would be a 

projection of the actual condition of the economy under the influence 

of a water quality constraint. Such a projection is relevant to the 

development of a complete economic base study and is considered in the 

Economics Volume of the Project's Report. It should be noted, however, 

that one may not arrive at indirect costs by comparing the constrained 

economic projection with the unconstrained projection. Coriversely, one 
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cannot arrive at the constrained projection by comparing direct and 

indirect penalty costs with the unconstrained economic projection. For 

these reasons, a sector-by-sector breakdown of the direct and indirect 

costs has not been presented. Instead, direct and indirect costs are 

presented by study area total, with a breakdown for the-major categories 

(irrigated agriculture, industrial and municipal) discussed previously 

(Tables 37, 38, and 39). The results are also shown graphically in 

Figure 21 for the Lower Main Stem study area, in Figure 22 for the 

Southern California study area, and in Figure 23 for the Gila study 

area. Total direct and indirect penalty costs for all three study areas 

are estimated to be $11.0 million in 1980 and $25.4 million in 2010. 

SENSITIVITY OF MODEL TO FL~ INPUT DATA 

Sensitivity analysis is a technique used to determine the contri­

bution which each variable makes to the uncertainty of results obtained 

in a study such as this one. The specific purpose of this section is 

to det~rmine sensitivity of penalty costs to variations in flow. Mineral 

quality of the Colorado River at a specific location and time is deter­

mined by the quantity of water and salt load carried in the river. As 

discussed in Chapter III, the analysis of mineral quality was based on 

the flow period 1942 to 1961, modified to 1960 conditions. However, 

since various other base periods could have been used, it was deemed 

advisable to analyze other flow conditions in order to determine whether 

the results and conclusions would change significantly under these 

conditions. As an extreme limit, the minimum compact delivery at Lees 

Ferry was chosen for the sensitivity analysis. This reduced water supply 
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Table 37. Input-Output Model Results for the 
Lower Main Stem Study Area 

Agricultural Penalty Costs 

Direct 

Indirect 

Total 

Industrial Penalty Costs 

Direct 

Indirect 

Total 

Municipal Penalty Costs 

Direct 

Indirect 

Total 

Total Direct Penalty Costs 

Total Indirect Penalty Costs 

Total Penalty Costs 

1980 2010 
($1,000 annually) 

1,096.5 

765 .4 

1,861.9 

106. 7 

3.8 

110.5 

275.0 

13.6 

288.6 

1,478.2 

782.8 

2,261.0 

2 ,423 .8 

2,237.2 

4,661. 0 

410.2 

14. 5 

424.7 

779 .o 

39.3 

818.3 

3,613.0 

2,291.0 

5,904.0 

147 474 



148 475 

Table 38. Input-Output Model Results for the 
Southern California Study Area 

Agriculture Penalty Costs 

Direct 

Indirect 

Total 

Industrial Penalty Costs 

Direct 

Indirect 

Total 

Municipal Penalty Costs 

Direct 

Indirect 

Total 

Total Direct Penalty Costs 

Total Indirect Penalty Costs 

Total Penalty Costs 

1980 2010 
~l,000 annually) 

4,617.0 

2,447.0 

7,064.0 

56.2 

2.9 

59.l 

1,347.0 

304 .8 

1,651.8 

6,020.2 

2,754.7 

8,774.9 

10,072~3 

6,194.5 

16,266.8 

102.6 

5.5 

108.1 

2,239.0 

506.6 

2,745.6 

12,413.9 

6,706.6 

19, 120. 5 



Table 39. Input-Output Model Results for the 
Gila Study Area 

1980 2010 
($1,000 annually) 

Agricultural Penalty Costs.!./ 

Direct 0 245. 7 

Indirect 0 125.4 

Total 0 371.1 

476 
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.!,/No penalty costs were assessed to municipal or industrial users. 
For explanation see Chapter II. 
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was assumed to occur in target year 2010 because the Upper Basin allot­

ment is not projected to be fully utilized until that time. 

For purposes of this analysis minimum compact delivery was taken 

as 8.25 MAF per year, based on the a~sumption that the Upper Basin 

must deliver 7 .5 MAF to the Lower Basin and 0. 75 MAF to Mexic.o. To 

satisfy Mexico's total apportionment of 1.50 MAF, the Lower Basin must, 

in turn, deliver 0.75 MAF of their allotted share. A comparison of 

2010 water budgets for the Lower Basin for both the projected study 

condition and the minimum compact delivery condition is shown in Table 

40. Allocation of the supply for the Lower Basin under the minimum 

compact condition is shown in Table-41- Thi~ supply condition was 

incorporated into the flow and salt load routing model, and a new array 

of mineral qualities was developed as shown in Table 42. 

The new array of mineral qualities was incorporated into the model 

and new total penalty costs were determined The results show that the 

model is relatively sensitive to flow. Total penalty costs to all users 

of Colorado River water below Hoover Dam as shown in Table 43 increased 

from $25.4 million to $27 .8 million annually, or about ten percent, 

because of an assumed reduction in the available water supply of four 

percent. A comparison of the results based upon the two different flow 

conditions is ~hown in Figure 24. 

SURFACE EQUATION OF DIRECT ECONOMIC IMPACTS 

Figure 25, a display of three traces on a three-dimensional figure 

called a response surface, illustrates total direct user costs as a 

function of water quality at Hoover Dam The curves represent total 

user costs associated with each of the three target years, 1960, 1~80 

480 
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Table 40. LoweE.._Basi9 Water Budg£!£._for Year 2010 Under 
ProjEcted and Minimum Comeact Conditions 

481 

Projected Supply 
Condition 

(maf) 

Minimum Compact 
Supply Condition 

(maf) 

Delivery at Lees Ferry, Arizona 

Inflows and Water Salvage 

Reservoir Evaporation & Other 
DeplEtionR 

Available for Use in Lower Basin 

8.629 8.250 

1 ~23 1.323 

-1. 250 

8.702 8.323 

Table 41 Assumed Allocation of Color~£.o River Wa~er_~~Q!!S 
Lower Basin States & M~xico UndPE_~ini~~ 

Com2act Condition3 

St~te or Reeublic 

California 

Arizona 

Nevada 

Mexico 

Total 

Allocation 
(maf) 

iJ. .4')0 

2.02~/ 

0.300 

l.6oo£1 

8.323 

!!I A volume constraint was applied to the Central Arizona Project 
decreasing the diversion volume from :lQ'.),000 acre-feet/year to 
373,000 acre-feet/year. 

E.I Includes 0.100 maf of uncontrolled and unmeasurable underflows. 



Table 42 

Station 

Colorado River at 

Colorado River at 

Colorado River at 

Colorado River at 

155 482 

Mineral Quality for Year 2010 Under Projected 
and Minimum Compact Conditions 

Minimum 
Projected Compact 
Conditions Delivery 

TDS Hardness TDS Hardness 
(mg/l) (mg/l) (mg/ 1) (mg/l) 

Hoover Dam 990 460 1,022 470 

Parker Dam 985 460 1,018 470 

Palo Verde 1,082 495 1, 115 505 

Imperial Dam 1,223 540 1,256 550 



Table 43. Total Penalty Costs for Projected Conditions and Minimum 

Lower Main Stern 
Study Area 

Type of Min.!./ 
Penalty Costs Projected Compact 

Agricultural 
Direct 2,423.0 2,672.3 
Indirect 2 1237.2 21292.8 
Total 4,660.2 4,965.1 

Industrial 
Direct 410.2 469.3 
Indirect 14. 5 44.5 
Total 424.7 513.8 

Municipal 
Direct 779 .o 841.0 
Indirect 39.3 42.0 
Total 818.3 883.0 

Total Direct 3,612.2 3,982.6 

Total Indirect 21291.0 21379.3 

TOTAL 5,903.2 6,361.9 

~/ Quantity Unconstrained. 
~/ Quantity Constrained. 

Compact Conditions for Year 2010 
($1,000 annually) 

Southern California 
Study Area Gila Study Area 

Min.!./ Min . .12./ 
Projected Compact Projected Compact 

10,072.l 10,934.0 245. 7 82.3 
6 1194.5 71271.l 125.4 42.2 

16,266.6 18,205.l 371.1 124.5 

102.6 115 .0 
5.5 9.2 

108.l 124.2 

2,239.0 2,416.0 
506.7 535.6 

2,745.7 2,951.6 

12,413.7 13,465.0 245. 7 82.3 

61706.7 71815.9 125.4 42.2 

19,120.4 21,280.9 371.1 124. 5 

Total 

Projected 

12,740.8 
81557.1 

21,297.9 

512. 8 
20.0 

532.8 

3,018.0 
546 .o 

3,564.0 

16,271.6 

91123.1 

25,394.7 

Min. 
Compact 

13,688.6 
91606.l 

23,294.7 

584.3 
53. 7 

638.0 

3,257.0 
577. 6 

3,834.6 

17,529.9 

10,237.4 

27,767.3 

..... 
\JI 

°' 
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and 2010, The three traces on this surface were selected arbitrarily 

for illustration purposes. To be more general, an equation was developed 

that defined the response surface. With the equation, user costs for 

water qualities and economies at any time in the future can be investi­

gated without duplicating all the detailed analysis described in 

Chapters III and IV. 

where 

The response surface equation is a polynomial in the form: 

S = Ax2 + Bxy + Cy2 + Dx + Ey 

S = Annual direct detriments in million dollars below 

Hoover Dam (1960 dollars); 

x = Th~ total dissolved solids concentration (mg/l) at 

Hoover Dam; 

y = The economic year, where 1950 = O, 1980 = 20, and 

4010 = 50; and 

A, B, C, D, and E are the coefficients of the polynomial 

as determined by the least squares technique. 

The coefficients are: 

A= 0.22663 X 10-4 

BB = 0.45845 X 10-3 

c = -0.19157 x lo-3 

D = -0.50383 X 10-2 

E = -0.17265 X 10° 

The response surface equation can be used to evaluate the economic 

benefits which would be realized if the mineral quality at Hoover Dam 

could be improved. Assuming that means are available to reduce the 
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projected 1975 mineral quality at Hoover Dam from 840 mg/l to 740 mg/l, 

benefits could be calculated as follows: 

For the Projected conditions; x = 840, y = 15. Thus, 

s = .22663 x .~o-4(840) 2 + .45845 x lo-3(840) (15) + 

(-.19157 x lo-3) (15)2 + c-.50803 x lo-2) (840) + 

(-.17265) (15) 

s = 14.8 million dollars annually. 

For the proposed condition, x = 740 and y = 15. 

Thus s = .22663 x lo-4(740) 2 + .45845 x 10-3(740) (15) + 

(-.19157 x lo-3) (15)2 + (-.50803 x io-2) (740) + 

(- .17265) (15) 

s = 11. 1 million dollars annually. 

The net worth or negative penalty cost to the economies is then, 

Worth= 14.8 - 11.1 = 3.7 or $3,700,000 annually. 

The indirect benefits which would accrue to water users would be 

calculated by input-output analysis. 
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CHAPTER VI. CONCLUSIONS 

Projected degradation of mineral quality in the Colorado River 

during the next four decades will impose significant economic penalties 

upon water users in the Lower Basin and Southern California areas. 

These penalty costs will be incurred generally by consumptive users 

of water. Little or no detrimental effects are anticipated for non­

consumptive uses of water such as recreation, water sports, native 

fauna, navigation, hydropower generation, and esthetic enjoyment. 

Adverse effects of salinity are anticipated in municipal, indus­

trial, and irrigated agriculture water uses. Among these three, irri­

gated agriculture is by far the most important in terms of amount of 

water used. Even after considering the heavy urban demand of the Los 

Angeles - San Diego metropolitan areas, irrigation still accounts for 

85 to 90 percent of all water presently consumed in the Colorado River 

system. 

Based upon projected patterns of future water resource and economic 

development, mineral quality was forecasted at key locations in the 

Basin for the target years 1980 and 2010. The mineral qualities at 

Hoover Dam and Imperial Dam are projected as 876 mg/l and 1,056 mg/l, 

respectively in 1980 and 990 mg/l and 1,223 mg/l, respectively in 2010. 

These quality levels represent increases in salinity concentrations 

over 1960 levels of 179 mg/l (25.7 percent) and 297 mg/l (39.l percent) 

at Hoover Dam and Imperial Dam, respectively, for the year 1980. These 

concentrations are projected to undergo additional increases by the 

year 2010 of 114 mg/l (13.0 percent) and 167 mg/l (15.8 percent) at 

the same locations, respectively. 
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Nearly all economic penalty costs will be incurred by water users 

in the Lower Colorado River Basin and Southern California Water Service 

area. Direct economic losses to water users in these areas will amount 

to 7.5 million dollars annually by the year 1980. The magnitude of 

these damages which represent the direct added costs of using a degraded 

water supply, will increase to 16.3 million dollars annually by the year 

2010. 

Indirect economic effects caused. by the direct impact upon water 

users will represent an additional loss to the regional economy of 9.1 

million dollars annually by the year 2010. Of the total (direct and 

indirect) annual economic impact in 2010 (25.4 million) nearly 84 percent 

will be incurred as a result of the direct impact upon irrigated agricul­

ture water users. 
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THE ENVIRONMENTAL PROTECTION AGENCY 

The Environmental Protection Agency was 
established by Reorganization Plan No. 3 of 
1970 and became operative on December 2, 1970. 
The EPA consolidates in one agency Federal 
control programs involving air and water 
pollution, solid waste management, pesticides, 
radiation and noise. This report was prepared 
over a period of eight years by water program 
components of EPA and their predecessor 
agencies--the Federal Water Quality Administra­
tion, U.S. Department of Interior, April 1970 
to December l970: the Federal Water Pollution 
Control Administration, U.S. Department of 
Interior, October 1965 to April 1970: the 
Division of Water Supply and Pollution Control, 
U.S. Public Health Service, prior to October 
1965. Throughout the report one or more of 
these agencies will be mentioned and should 
be considered as part of a single agency--in 
evolution. 
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PREFACE 

The Colorado River Basin Water Quality Control Project 
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was established as a result of recommendations made at the first 

session of a joint Federal-State "Conference in the Matter of 

Pqllution of the Interstate Waters of the Colorado River and 

Its Tributaries", held in January of 1960 under the authority 

of Section 8 of the Federal Water Pollution Control Act 

(3l U.S.C. 466 et seq.). This cQnference was called at the 

request of the States of Arizona,_ California, Colorado, 

Nevada, New Mexico, and Utah to consider all types of water 

pollution in the Colorado River Basin. The Project serves 

as the technical arm of the conference and provides the con-

ferees with detailed information on water uses, the nature 

and extent of pollution problems and their effects on water 

users, and recommended measures for control of pollution 

in the Colorado River Basin. 

The Project has carried out extensive field investigations 

along with detailed engineering and economic studies to accomplish 

the following objectives: 

(1) Determine the location, magnitude, and causes of 

interstate pollution of the Colorado River and 

its tributaries. 

(2) Determine and evaluate the nature and magnitude of 

the damages to water users caused by various types 

of pollution. 
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(3) Develop, evaluate, and recommend measures and pro­

grams for controlling or minimizing interstate water 

pollution problems. 

In 1963, based upon recommendations of the conferees, 

the Project began detailed studies of the mineral quality pro­

blem in the Colorado River Basin. Mineral quality, commonly 

known as salinity, is a complex Basin-wide problem that is 

becoming increasingly important to users of Colorado River 

water. Due to the nature, extent, and impact of the salinity 

problem, the Project extended certain of its activities over 

the entire Colorado River Basin and the Southern California 

water service area. 
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The more significant findings and data from the Project's 

salinity studies and related pertinent information are 

summarized in the report entitled, "The Mineral Quality Problem 

in the Colorado River Basin". Detailed information pertaining 

to the methodology and findings of the Project's salinity 

studies are presented in three appendices to that report -

Appendix A, "Natural and Man-Made Conditions Affecting Mineral 

Quality", Appendix B, "Physical and Economic Impacts", and 

Appendix C, "Salinity Control and Management Aspects.". 
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CHAPTER I INTRODUCTION 
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Salinity is one of the most serious water quality prohlems 

in the Colorado River Basin. Like many streams in the arid 

West, the Colorado River displays a progressive increase in 

salinity (total dissolved solids)l/ between its headwaters and 

its mouth. Salinity concentrations in the Lower Colorado River 

below Lees Ferry, Arizona are approaching critical levels for 

municipal, industrial, and agricultural water use. In the face 

of this present situation, planned and proposed water resource 

developments, primarily in the Upper Basin, will cause further 

increases in salinity concentrations in the Lower Colorano 

River. 

As a part of its investigations of interstate pollution 

problems, the Colorado River Basin Water Quality Control Project 

(Project) has carried out activities since 1963 directed toward 

three primary objectives related to the salinity prohlem. These 

objectives are: 

y 

(1) To assess the nature and magnitude of the salinity 

buildup in the main stem of the Colorado River and its 

tributaries, 

(2) To evaluate the net basinwide economic benefits 

associated with various degrees of control, and 

The terms "salinity" and "total dissolved solidsr are usec 
synonymously throughout this Appendix. 
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(3) To investigate and evaluate feasible methods of 

controlling and minimizing salinity concentrations 

and loads in the river. 
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Project activities concerned with the first objective are 

discussed in detail in Appendix A, "Natural and Man-Made 

Conditions Affecting Mineral Quality." To provide the basis for 

evaluating the economic benefits of salinity control, the 

second objective, detailed studies of the physical and economic 

effects of salinity on water use in the Colorado River Basin 

were carried out. The results of these studies are discussed 

in Appendix B, "Physical and Economic Impacts." This appendix 

summarized the present status of knowledge with respect to the 

second and third objectives. Results of activities completed 

to date are sufficient to achieve these objectives only pro­

visionally. Most of the evaluations presented herein are based 

on preliminary data not on final results. Activities are 

continuing which will improve the store of salinity control 

knowledge and which will result in refinement and improvement 

of the information presented. This report can thus be con­

sidered an interim summary of the "state-of-the-art" with 

respect to salinity control and Management for the Colorado 

River Basin. 

Closely related to the salinity control studies described 

herein were the efforts to establish water quality standards for 

the interstate waters of the Colorado River system as required 

by the Water Quality Act of 1965. Early in the process of 
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establishing standards, it became apparent that available 

information on the technical aspects of management and control 

of salinity was not adequate to develop equitable, workable 

and· enforceable salinity standards. The water quality standards 

subsequently developed by the states and approved by the Secretary 

of the Interior did not include numerical salinity standards. 

However, the Secretary stated that it would be the intention 

of the Department of the Interior and basin states to pursue 

active programs to lay the foundation for setting numerical 

criteria with emphasis on the demonstration of salinity control 

measures and ways to revise the legal and institutional con-

~traints that could impede implementation and enforcement. The 

Project's activities thus form a major link in Department of 

the Interior's efforts to provide the basis for establishing 

suitable salinity standards. Activities related to salinity 

standards are summarized in Chapter II. 

A wide range of technical possibilities for salinity 

control were identified and their potential feasibility for 

application in the Colorado River Basin evaluated. Present 

knowledge of many of these control measures is quite limited 

before actual project application can be anticipated. Present 

information is considered adequate, however, to provide a basis 

for preliminary estimates of the potential for salinity control 

in the Colorado River Basin. The various salinity control 

measures evaluated are discussed in Chapter III. 

A number of technical investigations as well as research 
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and demonstration projects directed towards improving salinity 

control and management knowledge have been undertaken by other 

institutions and agencies with financial support from the Federal 

Water Quality Administration. These activities have contributed 

to the third primary study objective. The present status of 

these activities is discussed in Chapter IV. 

To provide the basis for determining the potential feasibility 

of basinwide salinity control, a total of eight alternative 

control programs were formulated. Cost estimates were prepared 

for these programs which included three salt load reduction pro­

grams, four flow augmentation programs and a water supply treat­

ment program, and the relative costs and water quality effects 

were compared. The phased implementation of a salt load reduction 

program was selected as the least cost alternative and costs of 

the program were utilized to evaluate the economic feasibility 

of various levels of salinity control. 

A number of alternative economic or water quality objectives 

were i~entif ied which a basinwide control program could seek to 

achieve. The water quality and economic effects associated with 

each of these objectives for the least cost program were evaluated. 

The distribution of salinity costs associated with these ob­

jectives were evaluated and are discussed in Chapter V. 

The Project's investigations comprise essentially a 

reconnaissance level analysis of the overall salinity problem· 

and provide a preliminary assessment of the potential for 

achieving a measurable degree of salinity management. It is 

clear, however, that further investigation and demonstration 
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of salinity control t~chnology will be required before a basin­

wide salinity control plan can be formulated and implemented. 

Also, a number of legal and institutional factors must be analyzed 

and modified where practical before implementation of a basinwide 

plan can be assured. 
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CHAPTER II. MINERAL QUALITY STANDARDS 

The salinity problem in the Colorado River Basin (see 

figure 1) was brought into sharp focus by the passage of the 

Water Quality Act of 1965. (1) Under this Act, the states were 

required to adopt water quality standards for their interstate 

waters along with a plan for implementing and enforcing standards 

by June 30, 1967. Early in the standards-setting process, 

representatives of the water pollution control agencies for the 

seven Basin States recognized that it would be highly desirable 

to have agreement on certain principles and factors to be used 

in formulating consistent State water quality standards for the 

interstate waters of the Colorado River system. A Technical 

Water Quality Standards Committee was therefore formed for this 

purpose. It consisted of one representative from the water 

pollution control agency for each of the seven Basin States. 

Between August 1966 and December 1967, the Committee held a 

number of meetings for the purpose of reaching agreement on the 

principles and factors to be used in developing consistent 

State water quality standards for the interstate waters of the 

Colorado River system. At the outset, members of the Technical 

Conunittee recognized that, because of legal and institutional 

constraints combined with lack of technical knowledge on its 

control and management, salinity would be a most difficult 

problem to resolve in their standards-setting process. 
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At the fourth meeting held in Phoenix, Arizona, on 

January 13, 1967, the Technical Committee reached final agree-

ment on "Guidelines for Formulating Quality Standards for the 
. ( 2) 

Interstate Waters of the Colorado River System." A 

significant point covered under "General Considerations" program 

for establishing within two years the numerical criteria for 

such specific chemical constituents as chlorides, sulfates; 

sodium and boron. Representatives of the water pollution control 

agencies of the seven Colorado River Basin States met in Denver, 

Colorado, on November 15, 1967 to consider FWPCA position on 

numerical criteria for total dissolved solids. By unanimous 

vote, the representatives of the seven Basin States (Conferees) 

adopted a "Resolution Relative to Numerical Standards for 

Salinity of the Colorado River System. 11 <3> It was resolved: 

(1) "That the Conferees do not believe it is appropriate 
that a standard of 1,000 mg/l or any other definite 
number for TDS at Imperial Dam be set by the basin 
states or the Secretary of the Interior at this time. 

(2) "That the Conferees urge the completion of water 
quality reports of the Federal agencies at the earliest 
practicable date, and that thereafter the basin states 
and Federal agencies again consider the setting of 
salinity standards for the Colorado River system. 

(3) "That the Conferees hereby urge the FWPCA to·consider 
the approval of the water quality standards of the 
seven Colorado River Basin states conditioned upon 
ultimate establishment of acc~ptable numerical salinity 
standards after completion and consideration of FWPCA 
and Bureau of Reclamation reports presently underway." 

The Chairman was instructed to transmit copies of the 

resolution to the Secretary, Department of the Interior; 

Commissioner, FWPCA; and Director, Southwest Region, FWPCA. It 

was also agreed that each Conferee would attempt by appropriate 



means to achieve support of the resolution by the Governor of 

his State and encourage transmission of the resolution to the 

Congressional delegation. 

The Secretary of Interior expressed his views concerning 

.salinity standards for the Colorado River in his statement of 
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January 30, 1968 to the House Subcommittee on Irrigation and 

ReclamationC4} (House Document 90-5, Colorado River Basin Project, 

Part II, pp. 705-706}. His remarks on this matter include the 

following statement: 

"The Colorado River is the only major river of the world 
that is virtually completely controlled. With the existing 
system of large storage reservoirs it is possible to plan, 
for all practical purposes, on complete utilization of 
the river's runoff with no utilizable water escaping to 
the sea. This means that the limited water supply in the 
Colorado River Basin must be used and reused and then 
used again for a wide variety of purposes. In this com­
plete utilization of runoff, the Colorado Basin is unique. 

"The River is unique also with respect to the number and 
extent of the institutional constraints on the division 
and use of the Basin's water which include an international 
treaty, two interstate water compacts, Supreme Court 
decisions, Indian water rights, State water laws, and Federal 
law. 

"These two aspects, in turn, make the problem of setting 
numerical mineral quality standards for the Colorado River 
not only unique but extremely complicated. Before dis­
cussing this problem further, I would like to state that 
salinity standards will not be established until we have 
sufficient information to assure that such standards will 
be equitable, workable, and enforceable. 

"The principal water uses in the Basin include irrigated 
agriculture, municipal and industrial water supply, fish 
and aquatic life, and recreation. Salinity in the Colorado 
River has no significant effect on instream or nonconsumptive 
water uses such as hydroelectric power generation and water­
oriented recreation. However, ever-increasing levels of 
salinity do have an adverse impact on the consumptive uses 
of water for both irrigated agriculture and municipal and 
industrial water supply. 
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"Further development and depletion of water allocated to 
the Upper Basin States will raise the salinity of water 
downstream. 

511 

"Salinity standards must be so framed that they will not 
impede the growing economy of the Colorado River Basin and 
yet not permit unwarranted degradation of water quality. 
This is the hard dilemma which is the core of the problem 
of establishing equitable salinity standards. 

"A decision not to set salinity standards at this time 
does not and will not preclude getting started with programs 
to study and demonstrate the feasibility of controlling 
and alleviating the Basin's salinity problem." 

The Secretary also discussed some promising methods of 

attaching the salinity problem. He concluded his remarks by 

stating: "Although the salinity problems of the Colorado River 

are difficult, I am confident that they can and will be resolved." 

In letters dated February 2, 1968, to Governors of several 

Basin States, the Secretary of Interior also made the following 

statements concerning salinity standards: 

"After consideration of all the factors involved, I have 
decided that salinity standards should not be established 
until such time as we have sufficient information to be 
reasonably certain that such standards will be equitable, 
workable, and enforceable. Arriving at this decision 
at this time does not and will not preclude initiating 
of programs to study and demonstrate the feasibility of 
controlling and alleviating the Basin's salinity problem." 

In a letter to the Chairman, Technical Water Quality 

Standards Connnittee for Colorado River Basin States, dated 

February 12, 1968, the Assistant Secretary for Water Pollution 

Control, Department of the Interior, made the following conunents 

regarding the Secretary's position on the establishment of 

salinity standards for the Colorado River: 

·"It is the intention of the Secretary that the Department 
of the Interior and the states pursue active programs to 
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lay the foundation for setting numerical criteria at some 
future time. These· programs should focus on devising and 
demonstrating salinity control measures and finding ways 
to revise the legal and institutional constraints that 
could impede the implementation and enforcement of salinity 
standards." 

The seven Basin States' water quality standards for the 

interstate waters of the Colorado River system, which contained 

no specific numerical criteria for salinity, were subsequently 

approved by the Secretary of Interior. No further formal action 

has been taken by the States toward adopting mineral quality 

standards for the Colorado River. 
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CHAPTER III. TECHNICAL POSSIBILITIES FOR SALINITY CONTROL 

Salinity increases result from many diverse factors. How­

ever, two basic process -- salt loading and the salt concentrating 

effects of consumptive water use -- are the primary causes of 

salinity increases. Two types of salinity control measures -­

water-phase and salt-phase methods -- may be employed to control 

or minimize these processes. Water-phase measures are those 

employed to reduce salinity concentrations by increasing the 

volume of water available for dilution of a given salt burden. 

This can be accomplished by conserving the water supply presently 

available in the Basin or by increasing the Basin supply through 

importation or other augmentation measures such as weather 

modification. Salt-phase measures function to reduce salinity 

concentrations by reducing the salt load discharged to the 

river system. Salt load reductions can be achieved in a variety 

of ways including desalination or im.poundment and evaporation 

of highly mineralized spring flows, modification of. irrigation 

practices and improvement of irrigation facilities to minimize 

salt pickup by return flows, and the subsurface injection of 

highly saline industrial wastes. 

A number of salinity control measures have been identified 

which have technical merit and which may be applicable to 

salinity problems in the Colorado River Basin. These measures 

are outlined in Table 1. 

All of the salinity control measures listed in Table 1 



Table 1. Technical Possibilities for Salinity Control 

I. Measures for Increasing Water Supply 

A. Water Conservation Measures 

1. Increased Watershed Runoff 
2. Suppression of Evaporation 
3. Phreatophyte Control 
4. Optimized Water Utilization for Irrigation 

a. Reduced Consumptive Use 
b. Improved Irrigation Efficiency 

5. Water Reuse 

B. Water Augmentation Measures 

1. Weather Modification 
2. Water Importation 

a. Fresh Water Sources 
b. Demineralized Sea Water 

II. Measures for Reducing Salt Loading 

A. Control of Natural Sources 

1. Natural Discrete Sources 
a. Evaporation of Discharge 
b• Injection into Deep Geological Formations 
c. Desalination 
d. Suppression of Discharge 
e. Reduction of Recharge 

2. Natural Diffuse Sources 
a. Surface Diversions 
b. Reduced Groundwater Recharge 
c. Reduced Sediment Production 

B. Control of Man-Made Sources 

1. Municipal and Industrial Sources 
a. Evaporation 
b. Injection into Deep Geological Formations 
c. Desalination 

2. Irrigation Return Flows 
a. Proper Land Selection 
b. Canal Lining 
c. Improved Irrigation Efficiency 
d. Proper Drainage 
e. Treatment or Disposal of Return Flows 
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have been given consideration in the search for th.e most 

practical means of achieving basinwide salinity management. 

Technical investigation, research. and demonstration project 

activities completed to date have indicated that some of the 

methods considered are not economically feasible and other 

measures may not be practical due to institutional and legal 

constraints or other factors. The salinity control potential 

of water conservation measures has not been evaluated 

quantitatively as present legal and institutional constraints 

would appear to preclude any practical application of such 

measures at this time. Such measures are discussed in qualita­

tive terms in this chapter however, as a means of identifying 

their potential should existing constraints be modified in the 

future. 

Implementation of water augmentation measures to increase 

the Basin water supply, would also provide significant salinity 

control benefits. The salinity control potential of several 

augmentation measures has been evaluated in detail. These 

measures are discussed qualitatively in this Chapter and 

quantitatively in Chapter V. 

A large number of salt load reduction measures were given 

consideration; however, only a few are considered to be 

economically feasible at this time. All of the measures con­

sidered are discussed qualitatively in this Chapter as a means 

of comparison. Those measures which appear to be practical or 

economically feasible include desalination or impoundment 
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and evaporation of highly mineralized flows from discrete 

sources including mineral springs, diversion of certain stream 

sections, and reduction of salt pickup by irrigation return 

flows by lining canals, improving irrigation efficiency and 

installation of subsurface drains. These measures are discussed 

quantitatively in Chapter v. 

