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R. Freeman 

MR. FREEMAN: The Colorado River Basin Water Quality 

Control Project was established as a result or recommendations 
i 

made at the first session or the joint State-Federal Conference 1 

I 
in the Matter of Pollution or the Interstate Waters of the Colo-' 

rado River and its Tributaries. This session was held in 

January 1960 under authority or. Section 8 of the Federal Water 

Pollution Control Act, as the Chairman has already explained• 

The 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 con-

rerence and provides the conferees with detailed information on 

water us.es, the nature and extent or pollution problems and 

their effects on water uses, and with recommended measures to 

control pollution in the Colorado River Basin. 

The Environmental Protection Agency was established 

by Reorganization Plan No. 3 or 1970 and became operative on 

December 2, 1970. EPA consolidates in one agency Federal con

trol programs involving air and water pollution, solid waste 
. . ' 

management, pesticides,_radiation and noise. Thia repert was 

prepared over a period of 8 years by water program components 

ot EPA and their predecessor.agencies, those being the Federal 

Water Quality Administration·or the u. s. Department of the 
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Interior, the Federal Water Pollution Control Administration 

of the U. S. Department or the-Interior, and the Division or 

Water Supply and Pollution Control ot the U. S. Public Health 

Service. Throughout the report one or more of these agencies 

may be 

I single 

mentioned and these should be considered as part or a 

agency in evolution. 

I MR. STEIN: Say, Russ, will you slow up a little? 

MR. FREEMAN: Yes, sir. 

MR. STEIN: Thank you. 

MR. FREEMAN: The project has carried out extensive 

field investigations along with detailed engineering and economi 
I 

atudies to accomplish the following objectives. 

For those who wish to tollow in the report, I am 

reading now from the introduction. 

The first objective: to determine the location, 

magnitude, and causes or interstate pollution or the Colorado 

River and its tributaries. The findings with regard to this 

part or the report will be presented by Mr. Blackman later. 

The second objective was to determine and evaluate 

the nature and magnitude or damages to water users caused by 

various types or pollution. And these findings will be pre-

sented by Mr. Jim Russell. 

The third objective was to develop, evaluate, and 



R. Freeman ~ 
recommend measures and programs tor controlling or minimizing 

interstate water pollution problems. And our reconnnendations 

here will be discussed bf Mr. Jim Vincent. 

In 1963, baaed upon recommendations or the conferees, 

the project began detailed atudie• or the mineral quality prob

lem. Mineral qualitr, which is commonly known as salinity, is 

a complex basinwide problem and it is becoming increasingly 

important to users or Colorado River water. Due to the nature, 

extent, and impact or the salinity problem, the project has 

extended its activities over the entire Colorado River Basin 

and the southern California water service area. 

The basin, tor those or you not familiar with it, is 

shown on.the Jl1&P and the outlines ot the seven basin States are 

included. 

The more a1gnit1cant t1ndings and data rrom the 

project'• salinity studies and related pertinent information 

are summarized in the report which we are presenting this 

morning. This report consists or a aunnnar;y document and four 

appendices. The first appendix describes natural and manmade 

conditions attect!ng mineral quality. Appendix B describes 

the physical and economic impacts. Appendix c describes 

salinity control and management aapect.s. And Appendix D con-

taina the cOll!llenta ot vartous State agencies upon a dratt 

I 
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report which was submitted for their review. 

The Colorado River is situated in the southwestern 

United States and extends 1,400 miles from the Continental 

Divide in the Rocky Mountains or north central Colorado to the 

Gulf or California •. Its river basin covers an area or 244,ooo 

square miles or approximately one-twelfth or the continental 

United States. The Colorado River Basin includes parts or seven 

States: Arizona, California, Colorado, Nevada, New Mexico, 

Utah, and Wyoming. About 1 percent or the basin drairwlands 

in Mexico. 

The Colorado River rises on the east slope or Mount 

Richthofen, a peak on the Continental Divide having an alti

tude or 13,000 feet, and it flows generally southwestward, 

leaving the United States at an elevation or about 100 reet 

above sea level. The Colorado River Basin is composed or a 

complex or rugged mountains, high plateaus, deep canyons, 

deserts and plains. Principal phJ11cal characteristics of this 

region are its variety or land rorms, topography and geology. 

The Colorado River Compact or 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 tor legal, political, institutional and hydrologic 

purposes. Lee Ferry ia located about l mile below the contluen e 
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ot the Paria River and approximately 17 miles downstream from 

Glen C&nJen Dam. The fpper Basin encompasses about 45 percent 

ot the drainage area or the basin and the lower the remaining 

55 percent. 

In addition to the Colorado River Basin. the projects 

investigations covered the area or southern California receiving 

Colorado River water. This area or about 15.400 square miles 

~nclud's the Imper1•1.and Coachella Valleys. which surround the 

Salton Sea·as well as the metropolitan areas or Los Angeles and 

San Piego. 

Climate extremes in the basin range from hot and 

arid in the desert areas to celd and hwnid in the mountain 

rangea. Precipitation 1s.largel1 controlled by elevation and 

the orographic ettects ot the·mountain ranges. At low eleva

tiona, or 1n the r~n shad~• or coastal mountain ranges, desert 

areaa may receive as little aa ·6 inches er precipitation 

annuallJ, while high mountain areas may receive more than 60 

inchea. 

Again, tor those or you who wish to tollow, I am now 

reading rrom page 11 or the Summary Repor,; document. 

Basin temperatures range from temperate, artor41ng 

onl.1 a ~0-dQ- growing aeaaon 1n the mountain.meadows or Colorado 

and WJoming. to semi-tropical with 7ear-round cropping in Yuma 
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and Phoenix. on a given day, both the low and high temperature 

extremes for the Continental United States frequently occur at 

points within the basin. 

In the southern California water service area, the 

climate or the area ~urrounding the Salton Sea is hot and arid, 

while the climate or the coastal metropolitan areas is moderated 

by proximity to the Pacific Ocean, 

The Colorado River Basin is sparael.y populated. In 

1965 the estimated population was nearl)' two and a quarter 

million. The average density was about 9 persons per square 

mile as compared with the national average or 64. Eighty-five 

percent or the population lived in the iiower Basin. About 70 

percent or the Lower Basin population resided in metropolitan 

areas, thoae at Las Vegas, Nevada, Phoenix and Tucson in Arizona 

The population of the Colorado River Basin will be--it 

is estimated that the population or the Colorado River Basin 

will triple by 2010. 

The southern California water service area contained 

an estimated 11 million_ people in 1965. Moat ot the population 

waa concentrated in the highlJ urbanized Loa Angeles-San Diego 

metropolitan complex. 

The economy ot the basin is baaed on manutacturing, 

irrigated agriculture, mining, forestry, oil and gaa production, 

I , 
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livestock and tourism. The present economy or the Upper »asin 

is still largely resource oriented. 

In the last two decades, however, the econolDJ or the 

lower basin has experienced a significant transition rrom an 

agricultural and mining base to a manufacturing and service 

base. Growth in the manufacturing sectors has been one or the 

major factors in the overall economic growth or the JLower Has1n. 

Important manufacturing categories are electrical equipment, 

aircraft manufacturing and parts, primary metals industries, 

food and kindred products, printing and publishing, and chemi

cals. However, agriculture continues to play an important role 

admidst the fast-growing industrial and commercial activity or 

the lower basin. 

Turning our attention to water resources, an average 

or about 200 million acre-feet or water a year is provided by 

precipitation within the Colorado River Basin. All but about 

18 million acre-reet or this is returned to the atmosphere by 

evapotranspiration. Most or the stream flows originate in the 

high forest areas where heavy snow packs accumulate and evapo

transpiration is low. A small amount of runoff originates at 

lower altitudes, primarily from infrequent storms. Approxi

mately two-thirds or the runoff is produced from about 6 percen 

ot the Upper Basin area. 
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1 
! Stream flows fluctuate widely from year to year and I 
I 
! season to season because or variations in precipitation and 

1numerous reservoirs have been constructed to make water avail-, 
! 
i 

I able for local needs, for exports, and for downstream obliga-
i 
ltions. The usable capacity or basin reservoirs is about 62 
I 

I 
! I million acre-feet. 

I In addition to State laws which provide tor intra-

' I state control or water, use or water in the Colorado River 
i 
system is governed principally by four documents: the Colorado: 

iRiver Compact signed in 1922, the Mexican Water Treaty signed 

in 1944, the Upper Colorado River Basin Compact signed in 19Ji8, 
I 

land the Supreme Court decree or 19~4 in the case or Arizona 

I versus California. 

Among other provisions, the Colorado River Compact 

apportions to each or the Upper and lower Basins in perpetuity 

!the exclusive beneficial comaumptive use or .7.5 million acre-

feet or water from the Colorado River system each year. It 

further establishes the obligation or the upper d1v1a1on not 

to cause the flow of the river at Lees Ferry to be depleted 

below an aggregate ot 75 million a.ore-feet for the period ot 

any 10 consecutive years. 

The Mexican Water Treaty defines the rights ot Mexico 

to use or water rrom the Colorado River system. It guarantees 
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, the delivery or 1.5 million acre-feet or Colorado River water 

· annually from the United States to Mexico. 

The Upper Colorado River Basin Compact guarantees 
; 
; Arizona 50,000 acre-feet of water and apportions the remaining 
' 
i 

! 7.5 million acre-feet among the Upper Ba.sin States on a per-

I centage basis. 

In 1965 about 0.5 million acre-feet or water was 

! exported out or the ~per Basin for use in other parts of the 
I i _Tipper _Basin States. Gross diversions from the lower Colorado 
' 

i River tor use in the southern California service area and the 
i 

j lower Colorado River area in California totaled about 5.35 
I million acre-feet in 1965. 

The major use of water within the basin is tor 

agricultural, municipal and industrial purposes. At present, 

over 90 percent of the total basin withdrawal from ground and 

surface water sources serves irrigated agriculture within the 

basin. The remaining portion is used principally for municipal 

and industrial use. Approximately three-fourths or 7 million 

acre-feet or 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 produc-

tion, recreation, fish and wildlife, and other such uses. In 

the urban areas or the basin, municipal and industrial use• are 

I 
I 
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iincreasing significantly due to the rapid rate of population 
I 
! 
I 

!growth. 
' 
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I One of the largest causes of stream flow depletion in 
I 
!the basin is surface evaporation from storage reservoirs. Over 
I 
12.0 million acre-feet of water are estimated to evaporate 
I i . 
iannually from the lakes and reservoirs in the basin. Most of 
i 
I 

jthis evaporation is from major storage reservoirs on the main 
I 
I stem of the Colorado River. 
I 

I 
With this brief discussion of the setting and con-

lditions of the river, at this point I would like to turn to Mr. 

I Blackman for a presentation of the project studies of salinity 
I 
problems within the basin. 

WILLIAM C. BLACKMAN 

REGION VIII 

U. S. ENVIRONMENTAL PROTECTION AGENCY 

DENVER, COLORADO 

MR. BLACKMAN: Mr. Chairman, conferees. I am William 

c. Blackman. During the period or the field engineering 

studies which I am about to describe I was Chief, Pollution 

Source Evaluation Section, Colorado River Basin Water Quality 

Control Project. 

There are two basic causes of salinity increases in 
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streams. These are the salt loading effect and the salt con-

centrat1ng effect. The salt loading effect is the addition of 

minerals to streams by dissolution of mineral matter and addi-

ltion of the solutes to_ streams. The salt concentrating effects 

jare those such as evapotranspiration which abstract water from 
i 
lthe stream system, leaving the salt burden in the watershed. A 

more detailed explanation or these effects is provided in 

Chapter II or Appendix A. 

As part or its .overall study of the mineral quality 

problem, the Colorado project carried out a thorough review and 

statistical analysis or past water quality data and made 

detailed field investigations or present conditions. The 

statistical studies were designed to identify significant 

changes in mineral quality with respect to time and distance, 

to define the relationships or natural and manmade hydro-

geological factors, and to assist in the selection or points 

or reaches or stream where additional sampling was needed. 

In order to analyze the changes in quality with 

respect to time, we selected the total dissolved solids or TDS 

data as the input statistic. TDS is a broad analytical proce-

dure-which is generally indicative of mineral quality. More-

over, TDS was the only parameter other than pH or specific 

conductance which has been reported continuously throughout the 

I 
I 
i 
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1 period of record at each sampling station. 
I 

It is necessary that input data for use in statistical! 

I analyses be suitable for the particular analysis being uaed. We I 

initially attempted to apply the standard analytical technique 

known as analysis of variance using yearly average TDS concen-
1 . 

trations. In order for the analysis of variance to be valid, 

it is necessary--can we dim the lights?--it is necessary that 

the data occur in a normal distribution. In other words, 95 

percent of all observed values should fall within two standard 

deviations or the mean • 

• • • Slides •.•• 

This figure illustrates the normal d1atribut1on 

wherein frequency of observation is plotted vertically and the 

measured values are plotted horizontally, giving the familiar 

bell-shaped curve of a normal distribution. 

Our initial examination or the data tor unregulated 

streams or the Colorado River Basin revealed a bi-modal distri-

bution or TDS concentrations. Those or you who have Appendix A 

will recognise this slide as Figure l in the Appendix. B~-moda 

distributions such as those illustrated. indicate that two 

different populations were sampled. Most or the low TDS con-

centrationa are associated with the high spring runoff flows, 

whereas TDS values associated with the second peak on the plots 

I 
l 
I 
I 
1 
I 



w. c. Blackman 

are for the low stream flow months. 

We discovered that by separ~ting the data for the 

runoff months and the base flow mont.hs the frequency or 

occurrences or TDS concentrations at most stations were 

normally distributed or sufficiently so that analysis or 

variance could be used. 

In Figure ~ in Appendix A you see the distribution 

,20 

or monthly mean TDS concentrations tor base flow months tor the 

Eagle River near Gypsum, Colorado. 

During runoff months, as shown in Figure 7 or the 

appendix, the distribution also approximates a normal distribu

tion curve except that the curve is skewed slightly toward the 

lower values. 

Downstream ot the major impoundments, as might be 

expected, the frequencies or occurrences or TDS concentrations 

are distributed normally due to the mixing effect of the major 

reservoirs. This is the distribution curve tor the Colorado 

River at Parker Dam. 

The analysis or variance compares the variance in 

means tor periods or time in which apparent changes took place. 

These periods were identified by the use or mass curve tech

niques such.as. illustrated.here. This 1• Figure 9 in your 

appendix. The break which you aee occurred here 1n water year 
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1954 defined the two periods which were selected tor testing at 

this particular station. Test or this apparent increase by 

analysis or variance showed the change to be significant and 

the cause for the increase was round to be reduced stream flow. 

Now, the foregoing is an explanation or the statisti

cal methods whereby we reached conclusions concerning changes 

in salinity with respect to· time· in the Colorado River and these 

are the conclusions: 

During base flow months, that is August through 

March, four stations located above Hoover.Dam exhibited 

increases in TDS concentrations, tour show 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 or statistically significant 

decreases in salinity during the runoff months at these 

stations. It is significant that only increases in TDS occurred 

during the runoff months. 

It is during these runoff months that most or the 

yield or water supply or the Colorado Basin flows into the 

reservoirs tor use by irrigators, industries, and municipalities 

or the basin and its adjacent water service areas. 

The analyses or changes in mineral quality with 

respect to diatance were carried· out in eesentially the same 
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manner and the results were entirely predictable. Proceeding 

in the downstream direction, there were statistically signifi

cant 1ncreaaes in TDS concentrations between each pair ot 

upstream and downstream atationa •. For.example, on the Colorado 

River during base flow months, yearly mean TDS concentrations 

increased rrom 9- mg/l at Hot a&lpher Springs to 402 mg/l at 

Glenwood Springs to 732 mg/l at Cameo, and so on downstream. 

During runort month• at the same time TDS concentrations 

increased rrom 77 mg/l at Hot SUJ.pher Springs to 208 mg/l at 

Glenwood Springs to 265 mg/l at Cameo, and again so on down

stream. 

I will now describe tor you brietly and summarize the 

tield surveys which were carried out to define stream reaches i 

wbich.maJor changes in salinity and mineral composition occur 

and to identity thoae sources which might be amenable to contro • 

Tb1• map, wb1cb 1a Figure 1- in Appendix A, ahowa the 

network ot sampling atationa operated by·project personnel and 

tbe u. s. Geological Survey at ke1 locations en principal 

streams 1n tbe upper basin. Tboae station• where just a halt 

circle ia shown are the long-term USOS stations tbat were 

incorporated into this work. These stations were selected to 

provide measurement or salt loads entering and leaving s1g

n1t1cant watershed• and to define the magnitude et change~ in 
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mineral composition within critical reaches or streams. 

Here are the sampling locations in the Lower Basin. 

Once again we incorporated the USGS stations and also two 

stations operated by the Metropolitan Water District of Southern 

California. 

We subdivided the basin into a number of hydrologic 

units, which were usually watersheds, which we refer to in the 

report as study areas. Within each study area we measured the 

salt yields attributable to discrete or point sources such as 

springs, seeps, abandoned oil test wells, lllUnicipal and indus

trial discharges, cooling water, surface return flows from 

irrigated areas, producing oil fields, and coal and metal 

mining operations. With this information we then developed 

water and salt load budgets for each area. 

A budget in water quality terms is an accounting of 

the amount or salt and water entering, originating in, and 

leaving an area. From these budgets the contributions rrom 

diffuse sources such as leaching and seepage associated with 

irrigation and direct overland runorr to atreama were calcu

lated. This technique ia described in a general way in Appendix 

A and more rullJ by Vaughn Irons and his associates in u. s. 

Geological Surve7 rrofeaaional Papers 4-1 and --2. 
I have singled out a typteal study area to illustrate 
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the type or information which was developed for each study area. 

This example; which is referred to in the report as St,udy Area 

23, includes the entire drainage area or the Dolores and San 

Miguel Rivers as seen in this slide. This is Figure 36 in 

Appendix A. The study area covers 45,000 square miles in 

Montezuma, Dolores, San Miguel, Montrose and Mesa Counties in 

Colorado and Grand and San Juan Counties in Utah. As you can 

see in this illustration, T~S increased from 137 mg/l in the 

headwaters or the Dolores to 966 mg/l below Bedrock. This 

increase 1$ primarily, attributable to salt accretions from the 

Paradox tormation. 

On the San Miguel River, TDS concentrations increased 

trom 130 mg/l in the headwaters to 462 mg/l at the mouth. 

The salt-budget developed, tor this area--next slide, 

pleaae--tbe salt budget 'developed for this area is as shown in 

this slide. As you can see, irrigation contributed 46 tona/da7 

or 2.8 percent or the total load, industrial effluent and seep

age trom industrial ponds contributed 119 tons/day or 7.2 

percent or the total load, springs and salt seeps contributed 

695 tons/day or Ju. 8 percent or the total load, mine drainage 

contributed 20 tons/dJY or 1.2 percent, and runotr contributed 

7~0 tolia/da7 or Jt7 percent. 

Mr. Chairman, at this point I wish to enter into the 
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! record a correction on page 119 of Appendix A. The percentages 
I I which I have just enumerated should be substituted for those 

I which are tabulated on page 119 of the report. 

MR. STEIN: That will be done. 

MR. BLACKMAN: The water and salt budget method 
I 

I utilized in these studies is well suited to headwaters areas 

where stream flow and quality are sensitive to small input• 

or water and salt. The method is less suitable for downstream 
I 
I 

reaches where errors in flow measurement or laboratories analyse 

can mask or distort the calculated response to salt inputs. 

Owing to the very large diversions and highly developed systems 

of irrigation drains, the !Dwer Colorado River Basin studies 

were treated in terms or the errecta or salt load inputs and 

stream diversions. The data developed regarding each source 

waa then evaluated to determine possibilities and benefits to 

be derived from control. Mr. Vincent will summarize the contra 

aspects or this work following this presentation. 