MEASURES FOR INCREASING WATER SUPPLY 

Although highly variable from year to year, the Colorado 

River Basin receives a relatively fixed total water supply from 

atomspheric precipitation. Much of this supply is depleted by 

evapotranspiration and out-of-basin diversions with only a 

small fraction leaving the Basin as discharge of the Colorado 

River. Under virgin conditions, evapotranspiration occurred 

from native vegetation, from natural water courses, and from 

land and snow surfaces. 

Development of the Basin's water resources has increased 

water losses in several ways. Construction of large reservoirs 

and canal systems has increased evaporation from water courses. 

The development of irrigated areas has increased the vegetation 

present in the Basin and accompanying transpiration losses. 

Irrigation and reservoir construction have also raised the 

groundwater table in many areas which has been accompanied 

by increased growth of native vegetation and increased evc~o­

ration from the land surface. The amount of water diverted 

out of the Basin has also increased over the years. Together, 
' 

these losses have reduced the water supply remaining to carry 
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mineral salts out of the Basin and have contributed to the 

increases in average salinity concentrations above those con­

centrations existing under virgin conditions. 
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Man's activities have also increased the salt burden carried 

by the river system. This increased salt burden also contributes 

to the increases in salinity concentrations above virgin 

conditions but to a lesser degree than the decrease in water 

supply. 

Much time and effort has been directed toward understanding 

the natural processes which make up the hydrologic cycle. As 

a result, a number of techniques have been developed for minimizing 

evapotranspiration. Along with water reuse, these techniques 

can be classified as water conservation measures. 

Study of the hydrologic cycle has also yielded potential 

methodology for modifying precipitation. Weather modification 

and water importation are two activities which can be classified 

as water augmentation measures. The technical merits of water 

conservation and augmentation measures from the view point of 

salinity control are discussed in the following sections. 

Water Conservation Measures 

Water may be conserved at a number of points as it passes 

through the various phases of the hydrological cycle. Con­

servation measures may be applied in the headwaters, in the 

river and reservoir system, and at the point of consumptive use. 

Increases Watershed Runoff. Man has attempted to modify 

the natural vegetative cover of watersheds in a manner which would 



518 
17 

reduce the rate of runoff following precipitation. such 

modification has produced several effects including reduced flood 

flows, reduced sediment production, and higher base flows during 

low-flow periods. This latter effect contributed to the belief 

that holding precipitation on the watershed increased the water­

shed yield. 

From a salinity control viewpoint, the present practices 

of watershed management may be detrimental. We now know that 

holding precipitation on the watershed increases evapotranspira­

tion and decreases watershed yield. Reduced runoff rates also 

increase the opportunity for precipitation to dissolve salts 

from the soil and groundwater aquifer and salt pickup rates 

from the watershed may be increased. Increasing the rate of 

runoff from a watershed may thus produce lower salinity con­

centrations, both in the water supply derived from the watershed 

and at other downstream locations. Large downstream reservoirs 

are available to regulate this increased runoff for downstream 

use. 

The U. s. Forest Service and various state agencies are 

experimenting with forest management practices as a means of 

increasing watershed yields and rates of runoff. Some of the 

practices under study include forest cutting, logging and slash 

disposal, conversion of bushland to forest, burning of under­

brush, and grazing. 

A large portion of Colorado River streamf low originates 

in mountain forest areas. Increasing the water yield and 
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reducing the salt contribution of forest areas could thus have 

a major impact on salinity problems. Increasing rates of runoff 

could produce adverse effects however, such as increased sediment 

concentrations in streams, reduced low-flow volumes with 

accompanying warmer water temperatures, and degraded fish and 

wildlife habitat. Studies, conducted j"ointly by appropriate 

State and Federal agencies, are needed to determine if watershed 

management techniques can be modified to improve the quantity 

and quality of watershed yields without causing the adverse 

effects previously described. Investigations of techniques for 

increasing the rate of runoff from non-forested areas, such as 

the construction of impervious catchment areas and the treatment 

of solid surfaces are also needed. No estimates are currently 

available of the increases in watershed yields or decreases in 

salinity concentrations that could be achieved by application 

fo such measures. 

Suppression of Evaporation. Water losses by direct evaporation 

from the surface of reservoirs, lakes, streams, and canals are 

large. Evaporation losses from large, mainstem reservoirs alone 

are presently estimated to exceed 1 million acre-feet annually 

under normal operating conditions. Such losses increase 

salinity concentrations by reducing the water available for 

dilution of a given salt burden. 

Since evaporation losses are directly related to water sur­

face area, one obvious control method for reservoirs is to 

maintain the water surface at the minimum area practicable. 
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!<>Wever, operating requirements place serious constraints upon 

aintenance of a minimum area. Reservoirs in the Colorado River 

~asin are also relatively deep with respect to their surface 

lrea and significant reductions in storage produce relatively 

small reductions in surface area. 

A significant amount of research effort has been devoted to 

development of chemical covers for reservoirs such as mono­

molecular films. Such films have proven effective in suppressing 

evaporation but their cost and tendency to be broken up rapidly 

by wind action or biological activity reduce their practicality. 

No practical methods for reducing evaporation from flowing 

streams have been developed. Evaporation losses from irrigation 

conveyance systems can be reduced by covering canals and by 

using pipe distribution systems. The use of pipe systems also 

reduces seepage losses; and, in some cases, the pickup of salt 

by return flows is decreased. The feasibility of installing 

pipe distribution systems is dependent upon a number of factors, 

and construction cannot be justified on the basis of evaporation 

reduction alone. 

The magnitude of evaporation losses is such that research 

should be continued to develop economical methods of suppressing 

evaporation. The salinity control effects of enclosed distribut­

ion systems should also receive further study to determine if 

additional benefits would justify the installation of effective 

evaporation control deviGes. 
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Phreatophyte Control. ~hreatophytes are non~beneficial 

plants with a high rate of consumptive water use. Phreatophytes 

are found in areas where the groundwater table is near the 

surf ace allowing the plants to derive their water supply from 

groundwater. Conunon locations are along the banks of streams 

and reservoirs or on wasteland adjacent to irrigated areas. 

Based on present surveys of phreatophyte acreages, these losses 

are estimated to total several hundred thousand acre-feet 

annually. Such losses contribute significantly to increases in 

salinity concentrations. 

Phreatophytes may be controlled by lowering the water table 

below the depth of root penetration and by removing or destroying 

the plants by mechanical or chemical means. In most cases where 

the water table is now lowered, controls must be continued to 

prevent regrowth. Revegetation of the cleared areas with 

beneficial crops or with plants having a lower consumptive water 

use may be a satisfactory method of long-range control. 

Some phreatophytes provide erosion control and shelters for 

livestock. Other phreatophytes provide wildlife habitat which 

may complement recreational activity. The feasibility of 

removing such growths would be dependent upon the practicality 

of providing suitable substitute vegetation with lesser con­

sumptive water use. 

Optimized Water Utilization for Irrigation. Irrigation has 

been practiced in the Basin since the latter part of the nine­

teenth century. Irrigation practices in many areas have changed 

little since the traditional methods developed by the early 



irrigators. Prior to the construction of storage reservoirs 

and modern canal systems, irrigation supplies were obtained by 

direct diversion from flowing streams. Stream.flow was high 

during the spring snowmelt but dwindled to very low levels 

during late summer. A heavy application of irrigation water 

was made in the spring with the hope that storage in the soil 

would offset a deficiency of supply in the latter part of the 

growing season. Such application methods resulted in poor 

irrigation efficiencies and excessive water diversions. 
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With the construction of storage reservoirs to even out the 

seasonal supply, irrigators were slow to adopt more efficient 

irrigation practices. In many cases water rights were based on 

the excessive diversions formerly made. Irrigators were 

reluctant to reduce water diversions as part of their water 

~ights could be lost. Thus, in many areas, irrigation 

efficiencies are less than optimal and significant water con-

servation could be achieved by optimization of water utilization. 

Water use for irrigation can be minimized by reducing 

consumptive use through proper selection of land and crops or 

by improving irrigation efficiency through proper irrigation 

management. These conservation measures are discussed in the 

following sections. 

Reduced Consumptive Use. The total water consumptively 

used by a given irrigated area is dependent upon the consumptive 

use per acre of growing crops, the total irrigated acreage, 

and the volume of non-beneficial losses such as evapotranspiration 
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by phreatophytes. Reduction of any one of these factors will 

conserve water. 
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Different crops have different water requirements. Con­

smnptive use of water could be decreased by growing crops that 

use less water per unit of food or fiber produced. Thus, water 

conservation could be effected by/promoting the raising of the 

ioost efficient water-using crops of equal economic value. The 

development of new crop varities that are more efficient in 

water utilization would achieve additional conservation. The 

water conservation that could be achieved by crop modification 

would be small however, in relation to the potential conservatior. 

that could be achieved by increased irrigation efficiency. 

A number of irrigated farms scattered throughout the Basin 

provide only a marginal economic return to their owners. These 

farms may be limited to inefficient operation by poor soils, 

poor drainage, marginal or inadequate water supply, or other 

factors. Eliminating the irrigation of farms that are not 

~conomically efficient would reduce irrigated acreage and con­

sumptive use. Factors that limit the practicality of such action 

include the difficulty in evaluating which farms should stop 

irrigating, the problems in transferring water rights and possible 

relocation of farm owners or tenants. 

Significant quantities of water, in the form of surface run­

off and.excessive return flows~ are wasted by inefficient irri­

gation practices. Some of this waste water may support sub­

stantial consumptive use by non-beneficial vegetation located on 
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non-irrigated land. Improvement of irrigation efficiency would 

reduce the volume of water wasted and would help reduce such 

non-beneficial losses. Methods of improving irrigation 

efficiency are discussed in the following section. 

Improved Irrigation Efficiency. In normal practice, the 

volume of water supplied to an irrigated area is much larger than 

the volume of water consumptively used by growing crops. The 

ratio of the volume consumed to the volume supplied is known as 

the irrigation efficiency and may be determined for a number of 

different points in an irrigation·system such as the supply 

reservoir or the farm headgate. Improving irrigation efficiency 

reduces the gross supply that must be provided for a given 

irrigated area and may reduce consumptive use in some cases as 

previously discussed. 

Unnecessary water losses occur at a number of points i~ the 

irrigation cycle. These losses are shown schematically in Figure 

2. Efficient irrigation requires the application of only enough 

water to meet the consumptive use requirement of crops plus some 

excess flow to leach accumulated salts from the root zone (termed 

the leaching requirement). Efficiency can thus be improved by 

reducing all other water losses. 

Land characteristics such as soil type, soil permeability, 

land slope, surface drainage patterns, and depth to the water 

table or impermeable barrier are limiting factors in obtaining 

high irrigation efficiencies. Thus, proper selection of new 

land for irrigation can eliminate those areas that 'WOUld require 



excessive water suppl'ies for crop production. Classification 
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of existing irrigated areas with respect to land characteristics 

would allow identification of those areas which possibly should 

be removed from irrigation because of serious limitations on 

obtainable irrigation efficiencies. 

In many systems, large volumes of water are lost by 

seepage from canals and distribution systems between the point 

of diversion from the stream or the storage reservoir and the 

farm. Reduction of seepage losses by lining canals and pipe 

distribution systems can substantially increase overall irrigation 

efficiency. 

Perhaps the most significant factor affecting farm irrigation 

efficiencies is the management of both the tirning and method 

of application of irrigation water. By timing the application 

to meet crop requirements and by selection of the method of 

application to match crop and land characteristics, high 

efficiencies can be obtained. It is estimated that improved 

irrigation methods and practices could reduce the farm irrigation 

requirement by as much as 30 percent. 

Construction of storage and equalizing reservoirs for irri-

gated areas obtaining irrigation supplies by direct diversion 

from uncontrolled streams provide major improvements in f arrn 

efficiencies in these areas by allowing a change to a demand 

system of irrigation. Under such a system, the tiniing of 

irrigation applications can be based on crop requirements rather 

than on the seasonal availability of a water supply. In one 
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irrigated area in Utah, overall ixrigation efficiencies in­

creased by an estimated 20 percent following completion of a 

storage reservoir ana inauguration of the demand system of 

irrigation. (SJ 
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Proper selection of methods of applying irrigation water 

can also significantly improve farm efficiencies. Flood irri­

gation methods, which are commonly used in the Upper Basin at 

present, result in poor irrigation efficiencies in most cases. 

Use of such methods as border strips, furrows, corrugates, and 

sprinkler systems can produce field application efficiencies of 

over SO percent. 

A program to educate and assist irrigators in the selection 

of methods of application and proper timing of irrigation could 

significantly increase fann efficiencies. Consolidation of 

irrigation companies, canal companies, irrigation districts, 

drainage districts, and private ditch companies or users into 

one unit for an irrigated area would provide an organization for 

establishing an educational and assistance program and would also 

allow more efficient distribution of the available irrigation 

water. A single entity controlling all of the irrigation and 

drainage systems in an area could promote more efficient irri­

gation by establishing rules for detennining irrigation needs, 

economic incentives for installing more efficient irrigating 

methods or systems and practices and by establishing penalties 

for misuse of irrigation water. This would require legal and 

institutional changes, however, and might be difficuit to 

implement in many cases. 



Water Reuse 

By utilizing the waste water or return flow from an 

industry, municipality, irrigated area or other water uses to 

supply the water requirements of additional users, the gross 
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volume of water diverted from a river system to supply all users 

may be reduced. In the case of a single water user, recycling 

of all or a part of the waste water can reduce gross water 

requirements. In the extreme case, wastewater discharge can 

be eliminated and gross diversions reduced to consumptive use 

requirements. 

The economic feasibility of water reuse is dependent upon 

the relative costs of sequential water use or of treating waste-

water for reuse versus the costs of providing and treating a 

larger raw water supply. The technical feasibility is dependent 

upon the availability of treatment methods, such as desalination, 

capable of producing suitable quality water from wastewater, or 

the presence of suitable industries, etc., with water quality 

requirements which will allow sequential water use. 

Salinity Control Effects of Water Conservation 

Application of water conservation measures should result 

in a temporary increase in the available water supply of .the 

Basin. However, the long-term effects on supply and the 

availability of any supply increase for salinity control are 

not clear. 

Reduction of consumptive use by irrigation, by phreatophytes, 

and in the headwaters area would increase'the available water 

supply. In areas where the present supply is fully utilized, 
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availability of additional water would probably result in new 

land being placed under irrigation to utilize any surplus water. 

This action is encouraged oy the appropriate water right procedure~ 

which prevail in many state water laws. Thus, the long-term 

effect of such water conservation could be no net change in the 

water supply available for salinity control. 

Reduction of diversion requirements by water reuse or 

improved irrigation efficiency could have a slightly different 

effect on available water supply. The immediate result would be 

an increase in the supply available at the point of diversion. 

This surplus water would probably be utilized as previously 

discussed. Increasing the irrigated acreage would increase con­

sumptive use. Thus, the long-tenn effect of such conservation 

measures might actually be a decrease in water supply leaving a 

subbasin. It is doubtful if any increased supply of water avail­

able for salinity control would result. 

Reduction of reservoir evaporation losses could potentially 

increase the available water supply for salinity control as such 

savings would be produced below most Upper Basin use points. 

Long-tenn releases from the Upper Basin will probably eventuallly 

be held to compact allotments. Thus, conserved water would 

probably be utilized to meet Lower Basin delivery requirements 

allowing increased consumptive use in the Upper Basin. 

The application of conservation measures in areas receiving 

water exports could potentially increase available supply by 

decreasing export requirements. However, any increased supply 

would probably be beneficial used as previously discussed 

resulting in no increase in the supply available for salinity 



control. 
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In summary, under present legal constraints and traditional 

patterns of water utilization, the application of water con­

servation measures would produce few benefits as a direct result 

of increased water supply available for salinity control. Such 

measures may be significantly beneficial in reducing salt loading 

as discussed later in this chapter. Also, if legal constraints 

were modified to make only a portion of the conserved water 

available for salinity control, significant benefits could 

result. 

Water Augmentation Measures 

The actual quantity of water available for use in the 

Colorado River Basin and its allocation among water users has 

been the subject of much controversy. It is nm•r apparent that 

a water shortage will exist in the Basin if the water resource 

developments proposed by various local, state, and federal 

agencies are carried to completion. To alleviate this shortage, 

a number of water augmentation measures have been investigated. 

These measures include weather modification to increase Basin 

precipitation and various scheroes to import high quality water 

from other river basins or from the ocean following desalination. 

A number of potential water auqroentation measures are discussed 

in the following sections. 

Weather Modification. Increasing precipitation and water-

shed yield by weather modification is a relatively new concept. 

Consequently, operations in this field have not progressed 

significantly beyond the pilot stage. Pilot scale activities 
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conducted for several years in several states by a m.nnber of 

agencies including the Bureau of Reclamation have shown the 

technical feasibility of increasing watershed runoff by as much 

as ten to twenty percent. (6) 

Research has been initiated by the Bureau of Reclamation 

to investigate the feasibility of augmenting Colorado River flow 

by weather modification. A five-year pilot program of weather 

modification in the Upper Basin was initiated in September 1968. 

Seeding of target areas will begin during the 1970-1971 winter 

season. 

Preliminary estimates ~ndicate that an annual watershed 

yield increase of as much as 1.87 million acre-feet might be 

obtained by a full-scale, basinwide weather rnodif ication 

program.(6) Costs are estimated to total less than $1.50 per 

acre-foot of increased yield. Results of the pilot program will 

allow these estimates to be verified and refined. 

A full-scale program would probably concentrate on increasing 

snowfall in the high mountain areas of the Upper Basin. Since 

runoff from these areas is generally low in salinity~ the in­

creased yield would probably be low in salinity also, with 

significant salinity coptrol benefits. 

Water Importation. Traditionally, man has devised schemes 

for transporting water from areas of excess supply to areas of 

need whenever water shortages have developed. Thus, the im­

pending water shortage in the Colorado River Basin has spawned 

a number of diverse and imaginative proposal for augmenting basin 
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supply by importation of high quality water from various sources 

outside the basin. At least six major projects which would 

import water from other basins have been proposed in the past. 

In most cases these proposals envisage tapping rivers in the 

Pacific Northwest which, at present, have surplus water avail­

able. 

In addition, several international water resource developMent 

schemes have been proposed which would integrate a numher of 

river systems in Canada and the United States. Surplus Canadian 

water could be diverted southward by such development to a numrer 

of water-short areas including the Colorado River Basin. 

Water imported from most of the sources considered by these 

schemes would be high quality with relatively low salinity 

concentrations (less than 300 mg/l) . The introduction of 

large quantities of this low salinity water could substantially 

reduce salinity concentrations at a number of locations in the 

Basin. The degree and location of resulting salinity control is 

dependent upon the locations of both the point of importation 

into the Basin and the point of consumntive use. Significant 

quantities of salt will be imported along with the water thus 

increasing the salt burden carried by the river system. If 

water were imported into the Upper Basin and significant 

quantities consumptively used at that location, the salt load 

reaching the Lower Colorado River would be increased and the 

salinity contol effects of flow augroentation would be less than 

if the entire volume of imported water were allowed to reach the 
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Lower Basin. The proposed location and magnitude of water 

imports and associated conswnptive use must be carefully evaluated 

for each importation scheme to insure that the salinity control 

effects of water importation are maximized. 

Another potential source of high quality water for importation 

into the basin is demineralized sea water. Desalination tech­

niques have steadily improved in recent years with concurrent 

reductions in unit costs of demineralized water. At present, 

desalination is not competitive with alternative sources of 

fresh water. It is anticipated that unit costs of demineralized 

water will continue to decrease as a result of continued research 

and development in this field. Thus, desalination should receive 

further consideration as a source of imported water. 

The Gulf of California and Pacific Ocean are in relatively 

close proximity to the Lower Colorado River and to areas utilizing 

large amounts of Colorado River water. Demineralized sea water 

from these two sources could potentially be utilized to augment 

the Basin supply directly or to indirectly increase the supply 

available for use in the Basin by exchange of water outside the 

Basin. By exchanging demineralized water for Colorado River 

water now diverted out of the Basin to such areas in southern 

California, out-of-basin diversions could be decreased resulting 

in an increase in the supply available for use in the Lower 

Colorado River Basin. If the demineralized water were imported 

into the Basin to a point such as Hoover Dam, significant re­

ductions in salinity concentrations in the Lower Colorado River 
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would result. Decreasing out-of-basin diversions by exchange 

of water would produce little effect on salinity concentrations 

in the Lower Colorado River. Significant improvement in the 

quality of the water supplied to the area receiving the 

demineralized exchange supply would result however. 

A proposed large-scale desalination plant located near Los 

Angeles has received serious consideration as a source of supple-

mental water supply for that metropolitan area. Depending upon 

the timing of the construction of this facility, this source 

could possibly be utilized to supply water in exchange for 

present Colorado River diversions. 

A reconnaissance study completed by the Bureau of Reclamation 

in January 1968, determined that it may be technically feasible 

to import demineralized sea water from a desalination plant,. 

located between Los Angeles and San Diego on the Pacific Ocean, 

to augment the flow of the Colorado River.at Hoover Dam.(?) 

Staged development with flow augmentation increasing from one­

million acre-feet in 1990 to two-million acre-feet in 2010 was 

evaluated. A large aqueduct and numerous pumping plants would 

be required to convey the dernineralized water to Lake Mead. Thus, 

the cost of such imported water•would be high. This source could 

also be utilized to provide exchange water to the Southern Cali­

fornia area. An exchange scheme would eliminate the need for 

the lengthy aqueduct with a significant reduction in average 

water costs. However, no salini:ty control in the Lower Colorado 

River would result. 
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A related study of a potential desalination plant located 

on the Gulf of California in Mexico has been conducted jointly 

by the United States and Mexico under the chairmanship of the 

International Atomic Energy Agency. (80) This study deIDonstrated 

that it would be technically feasible to provide a suppleIDental 

water supply for the Lower Basin from such a source. 

MEASURES FOR REDUCING SA,LT LOADING 

Salt is discharged to the Colorado River system from a 

variety of sources, both natural and man-made. Man-I'!lade sources 

appear to be most amenable to successful control. Some natural 

sources, particularly discrete sources, may also be controlled. 

Control measures may be employed to either remove the salt load 

from the river system at the point of discharge frow the source 

or to reduce water flow through an area of salt pickup and thus 

reduce the salt contribution of such an area. Specific control 

measures which ~ay be applicahle in the Basin are discussed in 

the following sections. 

Control of Natural Sources 

A number of natural sources of salt existed in the Basin 

prior to man's arrival. These sources remain relatively un­

changed in magnitude by man's activities. The necessary technical 

knowledge is available to control some natural salt loads. How­

ever, the economic feasibility of such control has not been fully 

evaluated. 
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Natural Discrete Sources. Discrete sources encompass flow 

from springs, seeps, and other localized, concentrated discharges. 

Since such sources contribute high salt loadings from a small 

area, effective control may be technically feasible. Discrete 

sources may be controlled by removing the entire discharge from 

the river system, by removing only the salt load from the system, 

or by preventing any discharge from the source. 

A number of discrete sources discharge to small tributary 

streams or have well defined discharge channels. In such cases 

the entire discharge may be intercepted and appropriate control 

measures applied. The intercepted flow could be conveyed to 

an impoundrnent and confined for evaporation, thus effectively 

removing the entire discharge from the river system. Application 

of this measure requires adequate area for an evaporation closed 

basin. Such impoundments may be developed and managed for 

recreation, wildlife habitat, or other beneficial uses. One 

drawback to this measure is that evaporation losses in the basin 

are increased. This should be utilized for moderate to highly 

mineralized discharges or no net reduction in salinity will 

occur. 

Small sources of highly concentrated brines may be controlled 

by subsurface disposal. This method is feasible only if suitable 

geological formations are available to confine the brine and 

prevent any return flow to the river system. 

Demineralization of the collected discharge is an effective 

means of removing the salt load from the river system with only 
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a small depletion of water discharged by the source. Two 

factors limit the feasibility of demineralization. The con­

centrated brines resulting from this process must he disposed 

of by one of the two methods discussed earlier. The most 
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serious limitation is the lack of a low coast method of demineral­

ization for the small discharges contributed by discrete sources. 

In a few cases, mineral springs may be the outlet for an 

aquifer confined by impenr.eable boundaries on all sides. It way 

be technically feasible to plug the aquifer outlet or to apply 

hydrostatic pressure to suppress aquifer outflo~. Such action 

could completely eliminate the discharge and salt load from such 

sources. However, a more probable result, following a period 

of adjustment, would be that the same volume of flow would re­

appear at some higher elevation near the aouif er recharge 

area. In this case the discharge would probably have a rouch 

lower salinity concentration. Thus, the salt load would be 

reduced with little or no loss of aquifer yield. 

Natural Diffuse Sources. Over half of the salt load dis­

charged to the Upper Basin river system is contributed by surface 

runoff and ground water inflow from diffuse sources. Surface 

runoff picks up salts as it passes over the surface of the soil 

and salt-bearing formations. Additional salt is believed to be 

picked up from sediments carried in suspension by streams. Ground 

water picks up salt as it percolates through the soil profile 

and moves through aquifers. Measures for controlling diffuse 

sources are thus aimed at reducing the opportunity for surface 

runoff and groundwater to leach or dissolve minerals from soil 



and underlying geological formations. 
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Salinity contributions from natural runoff may be decrease~ 

by various measures aimed at reducing the extent and amount of 

water infiltration in areas of high salt pickup. For example, 

contour ditches might be constructed to intercept runoff an<l 

carry it rapidly into the stream, ana surface sealants might 

be used to control the percolation of surface waters into the 

soil profile. In local areas where salt is picked up fron 

formations crossed by the stream channel, it may be possihle 

to construct an impervious channel or a bypass channel to pre­

vent contact of water with the saline formation. 

Highly mineralized groundwater is discharged by aauifers 

in some areas. By utilizing diversion or surface sealing 

techniques to reduce the recharge of the aquifer, displacement of 

this saline groundwater could be reduced with resulting reductjons 

in salt loads discharged to the system. This approach may also 

have application to the control of mineral springs. 

Percolation of water into the alluvium and shallow ground 

water underlying river valleys exposes water to the underlying 

formations much like the percolation of irrigation return flows. 

Reducing the underground movement of such water should, in most 

cases, reduce the salt load derived from valley soils and under­

lying formations. 

Sediment swept into the stream from sheet and channel 

erosion is weathered by continued exposure to well aerate<l water, 

and by persistent turbulent mixing. The amount of salt 
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contributed from this source is not known. Numerous erosion 

control measures have been developed for land protection but 

little is known about how they affect salinity. Additional 

study of sediment and salinity relationships will be required 

to devise effective control techniques. 
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All of the control measures discussed above involve some 

form of modification of the movement of surface or groundwater. 

Flood control, wildlife habitat and water rights are just a 

few of the various factors that should be carefully evaluated 

before such modifications are carried out. 

Control of Man-~ade Sources 

Man has increased the salt burden carried by the river 

system by the discharge of municipal and industrial wastes and 

by heavy utilization of water for irrigation. Since man has 

control of such water use, these sources of salt may be more 

completely controlled than natural sources. 

Municipal and Industrial Sources. 

generally relatively low in salinity. 

Municipal wastes are 

With the exception of oil 

field brines and uranium mill effluents, industrial wastes are 

also relatively low in salinity. The most effective means of 

controlling these salt sources are lagooning and evaporation of 

the wastes, injection into deep formations, or discharge into 

closed basins. These control measures result in the removal 

of the entire waste flow from the river system. Due to the 

low salinity concentrations, the loss of water involved in 

eliminating such waste discharges would, in most cases, offset 



decreases in basin salinity levels resulting from removal of 
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salt from these sources. Thus, salinity control measures should 

be considered for only the most ·concentrated sources. 

Several abandoned oil test wells discharge highly mineralized 

water. Such flowing wells can frequently be controlled by 

plugging the casing with concrete. Alternatively, the discharge 

can be disposed of in the same manner as natural spring flow. 

It should be noted that since the salt load from municipal 

and industrial sources represents a small fraction of the total 

basin salt burden, complete control of such waste discharges 

would have little effect on basinwide salinity problems. 

Irrigation Return Flows. Irrigation contributes an in-

creased salt load to the river system in a number of different 

ways. When new land is brought under irrigation, any highly 

soluble salts present in the soil are leached out by the irrigation 

water in a relatively short period of time. As irrigation con-

tinues, additional salts are dissolved from the soil. These 

dissolved salts are picked up by any excess irrigation wa.ter and 

returned to the river system as surface wastewater or as ground-

water flow. This pickup of salts from the soil by return flows 

may continue for many years. 

The major portion of return flows usually percolates down-

ward into the groundwater aquifer and then moves horizontally 

either into drains or to the river system. If the groundwater 

is highly saline, the return flows may displace large volume 

of the saline groundwater with resultant large salt loads entering 

the river system. Return flows may also pick up siqnificant 
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salt loads from aquifer materials or underlying formations if 

sufficient soluble salts are present in these locations. 
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Wastewater from inefficient practices may flow onto or under 

adjacent non-irrigated land. Evaporation from such lands con­

centrates salts drawn to the surface by capillary flow into a 

surface crust which is easily removed by surface runoff. Irri­

gation may thus indirectly contribute to salt pickup from non­

irrigated lands. 

Salt loads contributed by irrigation may be controlled by 

the proper selection of land to be irrigated, by reducing return 

flows.to a minimum, and by intercepting return flows for treat­

ment or disposal. Specific control measures are discussed in 

the following sections. 

Land Selection. Many soils within the Colorado River Basin 

contain high concentrations of soluble salt. Irrigation of these 

soils results in high salt pickup by return flows during the 

initial leaching period. Large salt loads are also contributed 

by the irrigation of shallow soils overlying highly saline 

shales. Classification of all lands in the Basin would allow 

identification of these problem soil areas. Cessation of irri­

gation of shallow soils overlying shale would lower the Basin 

salt burden. It may be possible to purchase the water rights 

or the land and water rights and discontinue irrigation of some 

of these shallow soils. Major problems associated with. pm:cha.se 

of ~his type of land would be the disruption of the owner's farm 

operation and the transfer of water rights to other land or 



other uses. Some state water laws prohibit separating the 
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water rights from the land or transfer or sale except for higher 

classified uses. Additional investigations and research are 

needed to determine the salinity control benefits which may be 

derived from land selection. 

Canal Lining. Seepage losses from unlined irrigation canals 

are frequently large~ These seepage losses contrihute to the 

volume of return flows which pick up salt from groundwater aqui-

fers. Reducing seepage would reduce the salt load of return 

flows in such cases. 

Seepage losses also occur from farm ditches and distrihution 

systems. In some areas canals are kept full during the non-

irrigation season to provide livestock water. Providing enclosed 

or pipe distribution systems would reduce farm seepage losses. 

A pipeline system for winter livestock water supply would 

eliminate the need for maintaining flo~r in the canals year around. 

Except for some areas where high value crops are grown, 

relatively little canal lining or use of pipe distribution sys-

terns has been accomplished in the Upper Basin. Thus, a high 

potential exists for large reductions in return flows as achieved 

by these types of systems. 

Improved Irrigation Efficiency. Low irrigation efficiencies 

result in excess return flows. Improvement of irrigation effi-

ciencies, as discussed in a preceding section on water conser-

vation, would reduce the volume of return flows and reduce salt 

loads in the same manner as reducing canal seepage losses. 
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Drainage. Open surface drains and underground tile drains 

have been installed in a number of irrigated areas. These 

drains were usually provided to lower existing high water tables 

or to prevent water logging by irrigation. To reduce costs, 

drains were usually constructed as deep and as far apart as 

soil conditions would allow. Such practices result in long flow 

paths for return flows. 