During the period June 1965 through May 1966 the mean 

flow from the Upper Colorado Basin waa 19.263 CFS. The aalt 

load discharged into Lake Powell during the same period 

averaged 26,160 tons/day. The relative magnitudea or salt load 

contributed by various types or aources in the Coloraao Basin 

are summarised graphically in thia:-.slide, which is Figure -5 in 
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------ -- ---------------- ________ 1.?~1 
I 

I 
! 
I 

the appendix. As you can see, in the Upper tiasin 52 percent or I 

,the salt load was contributed by runoff, 37 percent by irri-
1 
I 
Jgated agriculture, 9 percent by natural point sources in wells, 
l 

' 
land 2 
I 
I 

':u>wer 

percent by municipal and industrial sources. In the 

Colorado River Basin 72 percent or the entire salt load 

l 
I 
I 
I 

I 
I 
j 
: 
I 

i was contributed by the sources we have just talked about in the ' 
I 

Upper Colorado Basin. Natural point sources contributed 15 

percent, runoff contributed 4 percent, irrigated agriculture 

9 percent,and municipal and industrial sources less than 1 

percent. 

This next slide, which is Figure 47 in Appendix A, 

I 

I 
! 
i 
I 

I 

I 
I 
I 

I illustrates graphically the relative salt loads from irrigated I 
areas throughout the Colorado River Basin. The area contributing 

the largest amount or salt load--the irrigated area contributing 

the largest amount or salt load is the Gunnison River Basin in 

the ~pper _Das1n, which contributed 29 percent• ihis is mostly 

from irrigated areas in the Delta-Montrose area, the Grand 

Valley area, which contributed 18 percent. These irrigated 

areas are mainly in the Grand Junction area. Other areas in the 

upper main stem contributed 5 pereent. 

In the Green River subbasin the irrigated areas in 

the Duchesne River, that ia in eastern Utah, contributed· 13 

percent; those in the Price River Basin contributed 5 percent; 
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ithe Lyman area in southwestern Wyoming contributed 4 percent; 
I 
i 

!other irrigated areas in the Green subbasin contributed 10 

percent. 

or the salt loads contributed by irrigated areas, 

those in the San Juan River subbasin contributed 5 percent and 
I 

I 

I in the lower main stem subbasin 11 percent .• 

Now, this next slide, which is Figure 48, shows the 

actual salt yields in tons/acre per year from various irrigated 

I areas in the basin. These range from almost o for the irri

lgated areaa or the Green River above the New Fork River to 

I approximately 8.5 tons per acre per year r or the irrigated 

I areas on the Price River. I think it is noteworthy that the 

Colorado River Indian reservation yield was approximately 0.5 

ton per acre per year while the Palo Verde irrigation district 

just across the river, situated on the same alluvial structure 

and irrigating the same type or soil, yielded more than 2.0 

tons per acre per year. This difference is attributable to the 

fact that the irrigated areas on the Indian reservation were 

nearly all tile drained and well leached, while drains in the 

Palo Verde district were being deepened and additional leaching 

was taking place during.the period or the investigation. These 

kinda or considerations bear heavily upon salinity control 

feasibility decisions. 
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Thia figure, which is Figure 49 in the appendix, 

compares the relative magnitude or some or the maJor springs 

and point sources of salt in the Colorado Basin. Aa you can 

see, the largest single point source in the whole basin ia 

Blue Spring, which is situated at the mouth or the Little 

Colorado in the Lower Bas.in. The load contributed there is 

approximately 1,500 tons/day, and to get some perspective or 

this, if you were to evaporate the water from this discharge 

.28 

you would have a train or about 30 hopper· cars full or dry salt 

per day issuing from this spring. The Paradox Valley formation I 

contributes 15 percent--let•s continue the Lower Basin. In the I 
Lower Basin La Verkin Spring contributes 6 percent and other j 

point sources 5 percent. In the ypper Basin the largest natural! 

point source is Glenwood Spring contributing 23 percent, the 

Paradox Valley contributing 15 percent, Dotsero Spring 10 percen1., 

and other sources 7 percent. 

In the San Juan subbaain the Mancos shale or the La 

Plata and McElmo Creeks cause the waters or the San Juan. to 

become predaninantq calcium sodium sulfate typ.e. In the Green 

River aubbaain irrigation return flows and runott trom Eocene 

lake beda causes similar changes.in.the predominant ions. In 

tbe upper main stem ot the Colorado, runor.t and.irrigation 

return tlowa in_ the ~compahgre and the highly saline formations 
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ot the Dolores River cause the upper main stem to become 

predominantly calcium sodium sulfate type waters. Increasing 

concentrations or these constitutentacause higher treatment 

costs for use by a wide range of industries and increased 

leaching requirement for irrigated crops, and,in ract,damage 

to some crops. In the lower main stem this predominance con

tinues down to the intensely irrigated areas or the Colorado 

River Indian reservation, the Palo Verde irrigation district 

and tbe Gila project where the irrigation returns cause the 

river to.become predominantly sodium chloride type. In addi

tion to the effects described earlier, waters high in sodium 

and chloride are directly toxic to sensitive plants. Now, 

there is a much more detailed· description or these effects in 

Appendix B or your repor.t. 

Ionic diagrams are provided in Figures 50 through 

2 

53 ot Appendix A,which also will give you a rundown on the 

changes in mineral composition which take place throughout the 

basin. 

May we have the next slide, please? 

Thia awnmary brings up to date the salinity data for 

keJ atationa in the basin. In the upstream stations, Cameo and 

Green River, JOU can see that between 1960 and 1970 there were 

the usual fluctuations in total dissolved solids concentration, 
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most or these attributable to differences in yield in that 

pilrticular--that is. runoff in that particular baain. Lee~ 

Ferry and Grand Canyon. Arizona. some increase can be seen 

between 1960 and 1970. It is important to note that the large 

value i.030 mg/l at Grand Canyon in 1963 is associated with 

the closure or Glen Canyon Dam and should not be considered a 

normal value. 

Proceeding on downstream. we really don't need a 

statistical analysis to see that at Parker Dam and at Imperial 

Dam there have been substantial increases between 1960 and 

1970. at Parker Dam from 631 mg/l to 764 mg/l and at Imperial 

Dail from 777 mg/l to 927 mg/1. 

We do not show earlier data tor the northerly inter

riat1onal boundary there because salinity ia greatly affected by 

·tMe Weldon-Mohawk bypass channel which was constructed apout 

the middle or the period. 

Mr. Chairman, Mr.- Jim Ruaaell.w1ll. now present the 

pHtaical and economic impacts or these salt sources which I 

-,have described. 

0 
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JAMES D. RUSSELL 

REGION IX 

U. S. ENVIRONMENTAL PROTECTION AGENCY 

SAN FRANCISC"O, CALIFORNIA 

MR. RUSSELL: Mr. Chairman, conferees. 
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My name is James D. Russell and.during the period or 

investigations or the salinity problem of the Colorado River 

Basin I was Chief of the Planning Branch or the Colorado River 

Basin Office. 

Long-term average salinity levels'have progressively 

increased in the Colorado River system as the basin's water 

resources have been developed and consumptive use of water for 

varioµs 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 

aalinity levels rise in the future, an evaluation was made of 

present and ruture salinity concentrations in the basin to 

provide the basis for the economic evaluation I will discuss in 

the next rew minutes. 

Historical salinity and stream flow data for the 1942 

through 1961 period ot hydrologic record were used as the basis 

for estimating average salinity concentrations under various 
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conditions or water development and use. Thia historical data 

was modified to reflect the effects that water uses existing in 

1960 would have had on average salinity levels it these uaea 

had existed during the full 20-year period. Average salinity 

concentrations obtained from this modified data were designated 

aa 1960 base conditions. 

Predicted future conditions ot water use, based on 

Federal, State and local development plans tvailable in 1967, 

were utilized to develop detailed projections or 1980 and 2010 

salinity levels. These projections were based on the aasumption1 

that water resource development would proceed as planned in 

1967 and .that the 1942 through. 1961 hydrologic record would be 

repeated. These projection• are tor long-term average salinity 

concentr.ationa. Actual.concentrations can be expeoted te 

fluctuate about these averages aa. a.reaul.t or seasonal .ohaag~a 

in stream flow and other hydrological taetera. 

Figure 5, which is round. 1n. App.endix B, trom .which 

most or my presentation will be taken, di.pla,a these proJeote4 

concentrations at nine •tationa in the basin. It i• particu

larly important, I think, to note the cencentrationa at Hoover 

Dam and Imperial Daa, because tor our analJ•i• these became 

rather critical points in·tbe ayat••· 

1960 baae coneentrationa were 6f 7 mg/l at· Hoover Dall 
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and 759 mg/l at Imperial Dam. 

On the basis ot the assumptions I just described, these 

concentrations were calculated to rise to 876 mg/l at Hoover Dam 

in. 1980 and 1,056 mg/l at Imperial Dam in 198.o. 

For the year 2010, which was the last target year of 

our analysis, the concentrations were calculated to be 990 

mg/l at Hoover Dam and 1,223 mg/l at Imperial Dam. 

It is important to recognize that salinity concentra

tions projected tor the Colorado River depend heavily upon many 

ractora, among which are assumptions or th~ base period or 

record and the assumed pattern ot future development. For 

example, the Colorado River Board or California esti~ted a 

concentration ot 1,070 mg/l at Imperial Dam for 1980, which 

compares quite tavorably to our estimate or 1,056 mg/l at that 

location. 

On the other hand, the Water Resources Council, using 

proJections or economic development prepared by the orr1ce of 

Business Economics and the Economic Research Service of the 

Department or Agriculture, predicted a concentration or 1,260 

mg/l at Imperial Dam in 1980. 

To provide the degree or refinement necessary to allow 

evaluation ot the small incremental changes in salinity levels 

pro4uced by a given water resource development, aal1nity 
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concentrations were computed to-the nearest mg/l in making the 

projections shown in Figure 5. However, it is not intended.that 

a high degree of accuracy be implied by these numbers. 

increases in salinity levels will result primarily trom flow 

depletions caused by out-ot-ba~in exports, reservoir evapora-

tion, and consumptive use ot water tor municipal, industrial, 

and agricultural pl!rposes. 

Projections t9r Hoover Dam indicate a relatively 

constant average salt loa4 over the next 40 years, but a 

substantial drop in water tlo.w. Over 80 percent ot the tuture 

increase in salinity concentrations at Hoover Dam will be the 

result ot increases in tlow depletions. Over three-tourths ot 

the projected salinity increase between 1960 and the year 2010 

will be the result or increases in reaervoir evaporation brought 

about by the tilling or major atorag~ re~ervo1ra cempleted since 

1960 and ot increaaea in conawnptive use brought about by the 

expansion or irrigated agriculture. 

Water uaea exhibit an increasing aenaitivity t~ 

rising salinity concentrations. Aa concentrations of salinity 
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! 1rise, water use is progressively impaired until at some critical 
I 
!level, defined as a threshold level. utilization of the supply 
i 

!becomes restricted. In the Colorado River Basin, future salinit 

I concentrations will be below threshold levels for instream 

I uses such as recreation, bydroelectric power generation, and 
I 

I propagation of aquatic life. Only marginal impairment of these 

!uses is anticipated. 

I In the lower Colorado River, however, present salinity 

I concentrations are above threshold levels for municipal, indus-

j trial and agricultural uses. Some impairme~t of these uses is 

now occurring and future increases in salinity will increase 

this adverse impact. 

The project investigated these progressive impairments 

of water uses and developed methods to quantify the resulting 

economic impact on both water users and on the regional economy. 

It should be emphasized that the methodology employed by the 

project staff was intent~onally 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 8asin. 

Subsequent investigations. therefore. were limited to three 
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main study areas: the lower main stem and Gila areas in the 

,Lower Basin and the southern California area encompassing the 
i 
I 
isouthern California water service area. The boundaries or 
i 
jthese study areas follow political rather than hydrological 
I 
I boundaries and are shown in Figure 3 or Appendix. B. 
j 
I 
j The lower main stem study area includes Clark and 
I 
I !Lincoln Counties in Nevada, Washington County in Utah, and 

1
Mohave, Coconino and Yuma Counties in Arizona. The southern 

i 
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j California water service area includes Santa Barbara, Ventura, 
I 
iLos Angeles, San Bernardino,Orange, Riverside, San Diego, and 

I Imperial Counties in California. 

The Gila study area includes Cochise, Gila, Graham, 
i 
'Greenlee, Maricopa, Pima, Pinal, Santa Cruz and Yavapai Counties 

in Arizona and Catron County in New Mexico. 

Irrigated agriculture accounts tor most or the water 

. use in these areas, amounting to over 70 percent or the river 

water used in the lower main stem and southern California areas. 

For the Gila study area there will be very little impact until 

1980, when water deliveries to the central Arizona project were 

assumed to begin. 

May we have the lights back on? 

In1t1al evaluations of possible salinity effects on 

basin water uses indicated that adverse physical ettecta would 
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I essentially be limited to municipal, industrial, and agricul-

tural uses. 

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 consumption, 

corrosion and scaling or metal water pipes and water heaters, 

accelerated fabric wear, added water softening costs, and in 
I 

extreme cases abandonment of a supply, whi~h may force a com-

munity or a group or citizens, at any rate, to go to a bottled 

water supply. By most hardness measures, raw water supplies 

derived from the Colorado River at or below Lake Mead would be 

boiler feed water is an important factor in the rate of scale 

formation on heating surfaces, degree of corrosion in the 

systemjand quality or produced steam.In cooling water systems, 

resistance to slime formation and corrosion are affected by 

I 
I 

mineral quality. 
I 

The required mineral quality levels are main- i 

tained in boiler and cooling systems by periodically adding an 

amount or relatively good quality water, termed makeup · water, 
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I~ discharging from the system an equal volume or the poorer 

quality water, termed blowdown. 

Salinity effects on agricultural uses are manifested 

primarily by limitations on the types or crops that may be 

I irrigated with a given water supply and by reductions or crop 
I 

yields as salinity levels increase. Other conditions being 

equal, as salinity levels increase in applied irrigation water, 

salinity levels in the root zone or the soil also increase. 

Because different crops have different tolerances to 

saltilin 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 or a crop, progressive impairment or 

the crop yield results. Irrigation water which has a high 

percentage or sodium ions may also affect soil structure and 

cause adverse effects on crop production. Truck crops such as 

carrots, onions, melons, lettuce, sweet corn, and tomatoes, as 

well as citrus crops such as oranges, lemons, and grapefruit, 

have already been detrimentally affected by the application or 

Colorado River water. 

The primary means or combatt1ng detrimental salinity 

concentrations in the soil are to switch to salt-tolerant crops 

aucb as sorghum, barley or oats, or to apply more irrigation 

water and leach out excess salts from the soil. 

8 
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The physical impacts which I have just described or 

salinity upon consumptive uses or water were translated into 

economic values by evaluating how each user might alleviate the 

effects of salinity increases. Municipalities could: 1) do 

central water softening plant; or 3) they could develop a new 

less mineralized water supply. 

. I 

I 
Industrial users could combine more extensive treat-

ment or their water supply with the purchase or additional make-

up water based upon the economics of prevailing conditions. 

The alternatives available to irrigation water users 

are governed by the availability or additional water. 1) The 

irrigator could. if he does nothing, suffer economic loss from 

reduced crop yields. 2) If additional water is available, root 

zone salinity may be reduced by increasing leaching water 

application. The irrigator in this case would.incur increased 

coats for the purchase or water, for additional labor tor water 

application. and for increased application or fertilize~ to 

replace the fertilizer leached out. Or 3) if no additional 

water is available, the irrigator can increase the leaching of 

salts from the soil by applying the same amount or water to a 

leaser acreage. Thia, or course, results in an economic loss, 
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since fewer crops can be grown. 4) The last alternative is to 

plant salt-tolerant crops. such as sorghum, in which case an 

economic loss will usually occur. since the salt-tolerant crops 

primarily produce a lower economic return. 

The cost or applying each or the al:ternative remedial 

actions was determined and the least costly alternative selected 

tor subsequent analysis. The yield-decrement method, which 

measures reductions in crop yield resulting from salinity 

increases, was selected to evaluate the direct economic impact 

on irrigated agriculture. For industrial uses. an estimate of 

required makeup water associated with salinity increases was 

~elected to calculate the direct ecenomic cost. Direct 

municipal costs were estimated by calculating the required 

additional soap and detergents needed. 

In addition to the direct economic costs incurred by 

the users of Colorado River water, there are indirect effects o 

the regional econoJDJ because or the interdependence of numerous 

economic activities. These effects, termed indirect costs, can 

be determined if the interdependenc1 of economic activities are 

known. 

The project's economic base atudy investigated the 

interdependence or various categories or economic activity or 

sectors. Theae were quantified for 1960 condition• and were 
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projected for the target years 1980 and 2010. A digital com

puter program was developed to follow changes affecting any 

given industry.through a chain oftransactiQ'ls in order to identify 

secondary or indirect economic costs of salinity. 

The sum or direct user costs and indirect costs 

suffered by the regional economy are termed total salinity 

detriments •. The detailed.economic analysis used to derive 

total aalinit7.detriments is discussed in detail in Appendix B. 

For the purposes ot this presentation. we will discuss results 

of that analysis as applied to expected s•linity levels at ff:)oYer 

Dam. 

Heover Dam is a.key point on the Colorado River 

system. Water quality at mosttp:)ints or uae in the r,ower Bas in 

and soqthern California water service area may be directly 

related to salinity levels at Hoover Dam. Modifications or 

salt loads contributed by sources located upstream from Hoover 

Dam also directly affect salinity levels at this location. 

Salinity concentrations at Hoover Dam were, therefore, utilized 

as a water quality index to which all economic evaluations were 

keyed. 

The table now displayed shows that under 1960 con

ditions the.annual-economic impact or salinity was estimated to 

total $.9.5 million. Although not shown on this table, we have 
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estimated that present salinity detriments, those occurring in 

1970, have increased to an annual total of $15.5 million. If 

water resources development proceeds as proposed and no salinity 

controls are implemented, it is estimated that average annual 

I economic detriments would.increase to $2.7.7 million annually in 

1980 and $50.5 million in the year 2010. 

May we have the lights, please. 

It should be noted that the majority or salinity 

detriments or nearly 82 percent will result from water use for 

irrigated agriculture. Thia tact may be attributed to the 

htavy utilization or Colorado River water tor irrigation along 

the lower Colorado River and in southern California. 

Also important is that we round that over three

fourtha of the salinity detriments will be incurred in the 

southern California water service area. Theae costs will 

result primarily rrom agricultural use in the Imperial and 

Coachella Valleys and municipal and industrial uses in the 

coastal metropolitan areas. 

Salinity detrimenta in the Gila study area will be 

minor and will not occur until atter 1980 when water deliveries 

to the central Arizona project were aaaUlled to begin. 

It must be remembered that tbe methodology employed 

by the project ataf't waa intentionally censervative. All costs 
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developed by this report to describe the impact of salinity 

must be considered minimal values. Comments received from 

California bear out this fac.t. In his letter of June Ji, 1971, 

Mr. Jerome Gilbert concluded that. and I quote: 

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 this conclusion are as follows: 

In the report, the cost impact 

on urban uses is related almost 

entirely t_o the cost of softening 

hard water in central system soften

ing plants. A number of re~ent 

technical articles and reports have 

stated that aof'tening coat• are only 

one aspect of the total cost impact 

in urban areas. A major cost impact 

is ·the deleterious ettect or water 

high in salinity and in hardness on the 

water purveyor f'aciliti~s. on d1atri

but1on systems, on the water pipes and 

appliance• within and on user premises, 

and on horticultural ef'tects in residential 
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and urban areas. The cost impact from 

these causes has been variously esti

mated by investigators to be no less 

than $5 per acre :root or water used per 

100 ppm increase in salinity. In addi

tion to these costs discussed in various 

technical papers and reports, there are 

the costs resulting from increased use 

or bottled water, costs or maintaining 

private swimming pools, and the generally 

adverse ef tects or poor taste or high 

salinity water supplies. 