By installing closely spaced, shallow tile drains, salt 

loads may possibly be reduced by shortening the flow paths of 

return flows. Also, shallow drains may reduce the deep dis­

placement of saline groundwater. Surface drains to intercept 

surf ace runoff and irrigation tailwater could also reduce the 

pickup of salt from non-irrigated lands. 

Interception of Return Flows. Irrigation return flows 

reach the river system by a variety of routes. Much of the flow 

may occur as increased groundwater discharge spread over a wide 

area. In such cases interception of return flows may be difficult. 

In some cases, however, return flows may be collected by drains 

or small tributaries and concentrated into a single stream that 

may be easily intercepted and conveyed to a treatment or disposal 

facility. 

Once collected, irrigation return flows may be controlled 

in the same manner as mineral spr .ngs discharges. Fvaporation, 

desalination, and subsurface injection into geologically closed 

formations are technically feasible control measures. The 

practicality of utilizing these control measures for return 



flows is limited however, by the same factors as discussed in 

the section on mineral springs. 
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CHAPTER IV. STATUS OF SALINITY CONTROL ACTIVITIFS 

A number of research, demonstration and technical investi­

gation activities related to salinity control have been completed 

or are underway in the Colorado River Basin. These activities 

have substantially added to the knowledge of the Basin's salinity 

problem and have developed improved salinity control technology. 

In addition, research and technical investigations in other 

geographical areas have provided technology applicable to the 

Basin. In spite of this additional information and knowledge, 

present salinity control technology is still limited and additional 

research and technical investigations will be required before 

an effective salinity control program can be implemented. In­

formation developed by these activities is sufficient, however, 

to provide a basis for preliminary estimates of the potential 

for salinity control presented in the following chapter. The 

following sections outline the current status of salinity 

control activities in the Basin and discuss some of the recent 

developments and their application to formulation of a salinity 

control program. 

TECHNICAL INVESTIGATIONS 

Technical investigations of the salinity problem have 

been conducted by the Colorado River Basin Water Quality Control 

Project of FWQA (Project) since 1963. An intensive water quality 



sampling survey was conducted Jn 1963 and 1964 in the Lower Basin. 

A similar survey was.made in the Upper Basin in 1965 and 1966. 

These surveys were designed to define the location and magnitude 

of all significant salt sources. In the Lower Basin, available 

water quality data was limited in a numher of areas and an 

accurate evaluation of salt sources was not possible. Thus, 

the 1963-1964 investigation was the first attempt to accurately 

quantify Lower Basin salt sources. 

The Geological Survey made an analysis of &~isting water 

quality data for the Upper Basin which was published in 1965. <9 > (lO) 

Their report contained the first summary of the location and 

magnitude of salt sources in the Upper Basin and a comprehensive 

compilation of available data, and provided valuable information 

concerning hydrological and geological conditions contributing 

to high salt loadings. The 1965-1966 Project investigation 

supplemented the Geological Survey analysis by conducting more 

intensive quality sampling in a number of areas to better define 

specific locations of salt sources and by furnishing an additional 

check on Geological Survey estimates of the magnitude of those 

salt sources for which only li~ited data was available. 

Data developed by the various investigations discussed above 

and by other short term survevs of specific salt sources provided 

the basis for estimates of the potential salt load reductions 

discussed in a later chapter. A detailed evaluation of the 

water quality data collected by the Project is presented in 

Appendix A. 
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Preliminary feasibility studies of several potential salinity 

control projects and control methods were made by the Project 

during 1964-1965. These studies provided an indication of the 

potential physical features and estimated costs of a limited 

salinity program. Since an evaluation of the economic impact of 

changes in salinity concentrations was not yet available, the 

economic feasibility of such a program could not be determined. 

Recently, available information and changing water resource 

development plans have invalidated som.e of the results of the 

feasibility studies. However, data cleveloped by these studies 

were useful for estimating the potential for control of several 

salt sources. Study results were availahle in ~pen file reports 

located in the Project office in Denver. 

Early in FY 1968, the FWQP. and the Bureau of Reclamation 

initiated a cooperative salinity control reconnaissance study 

in the Upper Basin to identify controlla~le sources of salinity, 

determine technically feasible control measures and estimate 

their costs. The first year of this study was financed by a 

transfer of funds from FWQA to the Bureau, and the second year 

was financed by the Bureau. A shortage of funds forced dis­

continuance of the study at the beginning of FY 1970. 1' report 

entitled "Cooperative Salinity Control Reconnaissance Study, 

Upper Colorado RivE'r Basin,'' presenting the results of the study 

is scheduled for release during 1970. 

Reconnaissance level preliminary plans were developed by the 

cooperative study for two salinity control projects anrl cost 
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estimates prepared for a nl.mlber of control measures. A pre­

liminary Project plan was developed which would eliminate the 

heavy pickup of salt by the Dolores River as it crosses a salt 

anticline in Paradox Valley in western Colorado. A detention 

dam to reduce peak flood flows and a concrete channel to flume 

the stream through the valley would be utilized to control this 

source. Details of the project are discussed in Chapter v. 

Average annual costs of the project were estimated to total about 

four dollars per ton of salt removed from the river syst~~-

By way of comparison, salinity control benefits are estimated 

to range from about five dollars per ton of salt removed in 1970 

to twelve dollars per ton in the year 2010. This project would 

thus appear to be economically feasible. 

A preliminary plan was also prepared for a project to control 

the salt load from Crystal Geyser, an abandoned oil test well 

which periodically discharges highly mineralized water in much 

the same manner as a geyser. Control would be achieved by 

collecting the geyser discharge and pumping it to a lined impound­

ment for evaporation. Average annual costs were estimated to 

total about five dollars per ton of salt removed. A project 

of this type would be potentially applicable to control of some 

of the more concentrated mineral springs if suitable land areas 

for evaporation ponds can be found and evaporation rates are 

high enough. 

For control of irrigation return flows, the costs of im­

pounding and evaporating the flows at two topographically different 
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sites were estimated. Annual costs of such controls would 

appear to be in the range of $7 - $15 per ton of salt re~oved. 

Deep well injection of relatively small quantities of the more 

concentrated return flows was estimated to cost about $10 - 15 

per ton of salt removed. The feasibility of controlling irri­

gation return flows by evaporation or deep well injection would 

appear to be marginal on the basis of salinity control benefits 

alone. 
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The cost of lining canals and distrirution systeros in several 

existing irrigation projects as a salinity control measure was 

also investigated. Construction costs of such lining was 

estimated to range from $200 - $550 per acre, depending upon 

the complexity of the conveyance system. These costs are not 

readily convertible into a cost per ton of salt removed as the 

effectiveness of this control measure has not yet been fullv 

evaluated. A canal lining demonstration project to provide the 

basis for such an evaluation is currently underway and is 

discussed in the following section. 

Following a discontinuance of the cooperative study at the 

start of FY 1970, the Project initiated a preliminary study of 

a project to control the salt load fro~ several large mineral 

spring areas in the vicinity of Glenwood Springs, Colorado. 

This study has been completed and an open file report is in 

preparation. Details and feasibility of this project are dis­

cussed in Chapter V. 

A preliminary study of control measures for LaVerkin Springs, 

a large thermal spring discharging significant quanti~ies of 



radium-226 and mineral salts to the Virgin River in Southern 

Utah, was initiated by the Project in March 1970. 

RESEARCH AND DEMONSTRATION ACTIVITIES 
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A number of research and demonstration projects are pre­

sently underway which are expected to contribute significantly 

to the development and/or evaluation of various salinity control 

measures. Three projects are directed toward the development 

of techniques for minimizing salinity contributions from irri­

gated agriculture including a demonstration of the salinity con­

trol potential of lining irrigation canals and distribution 

systems. Another research project just completed has demonstrated 

the application of the analog computer to the simulation of the 

salt flow system in the Upper Basin. A fifth project recently 

initiated will evaluate the movement of salts in a groundwater 

system. These five projects were financially supported by the 

FWPCA. Additional research sponsored by various universities 

in the western states is expected to contribute improved salinity 

management technology. Various research projects have been 

proposed which, if funded and carried to completion, would 

substantially increase the store of salinity control technology. 

The following paragraphs outline the status of current activities, 

discuss significant research results and their application, and 

outline the areas of greatest need for additional salinity con­

trol research. 

A research project entitled "Quality of Irrigation Return 
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Flow" was initiated during FY 1969 by Utah State University 

at Logan, Utah, under a FWQA research grant. This project has 

the dual objectives of increasing the knowledge of basic pro­

cesses controlling the movement of salts in solids and the 

application of this knowledge to the development of salinity con­

trol measures. Research to date has been conducted on a small 

scale in the laboratory and in greenhouse lysimeters. A digital 

simulation model is being developed to accurately predict the 

movement of salts and changes in the quality of applied irrigation 

water within the soil and root zone. This model will be utilized 

to design on-farm irrigation practices, such as rate and timing 

of irrigation applications, so as to manage the salinity con­

centration of soil moisture in the root zone within acceptable 

limits for the specific crop being grown while minimizing the 

salt load contributed by the farm. This model will be refined 

in the future to optimize the on-farm irrigation practices of 

an entire irrigated area in such a manner that high irrigation 

efficiencies would be obtained, a salt balance would be main­

tained in the root zone and the pickup of additional salts from 

the soil profile would be minimized. 

Preliminary research results indicate that it may be 

feasible to seasonally store salts contained in the applied irri­

gation water in the lower soil zone during low streamf low periods 

and then leach these salts out during normal or high streamflow 

periods. Such salt storage would help reduce the wide seasonal 

variations in stream salinity concentrations presently occurring 

in much of the Upper Basin. 



The University has establi9hed a 40-acre test farm in 

Ashley Valley near Vernal, Utah, to provide full scale field 

testing of laboratory results. Field tests will be conducted 

during 1970 and 1971. Establishment o± the test farm in this 
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location will demonstrate salinity control measures under con­

ditions similar to those found in many Upper Basin irrigated 

areas. 

In response to a request from the FWPCA, a large scale 

research project entitled "Prediction of Mineral Quality of Return 

Flow Water from Irrigated Land" was initiated by the Bureau of 

Reclamation in the latter part of FY 1969 with financial support 

provided by a transfer of funds from the FWPCA. (ll) The primary 

objective of this project is to develop a digital simulation 

model which will accurately predict the quantity and quality of 

irrigation return flows from an entire irrigation project with 

known soil groundwater, geologic and hydrologic characteristics. 

Such a model would have several applications. The water quality 

impact of a proposed irrigation development could be more 

accurately assessed than by any .presently available techniques. 

More importantly, the model could be utilized to evaluate the 

water quality effects of alternative project designs thus allowing 

selection of the optimal design of proposed project features in 

order to minimize any adverse effects on mineral quality. Another 

application would be the evaluation of improvements of irrigation 

facilities and practices in established irrigated areas aimed at 

reducing present high salt contributions. 
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Field studies will be conducted in a number of locations 

with various soil and geologic conditions to verify prediction 

techniques under a wide range of conditions. Ashley Valley, 

surrounding Vernal, Utah, was selected as the initial studv 
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area. Characterization studies of this area are currently under­

way. Initial runs of an eleJ'!'lentary simulation model will be 

made during 1970 using present data. The model will be refined 

and additional data collected during the next three years. 

Field studies at other locations will be initiated at some future 

date. 

The Utah State University and Bureau research projects 

are being closely coordinated. Although aimed at different 

objectives, these projects are complementary and data collected 

by each project, theoretical results and other information are 

being exchanged. Establishment of the Vernal test fann by the 

University will aid in this coordination. The silTlulation 1T1odels 

being developed by the two projects differ substantially in 

purpose and scope. The University model is limited to on-farm. 

irrigation practices and movement of salts within the soil 

zone only. It can thus optimize irrigation practices to mini­

mize salt pickup from the soil zone of the farrn only. Salt 

pickup from the groundwater system and the effects of off-f arrn 

water losses, such as canal seepage, on the total salt load 

contributed by an irrigated area are not evaluated. This model 

is primarily a design and farm management tool. In contrast, 

the Bureau of Reclamation model will simulate all water and salt 



movement occurring in an entire irrigation project including 
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the groundwater system. This will provide an evaluation of the 

salt pickup in the groundwater system and at other off-farm 

locations as well as the on-farm pickup. The salinity effects 

of alternative designs for conveyance systems, surface ana 

subsurface drains, etc., can thus be evaluated. 

The Grand Valley Salinity Control nemonstration Project 

at Grand Junction, Colorado, was initiated in FY 1969 under a 

FWPCA demonstration grant. The objective of this project is to 

demonstrate the salinity control potential of lining irrigation 

canals and laterals. The Grand Valley is underlain by an aauifer 

containing highly saline groundwater. Seepage from canal~ anc'I 

laterals contributes to the recharge of this aquifer. This 

recharge displaces the saline groundwater into the Colorado River, 

increasing its salt load. Reduction of such recharge by reducing 

seepage from conveyance systems is thus expected to reduce the 

salt load discharged to the river. 

A major portion of the canals and some of the latera]s 

serving a study area of about 4,600 acres were lined with concrete 

during the 1969-1970 winter season. Additional canal and lateral 

lining will be done during the 1970-1971 winter season. ~ost 

of the lining is being accomplished by a corooration of local 

irrigation and drainage districts which directs the demonstration 

project. Colorado State University is conducting the data 

collection activities and evaluation of salinity control effects 

under contract from the corporation. A simulation model is 
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being developed which will evaluate the effects of changes in 

irrigation efficiency on salt load contributions as well as 

changes in seepage losses from the conveyance systerr'. This 

model will allow the results of the demonstration project to be 

projected valley-wide upon completion of the study to form the 

basis for future salinity control activities in this location. 

Completion of the demonstration project, including all post~ 

construction studies, is scheduled for mia-1972. 
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Only limited research efforts are presently directed toward 

defining processes controlling salt loading from natural sources. 

The FWPCA is providing financial support for one such effort 

entitled, "Electric Analog Simulation of the Salinity Flow 

System within the Upper Colorado River Basin", which is nearing 

completion at Utah State University. The results of this 

research will provide new information concerning the distribution 

of salt sources in the Upper Basin and will provide an analytical 

tool for evaluating the water quality effects of various 

salinity control measures. The final research report is 

scheduled for publication during 1970. 

A research project entitled "Effect of Water Management 

on Quality of Groundwater and Surface Recharge in Las Vegas 

Valley", was initiated by Desert Research Institute in late 1969 

under a FWPCA research grant. This project will evaluate, among 

other things, the movenient of salts in the groundwater system 

and the exchange of salts between the groundwater and surface 

waters of Las Vegas Wash. Research results will help define the 

optimum approach to control of this salt source. Co~pletion 



of the research effort is scheduled for mid-1973. 
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A cooperative regional research effort, "Project W-107, 

Management of Salt Load in Irrigation Agriculture", was initiated 

in 1969 by seven western universities and the Agricultural 

Research Service's U. S. Salinity Lahoratory. Work underway or 

planned covers a wide range of salinity management aspects and 

should provide a number of results of applicahle to Basin 

salinity problems. The FWPCA is participating in the coordination 

of this research effort. 

Completion of the various research anc demonstration projects 

currently underway will provide much new information which will 

be useful in the formulation of a basinwide salinity control 

program. However, additional research and demonstration 

activities are needed to develop control measures for those salt 

sources for which no practical control measures exist and to 

insure that those control measures selected for implementation 

in a basinwide prograJTl will be the most effective and economical. 

A practical means of controlling small mineral springs needs to 

be developed and demonstrated. Application of desalination 

techniques to control of salt sources in mountainous areas is 

severely limited by the lack of a suitable method of brine dis­

posal. Thus, a need exists for development of brine disposal 

methos which can be applied in areas with high precipitation and 

low evaporation rates. Additional methods of controlling diffuse 

natural sources, the major contributor of salt loads, are needed. 

Significant reductions in salt loads can be achieved by im­

proving irrigation facilities and practices only if the economic 
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advantages of implementing such improvements can be demonstrated 

to the individual irrigator. A number of demonstration projects 

of this type are needed. Additional control measures applicable 

to irrigated agriculture need to be developed and demonstrated. 

Thus, the scope and magnitude of research and demonstration 

needs is large. 

A number of research proposals related to salinity control 

have been submitted by various universities in the Colorado 

River Basin region. Subjects of these proposals include 

demonstrating the relationships that exist between irrigation 

practices, crop yields and the salinity of return flows~ 

evaluation of the salinity effects. of drainage system operatjons 

in the Yuma area, and determination of the relative magnitude 

of natural and man-made salt contributions in ~n irrigated area. 

The range of research objectives shown by projects proposed or 

underway demonstrate the wide range of research expertise avail­

able in the area of salinity control. Thus, the expertise 

required to carry out needed research efforts is availahle at 

institutions in the Colorado River Basin region. 

SALINITY CONTROL PROJECTS 

During the latter part of FY 1968, the FWQ~ made funds 

available and requested the Bureau of Reclamation to select a 

pilot project to test and demonstrate control methods for 

reducing salinity concentrations and salt loads in the Colorado 

River system. The plugging of two flowing wells, the Meeker 



and Piceance Creek wells near Meeker, Colorado, was selected 
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as the pilot demonstration project. The Bureau of Reclamation 

contractor completed plugging the Meeker well on August 3, 1968, 

and the Piceance Creek well on August 9, 1968. Closing of 

the Meeker well reduced the sodium and chloride concentrations 

of the White River by over 50 and 75 percent, respectively, at 

the Geological Survey gage below Meeker. Plugging the Piceance 

Creek well decreased the sodium, bicarbonate, and chloride 

concentrations over 10 percent at the mouth of Piceance Creek, 

13 miles downstream from the well. The salinity load of the 

White River and the Colorado River system was reduced by about 

62,500 tons annually. This is about 19 percent of the average 

annual sqlinity load in the White River near Watson, Utah. 

Plugging the Meeker and Piceance Creek wells initially decreased 

the annual flow of the White River by about 2,380 acre-feet. 

It is the opinion of the Bureau's regional geologist that the 

flow formerly discharged from the wells will reappear through 

natural springs nearer the discharge area at an improved quality, 

and that plugging the wells will not cause a decrease of the 

annual flow in the Wh~te River. 

Costs for plugging the two wells totaled $40,000. It is 

estimated that the present worth of total benefits which will 

accrue to Colorado River water users is approximately $7 million. 

This project demonstrated the economic feasibility of plugging 

similar flowing saline wells in addition to demonstrating 

significant local water quality improvement. The high 
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benefit-cost ratio for this project would indicate that plugging 

wells discharging considerably lesser amounts of salt would be 

economically feasible. 

Another flowing well near Rock Springs, Wyoming, which 

contributed approximately 5,000 tons of salt annually, was 

plugged in Noverober 1968, under the direction of the Wyoming 

State Engineer. The effects of eliroinating this salt source have 

not been evaluated. 

In late 1969, the Utah Oil and Gas Commission plugged seven 

abandoned oil test wells near Moab, Utah. This action eliminated 

a salt load of approxiroately 33,000 tons per year which was 

formerly contributed by two of the wells. The other five wells 

were not flowing. Costs of plugging the wells totaled about 

$35,000. 

It is estimated that plugging the five flowing wells in 

Colorado, Wyoming and Utah will reduce the average annual salt 

load passing Hoover Dam by 100,000 tons or 0.93 percent. This 

salt load reduction would reduce average salinity concentrations 

by about 6 mg/l under present conditions. Although this change 

in salinity concentrations is small with respect to present 

salinity levels, the resulting economic benefits are significant. 

These benefits are estiroated to range from $0.4 million annually 

in 1970 to $1. 0 million annually in the year 2010 and have a 

present worth of more than $10 million. Thus, a modest but 

significant start has been made toward reducing the economic 

impact of rising salinity concentrations. 
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CHAPTER V. ALTERNATIVES FOR MANAGEMENT AND CONTROL OF SALINITY 

Three basic approaches, or a combination of ·these approaches 

might be used to achieve a solution to the salinity problem: do 

nothing, limit development or implement salinity controls. The 

first approach would achieve no management of salinity control 

works. This approach, in effect, ignores the problem and allows 

unrestrained economic development at the expense of an increased 

adverse economic impact resulting from rising salinity concen-

trations. 

The second approach would limit.economic or water resource 

development that is expected to produce an increase in salt loads 

or streamflow depletions. Such an approach would mini~ize 

future increases in the economic impact of salinity and possibly 

eliminate the need for salinity control facilities. This aoproach 

has the obvious disadvantage of possibly stagnating growth of 

the regional economy. 

The third approach, calling for the construction of salinity 

control works, would allow water resource development to proceed. 

Salinity controls would be iwplernented to ~eet a numDer of 

alternative management objectives. At least three possible 

management objectives could be considered: (1) salinity controls 

could be implemented to maintain specific salinity levels; (2) 

salinity could be maintained at a level which would minimize its 

total economic impact; and (3) salinity could be maintained at 

some low level for which the total economic impact of salinity 
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would be equal to the impact that would be produced if no action 

were taken at all. These objectives will be discussed in wore 

detail in later sections. This approach would reouire 

substantial expenditures for control works. 

The following sections discuss an evaluation of the costs 

and benefits of various levels of salinity control and a 

comparison of the relative economics of the three basic salinity 

management approaches discussed above. 

POTENTIAL ALTERNATIVE BASINWIDE SALINITY MANAGE1\llENT PROGRA!-'!S 

There are a number of technically feasible salinity control 

measures which could be potentially useful for manage~ent of 

salinity in the Colorado River Basin. Various factors, including 

economic feasibility, and legal and institutional constraints, 

limit the present practicality of many measures, and reduce the 

potential means of managing salinity to a few basic approaches. 

The most practical means of achieving reductions in salt 

loads include i~poundment and evaporation of point source dis­

charges, diversion of streams around areas of salt pick-up, 

improvement of irrigation practices and facilities to reduce 

return flow volumes, desalination of saline discharges from 

natural and man-made sources, and desalination of water supplies 

at the point of use. Augmentation of streamflow can be achieved 

by iwportation of water from other basins, by importation of 

demineralized sea water, and by increasing precipitation and 

runoff in the basin utilizing weather modification techniques. 

The control measures could be implemented in a variety of 
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locations and combinations to achieve basin wide management of 

salinity. An optirial management program would probably include 

each of these methods in some combination as well as other 

salinity control measures such as water conservation. 

The following sections discuss the physical features, 

estimated costs, and water quality effects of eight potential 

alternative programs incorporating these two major manageMent 

approaches. These programs included three salt load reduction 

programs, four flow augmentation programs, and one program to 

treat water supplies at the point of use. A comparison of these 

alternative programs indicates that a large-scale salt load 

reduction program would be the most economical means of achieving 

basinwide management of salinity. This salt load reduction 

program was thus selected to establish the potential scope and 

costs of a basinwide program designed to meet various alternative 

salinity management objectives discussed in a later section. 

Salt Load Reduction Programs 

Reduction of salt loads at their source appears to be the 

most practical approach to management of salinity. By preventing 

highly mineralized waters from reaching the stream system or by 

reducing the pickup of salts by high quality water, substantial 

reductions in salinity concentrations may be achieved at costs 

relatively low in comparison with most other measures. A variety 

of control measures would be employed by a low cost salt load 

reduction program. The major features of two such programs are 

outlined in the following paragraphs. A salt load reduction 
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program employing desalination techniques only (resulting in 

higher program costs) is discussed in a later section on 

desalination. 
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Full Scale Salt Load Reduction Program--One potential basin­

wide salt load reduction program was formulated which would seek 

to control a major fraction of the salt load contributed by five 

large natural sources and 12 irrigated areas. The major features 

of this program are listed in Table 2 with potential control 

project locations shown in Figure 3. The selection of salt 

sources to be controlled, physical features of each project, and 

estimates of potential costs and salt load reductions were based 

on the latest information available from various research, 

demonstration and technical investigation activities. Present 

salinity control knowledge is still limited, however, and a 

number of assumptions were required to font'ulate the details of 

the program. The cost and effectiveness of estimates assigned 

to each project should, therefore, be considered representative 

of the approximate magnitude of expected costs and salt load 

reductions rather than detailed estimates of actual results to 

be achieved. Additional research and feasibility investigations 

would be required to refine these estimate and verify assumptions. 

For a given project, construction costs and the actual salt 

load reductions achieved may vary over a wide range. Bayesian 

statistical decision theory was utilized, as outlined in a later 

section on salinity management costs, to estimate the expected 

(mean) value of possible costs and salt load reductions for each 



Table 2. Potential Full Scale Salt Load Reduction Program 

Project Descri12tion Ex12ected Averag:e Annual Values 
Total Salinity Salt Load Cost 

Project Costs Control Costs Reduction Index 
No. Location Features ($1000/Yr) ($1000/Yr) (1000/Yr) ($/T) 

1. Paradox Valley, Colo. Stream Diversion 700 700 180 3.89 
2. Grand Valley, Colo. Irrig. Improvements 3,140 l,570 312 5.04 
3. Lower Stem Gunnison Irrig. Improvements 3,600 1,800 334 5.40 

River Colorado 
4. Price River, Utah Irrig. Improvements 1,000 500 89 5.65 
5. Las Vegas Wash, Nev. Export & Evaporation 600 600 100 6.00 
6. Uncompahgre River, Irrig. Improvements 4,000 2,000 320 6.25 

Colorado 
7. Big Sandy Creek, Wyo. Irrig. Improvements 490 245 39 6.28 
8. LaVerkin Springs, Utah Impoundment & Evap. 600 600 80 7.50 
9. Roaring Fork River, Irrig. Improvements 880 440 52 8.47 

Colorado 
10. Upper Stem Colorado Irrig. Improvements 1,420 710 80 8.88 

River, Colorado 
11. Henry's Fork River, Irrig. Improvements 710 355 40 8.88 

Utah 
12. Dirty Devil River, Irrig. Improvements 710 355 40 8.88 

Utah 
13. Duchesne River, Irrig. Improvements 5,660 2,830 273 10.37 

Utah 
14. San Rafael River, Irrig. Improvements 1,360 680 65 10.48 

Utah 
15. Ashley Creek, Utah Irrig. Improvements 830 415 36 11.55 
16. Glenwood Springs, Desalination 5,000 5,000 370 13.50 

Colorado 
17. Blue Springs, Export & Desalination 16,000 16,000 500 32.00 

Ariz. 

Program Totals 46,700 34,800 2,910 
\Jl 

°'°' w-'=' 
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project. The costs and salt load reductions shown in Table 2 

are thus the expected values of a range of possible values for 

each project. The total estimated project costs shown are in 

terms of average annual costs which include amortized construction 

costs, operation costs and maintenance costs. A five percent 

discount rate was used for all cost estimated discussed in this 

chapter. 

The Paradox Valley, Las Vegas Wash, LaVerkin Springs and 

Glenwood Springs salt load reduction projects would be single 

purpose only. For these facilities, all project costs were 

considered to be salinity control costs as shown in Table 2. 

The Blue Springs project would be a multiple purpose facility. 

However since only the costs of the salinity control portions 

of the project were estimated, the total project costs shown in 

Table 2 are all salinity control costs. Improvment of irrigation 

practices and facilities in the 12 irrigated areas selected would 

produce a number of benefits in addition to salinity control 

benefits. These benefits are estimated to be of about the same 

economic magnitude as salinity control benefits. For this 

reason, only half of total improvement costs were designatea as 

salinity control costs. 

Five salt load reduction projects utilizing various salinity 

control measures were selected for control of large natural 

discrete and diffuse sources. The sources selected represent 

those for which control appears to be most practical and 

economical at this time. It is possible that additional techni-
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cal investigations and feasibility studies could result in 

the formulation of other more economical control projects for 

other sources. Details of the five projects selected are 

discussed in the following paragraphs. 
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The Dolores River picks up a large salt load as it crosses 

Paradox Valley in western Colorado. This salt pickup is believed 

to be the result of the recharge during periods of high stream­

flow of a groundwater aquifer in contact with the highly saline 

Paradox formation. Elimination of the salt load produced by such 

recharge conditions may be achieved by construction of a 

detention dam on the Dolores River upstream from P~radox Valley 

for reducing peak flood flows and by construction of a concrete­

lined channel four miles long to convey streamf low through 

Paradox Valley. A preliminary plan for this project was developed 

by the Bureau of Reclamation as part of the Cooperative Salinity 

Control Reconnaissance Study.Cl2) 

Interception of the outflow from Las Vegas Wash in Nevada 

and export to a dry lakebed in a closed basin was selected as 

the control project for this tributary. Export of the volume 

of flow currently leaving Las Vegas Valley would probably not 

be practical. However, future conditions may be significantly 

different. A comprehensive water pollution control plan is being 

developed for the Las Vegas metropolitan area. (lJ) Current 

waste disposal proposal call for tertiary treatment of all 

municipal and industrial wastes with the high quality effluent 

piped to the Colorado River below Hoover Dam.Cl4 ) Desalination 
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of the treated effluent might also be provided to allow a high 

degree of water reuse in the valley. Implementation of either 

a waste export or water reuse scheme would probably reduce the 

volume of flow in the Wash to an amount that could be economi-

cally exported. The project listed in Table 2 is based on the 

assumption that one of these schemes will be implemented. A 

research project was recently initiated by Desert Research 

Institute under an FWQA grant to define groundwater conditions 

in lower Las Vegas Valley. The final plan selected for regional 

waste disposal facilities and the results of the groundwater 

research will probably determine the final design of a control 

project for this salt source. 

LaVerkin Springs are located in the Virgin River Basin in 

southern Utah. In addition to being a large salt source, these 

springs also discharges significant quantities of radioactive 

radium salts. Control of a major portion of the springs 

discharge could potentially be achieved by gravity conveyance 

to a large, lined pond for evaporation and storage. Concentration 

of the radium salts through evaporation could pose a potential 

radioactivity hazard. Commercial recovery of the radium may be 

potentially feasible, eliminating this hazard. Control of this 

salt source would produce significant local benefits as a result 

of reduced salinity in the irrigation supply for the Bureau of 

Reclamation's proposed Dixie Project and other local irrigation 

areas. 

A number of large mineral springs and seeps, including 

Dotsero Springs, Yampa Springs, and Glenwood Springs, are 
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located along a 20-mile-long reach of the Colorado River near 

Glenwood Springs, Colorado. A reconnaissance study of this 

large salt source recently completed by the Project, shov7ed 
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that a large fraction of the combined spring flow could 

potentially be intercepted and conveyed to a central location. (15) 

A 16-mgd desalination plant could then he utilized to demineralize 

the collected flow with' pure water returned to the river syste~. 

The concentrated brine could be disposed of by deep-well 

injection into a salt formation. No local market for the 

demineralized water now exists. However, should development of 

the oil shale deposits in the area materialize, the dernineralizea 

water could possibly be sold for municipal or industrial use 

to provide a source of income to offset part of the project 

costs. Sale of the concentrated brine for industrial use is 

another potential source of income. 