The second point which Mr. Gilbert made was that: 

The agricultural impacts ot high 

salinity water are also understated in 

that they are predicated upon the yield

decrement .method of analyzing cost 1.mpacts. 

Irr~gators in California have not been accepting 

lower yields in accordance with the yi.eld~ 

decrement method, but have been spending 

m1111ona or dollars attempting to main-

tain yields through 1natallation or sub

terranean tile drains, increasing water 

744 



4 

J. D. Russell 

applications, and changing to expensive 

methods of irrigation. End quote. 

That concludes this portion of the EPA presentation. 

this point I would like to introduce--

MR. STEIN: Just a moment. We are going to recess 
I 

I i for lunch. 

I 

I reconvene 

Because of commitments that some people have, we will 

promptly at 1:30. 

(Whereupon, at 12:10 o'clock a noon recess was 

jtalcen.) 
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AFl'ERNOON SESSION 

TUESDAY, FEBRUARY 15, 1972 

1:30 o'clock 

MR. STEIN: Let's reconvene. 

Mr. Dickstein. 

MR. DICKSTEIN: Mr. Vincent, please. 

JAMES VINCENT 

REGION VIII 

U. s. ENVIRONMENTAL PROTECTION AGENCY 

DENVER, COLORADO 

MR. VINCENT: Mr. Chairman, and conferees. 

My name is James Vincent. During the salinity studies 

I 
I 

' I 
I 
I 
i 

t 
I . I 
I 

I 

I 
i 
i 
' 

I 
I 

I 
I 

I 
I conducted by the Colorado River 

I 
Basin Project which we are dis- I 

cussing here today I was Senior Engineer in the Water Quality 

Management Unit. 

A dilemma confronts the Colorado River Basin States. 

1 It no action is taken to manage present salinity levels, ruture 

economic development that results in further increases in 

salinity levels will in turn produce adverse economic effects 

on the basin economy. Implementation or controls to minimize 

salinity increases would require a major expenditure or funds. 

Regardless or the action taken by the States, a substantial 

economic errect will reault. 
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j 
I 

I A number or alternative approaches to solution or this 
i 
I 

:dilemma are available to the States. An awareness of the water 
I 
!quality and related economic effects associated with these 

!alternative approaches is essential before a rational decision 
i 
lean be made regarding the course of action best suited to meet
i 

Jing State and Federal objectives for enhancement of water 

!quality and wise utilization or the basin's resources. 

I In my presentation, I will discuss the various 

alternative approaches available, the technical possibilities 

1 for salinity control, control measures considered most prac-

tical, potential salinity control programs, and the economic 

impact or various levels or salinity control. Detailed dis-

1
cussions of the various salinity control and management aspects 

I 
are contained in Appendix c, to which I will be referring 

throughout my presentation. 

Three basic approaches, or a combination of these 

approaches, might be used to achieve a solution to the salinity 

problem: 1) we could do nothing; 2) limit development; or 3) 

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 or water quality 
I 

.._d_e_g_r._a_d_a_t_1_o_n_. _an_d_w_i_t_h_n __ o_im_p_1_e_m_e_n_t_a_ti_o_n_o_r_s __ a_1_i_n_1_t_y_c_o_n_t_ro_:__1_J 
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works. Thia approach, in effect, ignores the problem and allows! 
! 

I 

I 

unrestrained economic development at the expense of an increasedJ 
I 
! 

adverse economic impact resulting from rising salinity concen-

trations. Mr. Russell just before lunch discussed increases in 

future salinity levels and economic impact associated with this 

I approach. 
I 

The second approach would limit economic or water 

I 
resource development that ia expected to. produce an increase in 

jsalt loads or stream flow depletions. Such an approach would 

jminimize future increases and economic impact or salinity and 

possibly might eliminate the need for salinity control racil-

ities. It has the obvious disadvantage. however. ot possibly 

stagnating growth or the regional economy. 

The third approach. calling for construction or 

salinity control works. would allow water resource development 

to proceed. Salinity controls could be implemented to meet 

a number or possible objectives such as maintaining specific 

salinity level• or minimizing the economic impact or salinity 

increases. 

A wide range ot technical possibilities tor mini-

mizing and controlling salinity exiata. These may be divided 

into two categories: water-phase·and salt-phase control measure • 

Water-phase measures seek to reduce salinity concentrations by 
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augmenting the water supply, while salt-phase measures seek to 

reduce salt input into the river system. 

In the course of the salinity investigations carried 

out by EPA and its predecessor agencies, the potential feas

ibility or applying each technical possibility to the Colorado 

River.was evaluated and the most practical approaches selected 

tor rurther study. The various technical possibilities which 

may be applicable to the Colorado River Basin are listed in 

Table I on page 13 or Appendix c. 

Various factors, such as economic feasibility and 

legal and institutional constraints, limit the present applica

tion or.most control measures. 

Water conservation measures, which are listed under 

Item lA or the table, are lim1.ted in their practicality as 

means or increasing the water supply available tor dilution or 

salinity concentrations. The most practical means or increasing 

the water supply are listed under Item lB of the table. These 

include importing water trom other basins, importing demineral

ized sea wa~er, and the uae of weather modification techniques 

to increase precipitation and runoff. 

As you can see trom Table 1, a large number or techni

cal possibilities exist tor reduction or salt loads contributed 

by natural and manmade sources. Only a few or these methods are 
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considered practical. These include impoundment and evaporation 

of point source discharges. diversion of runoff in streams 

around areas of high salt pickup. improvement of irrigation and 

drainage practices. improvement of irrigation conve7ance facil

ities, desalination of saline discharges from natural and man

made sources, and desalination of water supplies at point or 

use. 

Eight potential -salinity control programs incorporat

ing the most practical control measures were formulated as a 

means of evaluating the magnitude,. scope and economic -t'ea.ai

bility or a potential basinwide control program. These 

alternatives included three salt load reduction programs, tour 

flow augmentation programs, and one program to demineralize 

water supplies at the point or us.e. A comparison or the costs 

and effects of these alternatives is presented in Table 3 on 

page Sil of Appendix .C. 

The three salt load reduction programs utilize 

control measures such as desalination or impoundment and 

evaporation of mineral spring discharges, irrigation return 

flows and saline tributary flows, diversion or streams, and 

improvement of irrigation practices and facilities. These 

programs would achieve estimated salt load reductions or up to 

3 million tons annually and would reduce average annual sal1n1t 
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concentrations at Hoover Dam by about 200 to 300 mg/l. 

The four flow augmentation programs evaluated were 

based on three potential sources or water: increased precipi

tation through weather modification, interbasin transfer of 

1 

1water, and importation of demineralized sea water. The volume 

ot flow augmentation provided by these programs would range from 

l.7 to 5.9 million acre-feet annually. Resulting reductions in 

annual salinity concentrations at Hoover Dam would range rrom 

100 to 300 mg/l. 

The last a~ternative program evaluated would utiliie 

desalination or the water supplies diverted to southern Cali

fornia as a means or minimizing the advers~ impact or salinity 

on the southern California water surface area. 

Estimated average annual program costs ranged from 

$3 million to $177 million. The present worth or the total 

program costs tor each alternative from 1975 to 2010 ranged 

from $30 million to $1,570 million. 

The eight alternative programs evaluated were not 

directly comparable due to differences in the level or salinity 

control achieved, the multi-purpose aspects or some programs 

versus the singular salinity control natures of others, and the 

time required for implementation. Based on evaluation of a 

number or factors, including total program costs, practicality, 
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the implementation time period, salinity control benefits, and 

other benefits such as increased water supply, the phased 

implementation or a salt load reduction program was selected as 

the least cost alternative for achieving basinwide management 

and control of salinity. Should the practicality or flow aug

mentation by weather modification be demonstrated by current 

pilot studies, however, the combination or such flow augmenta

tion with a salt load reduction program would be a more optimal 

approach • 

••• Slides ••• 

The salt load reduction program selected was deaigned 

to reduce the salt load contributed by five large natural source• 

and 12 irrigated areas totaling 600,000 acres. Locations 

or potential projects are shown in this slide, which is Figure 

3 in Appendix c. Together the five natural sources contribute 

about 14 percent or the basin salt load. All or the irrigated 

areas selected exhibited high salt pickup by return flows of 

about 3 to 6 tons per acre per year. Although this acreage 

comprises only about 20 percent or the basin's irrigated area, 

the 12 areas contribute about 70 percent or the salt load trom 

irrigation sources above Hoover Dam. 

Here 1n the Laa~Vegas area a potential project waa 

designed to eliminate the salt load carried by Las Vegas wash. 



J. Vincent 
751 

waste disposal practices proposed for municipal and industrial wiste 
sources in Las Vegas Valley by the Environmental Protection Agenb· 

. . I 

in a recent water quality standards enforcement action when 

implemented will essenti~lly eliminate the Las Vegas wash salt 

concentration. This will result in a decrease of about 10 mg/l 

in average annual salinity concentrations at Hoover Dam. Pro-

posed practices include impoundment and evaporation or industria 

wastes aDd export of ~icipal wastes to a closed basin. 

Potential projects at Ia Verkin, Blue and Glenwood Springs would 

reduce the salt load contributed by these large mineral springs. 

Impoundment &Jid evaporation of spring flow would be used for 

control of ra~~Verk1n Springs while most Of the flow fro~ other 

springs would be demineralized in desalination plants. In 

Paradox Valley the Dolores River would be diverted around an 

area or very high salt pickup. 

For the 12 irrigated areas, control measures would be 

implemented to reduce the volume of irrigation return flows 

which pick up large salt loads from saline soils and ground-

water systems. Improveme~t ot on-farm irrigation efficiencies 

b7 moditication or irrigation practices, improvement or irriga-

tion tacilitiea, reduction or exceaaive water applications, 

implementation or areawide irrigation scheduling services. and 

information programs ror 1rr1gators would have the largest 
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impact on reducing return flows and accompanying salt loads. I 

Improvement or water conveyance systems by lining canals and 
I 

laterals and installation or more automatic controls and 

If salinity concentrations are reduced by the imple-

mentation or control measures, certain costs known as salinity 

management costs will be incurred. The form and magnitude or 

these coats depend upon a number of factors including the con-

trol measures utilized and the degree or salinity control 

achieved. 

Probable costs, salt load reductions, and changes in 
I 

consumptive water use were estimated tor each or the 17 projects! 

in the selected salt load reduction program. The projects were 

then ranked on the baa1s or the unit cost or salt load reduc-

t1on. Incremental reductions in average salinity levels at 

Hoover Dam were estimated using the predicted salt load and flow 

changes. 

This slide shows the salinity management cost runctio 

developed from the individual project data. This is Figure 11 

1n Appendix c. The tunctions relate cumulative management cost. 

to cumulative salinity reductions. From the curves it is pos-

sible to evaluate the probable average annual coat of achieving 

a specffic level or salinity control. The slightly higher 

I 

I 
I 
I 

I 

I 
I 

I 
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! 
jsalinity reductions which can be achieved at 2010 relative to 

I 
!1980 for the same cost result from the fact that the flow 
I 

pass in~ 

j !Hoover Dam in 2010 will be less than in 1980. A constant salt 
I 

in ·1 

i 
I 

jload reduction will thus produce a larger salinity.reduction 
! 

I the ~maller flow. 
I 
I It should be noted that salinity management costs 

I increase rapidly for salinity reductions greater than 200 mg/l. 
I . 
! In 2010 doubling the salinity reduction at Hoover Dam from 135 
I 
' 

to 270 mg/l would result in a fourfold increase in management 

1 

costs. 

I 
For a given salinity level there is an economic cost 

I 

I associated with water use. and this was discussed earlier when 

we defined it as salinity detriments. and a second economic cost 

associated with maintaining salinity concentrations at that 

level. These are salinity management costs there on the screen. 

The sum of these costs. defined as total salinity costs. is the 

economic indicator or most significance when considering the 

overall effects of any specific salinity management approach. 

Total salinity cost functions can be developed by the 

addition of salinity detriment functions and salinity manage-

ment cost functions. 

Total salinity cost tunctions tor each decade from 

1970 to 2010 are shown in this slide. This is Figure 14 in 

I 
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Appendix c. The right end of each curve corresponds to the pre 

dieted salinity level for that year if no controls are imple

mented. If controls are implemented,. salinity levels would de

crease, producing a displacement to the left along the cost 

curve. For low flow levels of salinity control, corresponding 

to short displacements leftward on the cost curves, total salin

ity costs are decreased over the no control situation. Total 

costs continue to decrease as higher levels of salinity control 

are implemented until some minimum cost is reached. Beyond this 

point, total salinity costs are increased by implementing addi

tional salinity control measures. This particular characteris

tic of total cost functions results from the fact that the incre 

mental costs of salinity reductions increase rapidly for high 

degrees of control, as was shown in the previous slide. It 

should be noted that total costs will increase substantially wit 

time regardless of the degree of controls implemented. As a 

minimum, total salinity costs will double between 1970 and 2010. 

As discussed earlier, the three basic approaches to 

solution of the salinity problem are to do nothing, limit 

development, or implement salinity controls. The total salinity 

cost functions provide the tools for evaluating the economic 

and water quality effects associated with these approaches. 

Salinity controls could be implemented to meet a 
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!variety or management objectives which include both water qual-

1 ity and economic objectives. Three such objectives were 

selected for evaluation. These are: 

1) Maintain salinity at a level which would minimize 

lits total economic impact and achieve economic efficiency. We 

define this as a minimum cost objective. 

2) Maintain salinity concentrations at some specified 

level. We call this the constant salinity objective. And 

3) Maintain salinity at some low level ror which the : 
; 

,total economic 

lbe produced 11' 

impact would be equal to the economic :lnpact that \Oi).d 

no action were taken at all. And we call this 
i 
the equal cost objective. 

In addition to these three objectives, the no control 

and limited development alternatives were evaluated. 

Predicted variations in total salinity cost versus 

time for the five alternatives evaluated are shown in the next 

slide, which is Figure 17 or Appendix c. 

Total salinity costs would be minimized by the limited 

development alternative, which is the lowest curve on this 

graph. 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 benetits 
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that exceed all costs or the development. A project which is 

economically feasible will thus produce a net improvement in 

the regional economy. It the project is not built. the net 

benefits or the project would be foregone. representing an 

economic cost. A determination or the net economic benefits 

for~gone if the limited development approach were utilized was 

beyond the scope or the project's investigations. It is 

apparent, however. that if the annual net benefits foregone 

exceed $3 million in 1980 and $11 million in 2010. the total 

economic impact or limited development would exceed the impact 

ot the minimum coat alternativ.e. 

If unrestricted water resource development is 

permitted. implementing salinity controls to achi~ve a minimum 

cost objective would minimize totalaalinity costs. Thia is the 

second curve rrom the bottom on the graph. The no-control and 

equal coat alternatives produce.the identical highest average 

costs and most rapid increase with time of all the alternatives 

evaluated• and that is the top curve. Total coats associated 

with a constant salinity objective will fall somewhere between 

extremes ~atablished by the other alternatives with the exact 

cost dependent upon the target salinity level. 

In our example we used a target level or 700 mg/l 

an4 for this case total coats approximate minimum costs until 

I 
I 
I 
I 
j 

I 
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:around 1990, then increase rapidly, eventually exceeding the 

:no-control costs. That is the curve that extends up above the 
I 

top curve at the end. 

Selection of a higher target salinity concentration 

for the years 2000 and 2010 would reduce the total cost or this 

jalternative. Maintaining a constant salinity of 800 mg/l after 

1990 would produce costs comparable to the minimum cost alterna-

tive. 

One important observation can be made. Regardless of 

:the alternatives selected, the future economic impact or salinity 
l 
iwill be great. Although implementing salinity controls will 
' : 
i 

I 1result in availability or better water quality for various uses 
i 

jand some of the economic impact will be shifted from salinity 

I detriments to salinity management costs, the total economic 

I impact of salinity will not be substantially reduced. As a 
I 

I minimum, average annual total salinity costs will double between; 1970 

and 2010. Selection or the limited development alternative 

would reduce total annual costs by only 40 percent below the 

no-control alternative in the year 2010. 
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between 1960 ahd 2010 by about JJ2 percent or 293 mg/l. This is 

shown by the top curve. Selection or any or the other alterna

tives evaluated would substantially reduce future salinity 

levels or future salinity concentrations below the no-control 

levels. Except for the limited development alternative. these 

reductions would result in the maintenance or average aalinity 

concentrations at or below present levela tor more than 25 

years. Resulting water quality. therefore, would be consistent 

with nondegradation provision• or the water quality standards 

adopted by the seven basin States. The limited development 

alternative would result in slight increasea in average salinity 

concentrations. 

The least coat alternative program, used as a basis 

for the evaluation or the economic £eas1bility or aal1n.ity con~ 

trol. waa directed toward the objective or minimizing salinity 

concentrations on a baa1nwide baaia. Thia objective was achieved 

bJ reducing the average salt load paesing Hoover Dam, a control 

point tor the quality or water delivered to moat l.Dwer Basin and 

all southern California water users. It is important to note 

that salinitJ concentrations increase substantially between 

Hoover Dam and Imperial Dam due to water use in the lower basin 

and exports or water to the metropolitan water district or 

southern California. Implementation or salinity control 
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measures along the lower Colorado River could offset or mini

mize these salinity increases. Such measures have a higher unit 

cost for salinity reductions at Imperial Dam than those 

measures selected for the least cost a1ternative program and 

were omitted from consideration for this reason. Salinity control 

below Hoover Dam, 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 stream flow and water 

use occur throughout the basin. Peak concentrations reached 

during such fluctuations may exert adverse effects on water use 

tar exceeding the effecta predicted on the basis or average 

salinity conditions. By reducing average-salinity levels, a 

aalt load reduction program would provide a moderating effect 

on such peak concentrations. The possible magnitude or such 

fluctuations and their ad•erae impact, however, would indicate 

the need tor more positive means or minimizing peak concentra

tions. Possible control measures would include the manipulatio~ 

of reservoir storage and releases, close control or water 

deliveries to minimize stream fluctuations, and seasonal storage 

of salts in irrigated areas. 
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In conclusion, alternative approaches to solution of 

the Colorado River Basin salinity problem differ greatly in 

their impact on both basinwide salinity levels and the regional 

economy. It is clear, however, that regardless of the approach 

used, the future economic impact or salinity will be great. 

By timely implementation of salinity controls, it will be pos

sible to minimize this economic impact while holding future 

increases in salinity level• to a minimum. 

Mr. Chairman, at this time Mr. Freeman will conclude 

the EPA presentation. 

MR. STEIN: We are going to have a little change. 

Let's have some lights. 

I think we are going to call on Mr. Ellis Armstrong 

now. Mr. Freeman will come later. And there will be one 

change in the program. Since Mr. Armstrong has to leaYe, we 

will open this to questions to him af'ter be concludes. 
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ELLIS L. ARMSTRONG, COMMISSIONER 

BUREAU OF RECLAMATION 

U. s. DEPARTMENT OF THE INTERIOR 

LAS VEGAS, NEVADA 

MR. ARMSTRONG: Mr. Chairman and members of the water 

quality enforcement conference. 

I am delighted to be here today as the representative 

of the Secretary of the Interior to present the Department's 

interests and responsibilitie_s in the development and operation 

of the Colorado River and its position regarding standards for t~tai 

dissolved solids or salinity, a general term, of course, that we 

have been using here this morning. 