Control of the major salt load contributed by the Little 

Colorado River, including the discharge of Blue Springs, would 

require the construction of a complex facility. The control 

works envisioned would be multiple-purpose and v~uld include 

such major project f~atures as a multi-stage, underground 

pumped storage hydroelectric plant located near the mouth of 

the Little Colorado River, a 250 cfs pumping plant locatea 

near the upper reservoir of the hydroelectric plant located near 

Flagstaff, a large-scale nuclear power plant including a 200-wgd 

desalination facility, and brine disposal facilities. Such a 

project would capitalize upon the expanding demands for electric 



power in the Southwest and the water needs as a result of 
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multiple use of facilities. A major portion of project pumping 

could be achieved during off-peak at low power costs. Sale of 

demineralizea water to municipal and industrial water users in 

Central Arizona by discharge to the Verde River system would 

offset about half of the estimated desalination costs, thus 

reducing salinity control costs. The costs shown in Tarle 2 for 

this project include estimates for the aaueduct, pumping plant, 

desalination facility, and brine disposal facilities only. Costs 

were not estimated for the major hydroelectric and nuclear power 

facilities as these would not be directly related to salinitv 

control. 

Several factors control the feasibility of constructing a 

project of this magnitude. Perhaps the most serious potential 

limitation would be the relationship of this project and the 

Central Arizona Project with regard to A.rizona' s allotment of 

Colorado River water. If Colorado River flow is not augmented, 

delivery of 150,000 acre-feet annually from the Little Colorado 

River would require reducing the delivery of the Central Arizona 

Project by a like amount. Thus, that project's financing woulc 

be affected. 

A second major factor is the need to sell the entire project 

concept to a major power company or consortium. The neea for 

both base and peaking power production in this area has been 

shown by proposals for large-scale peaking power production at 

the Bridge Canyon Dam and proposals for large-scale fossil fuel 
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power facilities near Four Corners and other nearby locations. 

A potential demand for large power projects thus appears to exist. 

A major portion of the salt load reduction effected by 

a full-scale basinwide program would be achieved by control of 

salt loads contrituted by irrigated agriculture. Twelve 

large irrigated areas contributing the highest salt loads in 

the basin (three to six tons per acre per year) were selected 

for implementation of control measures. The total irrigated 

area of about 600,000 acres included in these l? areas is only 

about 20 percent of the irrigated acreage in the basin but 

contributes more than 70 percent of the saJt load attrihuted 

to irrigation sources. 

Most of the irrigated areas selected have sirrilar soil and 

geological conditions. The soils contain relatively high amounts 

of soluble salts and are generally underlain by moderately 

saline, shallow groundwater systems and highly saline shales or 

lacustrine formations. Under such conditions, excessive 

applications of irrigation water, poor irrigation efficiencies, 

conveyance system losses and other water losses result in large 

volumes of return flows which pick up salts from the soils and 

underlying formations. Control IT'leasures would he directed 

toward reducing such return flows. Due to slight variations 

in soil and geological conditions, the present condition of 

irrigation facilities, present levels of irrigation efficiencv, 

and other variation between areas, the magnitude and scope of 

control measures would differ fro~ area to area. 
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Estimates of the costs and salinity control effectiveness 

of the irrigation improvements selected for control measures 

were based on preliminary results of various research efforts 

currently under~ay. Installation of varying amounts of canal 

lining and distribution system iMprove1nents, closer control on 

water deliveries, modification of irrigation practices to 

substantially improve ·irrigation ef£iciencies, installation 

practices to substantially improve irrigation efficiencies, 

installation of some sub-surface drains, and other irrigation 

improvements would be required to achieve estimated levels of 

salt load reduction. These improveIT1ents would also pro<"'uce a 

number of direct benefits to water users and irrigation districts 

in the form of water conservation, reduced maintenance costs, 

increased crop yields, and reduced fertilizer costs. These 

benefits are estimated to be of about the same magnitude as 

salinity control benefits. For this reason, only 50 percent of 

the total costs of irrigation irnprovements were designated as 

salinity control costs as shown in Table 2. Improvement of 

irrigation facilities and practices as proposed would require 

a great deal of local cooperation and a substantial local 

investment. Local educational prograJTls would need to f-.e expanded 

to teach irrigators how to improve their practices. More 

importantly, demonstrations of the economic feasibility of such 

improvements would be required to induce the irrigators to make 

the necessary local investment in facility improve!T'ents. 
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When completely irnple1'!1ented, it is esti~ated that the full­

scale program outlined in the previous paragraphs and ta0ulated 

in Table 2 would achieve a total potential salt load reduction 

of 2.9 million tons annually at Hoover Darn. This represents a 

27 percent reduction in the average annual salt load passing 

Hoover Darn for the 1942-1961 period of record adjusted to 1960 

conditions of water use. Implementation of the full progral'f1 

in the period froro 1975 to 1980 would result in reductions in 

predicted average salinity concentrations at Hoover Darn from 

876 mg/l to 623 mg/l in 1980, and from 990 :mq/l to 715/1 in 2'HO. 

Average annual program costs, including amortized construction 

costs, operation costs and maintenance costs, are estimated to 

total $34.8 million. The 1970 present worth of total salinity 

control costs for this program for the period from 1975 to 2n10 

is estimated to be $375 million assuming a five percent discount 

rate. 

Incremental Salt Load Reduction Prograrn--Since the full scale 

program previously discussed is made up of a number of independent 

control projects, a number of alternative programs could be 

formulated by varying the time scale for implementing the 

individual projects. One such alternative program is discussed 

in the following paragraphs. 

Implementation of the full-scale program by 1980 would reduce 

salinity concentrations at Hoover Dam below average concentrations 

for 1960 conditions of water use (697 mg/l) until beyond the 

year 2000. Achieving this degree of water quality enhancement 
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would require a heavy expenditure of construction funds over a 

short time period. An alternative plan to lengthen the 

implementation period could be formulated which would also 

achieve significant water quality enhancement. By phased or 

incremental iTI'plementation of the full scale program, a constant 

salinity level of 700 mg/l to approximate 1960 conditions could 

be maintained. '!>. salt load reduction of 2 .1 million tons per 

year in 1980 and 3.2 million tons per year in 2010 would be 

required to maintain this salinity level. Implementation of 

the first 13 projects listed in Table 2 would he required by 

1980 to achieve this salt load reduction in 1980. Gradual 

implementation of the remaining four projects in the period 

1980-2000 would be required to maintain the constant salinity 

level. A salt load reduction of 0.3 million tons per year 

would be required in 2010 in addition to i~plementation of the 

full scale program in order to maintain the 700 mg/l salinity 

level. In order to estimate program costs, it was assumed that 

additional control projects could be formulated in the future 

to achieve the added reduction for unit costs comparahle to 

average program unit costs. 

Average annual salinity control costs of the 13 projects 

to be implemented by 1980 were estimated to total $12.7 million. 

Average annual costs would increase with time as additional 

control measures are implemented reaching an estimated $39.4 

million in 2010. The 1970 present worth of total salinity 

control costs for this phased implementation of a salt loao 
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reduction program over the period from 1975 to 2010 is estiwated 

to be $230 million. Total costs of a program implemented in 

increments as discussed are thus substantially less than for 

immediate implementation of a full scale program. 

Flow Augmentation Programs 

A second means of effectively reducing salinity concentrations 

would be to dilute existing streamflow with high quality water. 

For the Colorado River Basin, such flow augmentation could 

potentially be obtained from three sources - weather modifications, 

interbasin transfer, and desalination of sea water. ~ nurnher 

of schemes have been proposed which would utilize these sources 

to provide varying amounts of flow augmentation. The costs 

and salinity control potential of three such schemes are discussed 

in the following sections. A fourth scheme utilizing demineraJ­

ized sea water as a flow augmentation source is discussed in a 

later section entitled desalination programs. 

Weather Modification Program--Increasing the runoff in the 

Basin by stimulating precipitation through utilization of weather 

modification techniques is one potential means of augmenting 

streamflow. The Bureau of Reclamation has estimated that as 

much as 1.87 million acre-feet of additional strea~flow could 

be made available in the Upper Basin by a full-scale weather 

modification program at an annual cost of $2.65 million. (6) 

The salinity control effects of such a program will vary 

depending upon the locations at which the supplemental supply 

would be utilized. If the additional supply was consumptively 
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used in the Upper Basin, the salt load in the Lower Basin would 

be increased without accompanying dilution and the salinity 

problem would be compounded. If the entire supplemental supply 

was consumptively used in the Lower Basin however, it would 

result in substantial reductions in salinity concentrations. 

The United States is required by the Mexican Treaty to 

deliver 1.5 million acre-feet of Colorado River water to Mexico 

annually. Meeting this treaty requirement has been declared a 

national obligation. The estimated volume of flow potentially 

available from a weather modification program is about equal to 

the amount that would be required to off set a proportionate 

amount of reservoir evaporation and river system losses and 

deliver 1.5 million acre-feet to ~exico annually. Thus, a 

potential use for the increased supply would be to provide the 

required Mexican deliveries. Utilization of the water in this 

manner would significantly reduce salinity concentrations through-

out the lower river system. 

Weather modification activities would be aimed primarily at 

augmenting snow accumulations in high mountains areas. The 

resulting increases in runoff would be primarily in the forni of 

high quality Spring snowrnelt. This Spring runoff would normally 

reach Lake Mead with a salinity concentration of about 300 mg/l. 

This concentration was used to estimate the increase in salt 

burden that would accompany the additional streamflow. 

Assuming that the additional streamflow passing Hoover Dam 

would average 1.7 million acre-feet annually, flow augmentation 
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from this source would reduce predicted average salinity 

concentrations at Hoover Darn from 876 mg/l to 783 mg/l in 

1980 and from 990 mg/l to 870 mg/l in 2010. At an average 

annual cost of $2.65 million, the present worth of weather 

modification program costs from 1975 to 2010 was estimated to 

be $32 million. 
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Augmenting strearnflow would produce substantial direct 

benefits in addition to salinity control benefits. These benefitg, 

such as increased power production, increased water supply, etc., 

were not evaluated but are kno~m to have a large econoMic 

value. If program costs were allocated in proportion to 

resulting benefits, as was done for irrigation improvements as 

discussed in a previous section, the costs assigned to salinity 

control would probably be less than half of total costs. Weather 

modification may therefore be the most economical means of 

achieving salinity control. The magnitude of control that can 

be achieved in this manner is limited, and the practicality of 

weather modification has not been demonstrated. If weather 

modification becomes practical, a comhination of flow augmentation 

from this source and the more economical elements of the salt 

load reduction program could achieve a high aegree of salinity 

control for moderate costs. 

Limited Interbasin Transfer--It is possible that augmenting 

strearnflow with larger volumes of water than the estiIT1ated 

volumes available from weather modification could eventually be 

achieved by interbasin transfer of high quality water. A numrer 



of schemes have been proposed by public and private interests 

which would import varying vol'l.llnes of high quality water from 
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a variety of different sources. (19} The salinity control effects 

of these various schemes are dependent upon the quality of the 

import water, the point of importation into the Basin, and the 

locations of ultimate consumptive use as discussed in the 

previous section on weather modification. Since a significant 

salt load will also be imported into the Basin, the point of 

ultimate use becomes a very important factor in the degree of 

salinity control that can be achieved. 

Several of the proposed transfer schemes would import water 

directly to Lake Mead. If an annual volume of 2.5 million 

acre-feet were imported to Lake Mead at a salinity concentration 

of 300 mg/l (representative of the quality of proposed sources 

when transmission loss effects are considered) and this increased 

supply was utilized in the Lower Basin, predicted average salinity 

concentrations at Hoover Dam would be reduced from 876 mg/l to 

749 mg/l in 1980 and from 990 mg/l to 827 mg/l in 2010. 

No detailed cost estimates are available from which the 

average annual costs of a limited interbasin transfer program 

could be determined. If a cost of $30 per acre-foot of water 

imported is assumed, average annual program costs would total 

$75 million. Assuming that the necessary facilities could be 

constructed between 1975 and 1980 (a very optimistic assumption), 

the present worth of program costs from 1975 to 2010 was 

estimated to be $800 million. 
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Augmenting streamf low by interbasin transfer would also 

produce substantial benefits in addition to salinity control 

benefits as discussed in the previous section on weather 

modification. Evaluation of these benefits is beyond the scope 

of the investigations undertaken by the Project. These benefits 

are known to have a large economic value and would probably 

reduce the fraction of program costs which would be allocated 

to salinity control to less than half. 

Large-Scale Interbasin Transfer--Projections of future 

water demands in the Lower Basin indicate that an increase in 

water supply of more than 2.5 million acre-feet annually could 

be utilized. Several of the proposed transfer schemes would 

seek to meet this larger water demand. Large quantities of 

water would be available from these schemes for achieving 

substantial dilution and salinity control. Various levels of 

salinity control could thus be achieved by supplying larger 

volumes of flow augmentation. 

For purposes of comparison with the salt load reduction 

program previously discussed, the volume of flow augmentation 

required to maintain a constant salinity level of 700 mg/l at 

Hoover Dam was determined. Assuming the imported water would 

have a salinity concentration of 300 mg/l, it is estimated that 

flow at Hoover Dam would need to be augmented by 3.9 and 5.9 

million acre-feet annually in 1980 and 2010 respectively, to 

maintain a constant salinity level of 700 mg/l. 

Again, assuming a cost of $30 per acre-foot, the average 
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total $117 million and $177 million in 1980 and 2010, respectively. 

With an optimistic implementation period of 1975 to 1980, the 

present worth of total program costs from 1975 to 2010 was 

estimated to be $1,470 million. 

This flow augmentation scheme would also produce substantial 

benefits which would reduce c9sts allocated to salinity control 

as di$CUssed in the previous section. 

Other alternative flow augmentation program of the type just 

discussed could be formulated to meet other water quality goals. 

The volume of flow augmentation required and total program costs 

would vary inversely with the target salinity concentration 

.at Hoover Darn. 

A third possible source of flow augmentation is demineralized 

sea water. Desalination plants located near the Gulf of 

California or the Pacific Ocean could provide a supply of high 

quality water for direct use in southern California or Mexico, 

or for augmentation of the Lower Colorado River. The Bureau of 

Reclamation has conducted a feasibility study of one such 

augmentation scheme. The results of the study are discussed in 

the following section on desalination. 

Desalination Programs 

Desalination installations could potentially be utilized to 

remove salt loads at their source, to reduce the salinity of a 

water supply at the point of water use, and to provide a source 

of high quality water for flow augrnentation. Three alternative 
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programs which utilize desalination technology are discussed 

in the following sections. 

Source Control Program--In contrast to the salt load 

reduction programs previously discussed which utilize a variety 

of control measures, a comparable source control program could 

be formulated which 'WOUld utilize desalination plants only as 

the control measure. The plants would function to remove the 

salt load from such concentrated sources as mineral spring 
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discharges, saline tributaries and irrigation return flows. Due 

to the scattered locations and relatively small magnitude of the 

various salt sources suitable for demineralization, a large 

number of small desalination plants would be required to achieve 

any substantial reduction in salt loads. The unit costs of 

operating such small plants are high. 
' 

Another factor affecting the economy of such a program is 

the lack of highly saline sources for demineralization. Some 

mineral springs in the Basin discharge water with salinity 

concentrations exceeding 20,000 mg/l, but the volumes of such 

highly saline flows are small. Much of the Basin's salt load 

is contributed by irrigation return flows and other discharges 

with concentrations below 4,000 mg/l. A detailed evaluation 

has not been made of the locations, magnitudes and salinity 

concentrations of sources suitable for desalination. Thus, an 

accurate detennination cannot be made at this time of the volume 

and average concentration of the flow that would need to be 

demineralized to achieve a given salinity control objective. 



However, utilizing several assumptions, it is possible to 

evaluate the approximate magnitude of a desalination program. 
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Supply Treatment Program--A major portion of the economic 

impact of future salinity increases could be eliminated by 

reducing salinity levels in the water supply diverted to southern 

California tnrough the Colorado River Aqueduct and All American 

Canal. Desalination plants at Parker and Imperial Dams could 

be utilized to remove a portion of the diverted salt load and 

maintain desired salinity levels. These plants would be large 

scale and could operate more economically than the small scale 

plant$ utilized in the source control program. Also, brine 

disposal would be less of a problem at these desert locations. 

Due to the low concentration of the supply water (less than 

1,500 mg/l) the volumes of flow demineralized would be large 

and total costs would be high. 

To maintain a salinity concentration of 700 mg/l in the 

diverted flow would require the desalination of an estimated 

1.4 and 1.6 million acre-feet annually in 1980 and 2010 

respectively. At an esti~ated unit cost of $100 per acre-foot 

($0.30 per 1,000 gallons), average annual program costs would 

total $140 million in 1980 and $160 million in 2010. Assuming 

a 1975 to 1980 implementation period, the present worth of 

program costs from 1975 to 2010 was estimated to total $1,570 

million. 

A supply treatment program would be single purpose and 

all costs would be allocated to salinity control. 
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Flow Augmentation Program--Dernineralized sea water is 

another potential source for augmenting streamflow in the Lower 

Colorado River. The Bureau of Reclamation has conducted a 

reconnaissance study of one scheme to import demineralized sea 

water. (4) The source would be a large scale nuclear power and 

desalination facility located on the Pacific Ocean between 
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Los Angeles and San Diego. A large aqueduct would convey the 

demineralized water overland to Hoover Dam. As investigated by 

the Bureau, this scheme would be constructed in stages and would 

provide 1 million acre-feet of flow augmentation in 1990, 

increasing to 2 million acre-feet in 2010. Average annual 

program costs were estimated to total $131 million. 

If the full 2 million acre-feet of flow augmentation were 

made available in 1980, average salinity concentrations at 

Hoover Dam would be reduced to 710 mg/l and 740 mg/l in 1980 

and 2010, respectively. On the basis of i.Inplementation between 

1975 and 1980, the present worth of total program costs from 

1975 to 2010 was estimated to be $1,400 million. 

Such a flow augmentation scheme \\1'0uld increase the available 

water supply for salinity control and provide substantial 

multiple purpose benefits. Other flow augmentation schemes 

involving demineralization would also provide multiple purpose 

benefits; however, the extent to which these benefits would 

reduce the costs allocated to salinity control was not evaluated. 
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The eight alternative salinity control programs discussed 

in the previous sections are not directly comparable. Variations 

in the magnitude and scope of the alternatives result in 

differences in the level of salinity control achieved. Also, 

some of the programs are single-purpose with all costs 

assignable to salinity control while other programs are multiple­

purpose with substantial benefits from other than salinity 

control to offset part of the program costs. It is possible to 

make comparisons between si~ilar alternatives and to select the 

alternative which appears to be the most economical for achieving 

basinwide management of salinity. 

The estimated costs and salinity control effects of the 

eight alternative programs are summarized in Table 3. Salinity 

concentrations expected, if no controls are implemented, are 

also shown in the table for comparison purposes. Comparisons 

of similar alternatives and the basis for selection of the 

phased implementation of a salt load reduction program as the 

least cost alternative salinity control program are presented 

in the remainder of this section. 

The first two alternatives programs listed in Table 3 are 

composed of identical salt load reduction measures and differ 

only in the timing of implementation. Alternative number one 

would implement the full program by 1980 while the second 

alternative would delay full implementation until about 2000. 

Salinity control and other benefits produced by early 



Table 3. Comparison of Alternatives Salinity Control Programs 

Alternative Salinity Average Salinity Concen- Average Amount 
No. Control Program trations at Hoover Dam Program Cost 

19 80 2010 1980 2010 
(mg/l) (mg/l) ($ Million/Yr) ($ Million/Yr) 

l. Salt Load Reduction 620 720 47 47 
(Full scale implementation) 

2. Salt Load Reduction 700 700 23 52 
(Phased Implementation) 

3. Flow Augmentation 780 870 3 3 
(Weather Modification) 
(1. 7 MAF/Yr) 

4. Flow Augmentation 750 830 75 75 
(Interbasin Transfer) 
(2. 5 MAF /Yr) 

5. Flow Augmentation 700 700 118 177 
(Interbasin Transfer) 
(3.9-5.9 MAF/Yr) 

6. Desalination 700 700 41 62 
(Source Control) 

7. Desalination 140 160 
(Supply Treatment) 

8. Desalination 710 740 131 131 
(Flow Augmentation) 
(2.0 ~1AF /Yr) 

9. No Salinity Control 876 990 

00 
ii:. 

Present 
Worth 

($ Million) 

510 

350 

30 

800 

1,470 

510 

1, 570 

1,400 
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implementation do not justify the substantial difference in 
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program costs. Therefore, alternative number two, phased 

implementation of a salt load reduction program, would be the 

most economical program. 

Alternative number six, a source control program utilizing 

desalination techniques, is a single-purpose alternative which 

would produce salinity control effects identical to alternative 

number two. Since resulting program benefits would be less 

(no benefits in addition to salinity control) and program 

costs higher than alternative number two, the latter remains 

the least cost alternative. 

The supply treatment program (alternative number seven) 

would not control salinity levels in all water supplies in the 

tower Basin. This alternative would thus produce fewer benefits 

than alternative number six which is similar. Alternative 

number seven has a higher ~ost than number six and is therefore 

inferior economically. 

The remaining four alternatives, numbers 3,4,5, and 8, all 

would increase the Basin in water supply to some degree and would 

produce substantital benefits in addition to salinity control 

benefits. These additional benefits have not been qualified, 

as such an evaluation was beyond the scope of Project investi-

gations. These four alternatives are thus not directly 

comparable to the four previously discussed. A comparison 

can be made between the four flow augmentation programs, and 

the less economical programs eliminated. 
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A desalination program and a limited interbasin transfer 

program would provide about the same amounts of flow augmentation. 

Water supply benefits would be comparable for both programs. 

Salinity control achieved by importation of demineralized water 

would be greater than for importation of normal fresh water, 

however, the resulting difference in salinity control benefits 

would not justify the differences in program costs. Alternative 

number 4, the limited interbasin transfer prograJTl would thus 

appear to be superior to alternative number 8, the desalination 

program. 

Alternative numbers 4 and 5 differ both in the amount of 

flow augmentation provided and in the degree of salinity control 

achieved. If it is assumed that water supply benefits are 

proportional to the amount of flow augmentation provided, the 

large scale program should produce about double the benefits 

of a limited program. The salinity control benefits of the 

large scale program would also be greater than for a limited 

program. Since the costs of a full scale program average less 

than half of those for a limited program, the large scale 

program, alternative number 5 should produce a greater net 

economic return and would be superior to alternative number 4. 

A large scale flow augmentation program (alternative 

number 5) would produce the same level of salinity control, hence 

the same salinity control benefits, as the phased salt load 

reduction program (alternative number 2). These two alternatives 

are thus directly comparable with regard to salinity control. 
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However, program costs and the magnitude of additional benefits 

associated with the two programs are vastly different. Selection 

of the most economical alternative with respect to salinity 

control is therefore dependent upon the relative magnitude of 

other program benefits and resulting allocation of costs to 

salinity control. For the salt load reduction program, the 

present worth of salinity control costs was estimated to be 

$230 million. This amount is about 15 percent of the present 

worth of total program costs for large scale flow augmentation. 

Non-salinity control benefits would have to exceed 85 percent 

of total benefits before flow augmentation would become more 

economical. Because of the large difference in total program 

costs and a low probability that the necessary benefits ratio 

would be achieved, the salt load reduction program was selected 

as the least cost alternative. 

The time required for implementation o~ control measures 

is another factor that supports the selection of the salt load 

reduction program. For purposed of comparison, an im~lementation 

period of 1975 to 1980 was assumed for all alternatives. With 

optimum progression of necessary studies, fund appropriations, 

etc., the initial phases of the salt load reduction program 

could be implemented by 1980. Such optimism is not realistic 

for large scale public works as envisioned for the flow 

augmentation program. A date of 1990, or 2000 would be more 

realistic for delivery of large volumes of water from another 

basin. Substantial increases in salinity levels and attendant 

economic impact would thus occur before control of salinity 
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by flow augmentation could be achieved. 

A flow augmentation program utilizing weather modification 

techniques (alternative number 3) is not directly comparable 

to any other alternative. The salinity control that could 

be achieved by such a program is limited as are the salinity 

control benefits. For the level of control achieved, however, 

weather modification has the lowest unit costs. Substantial 

water supply benefits would also accrue to the program reducing 

costs allocated to salinity control. The practicablility 

of basinwide weather modification has not been demonstrated. 

For this reason and because of the limited degree of control 

that could be achieved, weather modification was not con­

sidered a practical alternative. Should the practicality 

of this approach be demonstrated in the future, a combination 

of a weather modification program and the more economical 

elements of a salt load reduction program would result in the 

minimum cost for achieving moderate levels of salinity control. 

Utilizing this combination to maintain a constant salinity 

level of 700 mg/l at Hoover Dam would result in a reduction 

of about one-third in total salinity control costs for the 

salt load reduction program alone. 

In summary, on the basis of present knowledge of the 

technical feasibility, costs and practicality of various salinity 

control measures, the phased implementation of a salt load 

reduction program (alternative number two) appears to be the 

most economical and practical means of achieving basinwide 
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management of sali.nity. This alternative was therefore utilized 

as the basis for estimates of salinity management and total 

salinity costs discussed in a later section on economic aspects. 

The following section discusses several other factors that 

should receive consideration in the final formulation of an 

optimal basin-wide salinity management program. 

Other Considerations 

Diurnal, seasonal, and other short-term cyclical 

fluctuations in salinity concentrations occur throughout the 

basin. The fluctuations are the result of a number of natural 

and man-made factors including seasonal variations in streamflow, 

droughts, reservoir operations, irrigation system operations, etc. 

P~esent peak salinity concentrations occurring during such 

fluctuations in the Lower Colorado River are approaching critical 

levels for some types of salt-sensitive crops. Should these 

high concentrations be maintained for longer periods of time 

than at present as the result of severe drought or other factors, 

significant damage to such crops could occur. Some types of 

crops are most sensitive to high salinity levels during the 

germination period. The occurrence of short-term high peak 

concentrations during the period when seed beds are being irrigated 

could result in heavy damage to that crop even though average 

salinity concentrations during the irrigation season were lower. 

The salinity control measures incorporated in the salt 

load reduction program previously selected as the best alter­

native for basinwide salinity control are designed primarily 
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to reduce long-term average sali.ni.ty concentrations. By 

reducing the salt burden carried by the river system during 

low flow periods, partial control of peak concentrations would 

also be achieved. In view of the potential economic impact 

on water users, however, more positive means of controlling 

short-term fluctuations should be sought. 

One potential means of minimizing short-term salinity 

fluctuations would appear to be the manipulation of reservoir 

storage and releases. Prior to the construction of Hoover Dam, 

salinity concentrations in the Lower Colorado River fluctuated 

widely from season to season and from year to year. The large 

volume of storage in Lake Mead has substantially dampened out 

these fluctuations. Lake Powell is expected to produce a simi­

lar dampening action. These large reservoirs do not produce a 

complete mixing of low and high quality inflow however, due 
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to their long, narrow configurations. Consequently, Lake Mead 

has historically exhibited a tendency to pass higher salinity 

inflows, resulting from low runoff years, through the reservoir 

with relatively small reductions in peak concentrations. Reduced 

outflow from Lake Powell during periods of low inflow, in 

combination with large salt loads contributed by sources located 

between Lake Powell and Lake Mead, could result in short-term 

fluctuations in the salinity of Hcover Dam releases similar to 

those occurring prior to closure of Glen Canyon Dam. The 

potential for utilizing storage in Lake Powell and Lake Mead 

and coordinating releases from these reservoirs to minimize 

short-term salinity fluctuations should be investigated. 



The fluctuating streamf low inherent in the operation of 

the various power plant, irrigation diversions, irrigation 
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projects, etc., located along the Lower Colorado River in com-

bination with the relatively uniform contribution of saline 

irrigation return flows are believed to be the source of 

significant short-term flucutations in salinity concentrations 

at Imperial Dam. Close coordination of all water operations, 

such as computer scheduling of on-farm irrigation deliveries 

and computer control of automatic flow controls, should be 

investigated as a potentially feasible means of eliminating such 

fluctuation. 

Manipulation of reservoir storage and close coordination 

of water movements would appear to show substantial promise 

for minimizing fluctuations in the Lower Basin. In the Upper 

Basin, a lack of adequate storage for regulation of water 

movements on many tributaries would preclude control of 

fluctuations in this manner. One method which may be applicable 

in the Upper Basin is the seasonal storage of salt within the 

soil column in irrigated areas. The volume of salt reaching 

the river system during low flow periods could be reduced by 

this method thus reducing peak salinity concetrations. Salt 

balance would be maintained by leaching out the stored salt 

during periods of high runoff. This control method is 

currently under investigation at Utah State University as 

discussed in Chapter IV. 
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There are no water quality simulation models presently 

available which could be utilized to accurately predict the 

magnitude and timing of salinity fluctuations. Present methods 

of evaluating the economic impact of salinity on water users 

utilize long-term salinity concentrations and cannot evaluate 

the economic impact of short-term fluctuations. This 

analytical capability needs to be developed before the economic 

feasibility of controlling fluctuations can be assessed. 
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There are also a number of long-term salinity control 

measures which have not been evaluated for economic feasibility. 

Such measures as water conservation, cessation of irrigation of 

highly saline soils, etc., may have a definite place in an 

optimal salinity management program. Development of such a 

program should give careful consideration to all potential 

control measures. 

One other area that should be investigated is the 

exchange of water at locations both in and out of the basin. 

For example, it might be possible to provide dernineralized sea 

water to southern California in exchange for water presently 

diverted from the Colorado River. The water supply and water 

quality effects of such an exchange should be evaluated as 

a basis for comparison with other alternatives previously 

discussed. 

ECONOMIC ASPECTS 

There are various economic costs associated with the use 
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of a degraded water supply. Direct costs are incurred by water 

users. In addition, the regional economy suffers economic 

losses stemming from these direct costs. There are also costs 

associated with the control and management of salinity. 

Together, these costs constitute the total economic impact of 

salinity variations in terms of total costs corresponding to 

changes in salinity concentrations and thereby provide the 

basis for determining the economic feasibility of salinity 

control. The main components of salinity costs are discussed 

in the following sections. 

Salinity Detriments 

Salinity detriments are the costs associated with use of 

a water supply of a given salinity concentration and consist 

of two major components, direct detriments and indirect detri-

ments. Direct detriments are the costs incurred directly by 

the water users and may take sucn forms as,descreased crop 

yields, increased municipal and industrial water treatment 

costs, pipe corrosion, increased consumption of soaps and 

laundry additives, etc. Indirect detriments are· the economic 

losses suffered by the regional economy which stem from the 

direct detriments. Different methods of analysis must be 

employed to determine these two component costs. Determination 

of the magnitude of direct and indirect detriments is discussed 

in the following sections. 

Determination of Direct Detriments-- A detailed study of 

water use in the Lower Colorado River Basin and southern Cali­

fornia water service area for present and future condit:i,ons 
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provided the basis for determination of direct detriments. The 

Southern California water service area includes Imperial and 

Coachella Valleys and those portions of the Los Angeles and 
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San Diego metropolitan areas receiving Colorado River water. 

Estimated costs of using water of a given salinity concentration, 

predicted future average salinity concentrations and predicted 

future water ratio of use were utilized to estimate direct 

detriments. Detriment curves were prepared for 1960, 1980, 

2010 conditions of water use and the salinity range expected 

during that time period. A detailed discussion of analytical 

techniques employed and a breakdown of the component costs are 

contained in Appendix B. 

Determination of Penalty Costs--Differences in direct 

detriments associated with the use of water with different 

salinity concentrations are known as direct penalty costs. 

These penalty costs represent the marginal costs of using a 

degraded water supply. 

The major emphasis of the economic studies conductea by 

the Project has been directed toward the deterJT1ination of penalty 

costs as a means of assessing the economic i~pact of future 

increases in salinity concentrations. The results of Project 

economic studies in terms of penalty costs are presented in 

Appendix B. The analytical techniques e~ployea to evaluate 

direct detriments (indirect penalty costs} utilize direct 

penalty costs as basic input. A determination of direct 

penalty costs is thus an interi~ step in the detennination of 

total salinity detriments. 



The relationship between direct detriments and direct 

penalty costs can be illustrated by the following example: 

Direct detriment curves for 1960, 1980, and 2010 conditions 
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of water use are shown schematically in Figure 4. The direct 

detriments associated with use of water supplies with salinity 

concentrations of 700 mg/l and 900 rng/l in 1980 are shown by 

points "A" and "B" respectively. The difference between 

these detriments is a direct penalty cost for 1980 conditions 

associated with an increase in salinity levels from 700 to 

900 mg/l. 

To facilitate the determination of direct penalty costs, 

the water use and economic conditions existing in 1960 were 

selected as base conditions. For other time periods, increases 

in direct detriments resulting from increases in salinity con­

centrations above 1960 levels (697 rng/l at Hoover Dam) were 

calculated and designated as direct penalty costs. Direct 

penalty costs were determined separately for the Lower Colorado 

River subbasin and the southern California water service area. 

Determination of Indirect Detriments--Input-Output 

analyses of the Lower Colorado River Basin and southern California 

economies were utilized as the basis for deterriination of in­

direct detriments or penalty costs. The analytical techniques 

utilized are discussed in Appendix B. Indirect detriMents 

were determined separately for the Lower Colorado River sub­

basin, the Gila River subbasin and the southern California 

water service area. The combined totals of predicted 

direct and indirect penalty costs for the three areas for the 
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years 1980 and 2010 are summarized in Tahle 4. These costs are 

in terms of 1960 dollars. 

A graphical summary of penalty costs is shown in Figure 

5. It should be noted that penalty costs are related to 

salinity concentrations at Hoover Dam. Salinity concentrations 

at points of water use in the Lower Basin and Southern Cali-

fornia can be directly related to salinity levels at Hoover 

Dam. Modifications of water volume~ or salt loads in the 

drainage area of Lake Mead directly affect the salinity of 

Hoover Dam releases. Thus, the salinity concentration 

at Hoover Dam was selected as a convenient index of changes 

in Basin salinity levels. 

Determination of Total Detriments.--To facilitate the 

evaluation of the economic feasibility of various salinity con-

trol measures, it was desirable to develop a series of detriMent 

curves representing total costs to the economy of using a 

water supply with salinity concentrations at Hoover Dam varying 

from 600 to 1,000 mg/l and variations in the economy anticipated 

between 1970 and 2010 at 10-year intervals. Direct detriment 

curves developed for the evaluation of penalty costs discussed 

in the previous section provided the basis for development of 

the desired curves. These detriments has been computed for 1960, 

1980, and 2010 conditions of water use and economic development 

and for sa..linity concentrations of 697, 876, and 990 mg/l. 

These nine points were utilized to develop detriment curves 

for 1960, 1980 and 2010. Straight-line interpolation was 
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Table 4. Direct and Indirect Penalty Costs 
Lower Colorado River Basin and 

Southern California Water Service Area 

Type of Penalty Costs 

Agrigultural 

Direct 
Indirect 

Total 

Industrial 

Direct 
Indirect 

Total 

Municipal 

Direct 
Indirect 

Total 

Total Direct 

Total Indirect 

TOTAL 

* 1960 Dollars 

Penalty Costs 
1980 2010 
~1,000 Annuall~ 

5,713 
3,212 

8,925 

163 
7 

170 

1,622 
318 

1,940 

7,498 

3,537 

11,0 35 

12,741 
8,557 

21,298 

513 
20 

533 

3,018 
546 

3,564 

16,272 

9,123 

25,395 

599 
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utilized to develop curves for 1970, 1990, and 2000. The 

salinity range of the curves was then extended to the desired 

limits by extrapolation of indicated trends. 

Direct penalty costs were computed at 10-year intervals 

601 

from the newly developed curves using 1960 conditions of water 

use for base conditions. Indirect penalty costs were then 

derived from the direct penalty costs utilizing the assumptions 

that the ratios of indirect to direct costs computed from Table 4 

for 1980 and 2010 conditions would hold over the full salinity 

range and that similar ratios for other years could be inter­

polated. The utilization of these assumptions eliminated sub­

stantial input-output analysis. 

The summation of the indirect penalty costs derived in 

this manner and direct detriment costs resulted in the develop­

ment of total detriment curves expressed in Terms of 1960 dollars. 

To update these curves to present conditions, they were adjusted 

for changes in the value of the dollar from 1960 to 1970. 

One popular index of the average change in the purchasing 

power of the dollar is the Consumer Price Index. This index 

increased from 103 in 1960 to 131 in early 1970. (l 6) This 

change would indicate that a 1960 dollar was equivalent to 1.27 

1970 dollars. The detriment curves were adjusted upward on this 

basis. The use of a single index was considered adequate for· 

this adjustment since other appropriate indexes, such as the 

agricultural price index, which could be applied have increased 

in essentially the same proportions as the CPI. 
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The final total detriment curves which represent the total 

impact on the economy of using saline waters in terms of 1970 

dollars are shown in Figure 6. These detriments curves can be 

utilized to determine the salinity control benefits that would 

accrue to a specific salinity control project. Such benefits are 

the differences in detriments associated with salinity 

concentrations which would occur with or without implementation 

of the control project. 

Sensitivity Analysis.--To provide a basis for evaluating 

future salinity penalty costs, a detailed evaluation was made 

of present and future salinity levels at various points through­

out the basin. The details of this evaluation are discussed in 

Appendix B. Such factors as the period of hydrological record 

and the rate of increase in consumptive use resulting from water 

resource development may produce significant variations in 

projections of future salinity levels. These variations in 

turn may affect predictions of the future economic impact 

of salinity increases. The sensitivity of salinity and economic 

projections to variations in mean annual virgin streamflow and 

future depletions of steamflow are discussed in this section. 

The basic salinity projections utilized for the detailed 

economic analysis were based on the 1942-1961 period of record 

adjusted for 1960 conditions of water use. The mean annual 

virgin flow at Lees Ferry, Arizona, for this period was estimated 

to be 13.8 million acre-feet. (9) There is a probability of about 

o.78 that this value will be exceeded by any 20-year mean virgin 
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ow. The rationale behind selection o~ this period of 

record is summarized in Appendix B and will not be discussed 

here. 
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To test the sensitivity of salinity projections to variations 

in the base flow utilized in the analysis, three additional base 

flows with different probabilities of occurrence were evaluated. 

The flows evaluated were a SO-year mean flow with a probability 

of being exceeded of 0.50 and two 20-year mean flows with 

probabilities of being exceeded in 20-year period of 0.125 and 

0.875. <
17

> These latter two flows are the upper and lower limits 

of a probable 75 percent of all 20-year mean flows. The virgin 

flow volumes for the four base flows evaluated are listed in 

Table 5. Salinity projections were made on the basis of identical 

present and future depletions of these virgin flows for all flow 

levels. Salt loads for the three additional base flows were 

estimated by adjusting the 1942-1961 mean salt. load using the 

assumption that incremental changes i~ virgin flow would have a 

salinity concentration of 300 mg/l. This salinity concentration 

was selected from comparisons of salinity concentrations vs run­

off relationship for low and high flow years. <9 > 

Table 5. Range of Virgin Flows at Lees Ferry 

Designation 

Upper Limit 
Mean Flow 
Base Flow 
Lower Limit 

Virgin Flow 
(Million Acre-Feet) 

16.8 
15.4 
13.8 
13.2 

Probabrlity of Being Ex­
ceeded in a 20-year Period 

0.125 
0.500 
0.780 
0.875 

Projections of present and future salinity concentrations for 

the four base flows evaluated are shown in Figure 7. Projected 
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increases in salinity concentrati.ons between 1960 and 2010 range 

from 180 to 330 mg/l. The ba~ic analysis base flow of 13.8 

million acre-feet p~edicted an increase of 293 mg/1. 

The detriment curves in Figure 6 and the salinity projections 

in Figure 7 were utilized to formulate projections of future 

increases in salinity detriments. These projections are shown in 

Figure 8. Predicted increases in total annual detriments (total 

penalty costs) between 1960 and 2010 range from $23 million to 

$46 million. The basic analysis predicted an increase of $40 

million. This wide range of predicted penalty costs indicates 

that the economic analysis is highly sensitive to variations 

in mean streamflow. However, the base analysis deviated only 

20 percent from predicted changes under mean flow conditions. 

Selection of a more critical low-flow condition, a conunon 

practice in water pollution analysis, did not substantially 

alter the determination of penalty costs. 

Considerable differences of opinion exist over the rate at 

which Upper Basin water resource development and increased 

depletion of streamflow will proceed. For the basic analysis, a 

depletion schedule based primarily on 1966 Bureau of Reclamation 

estimates was used. (18) Some authorities predict that develop­

ment will proceed at a more rapid rate than the schedule selected. 

Actual development to date has been slightly slower due to 

fiscal constraints. If such constraints continue they could 

further delay future development. Three additional depletion 

schedules were evaluated to test the sensitivity of salinity 

and penalty cost projections to variations in depletions. 
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An accelerated schedule was utilized to evaluate optimistic 

projections, a mean schedule was utilized to represent, present 

trends and a reduced schedule was utilized to reflect possible 

future delays. Figure 9 and 10 present the salinity and detri­

ment projections resulting from this sensitivity analysis. 

The smaller range between upper and lower limits on these pro­

jections would indicate a lower degree of sensitivity than that 

exhibited by variations in base flow. The convergence of the 

accelerated depletion and base analysis curves is the result 

of constraints imposed by the Colorado River Compact on maxirnuro 

depletions. 

Salinity Management Costs 

If salinity concentrations are reduced by the implementation 

of control measures, certain costs will be incu~red. These costs 

are known as salinity management costs and are the second major 

component of total salinity costs. The form and magnitude of 

salinity management costs are dependent upon a number of factors 

including the control measures utilized, the degree of salinity 

control achieved, etc. In a previous section on alternative 

salinity control management programs, the phased imple~entation 

of a salt load reduction program was selected as the least cost 

alternative for achieving basinwide management of salinity. 

The probable costs and effects of this least cost alternative 

program were evaluated as a means of estimating salinity 

management costs and are discussed in their section. 

Available information on the costs and effects of salinity 

control measures from the latest technical investigation, research 
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and demnonstration activities was not sufficient to permit 

development of detailed estimates of project costs ana salt-

611 

load reductions. To overcome this deficiency, Bayesian statis­

tical decision theory, a statistical technique applicable to 

cases involving limited basic data, was utilized to provide 

estimates of the expected value of costs and salt load reduction 

for each individual project or irrigated area included in the 

selected program. Bayesian techniques differ from classical 

statistical techniques in that mean or expected values of a 

parameter may be derived by subjective assignment of probabilities 

of occurrence to each data point rather than by application of 

computational formulas to all data points in the classical 

manner. In cases of limited data, the appropriate application 

of Bayesian techniques may result in better estimates of the 

expected value of a parameter for a specific case than could be 

derived by averaging available data or extrapolating from one 

case to another. 

The approach used to estimate costs and salt load reductions 

for each type of control measure differed slightly. For irrigation 

improvements, the costs of various types of improvements are 

relatively well defined. Two areas of uncertainty arise, however. 

The magnitude of improvements which a given irrigated area can 

economically support has not been evaluated. It was therefore 

necessary to estimate the range of improvements possible and the 

probability of each level of improvement occurring. Also, the 

average salt contribution of a given area was known but the extent 
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to which this salt load could be reduced by specific improvements 

has not yet been defined with certainty. Estimates of the 

possible range of salt load reductions and the probability of 

occurrence of each level of reduction were made based on recent 

research results and observed variations in annual salt contribu­

tions of the areas evaluated. The estimates of probable salt load 

reductions were also keyed to ievels of improvement. A low level 

of salt load reduction was assigned to minimum improvements, a 

higher reduction to more extensive improvements, etc. In this 

manner, an upper and lower limit and an expected (mean) value of 

both salt load reductions and annual costs were derived for each 

irrigated area. 

For the five salt load reduction projects formulated for 

control of natural sources, the magnitude of the salt loads to 

be controlled are relatively well defined. Since structural 

designs or geological site data were not available, however, 

detailed cost estimates could not be prepared. Thus, for these 

control projects, probable construction costs were the primary 

area of uncertainty. Possible ranges of costs were estimated 

and Bayesian techniques utilized as for the irrigation improve­

ments to estimate upper and lower limits and expected values of 

salt load reductions and average annual costs. 

The estimated expected values of both average annual costs 

and salt load reductions for the selected salt load reduction 

program are presented in Table 6. This table is an expansion of 



Table 6. Salinity Management Project Date 

PROJECT DESCRIPTION AVERAGE ANNUAL COSTS 

Total Salinity 
Proj. Cost Control Costs Flow Change 

No. Location Features CSlOOOI ($1000) (1000 AF/Yr) 

l Paradox Valley, Colorado Stream Diversion 700 700 0 

2 Grand Valley, Colorado Irrigation Improvement 3,140 1,570 

I 
38 

3 Lower St.em Gunnison 
River, Colorado Irrigation Improvement 3,600 l,800 45 

i 

4 Price River, Utah 1,000 500 
I 13 Irrigation Improvement l 5 Las Vegas Wash, Nevada: Export & Evaporation 600 600 - 10 
I 

6 Uncompahgre River, Colo. Irrigation Improvement 4,000 2,000 

\ 

so 

7 Big Sandy Creek, Wyoming Irrigation Improvement 490 245 

\ 

7 

8 La Verkin Springs, Utah Impoundment & Evap. 600 600 - 7 

9 Roaring Fork River, Colo. Irrigation Improvement 880 440 \ 13 
I 

10 Upper Stem Colorado 

\ 
River, Colorado Irrigation Improvement 1,420 710 20 . 

11 Henry's Fork River, Utah Irrigation Improvement 710 355 I - 10 I 

12 Dirty Devil River, Utah Irrigation Improvement 710 I 355 10 

13 Duchesne River, Utah Irrigation Improvement 5,660 2,830 65 

14 San Rafael River, Utah Irrigation Improvement l,360 680 18 

15 Ashley creek, Utah Irrigation Improvement 830 415 10 

16 • Glenwood Springs, Colo. Desalination 5,000 5000 - 5 

17 Blue Springs, Arizona Export & Desalination 16,000 16,000 - 150 

Totals 46,700 34,800 127 
I 

I I 

EFFECTS AT HOOVER DAM 

Salt Load TDS Reduction 
Reduction in mall 

(1000 T/Yr) 1980 2010 

180 15 16 

312 29 33 

334 32 35 

89 9 9 

100 7 8 

320 31 35 

39 4 4 

BO 6 6 

52 6 6 

80 9 
I 

9 

40 4 5 I 
I 

40 I 4 5 

273 \ 29 32 

I 65 7 8 

36 4 4 

370 I 30 33 
I 

500 
\ 

27 27 

2,910 253 275 

Cost 
Index 
(S/T) 

3.89 

5.04 

5,40 

5.65 

6.00 

6.25 

6.28 

7.50 

8.47 

8.88 

B.88 

8.88 

10.37 

10.48 

11.55 

13.50 

32.00 

--
0\ ,_, 
w 



fable 2 presented in a previous section of alternative salinity 

management programs. The physical features of the seventeen 

component projects are discussed in that section. 
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Two costs, total project costs and salinity control costs, 

are shown for each project in Table 6. These costs are in the 

form of average annual costs which include amortized construction, 

operation and maintenance costs. Total project costs, as the name 

indicates, consist of the total costs required to build, operate 

and maintain the specific project. Salinity control costs represent 

the portion of total costs allocated to salinity control. For the 

five single-purpose salt load reduction projects, all cost were 

allocated to salinity control. The irrigation improvements will 

produce other benefits of significant economic value in addition 

to salinity control benefits. Estimates of benefits produced by 

similar improvements which have been made by other agencies would 

indiciate that these benefits are of about the same economic value 

as salinity control benefits. Thus, allocation of costs in 

proportion to benefits resulted in assignment of onehalf of total 

irrigation improvement costs to salinity control. 

Except for the Paradox Valley project, the various salinity 

control projects will produce a change in consumptive use of water. 

The entire flow from LaVerkin Springs and from Las Vegas Wash 

would be evaporated. For Glenwood Springs, the majority of the 

springs' discharge would be returned to the river system but some 
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consumptive use would result from disposal of brine. Control 

of Blue Springs would remove this discharge from the Colorado 

River system. The majority of the flow diverted would be 

available for consumptive use in central Arizona. The various 

irrigati0n improvements would result in water conservation. 

Reductions in consumptive use by phreatophytes, evaporation, etc. 

were estimated to average about one-half acre foot per irrigated 

acre when an entire irrigated area is improved. The estimated 

changes in flow at Hoover Dam for specific projects are shown 

in Table 6. 

Utilizing the estimated changes in consumptive use and 

expected values of salt load reductions, the estimated reductions 

in average salinity concentrations at Hoover Dam were computed. 

Salinity reductions for each project for the years 1980 and 2010 

are shown in Table 6. The effectiveness of a given salinity 

management project in reducing average salinity concentrations 

at Hoover Dam is dependent upon the volume and salinity of the 

average streamflow at Hoover Dam. Since future water resource 

development will reduce streamflow at Hoover Dam, a given salt-load 

reduction will produce a greater reduction in salinity concentrations 

in the future than a present. This fact is reflected in the 

differences between potential salinity reductions for 1980 and 

2010. 

The final parameter shown in Table 6 for each project is a 

cost index. This index is the ratio of average annual salinity 
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control costs to annual salt load reductions. The index is an 

indicator of the cost effectiveness of each project and was 

utilized to rank the projects in an order of increasing unit 

costs. 

Utilizing the cost and salinity reduction data from Table 

6, it was possible to construct a graph relating cumulative 

salinity management costs to cumulative reductions in salinity 

concentrations. Salinity management cost curves of this type 

for 1960, 1980, and 2010 conditions of water use are shown in 

Figure 11. By ranking projects in order of increasing unit 

costs, a curve that is concave upward results. The slope of the 

curve is related to the unit costs of salinity reduction. 

In view of the elements of uncertainty that entered into 

the determination of the costs and salt load reductions of 

individual projects, it was desirable to test the sensitivity 

of the salinity management cost curve to variations in the costs 

and effects of individual project. This test was accomplished 

by plotting two additional salinity management cost curves 

utilizing the estimated upper and lower limits of costs and 

salt load reductions for each project. A comparison of the 

three curves for 1980 conditions of water use is shown in 

Figure 12. Although the range of possible costs and effects for 

a given project is large, the costs of achieving a given level 

of salinity reduction fa11 within a reasonable range for 

moderate levels of salinity control. This would indicate that 

cumulative salinity management costs have a relatively low 

sensitivity to errors in estimates for individual projec~s. 
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Total Economic Impact 

The total economic impact· of salinity (total salinity 

costs) is the sum of salinity detriments plus salinity manage­

ment costs. For a given salinity concentration and point in 

time, there are certain detriments associated with the use of 

water of that salinity and certain salinity management costs 

incurred in maintaining that salinity level. The sum of these 

two component costs is thus the total economic impact of 

salinity for the given time and salinity conditions. 

Generalized total salinity cost curves can be developed by 

the proper manipulation and addition of the detriment curves 

presented in Figure 6 and the salinity management cost curve 

of Figure 11. An example of the determination of total 

salinity costs for 1980 conditions is shown in Figure 13. 

The 1980 detriment curve is identical to the one shown in 

Figure 6. Salinity concentrations at Hoover Dam are predicted 

to average 876 mg/l in 1980. This salinity level than becomes 

the origin of the salinity management cost curves. As salinity 

reductions increase, salinity concentrations decrease. The 

salinity management cost curve must therefore be plotted in the 

reverse direction of Figure 11 as shown on Figure 13. These 
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two curves can then be summed vertically to yield the total cost 

curve. 

In a similar manner, total cost curves were obtained for 

each decade from 1970 to 2010. These curves are shown in Figure 

14. The component salinity detriment and salinity management 



.,, -c .... .... 

40 

: 30 · -----0 .... .... • -..,, 20 
.... .,, 
0 
u 

>-.... -.... 10 
c .,, 

T tal Costs 

Detrim nts 

620 
119 

.... 
c 
::t 

Manageme t Costs 

--c 
0 

'500 600 700 800 900 1000 

TOTAL DISSOLVED SOLIDS CONCENTRATIONS MG/L AT HOOVER DAM 

Figure 13. Determination of Total Salinity Costs (1980 Conditions) 



120 

= 50 
c _, _, 
0 
0 -0 

_, -'O _, 

• -
_, 
c 
en 
_, 
c 
~ 
0 
~ 

_, 
c 
::::» 

20 

- 10 -c 
.., 
co 
c -.., > 
c 0 

621 

600 700 800 900 1000 
TOTAL DISSOLVED SOLIDS CONCEMTIATIONS 16/l AT HOOVER DAM 

Fi2ore 14. Total Salinitv Costs 



622 

121 

cost curves were not shown in this figure to avoid cluttering the 

drawing but may be obtained from Figure 6 and 11. It should be 

noted that the full lengths of the total cost curves are not 

shown in Figure 14 as the left end of each curve was truncated 

at a total cost equal to that at the right end of the curve. 

The segments of the curve shown were utilized for the evaluation 

alternative salinity management objectives discussed in the 

following section. 

In view of the range of salinity management costs exhihited 

by the sensitivity analysis shown pictorially in Figure 12, it was 

desirable to check the sensitivity of the total cost curves to 

this range of management costs. The range of 1980 total costs 

obtained by using the three 1980 salinity management curves is 

shown in Figure 15. For 1980 conditions, total costs deviated 

only + 10 percent from the expected value within the range 

of practical salinity management (700 to 876 mg/l). Salinity 

concentrations corresponding to minium total cost points varied 

less than 30 mg/l from the expected value. Similar results 

were obtained for other time periods. Total costs thus appear 

to be relatively insensitive to errors in deriving salinity 

management costs within the range of practical salinity 

management. 

ECONOMIC AND WATER QUALITY EFFECTS 

Salinity controls could be implemented to meet a variety 

of salinity management objectives which include both water 

quality and economic objectives. Since salinity levels and 
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total salinity costs are interrelated, the selection of a 

water quality objective will result in the indirect selection 

of associated economic effects; conversely, the selection of 

an economic objective will result in the selection of associated 

salinity levels. A knowledge of the interrelationships 

between economic and water quality effects is thus useful in 

the rational selection of salinity management objectives. 

By utilizing the total cost functions shown in Figure 7, 

the economic and water quality effects associated with three 

salinity management objectives were determined. The objectives 

evaluated were: (1) Maintain salinity at a level which minimize 

its total economic impact and achieve economic efficiency 

(minimum cost objective); (2) Maintain salinity concentrations 

at some specified level (constant salinity objective); and (3) 

Maintain salinity at some low level for which the total economic 

impact would be equal to the economic impact that would be 

produced if no action were taken at all (equal cost ohjective) 

A comparison of the economic and water quality effects associated 

with these three objectives, in the form of variations in 

salinity costs with time, are shown in Figure 16 for 1980 

conditions of water use. The economic and water quality effects 

associated with allowing unlimited water resource development 

in the absence of salinity control works (no control approach) 

and associated with the limited development approach are shown 

in Figure 16. 

In Figure 16, the right end of the total cost curve 
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corresponds to the projected salinity level at Hoover Dam if 

no controls are implemented (876 mg/l) and thus determines the 

total cost associated with the no control alternative. The 

salinity level associated with limited development intersects 
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the salinity detriment curve to show that costs associated with 

the limited development alternative would be about $21 million 

annually and are obtained from salinity detriments alone. It 

should be noted that there are no control costs associated with 

the $21 million dollar total costs. In a very real sense, however, 

there are additional costs associated with this alternative in 

the form of benefits foregone. In fact, from Figure 16 one can 

observe that if benefits foregone exceed $4 million annually 

($25 million - $21 million), this alternate would have total 

costs exceeding the total costs for alternates which include 

salinity control costs while allowing development to proceed 

beyond 1980. 

All points on the total cost curve to the left of the no 

control point correspond to come level of salinity control. At 

the low point in the total cost curve, the total costs of salinity 

are at a minimum for the given conditions of water use and 

unconstrained development. Implementing salinity controls to 

reduce average salinity concentrations to this level would achieve 

the minimum cost objective. 

At the left end of the total cost curve, total salinity costs 

are equal to total costs associated with the no control alter­

native. The left end of the curve thus corresponds to the 

equal cost alternative. 
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Total costs associated with a constant salinity objective 

are dependent upon the target salinity level selected and are 

determined by finding the intersection of the target level with 

the total cost curve. For this evaluation, a target salinity 

concentration of 700 mg/l was selected which corresponds closely 

to the average salinity level for 1960 conditions of water use. 

The relative effects of the five alternatives were determined 

for other target years from Figure 14 in the same manner as shown 

by· Figure 16. The economic effects associated with the five 

alternatives, in the form of variations in salinity costs with 

time, are shown in Figure 17. 

Total salinity costs would be minimized by the limited 

development alternative but one must recognize the absence of 

cost associated with benefits foregone. If unrestricted water 

resource development is permitted, implementing salinity controls 

to achieve the minimim cost objective would minimize total salinity 

costs. The no control and equal cost alternatives produce the 

identical highest average costs and most rapid increase with 

time of all the alternatives evaluated. Total costs associated 

with a constant salinity objective will fall somewhere between 

the extremes established by the other alternatives with the exact 

cost dependent upon the target salinity level. For a target 

level of 700 mg/I, total costs approximate minimum costs until 

1990, then increase rapidly, eventually exceeding the no control 

costs. Beyond the year 2000, the rapidly increasing costs reduce 

the practicality of maintaining this salinity level. Selection 
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of a higher target salinity concentration for the years 2000 

and 2010 would reduce the total cost of this alternative. 

One important observation can be made from Figure 17. 

Regardless of the alternative selected, the future economic 

629 

impact of salinity will be great. Although implementing salinity 

controls will result in the availability of better quality water 

for various uses and some of the economic impact will be shifted 

from salinity detriments to salinity management costs, the total 

economic impact of salinity will not be substantially reduced. 

As a minimum, average annual total salinity costs will increase 

threefold between 1960 and 2010. Selection of the limited 

development alternative would reduce total annual costs by only 

about 40 percent below the no control alternative in the year 2010. 

Variations with time of the predicted salinity levels 

associated with the five alternatives evaluated are shown in 

Figure 18. With no controls implemented, average annual salinity 

concentrations at Hoover Dam are predicted to increase between 

1960 and 2010 by about 42 percent or 293 mg/l. Selection of any 

of the other alternatives evaluated would substantially reduce 

future salinity concentrations below the no control levels. 

Except for the limited development alternative, these reductions 

would result in the maintenance of average salinity concentrations 

at or below present (1970) levels for more than 25 years. 

Resulting water quality therefore would be consistent with non­

degradation provisions of the water quality standards adopted 
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Table 7 Comparison of Salinity Cost Distribution 

Salinity Management Costs 

Total 
Salt Load Salinity Salinity Total 

Salinity Reduction Control ritanagement Salinity 
Alternative Detriments Projects Costs Costs Costs 

Objective Date ($1,000/Yr) ($1,000/Yr) ( $1 , 0 0 0 /Yr) ($1,000/Yr) ($1,000/Yr) 

No Control 1980 27,700 0 0 0 27,700 

2010 50,500 0 0 0 50,500 

Limited 1980 21,000 0 0 0 21,00~ 

Development 2010 29,000 0 0 0 29,000 

Minimum Cost 1980 17,000 1,300 5,900 7,200 24,200 

2010 28,500 1,900 10,800 12,700 41,200 

Constant 1980 13,500 1,900 10,000 11,900 25,300 
Salinity 
(700 mg/l) 2010 19,000 25,000 13,500 38,500 57,500 

Equal Cost 1980 9,200 6,900 11,600 18,500 27,700 

2010 21,000 17,600 11,900 29,500 50,500 
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by the seven Basin States. The limited development alternative 

would result in slight increases in average salinity concentra­

tions. 

COST DISTRIBUTIONS AND EQUITY CONSIDERATIONS 

Although the total economic impact of salinity associated 

with each of the alternatives evaluated varies over a limited 

range, the distribution of salinity costs related to each 

alternative differs greatly. Distribution of costs may there­

fore be an important factor in the selection of alternatives. 

Associated with cost distributions are various equity considera­

tions. These, too, influence the selection of alternatives. 

Salinity cost distributions for the five alternatives evaluated 

for both 1980 and 2010 conditions of water use are compared in 

Table 7. A further breakdown of salinity management costs, by 

individual projects, is shown in Table 6. 

The no control and equal cost alternatives produced the 

extremes in the range of cost distributions evaluated. Total 

costs for these two alternatives, by definition, are equa~ but 

the distributions of costs are vastly different. For the no 

control alternative, all costs are in the form of detriments. 

For the equal cost alternative, however, salinity detriments 

are reduced by an average of 60 percent. This cost reduction 

is offset by a corresponding increase in salinity manage~ent 

costs. 
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The extremes in the range of cost distribution point out 

the basis for equity considerations which may enter into the 

selection of management objectives. If the no control alternative 

is selected, all salinity costs would essentially be borne by 

water users and by the regional economy in the Lower Basin and 

southern California water service area. In contrast, selection 

of the equal cost alternative would redistribute a majority of 

the costs to investments in salinity control facilities in the 

drainage area upstream from Hoover Dam. Much of this investment 

would be for irrigation improvements in the Upper Basin, improve­

ments that would produce substantial economic benefits in addition 

to salinity control benefits. The equity of these two extremes 

in cost distributions is vastly different. 

Salinity detriments for the other three alternatives evaluated 

fall between the extremes established by the no control and equal 

cost alternatives. Salinity management costs are less than for 

the equal cost alternative. The equity of these cost distributions 

may also be an important factor in selection of the most desirable 

alternative. The cost distribution shown in Table 7 can be used 

to evaluate the relative costs and benefits of a given alternative. 