The dissolved solids concentration of the Colorado 

River is the most difficult water quality problem in the basin 

and has been for many years. The condition existed before the 

appearance of man, although it has been accentuated by man's 

land and water use practices. 

Reduction of the TDS concentrations involves complex 

water resources planning, management, and developmental inter

relationships with economic consequences of uncertain magn~tude 

and effect. We believe that numerical dissolved solids stand

ards must be equitable and enforceable, compatible with present 

and anticipated uses, and based on sound scientific and enginee1-
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ing and cost effectiveness considerations. There must be 

thorough and positive public participation in the establishment 

or such standards and in the choice or water quality goals. 

And in the context or current and projected conditions 

within the basin, standards must reflect quality goals as a 

basis tor a practical improvement program aimed at achieving 

needed salinity control within a reasonable time framework. 

However and moreover, water quality standards must be adjusted 

from time to time aa improvement programs demonstrate the 

practicability or dealing with salinity in an economic and 

beneficial manner. 

Thia Department accepts the need for nume~ical stand~ 

arda. However, we believe that it would be a premature and 

poorly defined course or action to apply such standard• within 

a year. It is essential that the available technical knowledge 

or the physical and social ractors involved and their inter

relationships and the probable consequences or proposed changes 

be tully understood before applying numerical atandarda. There

fore, account should be. taken or the salinity control and allied 

programs ot the Bureau or Reclimation, the Office of Saline 

Water and other agencies in the Department or the Interior and 

with the States involved in the establishment or these atandard.81 

We are developing a mathematical simulation model and have relattd 
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economic studies and several feasibility investigations to 

assist in the selection process under way. A Federal-State task 

force should be appointed to provide guidance and to participate 
I 

in the effort. The task force should be allowed 3 years to I 

1
complete the work, to complete its findings, and to make recom

mendations to another session of this conference. 

This recommendation is based on these considerations: 

l} Historical records at Imperial Dam show that the 

average salinity concentration for January 1957 was 1,000 ppm 

and for December 1967 it was 992 ppm or mg.11. Six other months 

in the period 1941 to 1968 have had average concentrations above 

960 ppm. However, it ia not possible to predict future salinity 

concentrations for any particular month, nor can it be assumed 

that past flow and concentration cycles will probably be repeate 

in the future. 

With Lake Powell and Lake Mead regulating the Colorado 

River, it would require several consecutive low-flow, that is 

drought, years to produce an annual salinity concentration of 

1,000 ppm,or higher, at Imperial Dam. However, with present 

depletions, it is probable that the average concentrations for 

the 8 months referred to above w~uld. have exceeded 1,000 ppm. 

Furthermore, with present depletions, the.l,000 ppm mean monthly 

concentration at Imperial Dam would have been exceeded in -0 
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jmonths during the period 1941 to 1968. 

I 2) A number of projects, particularly those involving 

transmountain diversions, have recently been completed or are 

now under construction, which will increase the consumptive 

I use of Colorado River water and cause a reduction in dilution 
I 

I flows, which will increase the salinity concentration. Other 

projects will be undertaken in the near future. These include 

both Federal projects and those contemplated by municipalities 

and private industry. Many of these projects could be affected 

by numerical standards. 

The estimated depletions from these projects are 

listed in the Bureau of Reclamation's report entitled, "Quality 

of Water-Colorado River Basin-Progress Report No. 5, January 

1969." And that summary table is attached to this statement. 

If a numerical standard or 1,000 ppm maximum monthly 

average is established at Imperial Dam, it will probably be 

necessary to maintain--. 

MR. STEIN: Mr. Armstrong, do you mean 1969 or 1971? 

MR. TABOR: The text says 1971. 

MR. ARMSTRONG: Excuse me. Oh, the report? 

MR. STEIN: Yes. 

MR. ARMSTRONG: It is 1971. Excuse me. 

MR. STEIN: o. K. Go on. 
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I 

MR. ARMSTRONI!: I am sorry. 

If a numerical standard of 1,000 ppm maximum monthly 

average is established at Imperial Dam, it will probably be 

necessary to maintain the 28-year average annual salinity con-

centration at Imperial Dam for present development, and that is 

i 865 ppm. In order to maintain this concentration with the 
I 
J expected depletions from future projects, a reduction or 2·.55 
j 
!million to 3.0 million tons of salt per year at Hoover Dam will 
I 

i 
I be necessary. If the salinity control projects, described 

i later in my statement, achieve an estimated potential reduction 

or 1.9 million tons per year at Hoover Dam, and allowing tor 
I I the depletions by future projects, the 28-year average annual 

I I and peak monthly concentrations at Imperial Dam for three levels 
I 
I of reduction would be as shown in Table 1. 
I 

And that shows that the annual salt reduction at 

40 tons, and the probable peak concentration would be greater-· 

than about 1,160. And then going down with no reduction, tor 

I 

I 
I 

I 
I 

i 
I 

I 

instance, you see that it increases in the annual concentration, 

the peak monthly concentration at Imperial Dam out in the lower 

right-hand corner would be 1,360 (sic). 

Lights, please. 
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3)An adequate system of salinity improvement projects 

will require considerable time--this is the third point--con

siderable time for formulation and construction. Additional 

time would then be required before salinity control effects 

were achieved. In the meantime, the depletions of water men

tioned previously will be taking place. 
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4) Present estimates of the effectiveness of control 

measures may be optimistic and may have to he scaled down. 

5) Numerical standards at points in the system other 

than at Imperial Dam (assuming smaller numerical limits would be
1 

established at upstream points) should be established so as to 

recognize the physical and hydrological interrelationships of th 

entire river system. 

The Department of the Interior is pledged to pursue a 

program of salinity control for the benefit of all citizens to 

whom the Colorado River is a lifeline. 

The Secretary has broad as well as specific respon

sibilities under applicable laws to manage the water resources 

of the Colorado River Basin to (1) apportion the water flows 

according to the Colorado River Compact of 1922, (2) meet 

commitments to Mexico under the International Water Treaty of 

1944, (3) conform to the requirements of the Supreme Court 

Decree of 1964, (4) meet specific contractual obligations with 

water users in the United States, (5) develop and manage water 
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resources in accordance with specific authorizing legislation 

and in the public interest, (6) protect the recreation, fish and 

wildlife, and environmental values, and (7) assist in imple-

menting the provisions of the Water Quality Act of 1965 and 

amendments relating thereto. 

MR. STEIN: You know, after reading those seven, Com-

missioner Armstrong, I am never going to say we have troubles 

again. (Laughter.) 

MR. ARMSTRONG: You have got a good point. 

There are many documents that river operations must 

conform to, including the Colorado River Basin Project Act of 

1968. The"Criteria for eoordinat:eo long-Range Operation of 

Colorado River Reservoirs, ·197·0, these were developed in 

accordance with this act. 

Within the context of these responsibilities and legal 

requirements there are certain considerations that are para-

mount, and they include: (1) There can be wide fluctuations in 

the concentration or dissolved solids in the river as a result 

of annual variations in precipitation and the management of the 

available water resources, (2) the total available water 

resources of the river are allocated by interstate compacts and · 
' 

the international treaty, (3) the treaties and decrees have 

apportioned water quantitatively but are silent on water qualit~ , 
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and (~) studies made by this Department, the Environmental 

Protection Agency, the Colorado River Board of California, 

I and the Water Resources Council project increases in salinity 

unless control measures are.taken concurrent with development 

ror use or the presently allocated water. 

In recognition or the effects of the proposed 

_developments on the salinity of the river, the Congress 

apec1rically directed the Secretary or the Interior to make 

water quality studies and to devise plans for improvement. 

This is provided for in three public laws: 

1) Section 15 or the authorizing legislation tor the 

Colorado River Storage Project and Participating Projects 

states and I quote, 

The Secretary or the Interior is 

directed to continue studies and make reports 

to the Congress and to the States of the Colo-

rado River Basin on the quality or water or 

the Colorado River. 

2) Section 15 or the authorizing legislation of the 

San Juan-Chama Project and the Navajo Indian Irrigation Project 

states: 

The Secretary of the Interior is 

directed to continue his studies or the quality 
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of the water of the Colorado River system, to 

appraise its suitability for municipal, domestic, 

and industrial use, and for irrigation in various 

areas or the United States in which it is pro-

posed to be used, to estimate the effect or 

additional developments involving its storage 

and use (whether heretofore authorized or con-

templated for authorization) on the remaining 

water available for use in the United States, to 

study all possible means or improving the quality 

of such water, and of alleviating the ill effects 

of water of poor quality, and to report the 

results or his studies and estimates to the 87th 

Congress and every 2 years thereafter. 

We have thus far made five reports and this one is the fifth 

one, dated January 1971, and I think all of you folks have a 

copy of that report. If not, we will be glad to provide you 

with one. 

3) Authorizing legislation for the Fryingpan-

Arkansas--here is another requirement--Fryingpan-Arkansas 

Project contains similar language pertaining to water quality 

reports and stipulated that the first report should be provided 

by January 3, 1962, to be followed by submission of reports 

I 

I 
I 
I 
! 
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every 2 years thereafter. 

These acts provide authority to this Department for 

basinwide planning of a salinity control program. Implementa

tion of feasible and justifiable salinity control projects 

will require congressional authorizations. The responsibility 

to l)lan and implement the contr.ol programs has been entrusted 

to the Bureau or Reclamation, with the function to be coordi

nated with other agencies of the Department of the Interior, 

such as the Office or Saline Water, the Office or Water 

Resources Research, the Geological Survey, Bureau of Land 

Management, the Bureau of Indian Affairs, Bureau of Sport 

Fisheries and Wildlife, Bureau or Outdoor Recreation, and the 

Bureau ot Minea. Aa planning and implementation progress it 

is expected that particular contributions can be made by each 

ot these agencies to the successful conduct of the compre

hensive program for salinity control. 

The Office or Saline Water will be deeply involved in 

implementing the program. The osw is currently testing a con

cept or using a large-scale ion exchange desalting system to 

control the salinity level or the Colorado River. If this con

cept proves feasible, osw, in conjunction with the Bureau or 

Reclamation, proposes to plan and site a large-scale research 

and development facility tor the purpose or identifying the 
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costs involved in desalting point sources. 

The Office of Water Resources Research will assist in 

1

1

1

: 

I the solution of pr9blems that are beyond current technology. 

The physical and institutional complexities encountered in con- I 

trolling salinity in the Colorado River appear, from current 

studies, to be much greater than experienced elsewhere. This 

will require a push into new technical areas that will require 

supporting research. In conjunction with the Office or Water 

Resources Research,requisite technology is being identified and 

arrangements will be made for prosecution or such research. 

And these will be subsequently described in greater detail. 

The Bureau of Land Management will be inv~lved in 

programs aimed at increasing water yield, decreasing erosion, 

subjecting springs and other natural water sources which are 

unusually high in salinity to control measures, and managing 

the Lower Colorado Recreation Area to protect the water 

resources. 

Working with the Bureau or Indian Affairs and the 

Indian tribes, all or whom have a direct concern in the impact 

of increased salinity levels, means will be explored for reduc-

ing salinity contributions from irrigable lands under their 

jurisdiction. Moreover, the Bureau or Indian Affairs will con-

tinue programs for improving the vegetative cover and watershed 
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management to reduce erosion and transmission or sediment in 

the runoff water from their lands. Here again. cooperation with 

Indian landowners will be actively sought. ·since they must 

determine the measures possible and the rate or accomplishment 

within available funding. 

The Geological Survey haa made contributions to the 

def1.n1t1on ot the problem. Its extensive water quality data 

information system and network in the Colorado River Basin 1s 

providing a log or information upon which design and evaluation 

of water quality programs must be based. Its research into 

geochemical relationsh~ps within the . .basin should yield 

important facts usef'ul in planning for and implementing control 

measures. 

Implementation plans will be coordinated with the 

Bureau of Sport Fisheries and Wildlife and the Bureau or outdoor 

Recreation. It is quite possible that beneficial use or saline 

resources could be accomplished through development or fish and 

wildlife or recreational areas. 

The Bureau or Mines may be called upon to provide 

assistance in the extraction or mineral or commercial value 

from the saline waters removed from the river. Thia could 

involve studies or processing and use of the minerals and 

related economic eYaluations. Also it has a role in identifying 
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potential sources of salinity increase that may result from 

mineral extraction processes. 

At its headwaters the Colorado River has a total 

dissolved solids concentration of about 50 ppm or less. As 
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the water moves downstream, as has been described, through this 

vast arid region, there is a gradual increase in the salinity 

until at the lower reach at Imperial Dam the long-term average 

annual values resulting from present development are at a level 

of about 865 ppm. Much of this increase in salinity occurs as 

a result of natural solute erosion. This process embraces the 

geochemical reactions that take place as water moves through 

the cycle. The process has been active over geologic time. 

Even witn the extensive developments by man, the natural 

processes are still the principal source of the salinity in the 

r_iver. 

Development of the water resources in the Upper 

Colorado River Basin toek place gradually from the beginning of 

settlement around 1860 and has been continuing. The principal 

water use was for irrigation, and by 1905 about 800,000 acres 

were irrigated. Between 1905 and 1920 the development of irri

gated land continued and by 1920 1. 4 million acres were 

irrigated. Development then leveled o tr an d th e 

increase since that time has been slow. In 1965 there were 1.6 
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million acres under irrigation in the Upper Basin. The slow 

growth of the irrigated acreage in the Upper Basin in the last 

45 yea~s is ascribed to both the physical and economic 

limitations on the availability of water. By 1920 most of the 

lower cost and more easily constructed developments were in 

operation, and although some new developments have taken place 

since that time, they have been partially offset by other 

acreages going out of production. 

Irrigation development in the Lower Basin also began 

around 1860. Here the development was slow because of diffi

cult diversions from the Colorado River with its widely 

fluctuating flow. Development of the Gila area began in 1875 

and in the Palo Verde area in 1879, increased in the period 

1900 to 1910 with construction of the Yuma Project, the Palo 

Verde Canal, and other irrigation projects along the river. 

Completion of the Boulder Canyon Project in the 1930's 

and construction of other downstream projects since that 

time have brought about 1,300,000 acres under irrigation. 

In this regard, the Colorado River now provides 75 percent 

of the water to southern California where more than half of 

that State's 20 million people live. 

Recognition of the potential water quality problems 

was made as early as 1903, when the initial work to identify 
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I 
desirable salinity levels for maintenance of crop production I 

I 

under irrigation was undertaken. At that time a limited amount l 
I 

of water sampling and analysis of the river was being performed,, 

primarily by the Geological Survey. The main purpose of early I 
l 

tests was to evaluate the suitability of the water supply for 

I irrigation and other uses. In time it became quite clear that 
I 

there had been a gradual increase in the salinity as a result 

of development of the resources. 

Salt-concentrating effects were produced by evapora-

tion, transpiration, and diversion of high quality water out of 

the basin. Also. salt-loading effects occurred through the 

addition of dissolved solids to the river system from both 

natural and manmade sources. Because of the wide fluctuations 

in concentration from natural causes, the developments on the 

river 9 particularly the larger reservoirs. produced offsetting 

beneficial effects by stabilizing the quality of water. 

Prior to the passage of the Colorado River Storage 

Project and Participating Projects. the San Juan-Chama Project 

and the Navajo Indian Irrigation Project, and the Fryingpan-

Arkansas Project. it was evident that these major actions would 

result in increased consumptive use of the water in the Upper 

Colorado River Basin as well as water diversion from the basin d 

thus significant increases in salinity levels could be expected. 
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I Congress directed that specific studies be made of the water 
! 
I 
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I quality problem and that control plans be developed in deference 

Ito the concern of the people of the basin and the users of the 

lcolorado River water. 
I 

I 
I 
i 

As a result of the legislative requirements, a basic 

I network of water quality stations was established at principal 

!points throughout the Colorado River Basin. Analyses and 
' 
i 
I 

! studies were begun for the entire basin, ~iennial reports were 
I 

started in 1963 and have continued since, and I mentioned the 

Report No. 5 which was published in 1971. This report is sub-

m1tted as a part of this testimony and it covers the basic 

studies and evaluations of existing salinity conditions, the 

anticipated effects of additional developments, the effect of 

salinity on water use, the potentials for salinity control, 

and other related water quality aspects. 
I 

The Colorado River Basin Water Quality Control Projec~ 

was established in 1960 by the u. s. Public Health Service. 

These functions were later transferred to the Federal Water 

Quality Administration within the Department of the Interior 

and subsequently transferred to the Environmental Protection 

Agency. The early project investigations assisted in 
i 

identify- i 
I 

ing many or the water quality problems or the Basin • In 1963 j 

....._e_r_f_o_r_t_s_w_e_r_e_d_i_re __ c_t_e_d_t_o_w_a_r_d_s __ e_v_a_1_u_a_t_1_n_g_t_h_e_s_a_1_1_n_1_t_y_p_roblems • I 
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In 1968 the FWQA and the Bureau of Reclamation 

iinitiated a joint reconnaissance salinity control study in the 
l 

i 1Upper Basin to identify potential controllable sources of 
I 

I salinity, make preliminary assessments of the technical feas-

ibility of the control measures, and derive initial cost 

estimates for installation and operation of such measures. The 

first year of the study was financed by the FWQA, which trans-

!rerred funds to the Bureau of Reclamation, and the second year 
! 
i 
jof work was financed by the Bureau. Upon completion of the 
I 

!reconnaissance studies, FWQA proposed to finance feasibility 
I 
I 

!studies; however, budget limitations in Fiscal Year 1970 pre-
1 
l 

i 
!vented funding of these studies. 

I Also in 1968, the· two agencies cooperated, to develop 

! 

a proposed salinity control plan of study for the Colorado I 
I 

I River Basin. This initial program had an investigation phase I 
spread over a 6-year period, with costs averaging about $1.75 j 

million a year. The second phase was to involve implementatio~ 

of a basinwide salinity control plan. During the Federal I 
reorganization activities which transferred the reaponsibilitiesl 

of FWQA of the Department to the newly established Environmental! 

Protection Agency,the program became inactive. 

Subsequently, the Colorado River Board of California 

undertook studies or the salinity problem and issued a report 
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in 1970 entitled "Need for Controlling the Salinity of the Colo

rado River." The Environmental Protection Agency recently com

pleted a report that has been discussed here today. It was this 

report, entitled "The Mineral Quality Problems in the Colorado R ve 

1Basin," dated 1971, which set the stage for this conference. 

Under the direction of the Water Resources Council, a 

State-Federal interagency group prepared a framework program 

for the development and management of the water and related 

land resources or the Lower Colorado River Region. This report 

recognized the salinity problem in the basin and recommended 

continuing studies or· the Region's increasingly complex water 

quality problems. Concurrently, the Bureau of Reclamation, with 

the assistance of the several States involved, developed a 

program for investigating methods of controlling the salinity of 

the river. The funding of this work was accomplished during the 

current fiscal year. It is currently under way and details will 

be discussed. 

Now, the progress reports by the Bureau of Reclamation, 

the Salinity Report by the Colorado River Board of California, 

the Lower Coloradc Region Comprehensive Framework Study by the 

Water Resources Council, and the EPA report, have served to 

identify and better define the problems involved. The important 

fact emerging is that salinity is projected to increase with 
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I 
I development unless a comprehensive, basinwide water quality 
I 

I 
I 

I I management plan is implemented and supported by the instal-

I 

lation or structural and nonstructural measures to control 

salinity increases. Projected estimates or salinity levels at 

Imperial Dam are presented in Table 2. 

May we have the lights, please. 

The projected salinity levels in all studies are con-
! 
I 

siderably above the annual average mean for the present develop-I 

I 
i ment of 865. 
' 

Notice the first one is the EPA estimate, 1980--1,060,: 

I and 2010--1,220. 