For example, a salinity control program designed to meet the 

minimum cost objective would have an estimated average annual 

cost of $7.2 million in 1980 and $12.7 million in 2010. The 

benefits associated with a given alternative would be the 

difference between salinity detriments expected if no controls 

are implemented and if the control program associated with that 



alternative is implemented. For the minimum cost alternative, 

average annual salinity control benefits would total $10.7 

million in 1980 and $22.0 million in 2010. 
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THE ENVIRONMENTAL PROTECTION AGENCY 

The Environmental Protection Agency was 
established by Reorganization Plan No. 3 of 1970 
and became operative on December 2, 1970. The 
EPA consolidates in one agency Federal control 
programs involving air and water pollution, solid 
waste management, pesticides, radiation and noise. 
This report was prepared over a period of eight 
years by water program components of EPA and their 
predecessor agencies -- the Federal Water Quality 
Administration, U.S. Department of Interior, April 
1970 to December 1970; the Division of Water Supply 
and Pollution Control, U.S; Public Health Service, 
prior to October 1965. Throughout the report one 
or more of these agencies will be mentioned and 
should be considered as a part of a single agency -
- in evolution. 
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PREFACE 

The Colorado River Basin Water Quality Control Project was 

established as a result of recommendations made at the first 

session of a joint Federal-State "Conference in the Matter of 

Pollution of the Interstate Waters of the Colorado River and its 

Tributaries," held in January of 1960 under the authority of 

Section 8 of the Federal Water Pollution Control Act (33 u.s.c. 

466 et seq.). This conference was called at the request of the 

States of Arizona, California, Colorado, Nevada, New Mexico, and 

Utah to consider all types of water pollution in the Colorado 

River Basin. The Project serves as the technical arm of the 

conference and provides the conferees with detailed information 

on water uses, the nature and extent of pollution problems and 

their effects on water users, and recommended measures for control 

of pollution in the Colorado River Basin. 

The Project has carried out extensive field investigations 

along with detailed engineering and economic studies to accomplish 

the following objectives: 

(1) Determine the location, magnitude, and causes of inter­

state pollution of the Colorado River and its tributaries. 

(2) Determine and evaluate the nature and magnitude of the 

damages to water users caused by various types of 

pollution. 

(3) Develop, evaluate, and recommend measures and programs 

for controlling or minimizing interstate water pollution 

problems. 
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In 1963, based upon recommendations of the conferees, the 

Project began detailed studies of the mineral quality problem in 

the Colorado River Basin. Mineral quality, commonly known as 

salinity, is a complex Basin-wide problem that is becoming 

increasingly important to users of Colorado River water. Due to 

the nature, extent, and impact of the salinity problem, the 

Project extended certain of its activities over the entire Colorado 

River Basin and the Southern California water service area. 

The more significant findings and data from the Project's 

salinity studies and related pertinent information are summarized 

in the report entitled, "The Mineral Quality Problem in the 

Colorado River Basin." Detailed information pertaining to the 

methodology and findings of the Project's salinity studies are 

presented in three appendices to that report -- Appendix A, 

"Natural and Man-Made Conditions Affecting Mineral Quality," 

Appendix B, "Physical and Economic Impacts," and Appendix C, 

"Salinity Control and Management Aspects." 

Copies of the draft report, including the three appendices, 

were distributed to state and Federal government agencies in 

April. comments, received in response to that distribution, are 

included in this appendix. The comments are organized alphabeti­

cally by state. Within each state heading, comments from the 

appropriate conferee are placed first, followed by comments from 

other state agencies. Comments from other recipients of the 
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distribution conclude the appendix. 

Due to minor editorial changes, page numbers in the draft 

report as referenced in various state comments may not always 

correspond to page numbers in the final report. 
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REPLY TO: 

lHIS C. IOlllTII. M.D- M.P.JI. 
c I. IT ...... 

ARIZONA STATE OFFICE BUILDING 
1624 WEST ADAMS STREET 
PHOENIX. ARIZONA 85007 

June 23, 1971 

ENYIRQHfNTAL HEALTH SERVICES 
DIYISDI Of WAltR POllUTIOI CONTROL 

...,... Pim Welt 

Hr. Paul DeFalco, Director 
Water Quality Office 
Environmental Protection Agency 
Region IX 
760 Market Street 
San Francisco, California 94102 

Dear Hr. DeFalco: 

.......... 
R __.__ ._ _, • 

This 1 etter is in regard to the November 1970 draft ent it 1 ed 11The Mi nera 1 
Quality Problem in the Colorado River Basin11

• Copies of this docl.lllent 
were reviewed by various persons in the State having an interest in 
water quality control. Our review of the docllllent indicated that 
there was very little material that related to the State water pollution 
control program except in the area of mineral quality. Since the sub­
ject matter was principally mineral quality and this subject may have 
considerable impact on Arizona 1s existing and planned water resources 
utilization of Colorado River waters, we requested the Arizona Water 
Camiission to make a thorough review of the material contained therein 
for possible impact on Arizona. 

We have received their camients and a copy of their letter is enclosed. 
We concur with their c<X11Tlents in their entirety and ask that they be 
considered as Arizona 1s official camients on this document. 

If you have any questions or camients regarding this matter, please feel 
free to cattact us or Mr. Steiner of the Arizona Water Commission. 

JEO:jd 

Enclosure 

Sin=/. 1_ 6~ 
jeph,t. bbr, M.S.E., Director 
vision of Water Pollution Control 

j 

cc: Wesley E. Steiner, Arizona Water Cormiission 
Cliff Tabor, Ariz. Water Quality Control Council 
Edmund c. Garthe 



iEORGE E. LEONARD 
CHAI.\ MAN 

OHN S. HOOPES 
YIC:t:·C:HAIRMAN 

l(&LEY E. STEINER 
IXECUTIVE DIRECTOR 

AND 
STATE WATER ENGINEER ~ti.lona ~U<itcr Cl!ommissiull 

34 WEST MONROE STREET • 7TH FLOon 

lJl?ocnU:, ~th:omt 83003 
TEl.EPHONE !&02) 258·7561 

Mr. Edmund C. Garthe, Arizona Conferee 
Colorado River Basin Water Quality Conference 
Environmental Health Services 
State Departnent of Health 
4019 North 33rd Avenue 
Phoenix, Arizona 85017 

Dear Mr. Garthe: 
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MEMBERS 

PETER BIANCO 
LINTON CLARIDGE 
DAVID R. GIPE 
DOUGLAS J. WALL 

<;,\'\\ \21314/~ WILLIAM H. WHEELER 

~0;~ t._ '{0,. XOFFICIO MEMBERS 

I\ ~ ~ ANDREW L. BETTWY 
Cc \(j1\ ?,. MARSHALL HUMPHP.EY 

~ ~~~ ... ~o ~ 
"" c~..\" ~ . o 
~ ~~ ~o~~~~v ,~ 
~ t~~'\ ~V-\.:' .-vv/ 

OC'(;; ~~'-»/ 
CC' ae a. g-z.51:/ --

June 9, 1971 

This is to present our review comments on the November 1970 draft 
entitled "The Hineral Quality Proble!:l in the Colorado River Basin11 

published by the Federal Water Quality Administration of the u. s. 
Department of the Interior. Observations subnitted herein are 
confined to the substantive issues involved ·with specific e:nphasis 
on the final recor:u:iendations which are presented on page 7 in the 
summary report. 

Comments on the Summary Recomnendations 

No. 1. We strongly support this recor.nnendation. A coordinated 
state-federal basin-wide salinity improvement program could 
then be developed under a realistic broad base policy 
objective. 

No. 2,3.These recorrnnendations should be deleted and no effort should 
be made to adopt numerical salinity criteria until such time 
as the feasibility and effectiveness of a Colorado River 
salinitv control nroPram can be determined and realjstic 
criteria can be adva~c~d. 

No. 4. This recommendation seems unnecessary as qualified existing 
governmental agencies already have the necessary capabilities 
and authorities. There is no need to for~ another agency. 
The u. s. Bureau of Reclamation has already con.~enced feasi­
bility studies on sone salinity cor.tro1 proje·'!ts. Because 
of its role as water master on the :.;o: orc.idr and the inter­
relationship between salinity and water rosou!'ces develop­
ment, we believe the Bureau should assw:i.e the primary role 
in salinity control planning for the Colorado. A recorinend­
ation to this effect is in order. It should also be stressed 
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that the development of policy in the comprehensive basin­
wide salinity control prograM should be the joint responsi­
bility of the affected federal and state agencies. 

No. 5. We strongly support this recommendation and urge that it be 
given the highest possible priority. 

General Comments on text of Summary Report 

Page 14 & 15, 
(Table I) 

The hydrologic period used in these studies is not 
necessarily representative of the average annual 
flows and conditions for the Colorado River. The 
period of record of river flows employed in the 
salinity analysis provides flows lower than those 
used by most other investigators on the Colorado 
River. This tends to provide lower predictions of 
future salinity conditions than would be the case 
with higher flows and uses. This fact should be 
recognized in the report. 

Page 29 · 
(para. i,1tem3) The assumption that all of the Central Arizona 

Project water will be used for agricultural purposes 
is erroneous. The more realistic assu.~ption would 
be that most of this project water will be utilized 
by municipal, industrial and other higher value 

Page 56 & 57, 
(para. 4 and 
:following) 

uses by the year 2020. 

There would appear to be no basis or justification 
for expending valuable time, funds, and energies in 
attempting to establish nUI!lerical limits or standards 
on salinity concentrations until more is known about 
the optimum quality levels that can'be feasibly 
achieved. Rather maximum effort should first be exerted 
to determine the feasibility of salinity control 
programs and their effects on salinity levels. 

If you have any further questions regarding these co::mients or believe 
that a different position should be presented on these issues, please 
contact Bob Farrer or myself. 

WES:REFe 

i2~
1

~ Wesl~. Steine~ Exec~e Director 

cc: Cliff Tabor, Chairnan 
Arizona Water Quality Control Council 
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STATE OF CALIFORNIA-THE RESOURCES AGENCY RONALD REAGAN, Governor 

STATE WATER RESOURCES CONTROL BOARD 
ROOM 1140, RESOURCES BUILDING 

Phone 445-3993 

141_6 NINTH STREET • SACRAMENTO 95814 
. ....~ 

t.. ' .• ' W. MULLIGAN, Cltairman 
E. F. DlllLE, Vice Cliairmon 
H. B. HUME, Member JUN 4 • 1971 
RONALD 8. ROBIE, Member 
W. W. ADAMS, Member 
JEROME I. GILBERT, Executive Olllc.t 

Mr. Paul De Falco, Jr., Regional Director 
water Quality Office, Region IX 
Environmental Protection Agency 
760 Market Street 
San Francisco, California 94102 

Dear Mr. De Falco: 

In accordance with your letter of April 5, 1971, the State of 
California has the following comments on your agency's draft 
report, "Mineral Quality Problem in the Colorado River Basin", 
dated November 1970. As the State's conferee the State water 
Resources Control Board, in cooperation with the Department of 
water Resources and the Colorado River Board, has analyzed the 
draft report and has coordinated the State's reply. In addition, 
we have solicited the views of the major California agencies 
receiving water from the Colorado River, and their views are 
also incorporated herein. 

Our comments are divided into three general groupings: 

1. Comments on the report's Recommendations and 
Summary of Findings. 

2. General comments on specific subjects. 

3. Specific comments on items identified by refer­
ence to particular pages. 

Our comments on the Recommendations and Summary of Findings are 
as follows, and the other comments are attached to this letter. 

COMMENTS ON RECOMMENDATIONS 

Recommendation No. 1 

we sttongly endorse this recommendation. However, the term 
"levels presently found" needs definition. We suggest those be 
defined as the average of the five-year period from 1963-67. 
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Recommendation No. 2 

Th~s r7commendation should be deleted. The adoption of numerical 
criteria should be deferred until the potential effectiveness of 
Col~r~do River salinity control programs are better known. 
Salinity ?ontrol will be achieved most rapidly by following 
through with the program outlined in your Recommendation No. s. 
Recommendation No. 3 

We see no value in establishing a federal-state task force on 
numerical salinity criteria at this time. Such a task force 
should be deferred until more is known about the proposed salinity 
control measures. 

Recommendation No. 4 

Existing governmental agencies have the capabilities to carry out 
the necessary work and there is no need to form another agency. 
The U. S. Bureau of Reclamation (USBR) has commenced feasibility 
level studies on some salinity control projects in this fiscal 
year. Because of the interrelationship between salinity and water 
resources development and the USBR's long record of activity in 
the Colorado River Basin, it is the logical agency to assume the 
primary role in this work. We believe that your recommendation 
should support the USBR in this role and further recommend that 
the USBR elevate Colorado River salinity control to the status 
of a major action program. 

work on the program needs to be expedited. The USBR should be 
requested to establish a Colorado River Salinity Control Program 
with a director reporting to the USBR policy level authority in 
Washington. The director should be able to handle all aspects 
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of the salinity problem including planning, implementation and 
institutional problems. There is precedent for this approach in 
handling a major program, inasmuch as the USBR recently established 
a Director of the Western United States Water Plan Study in a 
similar instance where a major program involved more than one 
region. 

As the major federal water quality agency, EPA should assist the 
Salinity control Program in a consulting and guidance capacity. 

Recommendation No. 5 

we strongly support this recommendation and suggest that i~ 
replace your Recommendation No. 2. The re~or~ should ~utl1n7 
specifically how your agency would assist in implementing this 
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recommendation. The means of implementation that should be 
covered in reconunendations to this report include: (1) the 
completion of ongoing research projects funded by EPA, (2) the 
initiation of additional research projects that would be funded 
by EPA that may be necessary to prove out the various salinity 
control measures proposed in the report, and (3) a statement as 
to the participation by your agency's competent Colorado River 
Basin water Quality Office personnel in the feasibility study 
stage of analysis of the project. 

COMMENTS ON SUMMARY OF FINDINGS 

Mexico - Colorado River Salinity Problem 

The report does not discuss the effect of increased Colorado 
River salinity on the relations between the United States and 
Mexico. Mexican officials have stated that the River's salinity 
is the outstanding problem between the two countries, and dis­
cussions have been held by the presidents of both countries on 
several occasions. It is not necessary to compute what the 
salinity would be at the Northerly International Boundary without 
salinity control projects. However, there should be a general 
discussion of the Mexican salinity problem in the text and a 
statement in the Summary of Findings that "Major international 
benefits would accrue to the United States by the implementation 
of a salinity control program to prevent increased salinity in 
the Colorado River water to be delivered to Mexico". 

Other u. S. Salinity Control Programs 

The report makes no mention of the precedent-setting work on 
salinity control programs in the Arkansas and Red River Basins 
in Texas and Oklahoma. In order to develop a perspective on the 
proposed program for the Colorado River Basin, it would be of 
great value if the report briefly mentioned the work that has 
been ongoing in that area for over ten years, the projects that 
have been authorized and the fact that the projects have been 
wholly federally funded. This item should be included in the 
Summary of Findings. 

It is very important that your final report be released as soon 
as possible. We do not expect you to make any additional tech­
nical analyses because of our comments. It will be adequate to 
have the text of the report include discussions of our comments 
in sufficient detail so that a reader would understand the limi­
tations on the data contained in the report and the general 
effect of other reasonable assumptions. 
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California appreciates the opportunity of reviewing this report. 
Our reconunendations and conunents are offered in the spirit of 
improving a basically sound document and making it more usable 
and widely accepted. Prompt issuance of the final report will 
make a valuable contribution to moving in the direction of 
preventing damaging salinity conditions on the Colorado River. 
we hope that the necessary changes will be effected so that the 
final report can be issued shortly. 

Sincerely, 

~ 
me B. Gilbert 

Executive Officer 
(California Conferee on Pollution 
of the Interstate waters of the 
Colorado River and its Tributaries) 

Attachment 

650 



651 
GENERAL COI~1ENTS 

Upper Basin Depletions 

The rate of future Upper Basin depletions is speculative. Esti­

mates have been made by various agencies, including the Bureau of 

Reclamation in its 1969-70 Mead-Powell Operating Criteria studies, the 

Upper Colorado River Commission in its 1969-70 studies, the Federal­

State 1970 Type I Framework studies for the Upper Colorado Region, and 

the Colorado River Board in its August 1970 report entitled "Need for 

Controlling Salinity of the Colorado River. 11 Your projections are 

lower than those made in all of the above analyses. Your report pro­

jects new Upper Basin depletions, including transbasin diversions but 

excluding evaporation losses of 1,980,000 acre-feet by the year 2010. 

We believe that more probable projections, taking into account the 

analyses performed by other agencies, would be for new Upper Basin 

depletions exclusive of reservoir evaporation of 2,210,000 acre-feet 

by the year 2000 and 2,400,000 acre-feet by the year 2020. 

Increased Upper Basin depletions will result in increased salin­

ity in the Lower Basin. We do not suggest any addit~o~al technical 

analyses. It is recommended that the report state that other responsi 

ble.agencies have projected higher Upper Basin depletions which would 

result in higher salinity concentrations. 

Effect of Hydrologic Period 

The hydrologic period used in your report, 1942-61, results in 

an estimated average annual virgin flow at Lee Ferry of about 13.4 

million acre-feet (maf). This is lower than that used by other in­

vestigators on the Colorado River and tends to understate the severity 

of the salinity problem. 
-1-
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Use of the 1942-61 period understates the potential increase in 

salinity in the Lower Colorado River Ba~in for the following reasons: 

a. The river's total salt load at Lee Ferry would be smaller 

under the runoff figures used, in comparison to higher 

estimates of the river's long-time water supply. 

b. With the lower water supply, the Upper Basin is not able 

to develop to the extent that most other agencies have 

projected, thereby reducing the salinity effect of such 

developments. 

c. Under conditions of complete Upper Basin use of its water 

supply, a fixed quantity of water would leave Lee Ferry. 

The smaller salt load obtained by use of the 1942-61 period 

carried in a fixed quantity of water will result in lower 

salinity concentrations than the higher salt load obtained 

by a larger long-term water supply and carried in the same 

quantity of water. 

California, Arizona, and Nevada, in joint testimony before 

Congress on the Colorado River Basin Project Act in 1965, stated that 

the dependable yield of the river's virgin flow at Lee Ferry was about 

13. 7 to ll:. maf/yr, and that there was a 50 percent chance of 14. 9 maf/ 

yr at Lee Ferry. At the same congressional hearings, the Upper Colo­

rado River Commission's consulting engineers estimated a virgin water 

supply of 14.6 to 15 maf/yr. There are substantial spills associated 

with these volumes of runoff, indicating a dependable supply of about 

13.7 maf/yr at Lee Ferry. At the same hearings, the U, S. Bureau of 

Reclamation used an average annual virgin flow of 15.05 maf/yr. 
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The August 1970 report of the Colorado River Board of California 

used 14 maf /yr annual virgin flow at Lee Ferry to determine salinity 

concentrations. This, combined with more recent estimates of Upper 

Basin depletions, resulted in a projected salinity at Imperial Dam of 

13l:.O parts per million (ppm) for year 2000, assuming no salinity con­

trol projects. Your report projects 1223 ppm for year 2010. 

We do not suggest that you change the hydrologic period at this 

late date or make any additional technical analyses. It is recommended 

that you state that use of higher water supply figures and higher Up­

per Basin depletions would result in salinity concentrations that are 

about 10 percent higher than reported. 

Salinity Penalty Costs 

Analysis of salin_ity penalty costs is a difficult and complex 

problem involving many factors and judgments. We reviewed the factors 

used in your analysis and compared them with other available material. 

We believe that the penalty costs developed in the report show the 

severity of the problem but must be considered minimum values. Our 

reasons for these conclusions are es follows: 

a. In the report, the cost impact on urban uses is related 

almost entirely to the cost of softening hard water in 

central system softening plants. A number of recent tech­

nical articles and reports have stated that softening costs 

are only one aspect of the total cost impact in urban areas. 

A major cost impact is the deleterious effect of water high 

in salinity and in hardness on water purveyor facilities, 

on distribution systems, on the water pipes and appliances 
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within and on user premises, and on horticultural effects 

in residential and urban areas. The cost impact from these 

causes has been variously estimated by investigators to be 

no less than $5 per acre-foot of water used per 100 ppm in­

crease in salinity. In addition to these costs discussed 

in various technical papers and reports, there are the costs 

resultin~ from increased use of bottled water,. costs of 

maintaining private swimming pools, and the generally ad­

verse effects of poor taste of high salinity water supplies. 

b. The agricultural i}UPacts of high salfnity wat:er are also 

understated in that they are predicated upon the yield­

decrement method of analyzing cost impacts. Irrigators in 

California have not been accepting lower yields in accord­

ance with the yield-decrement method, but have been spending 

millions of dollars attempting to maintain yields through 

installation of subterranean tile drains, increasing water 

applications, and changing to expensive methods of irriga­

tion. 

Reconnaissance Investigations 

This section (page 63) should be rewritten to bring it up to 

· date. It is our understanding that, since your report was drafted, 

the Bureau of Reclamation and the former Federal Water Qunlity Admin­

istration completed a joint reconnaissance report on salinity control 

projects. Based on the joint report and other work that has been 

done since its completion, there is sufficient reconnaissance informa­

tion available to allow the commencement of feasibility studies on 
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more than just two of the seventeen projects. More research is needed 

on the behavior of return flows in agricultural salinity control proj­

[fcts, but this would not hamper the connnencement of feasibility studies 

of salinity control on agricultural projects. 

-5-



656 
~PSCIFIC COHMENTS--smrMARY REPORT 

Pase L:., Item 1 

The report states that salinitJ affects 800,000 irrigated acres 

located in the Lower Colorado Rive1 Basin and the Southern California 

service area. The latest published infonnation (largely 1969 date::) 

shows the following for irr~'-gated a~reage, including fallow la~1d in 

some cases. Thus, the acres affected would be over 900,000. 

C<llifornia 

Imperial Irrigation District 
Coachella Valley County Water District 
Palo Verde Irrigation District 
Bard Irrigation District 
Miscellaneous 
The Metropolitan Wc:ter District (estimate) 

f.rf_zon2 

Gila Project 
Yuma Valley 
Yuma Auxiliary 
Colorado River Indian Reservation 
Nojave Valley 
Hiscellaneous 

Page 4, Items 3 end 4 

Subtotal 

Subtotal 

Total 

4 75 '?('O 
.66: 700 
91 400 ~ 

12,000 
7 .. 000 

42~0QQn 

694,800 

90,300 
48,000 

3,300 
51)100 

l:., eoo 
1,., ('f'·(\ 

--··· '--r,._" '-'';:_ 

217,SOG 

012 J' ('n ;t -~ Jv 

The r.esulting salinity is based upon "repetition" of the 19L:'.;,··61 

period and postulated rates of futt..:e water use. As previously n·~:::r.l·"· 

tioned, larger water supply quantities have been used to reflect th,'.~ 

probable future flow of the river and with related increased d1:::p1.c~ 

tions. It should be acknowledged that the salinity would be higher 
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with a larger water su,?lY and increased Upper Basin use. 

Page 2., Item 7 

Since the methods used in the report to determine agricultural, 

municipal and industrial economic penalty costs excluded certain 

items, this finding should st2tc that the costs are considered to be 

minimum values. 

Pape s,. Item 9a 

It should be Gentioned thnt a portion of an imported supply would 

have to be assi2nec1 to salinity control in order to achj_eve signif i-

cant lone-term improvement ~t Imperial Dam. 

PC:l_ge G Item 9b z 

The following phrase should be added in the first sentence after 

the \Wr<l 11picl·.up, 11
: "reduction 0£ volume of ground\·7ater flow through 

saline formations by. • • • 

Page 8 2 Para?,raph 3 

The Colorado River Compact was signed by the nesotiators on 

November 2l:., 1922; however, it did not become effective until the 

President's proclamation of June 25, 1929. Accordingly, we suggest 

adding the ·words "which went into effect in 1929, u after the year 

"1922." 

P<lges 11 and 12 

The ,;-1riteup under 11Water Compacts 11 should be corrected and ex­

panded. Page 11, first pare.graph, third line, replace "thrce 11 with 

"four"; fourth lfr1e, strike out "signed in 1922"; fifth line, strike 

out .,and"; and in the sixth line, add the following: ", and by the 

Supreme Court Decree of 1964 in Arizona v. California." 

-2-
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?aP,e J_l 

Fifth paragraph, s5_xth line, capitalize "Upper Division." 

Page 11 

Fifth paragraph, after the last line add "Any water committed to 

Mexico • • • sliall be supplied first from the waters which are sur-

plus • • II • . ' and 0 
•• • if such surplus shall prove insufficient for 

this purpose, then the burden of such deficiency shall be equally 

borne by the Upper Ba.sin and the Lower Basin • • 11 

Page 12, faragraph 1 

Delete the last line and substitute the following: "The Lower 

Division apportionment was divided among the Lower Basin states-­

Arizona, California, and Nevada--by the decree of the United States 

Supreme Court in 19Sl:. which states that apportionment was accomplished 

by the Boulder Canyon Project Act of 1929. If Colorado River mainstem 

water is available in sufficient quantity to satisfy 7,500,000 acre­

feet of annual consumptive use in the three Lower Basin states, Ari­

zona, Nevada, and California are apportioned 2,000,000, 300,000, and 

4,400,000 acre-feet, respectively." 

Page 12 2 Paragraph 2 

The 1965 gross California diversions of 5.35 million acre-feet 

from the Colorado River were for use in both the Colorado Basin and 

Southern California service area portions not just the "Southern 

California service area." The diversions less measured returns to 

the river which approximate the Supreme Court Decree definition of 

consumptive use were 4.90 million acre-feet. The latter value should 

be used and the description changed to include the California areas 

-3-
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Page 12, Paragraph 3 

Inasmuch as the report earlier separated water uses in the 

Southern California service erea from inbasin uses, this distinction 

should be maintained. The discussion in this paragraph apparently 

makes no such distinction and should be revised accordingly. We 

also sugrest stril:ing out the first sentence, as it is redundant. 

Page .-17, Second Parar;raph 
:. 

In this and subsequent paragraphs, it should be clearly stated 

that the salt load c!ata shown for Lake Mead or the "above Hoover Dam" 

point include the salt loads shown for ~he Upper Basin. 

Pages 17 and 18, Section Headed "Present and Future Salinity 
Concentrations" 

our prior comments pertaining to the use of the 1942-61 hydro­

logic period should be applied to this section. It should be revised 

to include a brief discussion of the impact on Lower Basin salinities 

of higher runoff and resulting increases in Upper Basin depletions. 

Page 20, Paragraph 2 

It appears that, through examination of Appendix B, the irrigated 

agricultural expansion now under way on the Colorado River Indian 

Reservation was not taken into account for the conditions of limited 

development postulated in this parazraph. The full expansion planned 

on this reservation will result in a significant increase in salinity 

at Imperial Dam and should be acknowledged in the report. 

Page 20, Last Paragraph 

The statement in the first sente~e regarding a relatively con­

stant salt load for the next 40 years and the statement in the last 
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sentence pointing out increases in salt loading appear to be in 

conflict. 

Page 23, Para~rapn One 

660 

The term "threshold level of sensitivity" should be explained 

in more detail. 

Pages 23 through 27 

The discussion of the effects of salinity on beneficial uses of 

water and direct economic effects upon water users should be expanded 

along the lines discussed earlier. Uhile we do not believe that it 

is necessary to develop reuised numerical results, it should be men­

tioned that the results are considered to be minimum values. 

Table 7, Page 41 

The salinity control programs shown in Table 7 that are based on 

flow augmentation should not be considered alternatives and compared 

on an equal basis with the other possibilities listed in the table. 

At this time, these flow augmentation alternatives are subject to 

such great uncertainities that their inclusion in the table is more 

likely to cause confusion and result in misleading conclusions as to 

the be~t course of action. For example, weather modification is now 

only in the research phase. Accordingly, we recommend that costs 

associated therewith be omitted, together with explanatory footnotes. 

We also recommend that augmentation by geothermal •.;o·urces be included 

in the table and briefly discussed in the text. 

SPECIFIC COI1MENTS--APPENDIX A 

Page 85 

The report states that irrigation in the San Rafael River area 
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contributed 100 tons of salt per day to the Price River. This should 

be corrected. 

SPECIFIC Cot.,JMENTS--APPENDIX B 

Page 6 

The discussion of the effects of salinity on domestic uses of 

water should acknowledee bottled water costs, additional costs of 

maintaining private swimming pools, and costs related to horticultural 

use of softened water as a result of high sodium concentration, even 

though not evaluated in your determination of penalty costs. 

Page 18 

The second full paragraph.concludes that soils in the southwest 

will generally accept an increase in the amount of irrigation water 

applied for leaching. This conclusion is questionable since there are 

major irrigated areas in the southwest requiring elaborate drainage 

systems. 

Page 26 

The statement on groundwater in the last sentence of the second 

full paragraph should be deleted since it is not accurate for the 

entire basin. 

Page 46 

The first full sentence states the mean annual virgin flow at 

Lees Ferry for the period 1942-61 to be 13.8 maf. Records published 

by the USBR show the virgin flow for that period to be 13.35 maf. 

Pages 48 and 49 

The projected future depletions in the Colorado River Basin, which 

are shown in Table 12, appear low. Projections of future Upper Basin 
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use made by the USBR indicate higher levels than shown in Table 12. 

The irrigated agricultural expansion on the Colorado River Indian 

Reservation is not shown. 

Pages 53 and 54 

The projections of future salinity presented in Table 13 and 

Figure 5 are low in comparison with projections developed for the 

Type I Frameworl~ Studies and by the Colorado River Board of California 

in its August 1970 salinity report. 

Page 61 

The first two sentences of the first paragraph indicate that 

water users in the Lower Basin have recently begun to recognize that 

degradation of Colorado River water is having an adverse effect on 

their economic welfare and that, although individual users have not 

felt the impact to a significant degree, there is a general awareness 

of the problem. These sentences are misleading. Large numbers of 

Lower Basin domestic, industrial, and irri~ation users of the Colorado 

River have been keenly aware of the river's salinity on their economic 

welfare for a number of years. 

Page 67 

It is not clear how the quantity of applied ~ater required for 

a crop at a given salinity can be obtained from the formula. 

Page 70 

The formula for leaching requirement is not as described in 

Handbook 60 published by the U. s. Department of Agriculture. The 

formula and its description need clarification. 
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The discussion of the methods used to evaluate additional labor 

costs and fertilizer losses is not understandable and needs clarifica- • 

tion. 

The last paragraph states that drainage facilities were assessed 

no penalty costs because (1) irrigation districts build facilities 

as they are needed, (2) additional leaching water required because of 

water quality degre.dation can easily be carried by the existing closed 

systems. With regard to the first reason, irrigation districts must 

build facilities or expand existing facilities to accommodate addi­

tional leaching water. neason (2) is incorrect in many cases. 

Pase 78 

It should be mentioned that the yield-decrement method for irri­

gated agriculture gives minimum penalty costs. Large expenditures 

have been and are Qeing made to expand and im~rove drainage systems 

in the Imperial and Coachella Valleys among other areas using Colo­

rado River water. 

Pages 78 and 80 

Industrial penalty costs were ev~luated for oply cooling and 

boiler feed. Even though the report indicates that industrial penalty 

costs are somewhat understated, the report should acknowledge in gen­

eral terms all other penalty costs not included in.the industrial uses 

Page 93 

The effects of softening should mention two important factors: 

a. llhen home regenerated softeners are used, only about one­

half of the delivered water is softened. The remaining 
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one-half is used for iri::-ieat:i.on of lawns, etc., and is not 

ordinarily softened. 

b. Central softcnin3 by the Metropolitan Water District raises 

the sodium percentage to about 75 percent which removes 

about two-thirds of the hardness. Hardness is not reduced 

further because of (1) cost, (2) deleterious effects of 

high sodium water on existing chemical deposits in pipelines 

of many member agencies, end (3) deleterious effects of high 

sodium water for irrigetion. 

Pages 93 and 95 

Penalty costs associated with municipal use of water in the 

Southern California water service area were calculated as being the 

costs associated with large central softening plants for the Metro­

politm1 Water District service area and the City of Calexico. Soap 

wastage costs were used as penalty costs for the remaining areas of 

California. A number of reports prepared by private engineering 

firms and public agencies concerning the value of the quality of 

Colorado River water in Southern California are available and indicate 

that penalty costs developed in this repoTt would be minimum values. 

Hhen plum~ing and appliance replacement costs, bottled water costs, 

household water softening costs, etc., aTe considered, penalty costs 

will be significantly greater than those projected by this report. 

Pages 100, 103 and lOli-

It is realized that the assumptions in the report regarding 

quantities of water from the Colorado River and the State Water 

Project and thci.r blending may have been reasonable several years aeo 

when the report was in preparation. However, we now have better 
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knowledge of the limitations of existing distribution systems and 

estimated quantities of water planned for importation and use from 

available sources. The information on quality of water to be expected 

by blending is oversimplified and misleading. In addition, if timing 

for construction of the Peripheral Canal of the State W&ter Project 

is not adhered to for any reason, deliveries from that source could 

have significantly higher salinities than shown in your report after 

1980. We therefore recommend that Figure 15 be removed from the 

report. 
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STATE OF CALIFORNIA-THE RESOURCES AGENCY 

RONALD REAGAN, Gove..-

STATE WATER RESOURCES CONTROL BOARD 
IOOM 11.CO, RESOURCES BUILDING 

1'16 NINTH STREET • SACRAMENTO 95814 
Phone ~993 

Ian W. MULLIGAN, Chairman 
L f. DlllLE, Vice Chairman 
II. I. HUME, Member 
IDNALD I. ROBIE, Men>&. 
ff. W. ADAMS, Member 
80ME I. GILBERT, f;cecufilre Oflicer 

Mr. Paul De Falco, Jr. 
Regional Director 
Water Quality Office, Region IX 
Environmental Protection Agency 
760 Market Street 
San Francisco, California 9410'2 

Dear Mr. De Falco: 

'!his letter is in further response to your letter of April 5, 1971, regarding 
your agency's draft of the report 11Mineral Quality Problem in .the Colorado 
River Basin'' dated November 1970. We should like to ·amend one statement made 
in our specific comments on items identified by reference to particular pages 
that was appended to our letter of June 4, 1971, regarding this subject. 

Pages 9 and 10 of our specific comments referred to pages 100, 103, and l~ of 
Appendix B and recommended that Figure 15 be removed from that appendix. We 
should like to amend that statement by substituting the following discussion: 

'!he report discusses the blending of water from the State Water 
Project with that from the Colorado River. In order to make the 
discussion more current and accurate, we suggest inclusion of 
the following points. '!he Metropolitan Water District of Southern 
California has given this matter extensive consideration during 
the past year and is continuing to study the relationships involved. 
Because of the limitations of existing distribution systems and 
facilities now scheduled for construction during the period' covered 
by the discussion on these pages, ccmplete blending to the extent 
shown in the report will not be possible. In addition, reduction 
of imports of Colorado River water due to the effects of diversions 
by the Central Arizona Project will probably not occur as early as 
shown in the report. As a result, improvement of quality would be 
delayed somewhat. In addition, if timing for construction of the 
Peripheral Canal of the State Water Project is not adhered to for 
any reason, deliveries from that source could have significantly 
higher salinities than shown in the report after 1980. 

Even though Figure 15 and the analysis it depicts are not com­
pletely current and accurate, we believe that they are satisfactory 
for the purposes of the report and should be included. 



Mr. Paul De Falco, Jr. -2-

Again, California expresses its appreciation for the opportunity of reviewing 
this report. We trust that this change in our original comments will be 
acceptable and will not unduly inconvenience you. 

Sincerely, 

~ 
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STATE OF COLORADO O~PAnTMENT OF HEALTH 

4210 EAST 11TH AVENUE• DENVER, COLORADO 80220 ·PHONE 388-6111 
R. L. CL&BREI, M.D., M.P.H., DIRECTOR 

June 2, 1971 

Mr. Paul De Falco, Jr. 
EPA WQO 
760 Market Street 
San Francisco, California 94102 

Review of Preliminary Draft 11 The Mineral Quality Problem in the Colorado 
River Basin"; Summary Report, Appendices 11 A11

, 
11 811

, and 11 C11 

There has been no attempt by this Division to evaluate the input data used 
in the preparation of this report. Lack of manpower and the time allot­
ment imposed for comments have precluded an evaluation of all but the 
general recommendations and conclusions as presented in the Summary Report. 

It is difficult to follow the various estimated costs for salinity control 
throughout this report. Nomenclature and tenninology changes and different 
salinity levels tend to confuse and obscure the various estimated costs. 
If phased implementation as the minimum cost objective (with a target level 
of 800 mg/l at Hoover Dam) is to be the recommendation, then this alterna­
tive should be developed in a straight forward manner with total costs, 
benefits, detriments, and methods of implementing controls clearly stated. 

Page 6 of the Summary Report states: 11A basinwide salt load reduction pro­
gram designed to minimize total salinity costs (detriments plus control 
costs) would have an estimated average annual cost of $7 million in 1980 
and $13 mi 11 ion in 201 O ( 1970 do 11ars). 11 This is in genera 1 agreement with 
total salinity management costs from Table 9, Summary Report, page 53; 
however, tota1 annual salinity management costs in Table 9 indicate only 
$5.9 million in 1980 and $10.8 million in 2010 as the cost of irrigation 
improvements. This does not appear to be compatible with Table 8, Summary 
Report, page 42, which estimates average annual total project costs of 
$46. 7 mil 1 ion and average annua 1 salinity contro 1 costs of $34. 8 mi 11 ion. 
Estimated costs in Table 8 are apparently based on 700 mg/1 at Hoover Dam 
rather than 800 mg/1. 

Implementing the first 13 projects in Table 8 as the phased implementation 
alternative for salinity control, would have average annual costs of $12.7 
million with $10.8 being for irrigation improvement. This agrees with the 
estimated average annual cost in 2010 for irrigation improvements in Table 9. 
However, the text in Appendix C indicates the implementation of these 13 
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pro~ects by 1980 (Appendix C p.v-14 and v-24). This raises the question of the 
estimated annual irrigation improvements cost in 1980, is it to be $5.9 or $10.8? 

T~ble.9, page 53, Sunmary Report, is also misleading in the fact that for irriga­
tion improvements on~y one half the project costs are listed for salinity control 
costs. Total local investment cost per year to achieve the control desired would 
be $13.l million in 1980 and $23.5 million in 2010 instead of $7.2 million and 
$12:7.million as listed. Even though the differences are for benefits other than 
s~linity cont~ol, the total project costs should be incorporated into Table 9 to 
g~ve a true p1cture of the expenditures necessary to.accomplish the reconmenda­
t1ons. Table 9 also would give the impression that local investment costs are 
only one half the irrigation improvement costs whereas all the irri9ation improve­
ment costs are to be local investment and comprise 82 percent (1980) and 85 per­
cent (2010) of the total salinity management costs. It is recommended that 
Table 9 be omitted from the report and be replaced with a similar Table which 
lists T.D.S. objective,total irrigation project costs, and indicate that all salin­
ity management costs for irrigation improvements are by local investment. 

In the comparison of alternative salinity control programs (Surrmary Report page 
41) there is no alternative developed for phased implementation with salinity 
concentration of 800 mg/l at Hoover Dam as the objective. If this is to be the 
reconmendation (S.R. page 7) then this alternative should be developed. Inci­
dentally, the estimates in Table 7 do not appear to agree with estimates in Table 
9 for a constant salinity level of 700 mg/l. What is the difference between 
"Average Annual Program Cost" (Table 7) and "Total Salinity Management Costs" per 
year (Table 9)? The average annual program costs as developed in Table 7 are 
much higher than the total annual salinity management costs as estimated in 
Table 9. In fact, the average annual program costs for all but two of the alter­
natives developed in Table 7 exceed the total economic detriments with no 
salinity controls and unlimited development. 

Item 8 on page 5 of the Summary Report states: "More than 80 percent of the total 
future economic detriments caused by salinity will be incurred by irrigated 
agriculture located in the Lower Basin and the Southern California service area .. " 
It would follow then that more than 80 percent of the benefits of a salinity 
management program will accrue to these same areas. These benefits are.stated to 
be $11 million in 1980 and $22 million in 2010 (S.R. p.6). The phased implemen­
tation program requires the construction of the first 13 projects in Table 8 
(S.R. p. 43) all of which are located in the Upper Bas~n. Average annual local 
investment costs for salinity control to the Upper Bas1n states then would be 
$5.9 million in 1980 and $10.8 million in 2010 (T~ble.9.) Salinity con~ro~ bene­
fits to the Upper Basin States would be $2.2 mil~i~n in 1980 and $4.~ m1ll~on 
in 2010 (20 percent of benefits). In all probab1l1ty, c~st ~o benefit ratios . 
such as these will be received somewhat less than enthusiastic by the Upper Basin 
States. 
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Page 55 of the Summary Report concludes that salinity concentrations increase sub­
stantially between Hoover Dam and Imperial Dam due to water use in the Lower Basin 
and exports to Southern California. Implementation of salinity control measures 
in the Lower Colorado River could effect or minimize the salinity increases below 
Hoover Dam; however, since the unit costs were higher than for the minimum cost 
program, these measures were omitted from consideration. The cost index for the 
minimum cost objective program range from $3.89 per ton to $32.00 per ton of salt 
removed (Table 8 p. 43). It would be interesting to know the cost index for control 
projects below Hoover Dam. It could be that implementation of salinity control 
measures in the Lower Basin would result in a more equitable cost distribution than 
the minimum cost objective as recOll1Jlended. The report further states on page 55 
that: "Salinity control below Hoover Dam,however, is a possible, practical approach 
toward minimizing the economic impact of salinity and should receive further con­
sideration in the fonnulation of a basinwide salinity control program. 11 Investi­
gation and consideration of these measures should be made before adoption of final 
reconmendations by the conferees. 

"Existing legal and institutional arrangements are not adequate to provide the 
basis for implementing a largescale salinity control program." (S.R. p.60) ''Detailed 
evaluation of existing legal and institutional constraints which may affect the 
basinwide salinity control program should be conducted. 11 (S.R. p.64) These state­
ments reflect the crux of a basin wide salinity control program and raise some 
interesting questions. If a salt load reduction program removed 172,000 acre feet 
of water above Hoover Dam (S.R. p.42) would this water have to be replaced by the 
Upper Basin States to meet requirements of the Colorado River Compact? If irriga­
tion improvements reduced consumptive use by 299,000 acre feet annually in the 
Upper Basin, would this flow be available for flow augmentation or could this flow 
be captured and used by owners of downstream water rights? A detennination of the 
modifications needed in existing legal and institutional constraints and means to 
accomplish these modifications should be made prior to an attempt to implement 
salinity controls. We reject the recomnendation on page 60 that congressional auth­
orization be sought at an early date so that implementation of the salinity control 
program can proceed. Attempting to modify existing legal constraints by congres­
sional action may not be politically expedient and could jeopardize any and all 
salinity control programs. 

A broad water quality objective to minimize the future economic impact of salinity 
in the Colorado River Basin is desirable and should be adopted by the conferees. A 
statement endorsing this objective should be qualitative rather than quantitative 
however. Until such time as the research and demonstration projects have actually 
demonstrated the practical methods of salinity control, the adoption of interim 
m.nerical standards would serve no useful purpose at this time. 

We agree with the statement in the first paragraph on page 57 of the Sumnary Report 
which states: 11Although additional infonnation will be required before it will be 
possible to establish detailed basinwide criteria which are equitable, workable, 
and enforceable 11

, we disagree with the remainder of the statement, 11present infonna­
tion is considered adequate to fonn the basis for the ~stablishment of interim 
salinity standards which will set an upper limit on salinity increases in the Lower 
Colorado River11

• 
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Trye adoption of interim numerical criteria by the Upper Basin States that for any 
given month the average concentrations of total dissolved solids be maintained below 
800 mg/l at Hoover Dam and 1000 mg/l at Imperial Dam would require the Upper Basin 
States to adopt water quality standards and stream classifications limiting salinity 
concentration considerably below the present levels. Since much of the salt load 
and concentrating effects are from irrigation return flow and other diffuse sources 
the surveillance and monitoring of these salt sources would be extremely difficult 
and enforcement next to impossible under existing legal constraints. The adoption 
by the States of interim numerical standards which are impossible to enforce will 
in no way contribute to the solution of the water quality problem of the Colorado 
River Basin. In Colorado a special classification for the Colorado River and its 
tributaries would be necessary as the salinity concentration in the Colorado River 
is much less than the salinity concentration of the South Platte and Arkansas 
Rivers. Although this would be possible, the implementation of a double set of 
standards for the same use would probably result in extreme criticism and possible 
legal action by the local interest affected. 

For the present we would favor the continuation of the present Task Group to develop 
policy and plan a basinwide salinity control program. As mentioned in the Summary 
Report no new legislation would be required for this approach. The creatio~ ?f. 
a State/Federal River Basin Co11111ission with arbitary authority over all act1v1t1es 
necessary for basinwide management and control of salinity is not favored at this 
time. We would need to know much more about the method of funding and details 
of the plan of implementation before abrogating the powers and duties of the 
Colorado Water Pollution Control Co11111ission in the Western half of the State. 

Thank you for the opportunity to review and comment on this preliminary report. 

FOR DIRECTOR, WATER POLLUTION CONTROL DIVISION 

I fl 
~--..... -~' {,ftI l / t_ £ " 

Kenneth w. Webb, P.E. 
Public Health Engineer 

KWW:mgc 
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LAaBNCll E. BURll ...... 

"QUINCY c. COltNllLJUS ........ 
Liiii II. .P08D ..._ 
llUGB II. ftCDBL ........ 
llDBDT B. VANDBMOBll ....... 
UCIL\llD L WILUAMS .... ,._... 

JOHN A. LOVE 
Governor 

DEPARTMENT Of NATURAL RESOURCES 

COLORADO WATER CONSERVATION BOARD 

102 COLUMBINE BUILDING 1845 SHERMAN STREET 

DENVER, COLORADO 80203 

May 28, 1971 

Mr. Frank Rozich, Director 
Water Pollution Control Division 
Colorado Department of Public Health 
4210 East 11th Avenue 
Denver, Colorado 80220 

Dear Frank: 
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Pl!LIX L. SPARKS 

Dliector 

LAREN D. MORRILL 
DeputY ~or 

Telephone 
892-3441 

JUN 1 -1971 

•·ATi~.: ~Oo..LUT1'.0H 
CO~T~;;:x.. O~YJ.Sl.OH 

Enclosed are the comments of the Colorado Water Conservation Board 
in the Summary Report of The Mineral Quality Problem In The Colorado River 
Basin dated November, 1970. As you know this Summary Report was issued by 
the Federal Water Quality Administration and they are asking that all Colorado 
comments be channeled through you as the Colorado conferee. They are also ask­
ing for the conments by June 7, 1971. 

I have reviewed the draft of the prepared comments of your office and 
it appears that we are both thinking along the same lines. 

UM./ac 

Enc. 

Sincerely, 

~/f·.~~ 
_/ L. D.~r~l~ { 

Deputy Director 
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The use of the 1942-1961 period of hydrologic record for estimating 
average salinity conditions for future years makes projected values too high. 
For example, present concentrations below Hoover Dam are about 725 mg/l, but 
projection shown for 1970 is 760 mg/l. The report should be updated using a 
more typical period of record. A report that is ten years out of date and 
that uses a period of record that is not average is of questionable value. 

While the report states that it does not recommend curtailment of 
future water resources development as a means of salinity control, it mentions 
this possibility in several places. The state of Colorado completely rejects 
this concept of restricting development in the upper basin for the benefit of 
the lower basin California and Mexico simply because they developed or are 
developing their water resources ahead of the upper basin. One of the primary 
reasons for the Colorado River Compact was to insure that the upper basin 
states would have water for this future development even though they didn't 
use their full allocation for many years. 

Since the major benefits of any major salinity control measures 
would accrue to water uses in the lower basin, California and Mexico the 
costs should not be borne by the upper basin. It is recommended that since 
it would be extremely difficult to apportion the costs in an equitable manner, 
and still more difficult to collect the money from the beneficiaries in ac­
cordance with the benefits received, that such control measures be a federal 
cost. This would be similar to the present flood control projects of the Corps 
of Engineers. 

It would also seem unrealistic and quite futile to establish salinity 
standards until a s~linity control program complete with a practical method of 
financing such a program has been established. 



Specific Comments 

Page Paragraph 

4 3 

4 & 5 4 

5 5 

5 6 

5 7 

6 c 

6 11 

7 1 

7 2 

7 3 

7 5 

11 2 

12 1 

13 1 
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As previously stated, the 1942-1961 period is not typical and 
projection and conclusions based on the use of this period are 
misleading. 

Delete reference to limiting to development of water resources 
as a means of salinity control. 

This paragraph is highly conjectural and argumentive and adds 
little to the value of the report. It should be deleted. 

The 1960 data should be updated to 1970. 

The first sentence of this paragraph may not be accurate. 

This paragraph may be based on questionable assumptions. Ap­
parently no consideration is given to offsetting benefits due 
to water development. The last part of the paragraph again 
dwells on limiting future water resource development and should 
be deleted. 

This paragraph again dwells on limiting water resource develop­
ment and should be deleted. Would recommend concentrating on 
the concept as expressed in paragraph a and b. 

The fourth and part of the fifth line are repetitive and should 
be eliminated. 

This may not be possible to achieve. A realistic program should 
be set up ahead of such recormnendations. 

Same coument as for paragraph 1 

Same comment as for paragraph 1 

Shouldn't be in too much of a hurry to implement a basin-wide 
salt load reduction program. A comprehensive and realistic 
approach to this problem is needed. 

The accuracy of the last sentence of this paragraph should be 
checked. 

The apportionment mentioned in the last two sentences was by 
the supreme court, not by the Upper Basin Compact. 

'nle third from the last sentence states that "No comprehensive 
evaluation of present or future mineral quality had been made." 
What about USGS Professional Paper 441 from. which much of the 
data on salt loads was obtained? 
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Page Paragraph 

14 & 15 1 

17 2 

18 3 

20 1 & 2 

23 1 

28 

29 

33 B-2 

39 2 

41 

42 3 
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This table should be adjusted to 1970 conditions and should 
use a ~ore typical period of record. 

In table 2 a figure of 5,760 is shown under the salt load lead­
ing. This figure is S,408 in table 1, page 14. 

In the third from last line, the word ~ should be changed to 
be. 

In figure 2 following page 18, date should be revised to reflect 
a modification to 1970 conditions. 

Reference to limited development conditions in these paragraphs 
and table 3 should be deleted. 

Who determines the threshold limits and how authentic are they? 
Also, the salinity of the Salton Sea will continue to increase 
even with present water quality because of salt concentration 
by evaporation. What is the marine fishery worth? 

The values in table 5 should be converted to 1970 dollars. 

The statement at the top of the page says "It was assumed that 
all Central Arizona Project water would be used for agricultural 
purposes. 11 This assumption is erroneous. 

Figure 4 following page 29 doesn't state what dollars were used. 
1960? 

It is questionable that treatment or disposal of return flows 
from irrigation to cut dpwn salinity is physically or econo­
mically practical. 

This paragraph makes the statement that limiting water resource 
development that is expected to produce an increase in salt 
loads or streamflow depletions has the disadvantage of possibly 
stagnating growth of the regional economy. This is a gross 
understatement. Any development that uses water causes stream 
depletion and many contribute additional salinity. Since 
practically all resource developments use wacer, such an ap­
proach would stop further economic development. 

What year dollars were used in table 7? 

Is there any good backup basis for the assumption that only 
half the costs of irrigation improvement were allocated to 
salinity control? It might be nearer 75% to 80%. 

What year dollars used in table 8 following page 42? 



Specific COD1Dents 

Page Paragraph 

56 2 

56 & 57 
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What year dollars used in figures 6 and 7 following page 45? 

What year dollars in figures 8 and 9 following page 49? 

What year dollars in table 9 following page 53? 

This paragraph states "the feasibility of maintaining salinity 
concentrations at a below present levels in the Colorado River 
below Hoover Dam has been shown." This is not true. Nowhere 
has it been shown that anybody is willing to pay for this. 
Requiring salinity concentrations to be maintained at or below 
present levels in the Lower Colorado River would be an exercise 
in futility without a practical method of financing such a 
requirement. 

Setting salinity standard~ is futile without some economically 
and politically practical method of achieving these standards. 
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• STATE OF NEVADA 

DEPARTMENT OF HEALTH, WELFARE, AND REHABILITATION 

DIVISION OF HEALTH 
CARSON CITY. NEVADA 89701 

EnvirCllDlentaJ. Protection Agenr:y 
Regie11 IX 
76o Market Street 
San Francisco, California 94102 

Attn: R. L. O'Connell 

June 4, 1971 

Acting Interim Regic:nal Coordinator 

Dear Mr. O'Coo.nell: 
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Ca:icerned State agencies have reViewed the dra.:f't report of' the Mineral 
Quality Problems in the Colorado River Basin dated November, ·1970 1 and have the 
following comments: 

There are several technical. errors in the report which are apparently 
in part a result of the length of time involved in preparatioo of' the report. The 
errors in quantity, and salinity determinations as well as in the cost estimates will 
require considerable revisioos but do not have significant impact on the findings and 
recanmendatioos in the report. These errors can be more specifically spoken to if 
the mvira:unental Protectia:i Agency determines to revrite the report before recon­
vening the enforcement conference. 

We coocur with the findings that a basinwide salt load reduction 
program at present appears to be the most feasible approach for maintaining salinity 
concentratioos at acceptable levels but cannot agree with all the recanmenda.tiais 
for implementing the program. 

We coocur with Recaiilllendation l for adoption of a broad policy objec­
tive for the entire basin to maintain salinity concentrations at or below present 
levels in the lower Colorado and with Recamnendation 5 that measures be taken immed­
iately to obtain authorizaticn and :fmiding to implement the policy objective. 

We do not agree that total dissolved solids numerical standards should 
be adopted at this time as suggested in Recommendation 2. Until there is assurance 
authorizatiai and f'Unding vill be available to implement a contro1 plan this would 
appear to be an exercise in futility. The broad polir:y objective can be oriented 
t011ards specific quality to provide interim goel.s. 
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We do not agree to the establishment of a federal/state task group for 
development of additional salinity caitrol criteria at key points as suggested in 
R7commendation 3. Such additional criteria in keeping with the broad policy objec­
tives could be more readily established by the individual states and appropriate 
federal agencies. 

We do not agree with Recommendation 4 which suggests establishing a 
state/federal or river basin commission to plan, formulate pol] cy, direct and implement 
a basinwide salinity program. Formulation of policy and direction should be the joint 
responsibility of the concerned state and federal agencies. ImpleJL.entation could 
appropriately be extended to an existing agency such as the Bureau of Reclamation 
which has a competency in program development, design end construction. River basin 
or regional planning in various programs as is being required under federal law and 
regulaticns must consider all elements such as water pollution control, water resources 
and use, fish and wildlife, recreation, land use and management, watershed management, 
population concentratioo., transportation habits and pattern, etc., if comprehensive 
plans are to be developed for any single element. To isolate a portion of an element, 
such as salt loading in water pollution, with disregard for its relationship to the 
total water pollution problem and in turn this relationship to the other essential 
elements will ooly add to the confusion and duplication existing in all levels of 
government in planning efforts. State and local agencies engaged in planning activi­
ties must have an input into program policy for all elements if planning is to be 
effectively implemented. The Colorado River Basin states must assist in establishing 
basin-wide salinity cootrol program policy as affects their areas of concern end kept 
informed on all aspects of program development to relate this program to their other 
planning elements. 

We appreciate the opportunity to comment and will await your decision as 
to whether or not the report is to be rewritten before the conference is reconvened. 

EGG:ve 

cc: Roland Westergard 
Don Paff 

Sincerely, 

[.7 J1} 
/ ( '/ A-,r. r. 

>· ~ / {.L/-. £....--

E. G. Gregory, Chief 
Bureau of Environmental Health 
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f-A LT-1-1 .... 
• EHVlRCRl!:HnL lMPROVEIBN'r AGl!!tm' OCl.AL 

~RVIC~S P. 0. BOX 2348. SANTA FE. NEW MEXICO 87501 

Phone Ho. 827-2373 

Mr. Paul De Falco, Jr., Director 
EnviroDmental Protection Agency 
Water Quality Otfice 
760 Mlrket Stnet 
San Francisco, California 94102 

Dear Mr. De Falco: 

deperhllent 

July 6, 1971 

Re: Comments on Mineral Quall ty 
Problem in the Colorado River 
Basin Sunmary Report -
Preliminary Draft Dated 
November, 1970 - Prepared by 
Colorado River Basin Water 
Quality Control Project 

You transmitted the above referenced reports to this office ror review 
in April, 1971, am requested that comments be submitted no later than 
Mly 3, 1971. This time frame was an impossible one for our Department 
to canply 'with, am yoor ottice gracious4" approved an extension or time 
tor us to rep4". The scope and complexity or the :problem, am the man­
pOller available to review and canment on the documents, made it impossible 
to OOlllDBnt until now. 

I wish to thank the people associated with the Colorado River Basin 
Quality Control Project for their efrorts in developing these 
comprehensive reports and, as yoo are well aware, it would have been 
impossible tor tbe illdividual states to undertake such a ca.nplex study. 

I waild like to discuss the reC<>Dm!ndations which were outlined on page 7 
ot tbe SwJmary Report. 

1. "A broad policy objective to be adopted for the 
entire Colorado River System which would result in 
salinity concentrations being maintained at or 
belCJW levels present4" found in the Lower Colorado 
River." 

RecQW9Ddation #1 appears to be a good basic policy tor the control or ~linity 
in the Colorado. However, one basic problem with the broad objective is 
that it does not take into cansideration the rights to water developnent under 
existing water laws. For that reason, I would suggest that the recanmeDdation 
be amencfed to read: 
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A broad policy objective to be adopted for the entire 
Colorado River System which would result in salinity 
concentrations being maintained at or below levels 
presently foo.nd in the Colorado River without Hmj ting 
or alter1pi any state's rj'lbt to water develppoont nnner 
the existing water laws, 

Enq:hasis added to portion requested for addition to the recanmendation. 

2. 11Criteria for salinity concentrations to be adopted by 
appropriate Colorado River Basin States in accordance with 
the Federal Water Pollution Control Act, as amanded. 

As a minimun, these criteria shoold require that for any 
given month the average concentrations or total dissolved 
solids be maintained below 800 mg/l at Hoover Dam and 
1000 mg/l at Imperial Dam. 11 

The f'irst portion of' this recamnendation was discussed by the Conferees' 
Resolution of' November 15, 1967. At that tille, the Conferees did not believe 
it appropriate to develop a munerical standard and specifically stated "that 
tbe Conferees do not believe it is appropriate that a standard of' l(X)() mg/l 
or an;y other def'ini te nunber for TDS at Imperial Dem be set by the Basin 
States or the Secretary or the Interior at this tille. II The Conferees further 
urged the canpletian or water quality repor._ts and urged FWroA to consider 
approval or water quality criteria standards or the seven Colorado River 
Basin States contingent upon ultimate establishment or acceptable numberical 
salinity standards. The developnent or these reports, among other thi.Dgs, 
was intended to provide basin states with :information needed for the develop­
ment or mmerical water quality standards. There is not sufficient 
intornation in the report to permit the developnent, at this tille, of' numerical 
standards as recC11111Bnded in Recannendation #2. For this reason, I would lilce 
to recommend that Recommendation #2 be rewritten to read: 

Criteria f'or salinity in the Colorado River be retained as 
now adopted. 'lben sutricient salinity control projects are 
in operation and have been evaluated, and other necessary 
inf'ornation is available, salinity criteria coo.ld then be 
adopted. The criteria shou1d provide under f'u.11 developnent 
or tbe water and completion or salt load reduction programs 
that f'or an;y given year the average concentrations of' total 
dissolved solids be maintained at or below present levels. 

3. "A State/Federal Task Group illlnediately be established to 
develop additional salinity control criteria at key points 
tbrougbout the Basin which will accanplish the objective ot 
RecC11111Bndation #1. These criteria shoold be adopted on or 
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before January 1, 1973, by the appropriate Colorado River 
Ba.sin States in accordance with the Federal Water Pollution 
Control Act, as amended." 
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This reccrmnendation api;ears to be sui:errluous because there presently exists 
a State/Federal Task Group. The group is the orrice or Water Quality in 
cooperation with the Conferees. Only with the information in this re~rt 
evaluation or completed salinity control projects, evaluation of ccmpleted 
developnent projects, and with additional studies will it be possible to 
establish meaningf'ul salinity objectives at key points.throughout the Ba.sin. 
It woo.ld be impossible to complete such an undertaking by January 1, 1973. 
For these reasons, I would resi;ectfully rec0Illll2nd that the following new 
language be substituted ror Reccrmnendation #3: 

The State/Federal Task Group presently established, 
consisting or the otfice or Water Quality and the Colorado 
River Basin Conferees, should work toward the establisbmant 
or salinity objectives at key points throughout the Basin. 

4. "The possibility be explored or extending the authority or 
one or more existing agencies to assune the responsibility 
to plan, formulate policy, direct, and implement a 
canprehensive basimride salinity control program. In the 
event existing authority is lacking or inappropriate, 
legislation should be sought to establish a permanent 
Federal/State agency or River Basin Commission which could 
assume such responsibility." 

Recaonendation #4 has far-reaching implications and coo.ld be construed as 
reccmnending interstate canpacts on quality. It is realized that a State/ 
Federal agency or River Basin CoDlllission could be assigned such responsibilities 
as presently being handled by such interstate agencies as <RSA.NCO. This 
reccmnendation, however, it implen:ented, could have the errect or establishing 
a new agency and could require the developnent or a compact on salinity. The 
establishment or any such canpacts or agreements would be, in e:rrect, amending 
the present water laws. The present water law, in apportioning water for 
consumptive use has, in ef'rect, already committed the States to that quality 
or water which will be realized as a result or beneficial consumptive use or 
the waters allocated to the individual states. For these reasons, I suggest 
that Reconmendation #4 be deleted. 

5. "Early measures be sought to authorize, fund, and implement 
a basinwide salt load reductian program that would lead to 
achieving Recanmendatian #1." 
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Recommendation #5 should definitely be included in the report and actively 
supported by the Water Quality Office and the Ba.sin States. I particularly 
support Recamnendation #5 in order that salinity control measures can be 
implemented at the earliest possible time to maintain the water quality of 
the Colorado River in the best condition possible. 

I would like to make some additional editorial canments on the proposed 
draft of the Summary Report: 

Page 4, wragraph numbered 2, pnder Chapter 2 1 Snmmary of Finciings and 
Reconmendations: It is noted that out-of-basin export is included with the 
salt concentrating effect consideration. I believe that the full 
rantj.f'ications of out-of-basin export should be discussed in paragraph 2. The 
f'ull ramifications of out-of-basin export are explained in detail in other 
areas of the report. However, for someone reading only the Summary,, the wrong 
inference could be drawn. 