The Colorado River Board or California, 19.80--1,070, 

and 2000--1,3qo,and 2030--1,390. 

The Water Resources Council, ittao--1,260, 2000--1,290, 

2020--1,350. 

I 
I 

And the Bureau or Reclamation study with full develop-I 

ment of the authorized projects would be from 1,150 to l,250. · 

Now, the difference in these is concerned primarily 

with-the basic assumptions on which the studies were made, 

that is the rate in which the developments would occur, and 

while there are some differences in the totals, they all indi-

cate that we do have a problem, as or course we are all aware. 

Lights, plliease. 
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It is significant that all the studies of the 

agencies predicted the proposed development will cause a 

considerable increase. We should also remember that with the 

present qualities some irrigators are resorting to special 

practices in order to use the water to grow salt-sensitive 

crops. Some areas have drainage problems which could be 

magnified if higher salinity water were used. Municipal and 

industrial users are now raced with considerable expense in 

treating water. It is clear that allowing the salinity of 

the river to increase will result in considerable economic 

injury. Thus, the salinity problem is primarily an economic 

issue. 

No detrimental effects on the environment along the 

Colorado River are envisioned due to increased salinity con

centrations, that is within the limits expected~ Most of the 

natural vegetation has a salinity tolerance higher than the 

projected salinity concentrations. 

The De~artment concurs in the EPA's findings 

that future salinity concentrations will be below threshold 

levels for instrea.m uses such as recreation, hydroelectric 

power, fish life. 

The p~ior studies of water quality problems 

in the Colorado River by the Bureau, the EPA, and the 

782 
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I 
j Colorado River Board of California have served to define the 
l 
I 
1 problem and outline potential control measures. They are not, 

however, sufficient to undertake immediate construction of con-

trol measures. Cost effectiveness analyses have been prepared, 
I 
jbut these~ it must ~e recognized, are based on reconnaissance 

j studies and reconnaissance data. 

For example, point sources of salinity have been 

geographically identified, salinity concentrations measured, and
1 

! 
output of salt load estimated. Neither the feasibility of cap-

I 
I 
I 

1 turing these flows has been verified by requisite field geo- I 
1 

logical explorations nor the consequence of such proposed actio~ 
assessed. Similarly, diffuse sources of salinity have been 

I 
located but reliable measures of salt loading could not be made 

because of inadequate records. However, practical methods for 

controlling the salt loading from such sources still need to be 

developed. 

With respect to the salt loading from irrigated lands; 

it is anticipated that improvement in management and use of wat 

on the irrigated farms will result in improved quality of 

return flow. Such action, buttressed by improvements in water 

conveyance systems, involving seepage reduction through canal 

lining, and improvement in operational techniques, also is 

expected to contribute towards reduced salt loadings in the 
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river. 

Complex interrelationships or human activities and 

physical field conditions must be analyzed to determine the 

amount or salt load reduction that could be achieved. Coopera

tive research on this problem is under way by the Bureau of 

Reclamation with the Environmental Protection Agency financing. 

This work involves the development or a mathematical model for 

predicting quality or return flows. 

Studies by the Bureau of Reclamation have shown that 

the average annual salt output from irrigation in the basin will 

occur within the range Oto 2 tons per.irrigated acre. Local 

irrigated areas overlying marine shales containing large quan

tities or soluble salts may have annual outputs exceeding 2 tons 

per irrigated acre, while areas covered with a salt-free loessial 

mantle overlying the glaciofluvio deposits have practically no 

salt. pickup. 

In view or the foregoing, it is essential that feas

ibility studies be pursued on point, diffuse, and irrigation 

sources to disclose the maximum improvement in water quality 

that can be achieved with present technology. These studies must 

develop the full costs involved, identify the control means, the 

trade-offs, and specify the time required to achieve specific 

degrees or control for particular reaches or the river. The 

comprehensive salinity control plan, therefore, must be 
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engineeringly feasible, politically acceptable, and administrat

ively viable through appropriate institutions. 

The program for improvement of water quality that we 

have under way. Studies recently completed by the Bureau of 

Reclamation, the Environmental Protection Agency and its prede

cessors, and the Colorado River Board of California have set 

the stage for these detailed investigations. Working with 

several of the States involved, a comprehensive program was 

launched this fiscal year by the Bureau of Reclamation. The 

goal of the program is to control salinity of the river at 

a level compatible with the uses to which that water is and 

will be put. However, the implementation will be dependent 

upon the development of economically and environmentally 

feasible plans and related financing. 

The details relating to this program are contained 

in the February 1972 report· of the Bureau entitled "Colorado 

River Water Quality Irnpr.ovement Program." This report will be 

submitted as part of the testimony of this Department. So I am 

just going to give a brief overview of the program. 

Currently the program is funded for this year at 

$455,000 with a proposed expansion next year of a little over 

$1 million. The planning activities as scheduled in Fiscal 

fear 1972 thro.ugh 1981 total approximately $18 million. 
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.Construction activities which may be initiated within this time 

:frame could involve costs of $300 million or more. Such fund-

ing would be requested following a demonstration of economic 

feasibility of specific salinity control projects. The most 

promising prospects for achieving salinity control have been 

.screened and therefore effort will be concentrated on feas1-, 

'bility investigations to expedite movement or salinity control 

projects through the congressional authorization processes. 

In the evaluation of this program. a mathematical 

·model or the Colorado River will be developed. and is under 

idevelopment, to analyze the economic costs of salinity versus 

:the cost of salinity control measures. And in this study we 

:will build on the mathematical model work that has been done 
' ' I 
iby the EPA. 
I 

A study will be conducted to analyze existing 
! 
;institutional and legal requirements. These would form the 
I 
!basis for applying systems analysis to evaluate and select 

lcontrol measures by measuring their physical and economic 

I 
' I 
i 
! 
I 

I 
I 

I 
I 
I I 

jimpacts and assisting in evaluating water management I 
procedures. I 

In addition. a special study is being made or the I 

potential application or the ion exchange process ror desalting I 

the river flows. This will provide assessment or alternative 

salinity control concepts which have not heretofore been con-

templated--that is, controlling salinity on a large scale at 
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id1vers1on points rather than control at the sources. Other 
I 

I 
I 

;supporting studies will be conducted to evaluate still other 

!potential control procedures. 
i 
i 

I Decision points w i 11 be utilized in the program to 

I 
!determine direction as feasibility studies are completed. 
i 
I 
I 

Salinity control on the scale contemplated represents a pio-

neering effort in which alternative solutions will need to be 

assessed for effectiveness, environmental consequences, 

787 

economic impact, and equitability to the States involved. Also 

1

1t should be recognized that studies in the re_ach from Hoover 

iDam to Imperial Dam have heretofore been insufficient to com-

pletely identify the comparatively large increases in salinity 

occurring within that reach. In the water years 1961 through 

jl965, the mean concentration below Hoover Dam was 714 ppm 

!while at Imperial Dam for the same period the mean value was 

824, an increase of 110. It is essential, therefore, that the 

salinity problems in this reach be identified. Such additional 

jstudies could significantly alter the course of the study. 

The point source control program involves evaluation 

of the control projects at La Verkin Springs, Paradox Valley-

these were discussed in the EPA discussion--Crystal Geyser,Glen-! 
! 

wood Springs, Blue Springs, and Littlefield Springs. Feasi- l 
I 

bility studies of point sources are under way at La Verkin I 
----- --------- - __________ __. 
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Springs and Crystal Geyser in Utah, Paradox Valley and Glenwood 

Springs in Colorado. And the Blue Springs in Arizona that I 

have on my statement will not start until next year, that is the 

feasibility of that study. Reports are scheduled to be completed 

for La VerkinSprlngs and Crystal Geyser in Fiscal year 1973 and 

for Paradox Valley and Glenwood-Dotsero Springs in Fiscal years 

1975 and 1976. The physical setting of Blue Springs suggests 

that development of a control plan may be very difficult, 

because this is a very complex area and we need additional 

detailed information, and these studies from the feasibility 

grade are not scheduled for completion until Fiscal ¥ear 

1978 because of the need or additional time to assemble 

additional basic data. A feasibility study for Littlefield 

Springs is scheduled for the period 1974 through 1976. 

Authorization and funding of the feasible projects 

are estimated to take 12 to 18 months under the most favor

able conditions. With this optimistic assumption, La Verkin 

Springs and Crystal Geyser could be under construction in 

1975. Construction starts on Paradox Valley and Littlefield 

Springs could begin in 1977 and on the Glenwood Springs 

in Piscal Year 1978, and construction on Blue Springs perhaps 

in 1980. 

or these various point sources, it appears that early 
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results in salinity control could be attained at Crystal Geyser 

andLaVerkin Springs. It is for this reason that these are 

being pushed early in the program. 

Now, the diffuse control projects which provide most 

favorable prospects for salinity control include the Price 
I 
I 

River, San Rafael River, Dirty Devil River, McElmo Creek, and J 

These projects have not as yet been sufficienti Big Sandy Creek. 

ly studied to formulate more than tentative plans for which 

costs have not been estimated. The basic concept to be 

employed is to selectively remove more saline flows from the 

stream and then to desalt or perhaps some method of evaporation, 

or partial evaporation. The irrigated areas on these streams 

would also be investigated to·determine if water system improve-

ment and management programs or irrigation scheduling might 

contribute towards reduction of the salt load. 

Basic data collection for diffuse source control 

rojects under way on the Price and San Rafuel Rivers in 

Utah and Big Sandy Creek in Wyoming. In 1973 basic data 

collection is scheduled to start on Dirty Devil River in Utah 

and McElmo Creek in Colorado. Feasibility studies are 

scheduled to begin in 1974 on the Price River and Big Sandy 

Creek and on the San Rafael River in Fiscal year 1975. Similar 

studies on Dirty Devil River and McElmo Creek are scheduled for 
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I 

I initiation in Fiscal Year 197.6. These studies are programmed 
I 
i 
!to be completed in a period or about 3 or~ years. 

! Now, from the standpoint of the irrigation source 

I control projects. The principal irrigated areas contributing 

/salt are the Grand Valley and Lower Gunnison basins in Colo-
1 

jrado, Uintah Basin in Utah, the Colorado River Indian Reserva-

Jtion and the Palo Verde Irrigation District lands in Arizona. 

I The program contemplates conducting on-farm irrigation sched-
1 

luling and water management. coordinated with water systems 

·improvement and management programs within each of the areas. 

I 
The on-farm activities would be aimed at reducing 

I the volume of deep percolation to the groundwater regime 

lthrough--that is where these saline geological formations are 
I 
j present. It is expected that such a reduction would reduce the 

l 
I 

i 
salt load being introduced into the Colorado River and no doubt I 

some water savings would result. It would also provide increaseb 

net returns to the irrigators through greater yields, improved 

crop quality and lower production costs. The primary technique 

to be employed is to schedule times and amounts of water to be 

applied to crops by utilizing some type or a computer program. 

By developing an accurate water budget and giving operational 

considerations to the root zone reservoir, a basis is provided 

tor attaining much higher irrigation efficiencies. 
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J Year 1978. Critical problems are involved in selling the 
I 

[program to irrigators, training personnel, and adapting com-

jputer programs for operation in the various areas. Therefore, 

preparatory activities will be conducted this year and next 

year for all other areas, with programs then scheduled to be 

instituted in Fiscal Year 197ij and conducted through ~!seal 

year 1978. 

Ongoing Bureau of Reclamation research on these 

procedures suggests that irrigators will immediately benefit 

from these programs~and, therefore, will be willing to adopt 

and carry them forward after they have been placed in opera-

tion. Beyond Fiscal year 1978, it is contemplated that the 

various irrigation districts w 11 1 continue the programs. 

An important corollary to on-farm management of water 

involves improvement or the water conveyance systems to reduce 

losses and increase operating efficiency. Under certain con-

ditions, this would rurther curtail salt loading into the river. 

Engineering studies will be made of the irrigation systems in 

i 
I 
j 

·I 
! 
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each of the aforementioned areas to identify the structural 

measures that will be needed. 

792 

Feasibility studies for improvement of water convey

ance systems will be under way in the Grand Valley Basin and 

the Colorado River Indian Reservation in Fiscal »ear 1972. 

The latter study is scheduled for completion in 1974 and the 

former in 1975. Feasibility studies on improvements of irri

gation in the Lower Gunnison Basin are scheduled to begin 

early in Fiscal Year 1973 and completed by 1976. In the 

Uintah Basin, this activity will encompass fiscal years 1974 

through 1976, and in the Palo Verdo District from Fiscal Years 

1974 through 1976. After demonstration of feasibility, con

gressional authorizations could be sought to instigate construc

tion of the improvements that will be required. 

The supporting activities will include the development 

of a mathematical simulation model of the Colorado River System, 

further development of economic evaluation methods for water 

quality, an in-depth study of the institutional and legal prob

lems involved, and the potential application of salinity reduc

tion processes which have not yet been investigated. 

Work on the mathematical simulation model is under 

way and is expected to be completed in riscal fear 1973. This 

will simulate both the quantity and quality conditions of the 
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entire river system. It will become the primary tool for 

!defining operations for salinity control, evaluating impacts or 
I 
Jthe salinity control projects, and measuring impacts or new 

I 
I 
l 

irrigation developments on the salinity of the river. 

An adjunc~ to the model will be the economic studies 

jwhich will provide a base for better deriving economic evalua-

tion procedures for salinity control. In view or the many 

complexities involved in the assessment or the salinity prob-

! lem, the development of these tools is regarded as an essential 1 

1 I 
jto guide the requirements for prosecution of the program. j 

Moreover, when developed, the application and results I 

derived from use of these to~ls must be thoroughly understood by\ 

the States and other entities involved with this problem. Once 

developed, these procedures ought to be utilized and tested by 

the States involved as an essential prerequisite to the estab

lishment or numerical standards for salinity. 

Another study will be conducted or the preliminary 

feasibility and cost or utilizing large-scale ion exchange 

systems to control salinity levels on the Colorado River at 

various points such as Parker or Davis Dam. Salinity reduc-

tions would be studied in 100 ppm increments down to a lower 

limit ot 500 ppm. The study involves installation or a small 

pilot test or applicable ion exchange demineralization processes 

I 
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I 
ito the water at Parker Dam. This work is now getting under way ! 

by the Office or Saline Water and is scheduled tor completion 

in Fiscal Year 197.4. It will provide a test of an alternative 

concept to the control or salinity at the source. 

I Based upon the studies accomplished to date, estimates 
I 

have been made or the potential.reductions that could be atta1ne1 
I 

it the point, diffuse, and irrigation source control projects ' 

are round to be feasible and are placed into operation. And 

these are summarized in this table. 

The point source control, let's just look at the 

last two ~olumns, the effect at Hoover Dam in reduction will 

reduce· .it 55 ppm, the Imperial Dam 65 ppm. 

The dittuse source control would be 30--that is 

reduce it 30 at Hoover, 35 at Imperial. 

Irrigation scheduling would reduce it 50 at Hoover 

Dam and 65 at Imperial Dam. 

For a total reduction or 135 ppm at Hoover, 165 at 

Imperial. 

Lights, please. 

In preparing these estimates, potential reductions 

rrom improvement or water conveyance systems was not included 

because effects ot such improvement works on salinity reduction 

have not as 1et been sufficiently defined. These estimates are 
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based on reconnaissance studies and will therefore require more 

detailed information for verification. 

Th.e salinity control works could have a major effect 

in reducing salinity; however, additional elements and concepts 

will need to be developed and applied if further reductions are 

to be achieved. 

It should be noted that there would be a time lag 

involved before the influence of the reduction is reflected at 

points such as Imperial Dam. The large impoundments at Lake 

Mead and Lake Powell greatly increase the time required for 

water to travel from the inlet point to discharge at the dam. 

There are also thermal, density and chemical stratifications 

that take place in the reservoirs. As a result, periods of 

3 to 10 years may be involved before the influence of the 

control works can be observed at the lower reaches. It 

follows that the farther downstream the control works are 

located, the more quickly their impact will be felt. 

The investigation program will be financed by the 

Federal Government under the authority of the laws that I have 

cited. As feasibility of specific control projects is demon

strated, repayment plans will be developed. It is expected 

that these will follow established laws and policies relating 

to the implementation of water resource deve~opment projects. 
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.Beneficiaries will need to be identified and cost-sharing form-

ulas worked out. This may require new institutional arrange-

ments not only as they relate to repayment but also to operation 

and maintenance of the constructed facilities. 

The identification or the program components is 

presented in Figure 1 which is attached to your statement. And 

then--do we have it? Well. anyway, it is a detailed program, 

:but demonstrates the scheduling of this work that I am going to 

discuss--excuse me--that I have discussed. 

I 

The wat~r quality improvement program may be regarded.: 

'or course, as only one facet of the overall development program 

:or the basin. We in the Department believe that water resource 

:management and salinity control are inseparable elements in 

fostering continued economic growth and development or the 

resources of the Colorado River Basin. 
I 
I Salinity control adds another dimension in the 

!preparation or the Western u. s. Water Plan and must be viewed 
I 

l1n context with programs for augmentation such as weather 
I 
i lmodif1cat1on, geothermal resources, and desalting. From such 

studies, coordinated through the alternative planning approach, 

a basinwid~ management plan tor optimum use or the water 

resources will be evolved. 

The basin management system will need to deal squarely 
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with the legal and institutional constraints governing operation 

or the river, and these are facts of life that must be squarely 

raced up to. In this regard, it is well to note the recent 

adoption of "Criteria for Coordinated Long-Range Operation or 

the Colorado River Reservoirs," that has been adopted. These 

provide for the storage of water in reservoirs or the Colorado 

River Storage Project and releases of water from Lake Powell 

within such constraints and according to certain priorities. 

Studies prepared as a basis for formulating these 

criteria, as well as experience from operating thereunder for 

more: than a year, indicate that such purposes as water quality 

control, recreation, enhancement of fish and wildlife, other 

environmental factors, and flood control can be served to some 

degree without significant detrimental effect on power produc-

tion and irrigation uses. In particular, such studies indicate 

that operation for river regulation associated with consumptive 

uses and power production provide some incidental water quality 

control and other multiple benefits and allow flexibility for 

specific short-term operational patterns lasting only a few day 

for such specific purposes. 

Now, the Western u. s. Water Plan. The results from 

all study activities relating to ongoing Federal and State wate 

resources programs are expected to be utilized in the developme t--
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that is all of these we have been talking about in connection 

with the salinity and the program--will be utilized in the 

development of the Western u. s. Water Plan. One of the 

major efforts of this study is to develop a recommended action 

program for further comprehensive development of the water 

resources of the Colorado River Basin and for the provision 

of additional and adequate water supplies for use in the Upper 

as well as in the Lower Basin. 

Accordingly, these studies will pull together into 

a basin management system results from ongoing study programs 

such as weather modification ~o increase spring runoff in the 

Colorado River, desalting sea water and brackish water, extrac

tion and desalting of geothermal water, reuse of wastewater, 

water conservation and salvage, and watershed management. We 

see that such an augmentation and management program is having 

an important input towards alleviating future water quality 

problems. 

To demonstrate the application of reverse osmosis 

technology to the reduction of salinity at point sources in the 

Colorado River drainage, it is planned to design, construct, 

and operate a multi-modular plant at a site to be determined by 

reconnaissance investigations which are scheduled for completion 

in Fiscal Year 1973. The design of this prototype plant will be 
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based on the best reverse osmosis desalting technology avail

able. Desigrt and construction or the prototype plant could be 

undertaken during Fiscal years 197 4 and 1975. 
I 

In subsequent I 
l 

1ears, studies would be made or the application of the technology' 
I 

to specific point source salinity locations within the Colorado i 
I 

R1 ver Bas in. 

The prototype plant would be sized for 15 million 

gallons per day and is planned to be on; .. stream in fiscal year 

1976. The reverse osmosis process lends itself to the con-

I 

I 
I 

! 
i 
I 
I 
I 

I 

I 
struction or added modular units to fit the demonstrated need. i 

In the area of weather modification, given an applied i 
research and engineering effort to refine and confirm present 

cloud-seeding techniques and provide analysis or parameters in 

storms pertinent to a f u l 1 Y identified seeding criteria, 

a continuous operation could be initiated in the Upper Colorado 

River Basin conservatively within 10 years. And on the basis 

ot the results or the first 2 years or operating the pilot study 

in the San Juan Mountains, this could be stepped up perhaps to 

6 1ears. This would involve seeding within well-defined and 

localized target areas by remote-controlled ground-based 

generators using silver iodide, and seeding susceptible winter 

storms at high elevations to increase the winter snowpack. 

In a limited area, such as the Colorado River Basin, 

I 

I 
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i 
!the production or about 2 million acre-feet of usable new water 

I I 
I I annually could be a significant contribution towards our salinit~ 

l1mprovement problem. 
I 

1 
one of the first regions where a reliable optimized capability 

I 
1 to increase precipitation would be developed on a reg1on~1de 

I 
I 
I 

I 
basis. It is believed that firm acceptable answers and workableJ 

systems could be successfully achieved within 10 years. and as 

I indicated. on the basis of continued favorable results from 

our pilot project we could probably lop 3 or 4 years off or 

that. 

The potential or geothermal resources is currently 

under investigation by the Bureau or Reclamation and the Office 

of Saline Water. Successful development will provide energy 

·and an additional source of water supply. The geothermal supp1J, 

and water could be meshed into the overall water management 

system to assist in achieving salinity control. particularly 

in the lower reaches or the system. 

The joint Bureau of Reclamation and Office or Saline 

I 
I 

I 

I 
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Water Geothermal Resource Investigation Program in the Imperial 

Valley will enter a new phas~ in this year. Following more thal'1 

3 years of geophysical prospecting, coupled with shallow 

exploratory drilling, the first deep well capab_le of producing 
. 

bot steam will be drilled starting in April. It will be located 

in the East Mesa area or Imperial Valley and drilled to a depth 

of 4,000 to 8,000 teet. A portable pilot desalting plant will 

be moved to the well site and test operations for desalting geo-

thermal brines and also a test disposal well is anticipated for 

late in 1972 to determine the feasibility of reinjecting the 

byproduct tlu1da. 'from the geothermal development. 

Preliminary studies indicate the Imperial Valley 

geothermal resources would be capable or producing 2.5 million 

acre-feet of freshwater· per year on a sustaining basis as well 

as large quantities of electric energy with possible mineral 

byproduct recovery. 

And we have just completed a development concept 

report on the geothermal resources in the valley, and we will 

supply each or you with a copy of this report. 

Va~ious aspects ot the Bureau of Reclamation's opera-

t1on and maintenance activities deal directly with the salinity 

problems in the Colorado River. Water quality studies are con-

t1nu1ng in the basin as required under various public laws, and 
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I biennial reports are made to Congress. These are prepared in 

icooperation with the Geological Surve.y. The reports include 

data regarding historical, present, modified, and anticipated 

future chemical quality of water conditions at 17 key stations 

i in the Colorado River Basin. Also presented are discussions of 
I 
l 

State standards, quality control, sources or salinity, sources 

or other forms of pollution, and other aspects or water quality 

in the basin. In J'j.scal rear 1973, $90,000 will be used in 

prosecution or this program. 

Consumptive use studies are being undertaken as 

required by Section 601 or the Colorado River Basin Project 

Act. These will provide usetul input to prosecution of the 

salinity control program. 

In the area or research, considerable work will be 

required to support the water quality improvement program in 

the basin. Ongoing and scheduled research which ia expected 

to find application in the salinity control etrort now under 

way or scheduled by the Bureau or Reclamation include: 

l) Prediction of the quality or return flows (in 

cooperation with EPA); 

2) Mathematical model for predicting nutrient and 

salt loadings; 

3) Ecological considerations in project planning; 
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~) Wastewater reclamation opportunities; 

5) Case studies of desalting for salinity control; 

6) Management of saline waters; and 

7) Testing advanced irrigation systems( 

In additio~, considerable additional research ought to! 

be performed to assist in implementing a viable salinity controll 

program. As I mentioned, the Office of Water Resources Research 1s ~ 

porting activities in this area, and it is strongly recommended · 

that the Environmental Protection Agency join in financing such 

efforts. The land grant universities and the Agricultural Re-

search Service of the Department of Agriculture should also have 

important inputs, and they have today. 

Some or the kinds of work needed are: field trials or 

water harvesting techniques; developing special uses for water 

or inferior quality; reducing costs for attaining high irriga-

tion efficiencies; identifying field relationships for irrigation 

efficiency to return flow quality; studies of water flow through 

large impoundments, including the chemical reactions and velocit 

or throughput of the dissolved constituents; vegetative manage-

ment techniques, particularly as related to phreatophytea, with 

the aim of reducing water use and protecting the breeding areas 

or birds and other wildlife; identification or watershed manage-

ment and salinity output relationships; rurther studies into 
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For release to PM's newspapers, 'i'uesday, February 15, 1972 

UNITED STATES DEPARTMENT OF THE INTERIOR POSITION STATEMENT 
PROCEEDINGS OF THE WATER QUALITY ENFORCEMENT CONFERENCE 

Presented by Ellis L. Armstrong, Commissioner, Bureau of Reclamation 

Las Vegas, Nevada 

February 15-17, 1972 

Introduction 

As the representative of the Secretary of the Interior, I am pleased 

to present the Department's interest and responsibilities in the 

development and operation of the Colorado River and its position 

regarding standards for total dissolved solids, or "salinity," a 

general term commonly used for this water quality characteristic. 

The total dissolved solids concentration of the Colorado River is 

the most difficult water quality problem in the Basin and has been 

for many years. The condition existed even before the appearance of 

man, though it has been accentuated by man's land and water-use 

practices. 

Reduction of the TDS concentrations involves complex water resource 

planning, management, and developmental interrelations with economic 

consequences of uncertain magnitude and effect. 
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This Department states that numerical dissolved solids standards 

must be equitable and enforceable, compatible with present and 

antictpated uses and based on sound scientific and engineering 

and cost effectiveness considerations. There must be thorough and 

positive public participation in the establishment of such standards 

and in the choice of water quality goals. 
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In the context of current and projected conditions within the Basin, 

standards must reflect water quality goals as a basis for a practical 

improvement program aimed at achieving the needed salinity control 

within a reasonable time framework. Moreover, water quality standards 

must be adjusted from time to time as improvement programs demonstrate 

the practicality of dealing with salinity in an economic and 

beneficial manner. 

Towards Establishment of Numerical Standards 

This Department accepts the need for numerical standards. However, 

it would be a premature and poorly defined course of action to 

apply such standards within a year. It is essential that the avail

able technical knowledge of the physical and social factors involved 

and their interrelationships and the probable consequences of 

proposed changes be fully understood before applying numerical 

standards. Therefore, account should be taken of the salinity 
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control and allied programs of the Bureau of Reclamation and the 

Office of Saline Water and other agencies in this Department and with 

the States involved in the establishment of the standards. We are 

developing a mathematical simulation model and have related economic 

studies, and several feasibility investigations to assist in the 

selection process underway. A Federal-State Task Force should be 

appointed to provide guidance and to participate in the effort. The 

Task Force should be allowed three years to complete the work, to 

complete its findings, and to make recommendations to another 

session of this conference. 

This recommendation is based on the following considerations: 

1) Historical records at Imperial Dam show that the average 
(parts per million o~ dissolved solids) 

salinity concentration for January 1957 was 1,000 mg/l and 

for December 1967 it was 992 mg/l. Six other months in the 

period 1941-68 have had average concentrations above 960 mg/l. 

However, it is not possible to predict future salinity 

concentrations for any particular month, nor can it be 

assumed that past flow and concentration cycles will 

probably be repeated in the future. 

With Lakes Powell and Mead regulating the Colorado River, 

it would require several consecutive low-flow (drought) 

years to produce an annual salinity concentration of 

1,000 mg/l, or higher, at Imperial Dam. However, with 
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present depletions, it is probable that the average 

concentrations for the 8 months referred to above would 

have exceeded 1,000 mg/l. Furthermore, with present 

depletions, the 1,000 mg/l mean monthly concentration at 

Imperial Dam would have been exceeded in 40 months during 

the period 1941-68. 

2) A number of projects, particularly those involving trans

mountain diversions, have recently been completed or are 

now under construction which will increase the consumptive 

use of Colorado River water and cause a reduction in dilu

tion flows which will increase the salinity concentration. 

Other projects will be undertaken in the near future. These 

include both Federal projects and those contemplated by 

nrunicipalities and private industry. Many of these projects 

could be affected by numerical standards. 

The estimated depletions from these projects are listed in 

the Bureau of Reclamation's report entitled "Quality of 

Water-Colorado River Basin-Progress Report No. 5, January 

1971. II 

If a numerical standard of 1,000 mg/l maxinrum monthly average 

is established at Imperial Dam, it will probably be necessary 

to maintain the 28-year average annual salinity concentration 

4 
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at Imperial Dam for present development (865 mg/l). In 

order to maintain this concentration with the expected 

depletions from-future projects, a reduction of 2,550,000 

to 3,000,000 tons of salt per year at Hoover Dam will be 

necessary. If the salinity control projects, described 

later in this statement, achieve an estimated potential 

reduction of 1,900,000 tons per year at Hoover Dam, and 

allowing for the depletions by future projects, the 

28-year average annual and peak monthly concentrations 

at Imperial Dam for three levels of reduction would be 

as shown in Table 1. 

TABLE 1 

Annual Salt 28-Year Average Probable Peak 
Reduction at Annual Concentration Monthly Concentration 

Hoover Dam at Imperial Dam at Imperial Dam 
1,000 tons mg/l mg/l 

1,900 1,040 1,160 

1,550 1,075 1,200 

1,000 1,135 1,260 

No Reduction 1,250 1,370 
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3) An adequate system of salinity improvement projects will 

require considerable time for formulation and construc

tion. Additional time would then be required before 

salinity control effects were achieved. In the mean

time> the depletions of water mentioned previously 

would be taking place. 

4) Present estimates of the effectiveness of control 

measures may be optimistic and may have to be scaled 

down. 

5) Numerical standards at points in the system other 

than at Imperial Dam (assuming smaller numerical 

limits would be established at upstream points) 

should be established so as to recognize the physical 

and hydrological interrelationships of the entire 

river system. 

The Department is pledged to pursue a program of salinity control 

for the benefit of all citizens to whom the Colorado River is a 

lifeline. 

6 
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Departmental Responsibilities 

The Secretary has. broad as well as specific responsibilities under 

applicable laws to manage the water resources of the Colorado River 

Basin to (1) apportion the water flows according to the Colorado 

River Compact of 1922, (2) meet commitments to Mexico under the 

International Water Treaty of 1944 with that nation, (3) confonn to 
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the requirements of the Supreme Court Decree of 1964, (4) meet specific 

contractual obligations with water users in the United States, 

(5) develop and manage water resources in accordance with specific 

authorizing legislation and in the public interest, (6) protect the 

recreation, fish and wildlife, and environmental values, and 

(7) assist in implementing the provisions of the Water Quality Act 

of 1965 and amendments relating thereto. 

There are many documents that river operations must conform to, 

including the Colorado River Basin Project Act, September 30, 1968. 

Criteria for Coordinated Long-Range Operation of Colorado River 

Reservoirs, June 10, 1970, were developed in accordance with this 

act. 

Within the context of these responsibilities and legal requirements 

certain considerations are paramount: (1) There can be wide fluctua

tions in the concentration of dissolved solids in the river as a 

result of annual variations in precipitation and the management of 

the available water resources, (2) the total available water resources 

of the river are allocated by interstate compacts and the inter

national treaty, (3) the treaties and decrees have apportioned water 
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quantity but are silent on water quality, and (4) studies made by 

this Department, the Environmental Protection Agency, the Colorado 

River Board of California, and the Water Resources Council project 

increases in salinity unless control measures are taken concurrent 

with development for use of presently allocated water. 
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In recognition of the effects of the proposed developments on the 

salinity of the river, the Congress specifically directed the Secretary 

of the Interior to make water quality studies and to devise plans for 

improvement. This is provided for in three public laws: 

1. Section 15 of the authorizing legislation for the Colorado 

River Stroage Project and Participating Projects states: "The 

Secretary of the Interior is directed to continue studies and make 

reports to the Congress and to the States of the Colorado River Basin 

on the quality of water of the Colorado River." 

2. Section 15 of the authorizing legislation of the San Juan

Chama Project and the Navajo Indian Irrigation Project states: "The 

Secretary of the Interior is directed to continue his studies of the 

quality of the water of the Colorado River system, to appraise its 

suitability for municipal, domestic, and industrial use, and for irriga

tion in various areas of the United States in which it is proposed to 

be used, to estimate the effect of additional developments involving 

its storage and use (whether heretofore authorized or contemplated 

for authorization) on the remaining water available for use in the 

United States, to study all possible means of improving the quality 
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of such water, and of alleviating the ill effects of water of poor 

quality, and to report the results of his studies and estimates to the 

87th Congress and every 2 years thereafter." 

3. Authorizing legislation for the Fryingpan-Arkansas Project 

contains similar language pertaining to water quality reports and 

stipulated that the first report should be provided by January 3, 1962, 

to be followed by submission of reports every 2 years thereafter. 

These acts provide authority to this Department for basinwide planning 

of a salinity control program. Implementation of feasible and justi

fiable salinity control projects will require congressional authoriza

tions. The responsibility to plan and implement the control programs 

has been entrusted to the Bureau of Reclamation, with the function to 

be coordinated with other agencies of this Department such as the 

Office of Saline Water, the Office of Water Resources Research, the 

Geological Survey, Bureau of Land Management, the Bureau of Indian 

Affairs, Bureau of Sport Fisheries and Wildlife, Bureau of Outdoor 

Recreation, and the Bureau of Mines. As planning and implementation 

progress it is expected that particular contributions can be made by 

each of these agencies to the successful conduct of the comprehensive 

program for salinity control. 

The Office of Saline Water.will be deeply involved in implementing 

the program. The OSW is currently testing a concept of using a large

scale ion exchange desalting system to control the salinity level of 
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the Colorado River. If this concept proves feasible, OSW, in 

conjunction with the Bureau of Reclamation, proposes to plan and site 

a large-scale research and development facility for the purpose of 

identifying the costs involved in desalting point sources. 

The Office of Water Reso~rces Research will assist in the solution of 

problems that are beyond current technology. The physical and institu

tional complexities encountered in controlling salinity in the Colorado 

River appear, from current studies, to be much greater than experienced 

elsewhere. This will require a push into new technical areas that will 

require supporting research. In conjunction with the Office of Water 

Resources Research requisite technology is being.identified and arrange

ments will be made for prosecution of such research. The research 

needs will be subsequently described in greater detail. 

The Bureau of Land Management will be involved in programs aimed at 

increasing water yield, decreasing erosion, subjecting springs and 

other natural water sources which are unusually high in salinity to 

control measures, and managing the Lower Colorado Recreation Area to 

protect the water resources. 

Working with the Bureau of Indian Affairs and the Indian tribes, all 

of whom have a direct concern in the impact of increased salinity 

levels, means will be explored for reducing salinity contributions 

from irrigable lands under their jurisdiction. Moreover, the Bureau 

of Indian Affairs will continue programs for improving the vegetative 
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cover and watershed management to reduce erosion and transmission of 

sediment in the runoff water. Here again, cooperation with Indian 

landowners will be actively sought, since they must determine the 

measures possible and the rate of accomplishment within available 

funding. 

The Geological Survey has made contributions to the definition of 

the problem. Its extensive water quality data information system 

and network in the Colorado River Basin is providing a log of informa

tion upon which design and evaluation of water quality programs must 

be based. Its research into geochemical relationships within the 

Basin should yield important facts useful in planning for and 

implementing control measures. 

Implementation plans will be coordinated with the Bureau of Sport 

Fisheries and Wildlife and the Bureau of Outdoor Recreation. It is 

quite possible that beneficial use of saline resources could be 

accomplished through development of fish and wildlife or recreational 

areas. 

The Bureau of Mines may be 'called upon to provide assistance in the 

extraction of mineral of commercial value from the saline waters 

removed from the river. This could involve studies of processing 

and use of the minerals and related economic evaluations. Also it 

has a role in identifying potential sources of salinity increase that 

may result from mineral extraction processes. 
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The Movement Toward a Comprehensive Salinity Control Program 

At its headwaters the Colorado River has a total dissolved solids 

concentration of about SO mg/l or less. As the water moves downstream 

through this vast arid region, there is a gradual increase in the 

salinity until at the lower reach at Imperial Dam the long-term average 

annual values resulting from present development are at a level of 

about 865 mg/l. Much of this increase in salinity occurs as a result 

of natural solute erosion. This process embraces the geochemical 

reactions that take place as water moves through the hydrologic cycle. 

The process has been active over geologic time. Even with the exten

sive developments by man, the natural processes are still the principal 

source of the salinity in the river. 

Development of the water resources in the Upper Colorado River Basin 

took place gradually from the beginning of settlement around 1860 and 

has been continuing. The principal water use was for irrigation, and 

by 1905 about 800,000 acres were irrigated. Between 1905 and 1920 

the development of irrigated land continued at a rapid pace, and by 

1920 nearly ~4 million acres were irrigated. Development then 

leveled otf and the increase since that time has been slow. In 1965 

there were 1.6 million acres under irrigation in the Upper Basin. 

The slow growth of the irrigated acreage in the Upper Basin in the 

last 45 years is ascribed to both the physical and economic limita

tions on the availability of water. By 1920 most of the lower cost 

and more easily constructed developments were in operation, and 
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although some new developments have taken place since that time, 

they have been partially offset by other acreages going out of 

production. 

l:rigation development in the Lower Basin also began around 1860. 

Here the development was slow because of difficult diversions from 

the Colorado River with its widely fluctuating flow. Development of 

the Gila area began in 1875 and in the Palo Verde area in 1879. The 

development increased in the period 1900 to 1910 with construction 

of the Yuma Project, the Palo Verde Canal and intake, and other 

irrigation projects along the river. Completion of the Boulder 

Car;yon Project in the 1930' s and construction of other downstream 

projects since that time have brought about 1,300,000 acres under 

irrigation. In this regard, the Colorado River now provides 75 

percent of the water to southern California where more than half of 

that State's 20,000,000 people live. 

Recognition of the potential water quality problems was made as early 

as 1903, with the initial work to identify desirable salinity levels 

for maintenance of crop production under irrigation. At that time 
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a limited amount of water sampling and analysis of the river was being 

performed, primarily by the Geological Survey. The main purpose of 

early tests was to evaluate the suitability of the water supply for 

irrigation and other uses. In time it became quite clear that there 

had been a gradual increase in the salinity as a result of develop

ment of the water resources. 
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Salt-concentrating effects were produced by evaporation, transpiration, 

and diversion of high quality water out of the basin. Also, salt

loading effects occurred through the addition of dissolved solids to 

the river system from both natural and manmade sources. Because of 

the wide fluctua~ions in concentration from natural causes, the 

developments on the river, particularly the larger reservoirs, produced 

offsetting beneficial effects by stabilizing the quality of water. 

Prior to the passage of the Colorado River Storage ·Project and 

Participating Projects, the San Juan-Chama Project and the Navajo 

Indian Irrigation Project, and the Fryingpan-Arkansas Project, it 

was evident that these major actions would result in increased con

sumptive use of the water in the Upper Colorado River Basin as well 

as water diversion out of the Basin, thereby significant increases 

in salinity levels could be expected. Congress directed that specific 

studi~s be made of the water quality problem and that control plans 

be developed in deference to the concern of the people of the basin 

and the users of the Colorado River water. 