Page 6, wragrapb c, discusses the unreasonable, unlawful, and totally 
unacceptable concept of curtailment of future water resources developnent in 
order to achieve salinity c.ontrol. Paragraph 10 on page 6 further mentions 
that partial implementation of the other two alternatives (one of which would 
be curtailment of uses) would increase the effectiveness of the salt load 
reduction program. I cannot support the limitation of further developnent 
of water allocated New Mexico under present water law. 

The Secretary of the Interior in a letter dated February 2 1 1968,, stated that 
"After consideration of all the factors involved, I have decided that salinity 
standards should not be established until such time as we have sufficient 
information to be reasonably certain that such standards will be equitable,, 
workable 1 and enforceable. Arriving at this decision at this time does not 
and. will not preclude initiating of programs to study and demonstrate the 
feasibility of controlling and alleviating the Ba.sin's salinity problem." 
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In a letter dated February 121 the Assistant Secretary for Water Pollution Control, 
made the following statement: "It is the intention of the Secretary that the 
Department ot the Interior and States pursue active programs to lay the foundation 
for setting numerical criteria at some tut1~ .. "0 time. These programs should focus 
on devising and. demonstrating salinity control measures and fillding ways to 
revise the legal and institutional constraints that could impede the 
implementation and enforcement of salinity stand.ards." 

It is unfortunate, but a fact of life, that information is not available in 
sufficient detail and. scope to permit the developnent ot salinity standards at 
this time. I recognize the need for and endorse a program ot salt reduction 
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projects and believe they should be considered in the total sche:im of river 
development. I also believe we should be striving for a river quality 
objective which P='rmits beneficial use of the river for generations to come. 
It must be P='rfectly clear when developing objectives that nothing be 
included that will preclude aey state from her rightful share of Colorado 
River water under present water law. For these reasons, I recommend that 
criteria for dissolved ionic constituents be framed as objectives to be 
achieved. 

I recommend that the project be continued with the SP='Cific understanding that 
working in cooP='ration with the Ba.sin States and other Federal agencies, the 
project will develop information for establishing objectives at strategic 
points throughout the Ba.sin. 

In summary, I recommend that feasibility studies of salinity control programs 
be undertaken at the earliest possible time and the project be continued whereby 
objectives can be develoP='d as guides and framework for establishment of criteria 
that will be equitable 1 workable, and enforceable. Until such time as criteria 
can be set, the objectives can be used for Basin planning and the basis for 
decisions in developing salinity control projects and ancillary State 
standards and regulations. 

Please note the change of address and be advised that there has been a change 
in agency responsibility. As of July 11 1971, this office will be the 
Water Quality Section of the Environmental Improvement Agency. 

Transmitted herewith are comments prepared by the New Mexico Interstate Stream 
Commission. This office is in basic agreement with the Interstate Stream 
Commission's position. However, I recommend that the project be continued 
with the responsibility to develop tributary by tributary objectives to be 
used as guides and fra:imwork for the Ba.sin States' consideration when 
ultimately developing criteria. 

JRW:fl 

Yours)ruly, / . ~ 

. fl."- ' ·~-·-?tolm R. It-girt., P.$.-, Chief 
./// ;;ter Quality Section Conf'eree 
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cc: Director 
Water Pollution Control Division 
Arizaoa State Dept. of Health 
Di vision of Environmental Heal th 
Hayden Plaza West 
4019 N. 33rd Avenue 
Phoenix, Arizona 85017 

Chairman 
Water Resources Control Board 
Room 1140, Resources lklilding 
1416 Ninth Street 
Sacramento, Cal.irornia 95814 

Technical Secretary 
Water Pollution Control Ccmnission 
Colorado State Dept. of Public Heal. th 
4210 E. 11th Avenue 
Denver, Colorado 80220 

Director 
Bureau of Environmental Heal th 
State Department of Heal.th 
Carson City, Nevada 89701 

Director, Region 4 
Bureau of Reclamation 
P.O. Box 11568 
Salt Lake City, Utah 84114 

Enviro~ntal Protection Agency 
Water Quality Qrfice 
Colorado River/Bonneville Basins 

Office 
Denver Federal Center 
lklilding 22, Room 415 
Denver, Colorado 80225 

Executive Director 
Upper Colorado River Commission 
355 South Fourth East Street 
Salt Lake City, Utah 84111 

Executive Secretary, Water Pollution Committee 
Utah Water Pollution Control Board 
44 Medical Drive 
Salt Lale City, Utah 84113 

Director, Environmental. Sanitation 
Wyoming Heal.th Dept. 
State Office Building 
Cbe19nne, Wyoming 82001 

Camnissioner, InternatiODal Brumary & Water Conmission 
U .s. Section - P .o. Box 1859, El Paso, Texas 79950 

Director, Region 3 
Bureau of Reclamation 
P.O. Bax 427 
Boolder City, Nevada 89005 
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RICHARD P. COOK, E1p•nof• 

CLAUD S. MANN, A....._. 

Charles M. Tansey 
Farmington 

June 24, 1971 

Mr. John Wright, Chief 
Water & Liquid Waste Section 
Health & Social Services Department 
PERA Building 
Santa Fe, New Mexico 

Dear Mr. Wright: 

By letter dated April 5, 1971, Mr. Paul DeFalco, Jr., Direc­
tor of the Water Quality Office of Region IX of the Environ­
mental Protection Agency transmitted to the New Mexico Inter­
state Stream Commission a copy of a draft report on "The 
Mineral Quality Problem in the Colorado River Basin". He 
requested that the Commission furnish its comments on the 
report through you by May 3, 1971. By letter dated April 19, 
you requested that the time allowed for the state to furnish 
its comments be extended to July 1, 1971. The time allowed 
was extended to June 7 and on about that date you advised 
Mr. DeFalco by telephone that an additional 10 to 20 days 
would be required for the state to complete its review and 
comment on the report. 

The comments of the Interstate Stream Commission are set out 
below. It is requested that you furnish a copy of this 
letter to Mr. DeFalco. 

Each of the five "RECOMMENDATIONS" set forth at page 7 of 
the report is quoted below and followed by a discussion 
of the recommendation. 

1. A broad policy objective be adopted for the 
entire Colorado River System which would 
result in salinity concentrations being 
maintained at or below levels presently 
found in the lower Colorado River. 
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It is suggested that this recommendation be made a part of 
Recommendation 5 and modified as will be discussed below. 

2. Criteria for salinity concentrations be 
adopted by appropriate Colorado River 
Basin States in accordance with the 
Federal Water Pollution Control Act, as 
amended. As a minimum, these criteria 
should require that for any given month 
the average concentrations of total 
dissolved solids be maintained below 
800 mg/l at Hoover Dam and 1,000 mg/l 
at Imperial Dam. 

The Interstate Stream Commission does not concur in this 
recommendation and urges that it be deleted. 

While the data given in the report do not so indicate, a 
review of the records reveals t.~at the monthly average 
criterion of 1,000 mg/l at Imperial Dam as proposed was 
equaled in January of 1957 and has been closely approached 
a n~r of times in recent years. The monthly average 
criterion of 800 mg/l proposed for the Colorado River 
below Hoover Dam has been equaled or exceeded on many 
occasions, including some occurring in recent years. 

Since virtually any beneficial consumptive use of water 
causes some increase in the concentration of dissolved 
solids in the remaining supply, the adoption of the pro­
posed criteria would have the effect of precluding any new 
use of water above Hoover Dam, as well as some uses recently 
initiated. Some proposed new uses below Hoover Dam also 
would be precluded. 

On January 30, 1968, then Secretary of the Interior Stuart 
Udall made the following remarks in a statement to the House 
Subcommittee on Irrigation and Reclamation (House Document 
90-5, Colorado River Basin Project, Part II, pp. 705-706): 

•The Colorado River is the only major river of the 
world that is virtually completely controlled. With 
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the existing system of large storag~ reservoirs it 
is possible to plan, for all practical purposes, 
on complete utilization of the river's runoff with 
no utilizable water escaping to the sea. This means 
that the limited water supply in the Colorado River 
Basin must be used and reused and then used again 
for a wide variety of purposes. In this complete 
utilization of runoff, the Colorado Basin is unique. 

The River is unique also with respect to the number 
and extent of the institutional constraints on the 
division and use of the Basin's water which include 
an international treaty, two interstate water com­
pacts, supreme Court decisions, Indian water rights, 
State water laws, and Federal law. 

These two aspects, in turn, make the problem of 
setting numerical mineral quality standards for 
the Colorado River not only unique but extremely 
complicated. Before discussing this problem 
further, I would like to state that salinity 
standards will not be established until we have 
sufficient information to assure that such standards 
will be equitable, workable, and enforceable. 

The principal water ~ses in the Basin include irri­
gated agriculture, municipal and industrial water 
supply, fish and aquatic life, and recreation. 
Salinity in the Colorado River has no significant 
effect on instream or nonconsumptive water uses 
such as hydroelectric power generation and water­
oriented recreation. However, ever-increasing 
levels of salinity do have an adverse impact on the 
consumptive uses of water for both irrigated agri­
culture and municipal and iridustrial water supply. 

Further development and depletion of water allocated 
to the Upper Basin States will raise the salinity of 
water downstream. 

salinity standards must be so framed that they w~ll 
not impede the growing economy of the Colorado River 
Basin and yet not permit unwarranted degradation of 
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water quality. This is the hard dilemma which is the 
core of the problem of establishing equitable salinity 
standards. 

A decision not to set salinity standards at this time 
does not and will not preclude getting started with 
programs to.study and demonstrate the feasibility of 
controlling and alleviating the Basin's salinity 
problem •••• • 

The adoption of the recommendation would be thoroughly incon­
sistent with the statement quoted. 

The Colorado River compacts apportion among the seven states 
of the river basin the beneficial concumptive use of the 
waters of the Colorado River system. •Beneficial consumptive 
use• is defined as the amount of water diverted from the 
s~ream less the return flow thereto. This is a fair paraphrase 
of the definition used by the United States Supreme Court in 
its decision in Arizona v. California, et al. 

When water is diverted from a stream for irrigation, for 
example, a part of the water is evaporated or taken up in the 
plants and the remainder returns to the stream. About two­
thirds of the water applied to the land for the irrigation of 
crops is consumed by evaporation and moves off on the wind: 
the balance returns to the stream. That part of the water 
diverted that is consumed, or evaporated, is pure HiO and that 
part which returns to the stream carries all of the dissolved 
minerals, or salinity, that was in the water diverted. This 
aspect of irrigation is also true for most other consumptive 
uses of water in the Basin. Some uses, particularly new 
irrigation projects and municipal use will necessarily, under 
any reasonable practice, return to the stream a tonnage of 
salt somewhat greater than the amount diverted~ However, as 
the report reflects the preponderance of the projected increase 
in concentration of salts will result from the concentrating 
effect rather than from such additions of salt. 

Thus, an inescapable consequence of the beneficial consumptive 
use of water i• the degradation of water quality by an increase 
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in the concentration of dissolved solids in the remaining 
water. Even though the tonnage of dissolved solids remains 
the same, the amount of water in which it is carried is 
less and the concentration is increased. 

This simple principle of physics was as well known in 1922 
when it was agreed to apportion 7~ million acre-feet of ' 
beneficial consumptive use to the Upper Basin, as it is 
today. Therefore, the Compact must be construed to contain 
an agreement that less water containing a greater concentra­
tion of dissolved solids will flow to the Lower Basin as 
the Upper Basin develops and uses the amount of water that 
it is entitled to. 

The Colorado River Compact specifically provides for trans­
mountain diversion of waters of the Colorado River System 
to which the state making such a diversion is entitled. 
Diversion of the relatively fresh headwaters of a stream to 
another basin will, of course, increase the concentration of 
dissolved solids in the supply remaining in the basin. This 
increase in concentration will not be as great as the increase 
that would result from the consumptive use of an equal amount 
within the basin. 

Adoption and enforcement of the criteria proposed would pre­
clude operation of the San JUan-Chama transmountain diversion 
project which will divert 110,000 acre-feet annually from the 
headwaters of the San JUan River into the Rio Grande Basin. 
The federal government has invested $57 million in the San 
JUan-Chama project to date: the project was put in operation 
this spring. 

Operation of the 110,000 acre Navajo Indian Irrigation Project 
would also be precluded. The federal government has thus far 
invested $38 million in the construction of this project. 

The principal function of the Navajo Dam and Reservoir Project 
is to store water for the Navajo Indian Irrigation Project and 
for municipal and industrial use. Operation of this project, 
which was completed in 1963 at a cost of $41.6 million.for 
those purposes would be precluded. 
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Construction of the Animas-La Plata Project in Colorado and 
New Mexico to furnish water for irrigation, municipal, 
industrial and recreation purposes was authorized in 1968. 
Operation of that project likewise would be precluded. 

If the proposed criteria are adopted and enforced, New Mexico 
will be unable to make beneficial consumptive use of at least 
500,000 acre-feet of the estimated 770,000 acre-feet that the 
state is entitled to under the Colorado River compacts. Sim­
ilar, possibly even more severe effects, would be brought 
about in other states. 

It might be argued that new uses of water such as those out­
lined above would be precluded only until the salinity con-
trol projects described in the report can be implemented. The 
feasibility, effectiveness and timing of those projects is, 
and may remain for some time, uncertain. It is not reasonable 
to propose that the upstream states terminate recently initiated 
water uses and defer activity for the development of new uses 
until salinity control projects such as those outlined in the 
report can be put into-operation. 

The report recognizes (page 48, second paragraph) that to 
maintain the concentration of dissolved solids in the Colorado 
River at present levels by limiting development in the Upper 
Basin would not be economic. 

The adoption and enforcement of the proposed salinity criteria 
would effectively limit Upper Basin development and would be 
not only uneconomic, but also unrealistic and inequitable. 

3. A State/Federal task group immediately be 
established to develop additional salinity 
control criteria at key points throughout 
the Basin which will accomplish the objectives 
of Recommendation 1. These criteria should be 
adopted on or before January 1, 1973 by the 
appropriate Colorado River Basin States in 
accordance with the Federal Water Pollution 
Control Act, as amended. 

This recommendation should be deleted for the reasons set out 
in the discussion of Recommendation 2. 
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4. The possibility be explored of extending the 
authority of one or more existing agencies to 
assume the responsibility to plan, formulate 
policy, direct, and implement a comprehensive 
basinwide salinity control program. In the 
event existing authority is lacking or inappro­
priate, legislation should be sought to establish 
a permanent State/Federal agency or river basin 
commission which could assume such responsibility. 

No extension of the authority of existing agencies or creation 
of new agencies or commissions is needed to "implement a com­
prehensive basinwide salinity· control program". The u. s. 
Bureau of Reclamation's record of experience and achievement 
in the development and management of the Colorado River makes 
it the logical agency to assume the primary role in the pro­
gram. The Bureau of Reclamation has been studying the salin­
ity of the Colorado River under Congressional directive for 
a number of years. 

Each of the states of the Colorado River Basin has recently 
urged committees of the Congress to appropriate money to the 
Bureau of Reclamation to carry out feasibility investigations 
of salinity control projects on the Colorado River. 

consultation and guidance from the Environmental Protection 
Agency should be valuable to the Bureau of Reclamation in its 
studies. 

Recommendation 4 should be revised to support appropriations 
to the Bureau of Reclamation for feasibility investigations of 
salinity control projects. 

s. Early measures be sought to authorize, fund and 
implement a basinwide salt load reduction program 
that would lead to achieving Recommendation 1. 

The Int~rstate Stream Commission supports this recommendation 
and suggests that the necessary first step is the appropriation 
of funds to the Bureau of Reclamation for feasibility inve~ti­
gations. It is recommended that the Enviro~nta~ Protec~ion 
Agency contribute to the program by accelerating its ongoing 
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research efforts and initiating new research projects that 
miqht contribute to conceiving or evaluating salinity control 
projects. 

In consideration of the extensive federal land ownership and 
numerous federal water projects in the Basin, the international 
character of the Colorado River, the fact that salinity is a 
basinwide problem and the fact that salinity control benefici­
aries will be very difficult to identify, it is recommamded 
that the economic analyses of the feasibility investigations 
treat the construction, operation and maintenance cost of 
salinity control projects as an all-f .. eral expense. 

A number of the salinity control projects identified in the 
report, and other auch projects that may be identified, will 
cause a depletion of streamflow. These depletions will occur 
in upstream states while the bulk of the benefits from the 
reduction in salinity will be realized in downstream states. 
This circumstance, because of the scarcity of water in the 
Colorado River System, will give rise to institutional pro­
blems. Such institutional problems are not seen· as insur­
mountable and will be more readily resolved wlllen.al.l. of the 
facts concerning a particular salinity alleviation project 
are available in the form of a feasibility report. 

'l'he thought of Recommendation 1 might better be made a part 
of Recommendation 5 with language added to recognize that 
it is almost inevitable that the concentration of dissolved 
solids in the Colorado River will increase somewhat above 
present levels before practicable salinity control measures 
can be put into effect. 

There are several points at which the assumptions and economic 
analyses of the report are subject to question. We have fore­
gone discussion of technical aspects of the report for the 
reason that we believe that the report adequately justifies 
the undertaking of feasibility investigations: that such inves­
tigations should and will be made:and that the technical aspects 
will be reviewed and ·modified as necessary in the course of 
those investigations. 
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The Interstate Stream Commission appreciates the opportunity 
given by the Environmental Protection Agency to review the 
report and your courtesy in forwarding these comments. 

~-

SBRsre 
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STATE OF UTAH-DEPARTMENT OF SOCIAL SERVICES 

LYMAN I. OLSIDJ, M.D., M.P.B. 
DINelor or 8-

Mr. R. L. O'Connell 

DIVISION OF HEALTH 
'4 MEDICAL DRIVE 

SALT LAICE CITY, UTAH 84113 
AREA CODE 801 

328-6121 
September 14, 1971 

Acting Interim Regional Coordinacor 
Environmental Protection Agency 
760 Market Street 
San Francisco, California 94102 

Dear Mr. O'Connell: 

698 
CALVIN L. RAMPTON 

Governor 

RICHARD P. LINDSAY 
Executtve Director 

Boud of Health 
Air Coauervatton Committee 
Health FacWttea Council 
Medical Exainlner Commtttee 
Nuntn1 Home Adri8ory CowacU 
Water Pollution CommJttff 

BUREAU OF ENVIRONMENTAL HEALTI! 
7 2 Eut 4th Soulh 

Salt Lake City. Utah 

The following connnents relate to our review of the draft report of 
"The Mineral Quality Problem in the Colorado River Basin". 

We believe that the broad policy objective should be to maintain 
salinity levels in the Colorado River reasonably near or lower than existing 
levels, but that authorized use of Colorado River waters must proceed with 
acknowledgement of the possibility of some uncontrollable salinity increases, 
as is inevitable from any beneficial use. 

Since there is not enough information presently available for accurate 
predictions as to achievable salinity levels, we oppose the idea of setting 
specific limits at this time. Instead, we support the concept of early 
measures to determine feasibility of a basinwide salt load reduction program. 
Implementation of such a program would improve our knowledge of the overall 
control situation and permit development of achi~vable and enforceable specific 
standards at a later date. 

We do not believe it appropriate to seek creation of a new agency or 
task group to develop additional salinity control criteria at this time. 
It seems logical that the present group of conferees, working in harmony with 
the Water Quality Office, can more effectively accomplish what is needed. 

I question the advisability of an early re-convening of the Conferees 
since they appear to be in general agreement with the above connnents. 

I.MT:cc 

~incerely yours, 

....... / 
/ , 

/- .... ~i.c.·f.~ ; ' 1. z .. -v" vlr-- · 
/ Lynn M. Thatcher 

Deputy Director of 
and 

Health 

Conferee on Pollution of the Interstate Waters 
of the Colorado River and its Tri6'utaries 

cc: State Division of Water Resources 
Dallin Jensen, Asst. Attorney General 
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THE STATE • OF WYOMING 

<PlJ~en/ ~~a/a anr/r7uud1QJePV~ 
g;~ ¥~-" ~[7_,,P<Uw 

STATE OFFICE BUILDING 

Mr. R. L. 0 1 Connel1 
Acting Interim Regional Coordinator 
Environmental Protection Agency 
760 Market Street 
San Francisco, California 94102 

Dear Mr. O'Connell: 

CHEYENNE. WYOMING 82001 

June 1, 1971 

The draft reports on the Mineral Quality Problem in the Colorado River 
Basin have been reviewed by several state agencies. At this point in time, 
we feel it is not necessary to argue methodology or economic theory. 
Certainly competent personnel has been involved from the start. It is 
obvious that certain assumptions had to be made in conducting the study, 
and while we may not agree with all of these assumptions, the need for making 
them and the competence of the people involved in the study is unquestioned. 

In the final analysis of this problem, it is realized that a general 
approach was necessary. Item 9 c. in the summary of the findings could be 
a valid alternate in a generalized approach. However, it has to be acknow­
ledged at the start of any action program that such a limitation would not 
be acceptable to the State of Wyoming and probably other Basin States with 
undeveloped water resources. It must be firmly understood, at the start, 
that water quality standards will not be a means of circumventing the 
Colorado River Compact on water allocation. 

Under Recommendations, Item 4 may be questionable, depending upon the 
powers granted. Certainly the State of Wyoming would not relinquish their 
authority concerning how and where water might be utilized within the State. 

Attached are comments that are being submitted by the State Engineer's 
office. 

AEW:cw 
Attachment 

Very truly yours, 

/6Aali; gu_),(_~ 
Arthur E. Williamson, M.S.,P.E. 
Director 
Sanitary Engineering Services 

cc: Floyd Bishop, State Engineer, Cheyenne 



ntKSl'Aft.OPWVOM-

STATS OFl'ICK 9UILDINCI CHSYDINS. WYOMING aaoGI 

MEMORANDUM 

TO: 

FROM: 

THROUGH: 

SUBJECT: 

Dear Sir: 

June 1, 1971 

Interim Regional Coordinator, 
Environmental Protection Agency 

Region IX 
760 Market Street 
San Francisco, California 94102 

Floyd A. Bishop, ~ 
Wyoming State Engineer ~td 

Arthur Williamson, Conferee 
Joint Federal-State "conference in the 

matter of Pollution of the Interstate 
Waters of the Colorado River and its 
Tributaries." 

Comments on the report entitled 
Mineral Quality Problems in the Colorado 
River Basin, dated November, 1970. 
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We have carefully reviewed the draft report on the ~neral 
Quality Problems in the Colorado River Basin, and our conunents on 
that report are submitted herewith. 

Throughout the report there are numerous statements to the 
effect that one of the alternatives for accomplishing a reduction 
of future salinity concentrations was limiting further use of water 
in certain areas of the river basin. This approach would be patent­
ly unfair to those states that are not yet using their full Colo­
rado River Compact allocations, primarily the Upper Basin states. 
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June 1, 1971 

The Upper Basin states ratified the Colorado River Compact 
permitting the Lower Basin states to develop under the assumption 
that the Upper Basin states were also entitled to develop at their 
own rate and use their allocation of water, thereby reducing the 
flow to the Lower Basin. In addition, since Upper Basin develop­
ment has not been as rapid as that of the Lower Basin the Lower 
Basin has been able to use a water supply which is be~ter in both 
quantity and quality that it is ultimately entitled to. There­
fore, it would be extremely inequitable to inhibit federal assis­
tance to, or limit in any way, the continued development of, the 
Upper Colorado River Basin. It would in fact, be a circumvention 
of the provisions of the treaties and compacts which make up the 
"Law of the River." 

The most equitable solution to the salinity problem is a 
basin-wide salinity reduction program, with its costs assigned 
to the beneficiaries of the improved quality water. This would 
hold true regardless of the physical location of the individual 
salinity control projects, or whether they be structures to im­
prove irrigation efficiency or ponds to evaporate saline springs. 
Admittedly, the task of identifying all the beneficiaries of im­
proved water quality would be a formidable one. The costs assigned 
to those beneficiaries who could not be readily identified should 
be absorbed by the Federal Gover~ent. The Federal Government has 
an inherent interest and responsibility, since it owns 70% of the 
lands within the Basin, and would be a prime beneficiary. 

The report assigned one-half of the costs of irrigation im­
provement projects to salinity control and one-half to the irri­
gators benefited directly by such improvements. Perhaps this 
estimate of 50% is not an overstatement where irrigators suffer 
from water shortages and drainage problems as they generally do 
in the Lower Main Stem and the Southern California regions. Eut 
in areas where neither of these problems are serious, the probable 
benefits to a farmer from an improvement in his irrigation effic­
iency are less significant. 
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June 1, 1971 

The report recommended that a State/Federal agency should 
carry on feasibility studies and otherwise administer basin-wide 
salinity control programs. We agree with that proposal and fur­
ther suggest that the Bureau of Reclamation be given initial re­
sponsibility for carrying out the studies with close cooperation 
from the Basin States. We agree that the planning phase should 
be directed toward the objectives of providing sufficient infor­
mation for developing an implementation plan, of providing the 
feasibility reports on which requests for construction funds for 
necessary control works can be based, and of identifying construc­
tion, operation and related costs which would be properly assigned 
to the beneficiaries and to other entities. 

We appreciate the opportunity of commenting on the draft re­
ports on the Mineral Quality Program in the Colorado River Basin. 
Your courtesy in extending the time for submitting comments to 
June 7 has been helpful. 

This matter is of great significance to all of the states of 
the Colorado River Basin. We are anxious to be involved in the 
activities which may stem from this report and hereby request that 
you continue to keep us informed of progress made and actions taken 
on this subject. 

FAB/TB/mt 

cc: Governor Stanley K. Hathaway 
A. E. Williamson 
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OTHER AGENCIES 



UPPER COLORADO RIVER COMMISSION 
3H South Fourth East Street 

Salt L41te City, Ur.A 84JJ J 

July 2, 1971 

Hon. William D. Ruckelshaus 
Administrator 
Environmental Protection Agency 
1626 K Street 
Washington, D. c. 20460 

Dear Mr. Ruckelshaus: 
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In April, 1971 the Environmental Protection Agency transmitted 
for review by the seven Colorado River Basin States and other interested 
entities a draft summary report (with three appendices) entitled "The 
Mineral Quality Problem In The Colorado River Basin. " This report was 
prepared by the Federal Water Quality Administration. 

Enclosed is a copy of a resolution adopted by the Upper Colorado 
River Commission at its Adjourned Regular Meeting held in Denver, Colo­
rado on June 30, 19 71. This resolution expresses the basic elements of 
the position of the Commission's four member States on the mineral quality 
report. 

The Upper Colorado River Commission is an administrative agency 
created by the Upper Colorado River Basin Compact. The Commission 
represents the States of Colorado, New Mexico, Utah, and Wyoming in 
matters pertaining to the development, utilization, and conservation of 
the waters of the Upper Colorado River Basin. 

IVG:hiw 
Enclosure 

Sincerely yours , 

Ival V. Goslin 
Executive Director 
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CERTIFICATE 

I, '!VAL V. GOSLIN, Executive Director of the Upper Colorado River Com­
mission, do hereby certify that the above Resolution was unanimously adopted 
by the Upper Colorado River Commission at an Adjourned Regular Meeting held 
at Denver, Colorado on June 30, 19 71. 

WITNESS my hand this 2nd day of July, 19 71. 

3 

Ival V. Goslin 
Executive Director 
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Resolution 

by 

Upper Colorado River Commission 

re: 

Draft Report Entitled, The Mineral Quality Problem In The Colorado River Basin 
by Federal Water Quality Administration 

June 30, 19 71 

WHEREAS, on ~ugust 8, 1962, the Upper Colorado River Commission 
unanimously adopted a resolution favoring "a study of any and all measures for 
the reduction of the salinity of Colorado River waters delivered for use in the 
Republic of Mexico"; and 

WHEREAS, on September 21, 196 7, said Commission, after having been 
informed that the Federal Water Pollution Control Administration had proposed 
that quantitative criteria for total dissolved solids be set at various points in 
the Colorado River system based on an upper limit of 1000 mg/l at Imperial Dam, 
unanimously adopted another resolution stating that: "water quality criteria on 
the Colorado River should not preclude or interfere with the reasonable use of 
water in the Upper Basin within the terms of the Colorado River Compact"; and 

WHEREAS, in April 19 71, the Environmental Protection Agency transmitted 
to the States of the Colorado River Basin a preliminary draft of Summary Report 
on "The Mineral Quality Problem In The Colorado River Basin" prepared under 
the jurisdiction of the Federal Water Quality Administration of the Department 
of the Interior, and requested comments thereon; and 

WHEREAS, said Summary Report constitut_es only_a r~c~l}!l~is_s_~!l9LS.1eP 
toward the solution of the mi!_leral qu_~lity. problem of the Colorado River system, 
and lacks sufficient information to assure that numerical salinity control stand­
ani.s.Yrollid be equitahl~w9·r~_9:ble, ;~d enforce~ble; and 

WHEREAS, said Summary Report contains certain recommendations includ­
ing a recommendation that numerical salinity criteria of 1000 mg/l monthly average 
at Imperial Dam and 800 mg/l monthly average at Hoover Dam be implemented at 
this time. This recommendation J_s diametric_ally opposed to previously stated 
p9JJ9.i.es of the UPP.~r.J;_olor_ado _ _filyer C£_mmi~_on and the major purpose of the 
Upper Colorado River Basin Compact "to secure th~expeditious agricultural and 
in~ustrial de_velru>ment.Di..the Upper Basin, ": -
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NOW, THEREFORE, BE IT RESOLVED by the Upper Colorado River Com­

mission that: 

(1) any bro~d policy o?jf?ctive pertaining to salin!_!y__c:_g_ntrol for the 
entire Color~do River System rnJd.§>t _treat the-it"9Jinity problem as 
a b9_sinyv:ide__problem that needs to be solved to ~-~intai~-iower 
Basin water quality reasonably near pres-ent levels while the 
Upper Basin continues to develop its compact-apportioned water 
and must recognize that water quality may be degraded until 
control measures become operable; 

(2) numerical salinity control criteria should not be established 
until salt load reduction projects have been constructed and 
their operation proved practicable; 

(3) the consumptive use of water in salinity control projects must 
be charged to the beneficiaries of those salinity control projects; 

(4) the Bureau of Reclamation should be assigned the primary re­
sponsibility for feasibility investigations, planning, and imple­
menting a basinwide salt load reduction program at Federal 
expense in recognition cf the major responsibilities of the United 
States with respect to the Colorado River as an interstate and 
international stream; and 

(5) the member States of the Upper Colorado River Commission should 
cooperate with the three lower Colorado River Basin States and 
the Federal government in the resolution of the mineral quality 
problem of the Colorado River System. 

BE IT FURTHER RESOLVED that the Environmental Protection Agency be 
commended for making avai.lable copies of the Summary Report on "The Mineral 
Quality Problem In The Colorado River Basin" for review by interested agencies 
of the seven Colorado River Basin States; and 

BE IT FURTHER RESOLVED that copies of this resolution be transmitted 
to the Administrator of the Environmental Protection Agency, Secretary of the 
Interior, Governors and Members of the Congress of the Colorado River Basin 
States, Commissioner of Reclamation, and other interested entities. 

2 

* U. S. GOVERNMENT PRINTING OFFICE, 1972 722-874,.'461 