As a result of the legislative requirements, a basic network of water 

quality stations was established at principal points throughout the 

Colorado River Basin. Analyses and studies were begun for the entire 

Basin, biennial reports were started in 1963, and have continued 

since that time, with Report No. 5 having been published in 1971. 

This report is submitted herewith as part of the testimony of th~s 

Department. It covers the basic studies and evaluations of existing 
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salinity conditions, the anticipated effects of additional 

developments, the effect of salinity on water use, the potentials 

for salinity control, and other related water quality aspects. 

819 

The Colorado River Basin Water Quality Control Project was established 

in 1960 by the U. S. Public Health Service. These functions were 

later transferred to the Federal Water Quality Administration within 

the Department of the Interior and, subsequently, transferred to the 

Environmental Protection Agency. The early project investigations 

assisted in identifying many of the water quality problems of the 

Basin. In 1963 efforts were directed towards evaluating the salinity 

problems. 

In 1968 the FWQA and the Bureau of Reclamation initiated a joint 

reconnaissance salinity control study in the Upper Basin to identify 

potential controllable sources qf salinity, make preliminary assess

ments of the technical feasibility of the control measures, and 

derive initial cost estimates for installation and operation of such 

measures. The first year of the study was financed by the FWQA, 

which transferred funds to the Bureau of Reclamation, and the second 

year of work was financed by the Bureau. Upon completion of the recon

naissance studies, FWQA proposed to finance feasibility studies; 

however, budget restrictions in fiscal year 1970 prevented funding 

the studies. 

Also in 1968, the two agencies cooperated to develop a proposed salinity 

control plan of study for the Colorado River Basin. This initial 
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program had an investigation phase spread over a 6-year period, with 

costs averaging about $1.75 million annually. The second phase was 

to involve implementation of a basinwide salinity control plan. 

During the Federal reorganization activities which transferred the 

responsibilities of FWQA of the Department to the newly established 

Environmental Protection Agency the program became inactive. 
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Subsequently, the Colorado River Board of California undertook studies 

of the salinity problem and issued a report in 1970 entitled "Need 

for Controlling the Salinity of the Colorado River." The Environmental 

Protection Agency (fonnerly FWQA) recently completed a report on the 

studies. It was this report entitled "The Mineral Quality Problems 

in the Colorado River Basin," dated 1971, which set the stage for the 

enforcement conference. Under the direction of the Water Resources 

Council, a State-Federal interagency group prepared a framework program 

for the development and management of the water and related land 

resources of the Lower Colorado Region. This report recognized the 

salinity problem in the Basin and recommended continuing studies of 

the Region's increasingly complex water quality problems. Concurrently, 

the Bureau of Reclamation, ~ith the assistance of the several States 

involved, developed a program for investigating methods of controlling 

the salinity of the river. The funding of this work was accomplished 

during the current fiscal year. The work is currently underway and 

details relating thereto will be subsequently provided. 
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The progress reports by the Bureau of Reclamation, the Salinity 

Report by the Colorado River Board of California, the Lower Colorado 

Region Comprehensive Framework Study by the Water Resources Council, 

and the EPA report, have served to identify and better define the 

problems involved. The important fact emerging is that salinity is 

projected to increase with development unless a comprehensive, basin-

wide water quality management plan is implemented and supported by 

the installation of structural and nonstructural measures to control 

salinity increases. Projected estimates of salinity levels at Imperial 

Dam are presented in Table 2. The projected salinity levels in all 

studies is considerably above the average annual mean for the present 

development of 865 mg/l. 

Source 

EPA 

CRBC 

WRC 

USBR 

Table 2 

Projected Concentrations of Total Dissolved Solids 
(mg/l) at Imperial Dam 

1980 

1060 

1070 

1260 

EPA: 
CR.BC: 

WRC: 

USBR: 

(Average annual values) 

Year 
2000 2010 2020 2030 

1220 

1340 1390 

1290 1350 

Environmental Protection Agency 
Colorado River Board of California 

Full Development 

(1150-1250) 

Water Resources Council (Lower Colorado Region 
Comprehensive Framework Study) 

Bureau of Reclamation 

In developing the above estimates,each agency with the exception of 

the Bureau of Reclamation, made assumptions regarding the time frame 
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for installation of new water resources development projects. A 

complete listing of the projects 'included in the USBR study is 

attached. 

It is significant that all the studies of the various agencies 

predicted that proposed development will cause a considerable 

increase in the future salinity of the river. We should also 

remember,that with the present qualities, some irrigators are 

resorting to special practices in order to use the water to grow 

salt-sensitive crops. Some areas have drainage p~oblems which 

could be magnified if higher salinity water were used. Municipal 

and industrial users are now faced with considerable expense in 

treating water. It is clear that allowing the salinity of the 

river to increase will result in considerable economic injury. 

Thus, the salinity problem in the Colorado River is primarily 

an economic issue. 
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No detrimental effects on the environment along the Colorado River 

are envisioned due to increased salinity concentration. Most of the 

natural vegetation has a salinity tolerance higher than the projected 

salinity concentrations. 

The Department concurs in the Environmental Protection Agency's 

findings that future salinity concentrations in the Colorado River 

will be below threshold levels for in-stream uses such as recreation, 

hydroelectric power generation, and propagation of aquatic life. 
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The prior studies of water quality problems in the Colorado River by 

the Bureau of Reclamation, the EPA, and the Colorado River Board of 

California have served to define the problem and outline potential 

control measures. They are not, however, sufficient to undertake 

itmnediate construction of control measures. Cost effectiveness 

analyses have been prepared, but these, it must be recognized, are 

based on reconnaissance studies. 

For example, point sources of salinity have been geographically 

identified, salinity concentrations measured, and output of salt 

load estimated. Neither the feasibility of capturing these flows has 

been verified by requisite field geological explorations nor the 

consequence of such proposed actions assessed. Similarly, diffuse 

sources of salinity have been located but reliable measures of salt 

loading could not be made because adequate records were not available. 

Moreover, practical methods for controlling the salt loading from 

such sources still needs to be developed. 

With respect to the salt loading from irrigated lands, it is anticipated 

that improvement in management and use of water on the irrigated 

farms will result in improved quality of return flow. Such action, 

buttressed by improvements in water conveyance systems, involving 

seepage reduction through canal lining, and improvement in operational 

techniques, also is expected to contribute towards reduced salt 

loadings ·in the river. 
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Complex interrelationships of human activities and physical field 

conditions must be analyzed to determine the amount of salt load 

reduction that could be achieved. Cooperative research on this problem 

is underway by the Bureau of Reclamation with the Environmental 

Protection Agency financing. This work involves the development of 

a mathematical model for predicting quality of return flows. 

Studies by the Bureau of Reclamation have shown that the average 

annual salt output from irrigation in the basin will occur within 

the range zero to 2 tons per irrigated acre. Local irrigated areas 

overlying marine shales containing large quantities of soluble salts 

may have annual outputs exceeding 2 tons per- irrigated acre, while 

areas covered with a salt-free loessial mantle overlying glacio

fluvial deposits have practically no salt pickup. 

In view of the foregoing, it. is essential that feasibility studies 

be pursued on point, diffuse, and irrigation sources to disclose the 

maximum improvement in water quality that can be achieved with 

present technology. These studies must develop the full costs 

involved, identify the control means, and trade-offs and specify the 

time required to achieve specific degrees of control for particular 

reaches of the river. The comprehensive salinity control plan, 
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therefore, must be engineeringly feasible, politically acceptable, 

and administratively viable through appropriate institutions. 
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The Program for Improvement of Water Quality 

Studies recently completed by the Bureau of Reclamation, the Environmental 

Protection Agency and its predecessors, and the Colorado River Board of 

California have set the stage for more detailed investigations that 

should.lead to early installation of contro~ measures. Working with 

several of the States involved, a comprehensive program was launched 

this fiscal year by the Bureau of Reclamation. The goal of the program 

is to control salinity of Colorado River at a level compatible with the 

uses to which that water is and will be put. However, the implementation 

of the program will be dependent upon the development of economically and 

environmentally feasible plans and related financing. 

The details relating to this program are contained in the Bureau of Reclama

tion February 1972 report entitled "Colorado River Water Quality Improve

ment Program." This report will be submitted as part of the testimony 

of this Department. Accordingly, only a brief overview of the program 

will be discussed here. 

Currently the program is funded at a level of $455,000, with a proposed 

expansion of the program to $1,005,000 in fiscal year 1973. The planning 

activities as scheduled in fiscal year 1972 through 1981 total approxi

mately $18 million. Construction activities which may be required within 

this time frame could involve costs of $300 million or more. Such 

funding would be requested following a demonstration of economic feasi

bility of specific salinity control projects. The most promising pros

pects for achieving salinity control have been screened and therefore 

effort will be concentrated on feasibility investigations to expedite 

movement of salinity control projects through the congressional authori

zation processes. 
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In the evaluation of this program, a mathematical model of the 

Colorado River will be developed to analyze the economic costs of 

salinity versus the cost of salinity control measures. A study 

will be conducted to analyze existing institutional and legal 

requirements. These would form the basis for applying systems 

analysis to evaluate and select control measures by measuring 

their physical and economic impacts, and assisting in evaluating 

water management procedures. 

In addition, a special study is being made of the potential 

application of the ion exchange process for desalting the river 

flows. This will provide assessment of alternative salinity control 

concepts which have not heretofore been contemplated ... controlling 

salinity on a large scale at diversion points rather than control at 

the sources. Other supporting studies will be conducted to evaluate 

still other potential control procedures. 
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Decision points would be utilized in the program to determine direction 

as feasibility studies are completed. Salinity control on the scale 

contemplated represents a pioneering effort in which alternative 

solutions will need to be assessed for effectiveness, environmental 

consequences, economic impact, and equitability to the States 

involved. Also it should be recognized that studies in the reach 

from Hoover Dam to Imperial Dam have heretofore been insufficient 

to completely identify the comparatively large increases in salinity 

occurring within that reach. In the water years 1961 through 1965, 
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the mean concentration below Hoover Dam was 714 mg/l while at Imperial 

Dam for the same period the mean value was 824 mg/l, an increase of 

110 mg/l. It is essential, therefore, that the salinity problems 

in this reach of the river be identified. Such additional studies 

and testing of new concepts could significantly alter the course of 

the program. 

Point Source Control 

The investigation program includes evaluation of point source control 

projects at LaVerkin Springs, Paradox Valley, Crystal Geyser, Glenwood

Dotsero Springs, Blue Springs, and Little Field Springs. Feasibility 

studies of point sources are underway at LaVerkin Springs and Crystal 

Geyser in Utah, Paradox Valley and Glenwood-Dotsero Springs in 

Colorado, and Blue Springs in Arizona. Reports are scheduled to be 

completed for LaVerkin Springs and Crystal Geyser in fiscal year 

1973 and for Paradox Valley and Glenwood-Dotsero Springs in fiscal 

years 1975 and 1976, respectively. The physical s~tti~g of Blue 

Springs suggests that development of a control plan may be very 

difficult. Therefore, these studies are not scheduled for completion 

until fiscal year 1978. A fe~sibility study for Littlefield Springs, 

Arizona is scheduled for the period FY 1974 through FY 1976. 

Authorization and funding of the feasible projects are estimated to 

take 12 to 18 months under the most favorable conditions. With this 

optimistic assumption, LaVerkin Sp~ings aI_ld Crystal Geyser could be 

under construction in fiscal year 1975. Construction starts on 
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Paradox Valley and Littlefield Springs could begin in fiscal year 

1977 and on Glenwood-Dotsero Springs in fiscal year 1978. Construc

tion on Blue Springs could not begin until 1980. 

Of these various point sources, it appears that early results in 

salinity control could be attained at Crystal Geyser and LaVerkin 

Springs. It is for this reason that these feasibility studies be 

completed as rapidly as possible so,if feasible, construction could 

begin. 

Diffuse Source Control 

The diffuse source control projects which provide most favorable 

prospects for salinity control include the Price River, San Rafael 

River, Dirty Devil River, McElmo Creek, and Big Sandy Creek. These 

projects have not as yet been sufficiently studied to formulate more 

than tentative plans for which costs have not been estimated. The 

basic concept to be employed is to selectively remove the saline 
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(over 1500 mg/l) flows from the stream and then to desalt and/or 

evaporate the water. The irrigated areas on these streams would also 

be investigated to determine if water system improvement and manage

ment programs or irrigation scheduling might contribute towards 

reduction of the salt load sufficiently to justify feasibility studies. 

Basic data collection for diffuse source control projects is under

way on the Price and San Rafael Rivers in Ut·ah and Big Sandy Creek 

in Wyoming. In fiscal year 1973, basic data collection is scheduled 

25 



to start on Dirty Devil River in Utah and McElmo Creek in Colorado. 

Feasibility studies are then scheduled to begin in fiscal year 1974 

on the Price River and Big Sandy Creek and on the San Rafael River 
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in fiscal year 1975. Similar studies on Dirty Devil River and 

McElmo Creek are schedµl~d for initiation in fiscal year 1976. These 

studies are programed to be completed in a period of about 3 or 4 

years. At this time, it appears that the earliest construction could 

begin for such projects is fiscal year 1979. 

Irrigation Source C~ntrol Projects 

The principal irrigated areas contributing salt are the Grand Valley 

and Lower Gunnison basins in Colorado and Uintah basin in Utah; the 

Colorado River Indian Reservation, and the Palo Verde Irrigation 

District lands in Arizona. The program contemplates conducting 

on-farm irrigation scheduling and water management, coordinated with 

water systems improvement and management programs within each of the 

areas. 

The on-farm activities woul4 be aimed at reducing-the volume of deep 

percolation to the ground-water regime through the saline geologic 

formations. It is expecte4 that such a reduction in deep ~ercolation 

would reduce the salt load being introduced into the Colorado River 

under present conditions. 

available for other uses. 

The water savings achieved would become 

The program would also provide increased 

net returns to the irrigators through greater yields, improved crop 

quality and lower production costs. The primary technique to be 
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employed is to schedule times and amounts of water to be applied 

to crops by utilizing a computer program. By developing an 

accurate water budget and giving operational considerations to the 

root zone reservoir, a basis is provided for attaining high irrigation 

efficiencies. 

Research completed indicates that improved on-farm management of 

water is likely to be amoung the least expensive methods of reducing 

salinity levels. Therefore, work on irrigation scheduling and 

management is beginning in the Grand Valley Basin this fiacal year, 

and would be continued through fiscal year 1978. Critical problems 

are involved in selling the program to irrigators, training personnel, 

and adapting computer programs for operation in the various areas. 

'lberefore, preparatory activities will be conducted in fiscal years 

1972·and 1973 for all other areas, with programs then scheduled to 

be instituted in fiscal year 1974 and conducted through fiscal year 

1978. 

Ongoing Bureau of Reclamation research on these procedures suggests 

that irrigators will immediately benefit from these programs and 

therefore will be willing to adopt and carry them forward after they 

have been placed in operation. Beyond fiscal year 1978, it is 

contemplated that the various irrigation districts would continue 

the programs. 
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An important corollary to on-farm management of water involves 

improvement of the water conveyance systems to reduce losses and 

increase operating efficiency. Under certain conditions, this 

would further curtail salt loading into the river. Engineering 

studies will be made of the irrigation systems in each of the 

aforementioned areas to identify the structural measures needed. 

Feasibility studies for improvement of water conveyance systems 

will be underway in the Grand Valley Basin and the Colorado River 

Indian Reservation in fiscal year 1972. The latter study is 

scheduled for completion in fiscal year 1974 and the former in 

fiscal year 1975. Feasibility studies on improvements of 

irrigation systems in the Lower Gunnison Basin are scheduled to 

begin in fiscal year 1973 and completed in fiscal year 1976. In 

the Uintah Basin. this activity would encompass fiscal years 
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1974 through 1976. and in the Palo V~rde District from fiscal years 

1974 through 1976. After demonstration of feasibility,congressional 

authorizations could be sought to initiate construction of the improve

ment works. 

Support Activities 

The supporting activities will include the development of a math

ematical simulation model of the Colorado River System. further 

development of economic evaluation methods for water quality, an 

in-depth study of the institutional and legal problems involved, 

and the potential application of salinity reduction processes which 
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have not been previously investigated. 

Work on the mathematical model is currently underway and is 

scheduled for completion in fiscal year 1973. The model will simulate 

both the quantity and quality conditions of the river system. It 

will become the primary tool for defining operations for salinity 

control, evaluating impacts of the salinity control projects and 

measuring impacts of new irrigation developments on the salinity of 

the river. 

An adjunct to the model will be the economic studies which will 

provide a basis for better deriving economic evaluation procedures 

for salinity control. In view of the many complexities involved 

in the assessment of the salinity problem,, the development of these 

tools i·s regarded as an essential guiding requirement for prosecution 

of the salinity control program. 

Moreover, when developed, the application and results derived from 

use of these tools must be thoroughly understood by the States and 

other entities involved with this problem. Once developed, these 

procedures ought to be utilized and tested by the States involved 

as an essential prerequisite to the establishment of numerical 

standards for salinity. 

A parametric stti.dy will be conducted of the preliminary feasibility 
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and cost of utilizing large-scale ion exchange systems to control 

salinity levels on the Colorado River at various points such as 

Parker or Davis Dam. Salinity reductions would be studied in 

100 mg/l increments down to a lower limit of 500 mg/l. The study 

involves installation of a small pilot test of applicable ion 

exchange demineralization processes to the water at Parker Dam. 

This work is now getting underway by the Office of Saline Water and 

is scheduled for completion in fiscal year 1974. It will provide a 

test of an alternative concept to the control of salinity at the 

source. 

Program Impacts 

Based upon the studies accomplished to date, estimates have been made 

of the potential reductions that could be attained if the point, 

diffuse, and irrigation source control projects are found to be 

feasible and are placed into operation. The results are summarized 

in Table 3. 

Pr active 

Point Source 
Control 

Diffuse Source 
Control 

Table 3 

Summary 
Water Quality Improvements 

Present 
Associated 

mineral 
load 

(1000 1 s tons/yr) 

1,385 

945 

Estimated 
Reduction 

(1000' s tons/yr) 

745 

390 

Irrigation Scheduling 

Effect at 
Hoover Dam 

(mg/l) 

-55 

-30 

Effect at 
Imperial Dam 

(mg/l) 

-65 

-35 

Scheduling _____ 2.._3_1_0 ____________ 6~8-0 ____________ ._-s~o,...... ________ _,..-~65......_ 
Totals 4,700 1,815 -135 -165 

30 



835 

In preparing these estimates, potential reductions from improvement 

of water conveyance systems was not included because effects of such 

improvement works on salinity reduction have not as yet been suffi

ciently ·defined. These estimates are based on reconnaissance studies 

and will therefore require more detailed study for verificatbn. 

The salinity control works could have a major effect in reducing 

salinity; however, additional elements and concepts will need to be 

developed and applied if further reductions are to be achieved. 

It should be noted that there would be a time lag involved before the 

influence of the reduction is reflected at points such as Imperial 

Dam. '11le large impoundments such as Lake Mead and ~ake Powell greatly 

increase the time required for water to travel the distance from the 

inlet plint to discharge at the dam. Also, thermal, density and 

chemical stratification take place. As a result, periods of 3 to 10 

years may be involved before the influence of the control works can 

be observed at the lower reaches. It follows that the farther down

stream the control works are located, the more quickly their impact 

will be felt. 

Program Financing and Repayment 

The investigation program will be financed by the Federal Government 

under the authority of laws previously cited herein. As feasibility 

of specific control projects is demonstrated,repayment plans will 
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be developed. It is expected that these will follow established laws 

and policies relating to the implementation of water resource develop

ment projects. Beneficiaries will need to be identified and cost

shar~ng formulas worked out. This may require new institutional 

arrangements not only as they relate to repayment but also to 

operation and maintenance of the constructed facilities. 

Program Schedule 

The identification of the program components is presented on 

Figure I attached. 

Allied Programs 

The water quality improvement program as described above may be 

regarded as one facet of the overall development program of the 

basin. This Department believes that water resource management and 

salinity control are inseparable elements in fostering continued 

economic growth and development of the resources of the Colorado 

River Basin. 

Salinity control adds another dimension to the preparation of the 

Western U. S. Water Plan and must be viewed in context with 

programs for augmentation such as weather modification, geothermal 

resources, and desalting. From such studies, coordinated through 

the alternative planning approach, a basin-wide management plan for 

optimum use of the water resources will be evolved. 
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The basin management system will need to deal squarely with the ·1egal 

and institutional constraints governing operation of the river. In 

this regard, it is well to note the recent adoption of "Criteria for 

Cqordinated Long-Range Operation of the Colorado River Reservoirs." 

These criteria provide for the storage of water in reservoirs of the 

Colorado River Storage Project and releases of water from Lake Powell 

within such constraints, and according to certain priorities. 

Studies prepared as a basis for formulating these criteria, as well 

as experience from operating thereunder for more than a year, indicate 

that such purposes as water quality control, recreation, enhancement 

of fish and wildlife, other environmental factors, and flood control 

can be served to some degree without significant detrimental effect 

to power production and irrigation uses. In particular, such studies 

indicate that operation for river regulation associated with con

sumptive uses and power production provide some incidental water 

quality control and other multiple benefits, and allow flexibility 

for specific short-term operational patterns lasting only a few days 

for such purposes. 

Western U. S. Water Plan 

The results from all study activities relating to ongoing Federal 

and State water resources programs are expected to be utilized in the 

development of the Western U. S. Water Plan. One of the major efforts 
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of this Westwide Study is to develop a recommended action program 

for further comprehensive development of the water resources of the 

Colorado River Basin and for the provision of additional and 
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adequate water supplies for use in the Upper as well as the Lower Basin. 

Accordingly, these studies will pull together into a basin management 

system results from ongoing study programs such as weather modification 

to increase spring runoff in the Colorado River, desalting sea water 

and brackish water, extraction and desalting of geothermal water, 

reuse of wastewaters, water conservation and salvage, and watershed 

management. We see that such an augmentation and management program 

as having important inputs towards alleviating future water quality 

problems. 

Desalting 

To demonstrate the application of reverse osmosis technology to the 

reduction of salinity at point sources in the Colorado River drainage 

basin, it is planned to design, construct, and operate a multi-modular 

plant at a site to be determined by reconnaissance investigations 

scheduled for completion in fiscal year 1973. The design of this 

prototype plant will be based on the best reverse osmosis desalting 

technology available. Design and construction of the prototype plant 

could be undertaken during fiscal years 1974 and 1975. In subsequent 

years, studies would be made of the application of the technology to 

specific point source salinity locations within the Colorado River Basin. 
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The prototype plant would be sized for 1) miLlion gallons per day 

(MGD). This 15-MGD plant is planned to be on stream in fiscal year 

1976. The reverse osmosis process lends itself to the construction 

of added modular units to fit the demonstrated need. 

Weather Modification 

Given an applied research and engineering effort to refine and 

confirm present cloud-seeding techniques and provide analysis of 

parameters in storms pertinent to a more fully identified seeding 

criteria, a continuous operation could be initiated in the Upper 

Colorado River Basin within 10 years. This would involve (1) 

seeding within well-defined and localized target areas by remote

controlled ground-based generators using silver iodide, and (2) 

seeding susceptible winter storms at high elevations to increase 

winter snowpack. 

In a limited area, such as the Colorado River Basin, the production 

of about 2 million acre-feet of usable new water annually could be a 

significant contribution towardssalinity improvement. 
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The flexibility of use, largely with existing water and power systems, 

and the opportunity for obtaining an even greater new water yield with 

advanced technology point to weather modification as a very desirable 

tool for water resources management. The Upper Colorado River Basin 

would be one of the first regions where a reliable optimized capability 
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to increase precipitation would be developed on a region-wide basis. 

It is believed that firm acceptable answers and workable systems could 

be successfully achieved within 10 years. 

Geothermal Resources 

The potential of geothennal resources is currently under investigation 

by the Bureau of Reclamation and the Office of Saline Water. Success

ful development will provide energy and an additional source of water 

supply. The geothermal energy and water could be meshed into the 

overall water management system to assist in achieving salinity 

control, particularly in the Lower reaches of the system. 

The joint Bureau of Reclamation and Office of Saline Water Geothermal 

Resource Investigation Program in the Imperial Valley, California, 

will enter a new phase in 1972. Following more than 3 years of 

geophysical prospecting, coupled with shallow exploratory drilling 

(to 1,500 feet), the first deep well capable of prod~cing hot steam 

and brine will be drilled in April. The well will be located in the 

East Mesa area of Imperial Valley and drilled to a depth of 4,000-

8,000 feet. A portable pilot desalting plant will be moved to the 

well site and test operations for desalting geothermal brines will 

start. Also, a test disposal well is anticipated for late in 1972 to 

determine the feasibility of reinjecting the byproduct fluids from 

geothermal development. 
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Preliminary studies indicate the Imperial Valley geothermal resources 

might be capable of producing 2,500,000 acre-feet of fresh water per 

year on a sustained basis as well as large quantities of electric 

energy with possible mineral byproduct recovery. 

Operation and Maintenance Activities 
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Various facets of the Bureau of Reclamation's operation and maintenance 

activities deal directly with salinity problems in the Colorado River. 

Water quality studies are continuing in the basin as required under 

various public laws, and biennial reports are made to Congress. 

These reports are prepared in cooperation with the Geological Survey. 

The reports include data regarding historical, present, modified, 

and anticipated future chemical quality of water conditions at 17 key 

stations in the Colorado River Basin. Also presented are discussions 

of State standards, quality control, sources of salinity, sources 

of other forms of pollution, and other aspects of water quality in 

the basin. In fiscal year 1972, $90,000 will be used in prosecution 

of this program. 

Consumptive use studies are being undertaken as required by Section 601 

of the Colorado River Basin Project Act. These studies will provide 

useful input to prosecution of the salinity control program. In 

fiscal year 1972, $100,000 is being expended for this activity. 
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Research 

Considerable research will be required to support the water quality 

improvement program in the basin. Ongoing and scheduled research 

which is expected to find application in the salinity control effort 

now underway or scheduled by the Bureau of Reclamation include: 
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(1) Prediction of the quality of return flows (in cooperation with EPA), 

(2) mathematical model for predicting nutrient and salt loadings, 

(3) ecological considerations in project planning, (4) wastewater 

reclamation opportunities, (5) case studies of desalting for salinity 

control, (6) management of saline waters, and (7) testing advanced 

irrigation systems. 

In addition to the foregoing research, considerable additional 

research ought to be perfonned to assist in implementing a viable 

salinity control program. As previously indicated, the Office of 

Water Resources Research is supporting activities in this area, and 

it is strongly reconmended that the Environmental Protection Agency 

join in financing such research efforts. The land grant universities 

and the Agricultural Research Service of the Department of Agriculture 

should also have important inputs. 

Some of the kinds of work needed are field trials of water harvesting 

techniques, developing special uses for water of inferior quality; 

reducing costs for attaining high irrigation efficiencies; identifying 

field relationships of irrigation efficiency to return flow quality; 
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studies of water flow through large impoundments including the 

chemical reactions and velocity of throughput of the dissolved 

constituents; vegetative management techniques particularly as related 

to phreatophytes with the aim of reducing water use and protecting the 

breeding areas of birds and other wildlife; identification of water

shed management and salinity output relationships; further studies 

into the economics of water quality; and ecologic considerations 

involving salinity effects on aquatic life and other biological 

systems; recovery and extraction of minerals from brines; development 

of better inland brine disposal techniques; identifying opportunities 

for using reclaimed waste water to satisfy outdoor recreation needs; 

and identifying opportunities for using heated water from desalting 

installations to extend the recreation season for swinuning and other 

activities. 
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Pro.lect1 4!plet1pl Colorado River water 

Project and state 
lllcve the gage Green River at Green R1 ver, W;yOlll1Jlg 

Nev 
deyletion 
(ac.-ft.) 

New irriga
tion land 

(acres) 

Seedskadee, Wyoming • • • • • • • • • • • • , ••• , , , • , 
Westvaco and others, Wyoming • • • • • • • • • • • • , , • • 

Between the above gage and the gage Green River near Greendale, 
~,Wyoming •• •••••.; •• ••••• 
Utah Power & Light and others, Wyoming • • , , , • • • • • • 

Above the gage Duchesne River near Randlett, Utah 
Central uteh Project, Utah 

Utah 

Bonneville Unit 
Upalco Unit • • • • • • 
Uintah Unit • • • • • • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. . . . . . . . . . . . . . 
Between the gages Green River near Greendale, Utah, and Duchesne River near Randlett, Utah, 

Bild the gage Green River at Green River, Utah 
Four Cow:rty, Colorado 
Hayden steamplant, Colorado 
Cheyenne-Laramie, Wyoming 
Savery-POt Hook, Colorado-Wyoming 
Central Utah Project 

Jensen Unit • • • • • • • • • • 
Above the gage San Rah.el near. Green River 1 Utah 

utah Pl:lwer & Light 1 !lilery County, utah • • • • • • 
Above the gage Colorado River near Glenwood Springe, Colorado 

Denver-Englewood, Colorado • • • • • • • • • 
Green Mowltain M!oI, Colorado • • • • • • , , • • • • • • • 
Homestake Project, Colorado , • • , • , • , , , , , • • • 

Between the above gage and gage Colcrado River near cameo, Colorado 
Independence Pass Expansion, Colcrado 
FryingJan-Arkansas, Colorado • • • • • , • • • , 
Ruedi Ml.I, Colorado • • • • • • • • • • • • • • 
West Divide, Colorado • • • • • • • • • • • • • • • • 

Above the gage Gunnison River near Grand Junction, Colorado 
Fruitland Mesa, Colorado • , , , , 
Bostwick Park, Colorado • , , • • , , • • • • • • • • • 
Dallas Creek, Colorado • , • • • , • • • • • • • • • • • • • • • • • , • , • , • 

Between the gages Colorado River near Cameo, Colorado, and Gunnison River near Grand 
Junction, Colorado, and the gage Colorado River near Cisco, Utah 
Dolores, Colorado • • • • • • • • • • , • • • • • • • 
San M4;uel, Colorado • • • • • • • , • • • • • • • • • 

Above the gage San Juan River near Archuleta, Nev Mexico 
San Juan-Chama, Nev Mexico • • • • • , • • • • • • •• 
Nava.Jo Indian Irrigation, Nev Mexico • • • • • • • • • • • • • • 

Between the above gage and the gage San Juan River near Bluff, Utah 
Animas-IA Plata, Colorado-New Mexico 
Expa.nsion Hogback, Nev Mexico , • • • • , • • • • • • • • • • • , 
Utah Construction Co. , New Mexico • • • • • • , • • • • , • • • 
Return now--Dolores and Navajo Indian Irrigation, Colorado and New Mexico • • • • 

Between the gages Green River at Green River, Utah; San Rarael River near Green River, Utah; 
Colorado River near Cisco, Utah; and San Juan River near Bluff, Utah; and the gage 
Colorado River at Lees Ferry, Arizona 
Resources, Inc. , Utah 
Arizona M&l 1 Arizona • • • • • • 
Salvage •••••••••••• 

Subtotal Upper Ba.sin • • • 
Between the above gage and the gage Colorado River near Grand Canyon, Arizona • 
Above the gage Virgin River at Littlefield, Arizona 

Dixie Project, Utah • • • • , • • • • • • • • • • • • • • • • • • • • • 
Between the gages Colorado River near Grand Canyon, Arizona, and Virgin River at Little

field, Arizona, and the gage Colorado River below l!oaver Dam, Arizona-Nevada 
Southern Nevada Water Project, Nevada • • • • • • • • • • • • • • • • • • • • • • • 

Between the above gage and the gage Colorado River below Parker Dam, Arizona-California 
Fort Mo!lave and Chemebuex1. Indian, Arizona, California, and Nevada.· 
Central Arizona, Arizona11' • • • • • • • • • • .,. ' • • • • • • • • • 
Reduced Metropolitan Water District D1versionW • • • • • • • • • 
Killgman, Arizona ••••••• , ••• ,. • 
Mohave Valley !&D District, Arizona 
Lake Havasu I&D District, Arizona • • • • 
Salvage • • • • • • • • • • • • , • • • • • • • 
Reduced Metropolitan Water District D1vers1~ 

~en the above gage and the gage Colorado River at Imperial. Dam, Arizona-Col.orado 
Colorado River Indian, Arizona-California 
Salvage • • • • • • • • • • • • 

Subtotal Lower Basin • • • • • • • • • 
Total Colorado River • • • • • • • • 

145,000 
86,ooo 

10,000 
8,000 

166,ooo 
10,000 
30,000 

40,000 
12,000 
24,ooo 
27 ,ooo 

15,000 

5,000 

216,000 
12,000 
49,000 

14,ooo 
70,000 
38,000 
76,000 

28,000 
4,ooo 

37 ,ooo 

J/140,000 
85,000 

4~10,000 
- 508,000 

146,ooo 
10,000 
25,000 

-311,000 

102,000 
35,000 

_-ao,ooo 
1,892,000 

0 

2148,ooo 

83,000 
433,000 

-433,000 
18,ooo 
6,000 
7,000 

-87,000 
-199,000 

243,000 
-104,000 

255,060 
2 14 000 

58,000 y 
0 
y 

2/ 
0 

1,aoo 

44c 

15,870 
1,610 

15,000 

32,000 
26,000 

2/ 
110-;ooo 

46,500 
0 
1/ 

1n.1 

350,14o 
0 

6,900 

60,84o 

l In-basin depletion without irrigated lands. 
Y Transmowitain diversion. 
l/ In-basin transfer from Dolores River drainage to the San Juan River drainage--esti.mated 53 1000-acre-foot re

turn nov to the San Juan River. 
Y Diversions at liavajo Reservoir, est1-ted 258,000-acre-foot return now to the San Juan River below the 

pge near Archuleta, Nev Mexico. 
5/ Includes a transmountain diversion to Great Basin. 
I/ Feruling fl1ll development, the Mohave Therml Pl.ant will use part of this water which will be diverted below 

Hoover Dam. 
1/ The Central Arizona Project diversions will vary, depending on the depletions by other projects on the 

river. Under present modified conditions -.xillum diversions to Central Arizona could be 2,172,000 acre-feet but 
vitb full depletions by the projects tabulated, the llBXimlm diversions would be 433,000 acre-feet. Also with full 
depletions by the projects tabulated, the diversions to the Metropolitan Water District of Southern C&lifornia would 
be reduced to an annu&l. 550,000 acre-feet from its present diversions of 1,182,000 acre-feet. This will provide 
199,000 acre-feet needed to develop the other tabulated projects in the Lover Basin in addition to the 433,000 
&ere-feet delivered to the Central Arizona Project. 

lnterior-~tlon, B.C., Nev. 2·72 
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E. L. Armstrong 

MR. STEIN: Are there any questions or comments? 

MR. THATCHER: Mr. Chairman. 

MR. STEIN: Yes. 
I 

I I MR. THATCHER: He mentioned a February 1972 report of 
I I the Bureau. Will the conferees get copies of this? 

MR. ARMSTRONG: We will have that for you-

How soon will--

MR. STEIN: Is that Report No. 5? I had that noted to • 

I MR. ARMSTRONG: No, no. The Report No. 5 is the J.anu 

I ary 1971 report, which you have. The report that you are refer 
I 

ring to is now in the process of being put togethe~ and we will 

have it to you within 30 day~and as soon as we can get it to 

you. It is in the final stages of being put together. 

MR. STEIN: Mr. Thatcher? 

MR. THATCHER: Yes. 

MR. STEIN: What do you think we should do about it, 

put it in the record? 

MR. ARMSTRONG: Yea, sir• I would like it included in 
-

the record, if you would, because it includes the details of 

these things that I have been discussing. 

MR. STEIN: When will we have that? 

MR. ARMSTRONG: Within 30 days and as soon as we can. 

MR. STEIN: All right. Without objection we will put 

it in the record as if read with--
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I 

! 

Do you think we could have enough copies--

MR. ARMSTRONG: We will furnish you whatever copies 

you like. 

MR. STEIN: --to provide the States, because I don't 

!want them to have to wait for the record. 
! 

MR. ARMSTRONG: Yes. 

MR. STEIN: o. K.? 

I 
lhave our staff work with yours to provide whatever copies you 

MR. ARMSTRONG: We will arrange to do that. We will 

I need. 

~ (Editor's Note: Seep. 16, Reconvened Session, April 26-27, 19712, 
i 

for the above-mentioned report • See Report #5 appended 
I 

herein. )i 

MR. STEIN: Any other comments? 

Mr. Dibble. 

MR. DIBBLE: Mr. Chairman, I have a question of 

Commissioner Armstrong. 

There are two tables in your report--

MR. ARMSTRONG: Yes. 

MR. DIBBLE: --that you presented. One is at page 30, 

which shows the water quality improvements that would probably 

be able to be effected from point source controls, both diffuse 

source controls. and from irrigation scheduling, and you indi-

cate perhaps that perhaps at Hoover the salinity level could be 

I 

! 
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reduced to 135 mg/l. But over on page 5 there is a table which 

shows the probable concentrations at Imperial Dam. And at page 

30 I should have used the Imperial Dam figure of possible 

reduction of 16.5. 

These figures on Table 1 on page 5 suggest that if 
I 
there is no salinity reduction the concentration at Imperial 

Dam would be 1,250. 

MR. ARMSTRONG: Yes. 

MR. DIBBLE: But if you took out .1.9 million tons or 

salt at Hoover Dam it would be 11 040, which is a greater 

salinity reduction. 

j 
I 
I 

l 
I 

I The figures don't seem to fit together and I was just i 
I 

wondering if someone could look into those and see if they couldl 

reconcile them. 

MR. ARMSTRONG: They--

MR. DIBBLE: It that is too complicated to try to 

explain here, maybe--

MR. ARMSTRONG: All right, we will look into it and 

provide you with an explanation for the record. I don't think 

there is any problem there. It is a matter or detailed explana-

ti:on, I think. 

MR. DIBBLE: Mr. Chairman, I have one other question~-

MR. STEIN: Yes. 
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MR. DIBBLE: --or really a comment about Mr. Arm-

1trong's statement. 

This is an enforcement conference that is called here 

today, and the. first thing you had on your agenda was the 

uranium tailings and that is clearly an enforcement problem~ 

But it is very clear, as pointed out not only by the EPA staff 

but by Commissioner Armstrong, that this matter or the salinity 

problem or the Colorado River is way more than an enforcement 

problem. tn fact. isn't really an enforcement problem at 

all except trom some or the waste discharges from the municipal-! 

ities and industry. 

MR. STEIN: That is what we deal with- enforcement 

problems from waste discharges, Mr. Dibble. 

MR. DIBBLE: This is a resource management problem 

and I am glad to see that the Bureau is now beginning to really 

get this thing in focus. I would just guess that had this 

conterence been a. year ago. the Bureau wouldn't have been able 

to make as strong a statement as it did today of how it expects 

to be able to move along;. I think the Bureau is to be com-

mended tor making such a strong statement here today. 

I sincerely hope, Mr. Armstrong, that the Bureau will 

get all the support it needa to carry through on a program such 

u you are proposing here. 

I 
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MR. ARMSTRONG: We plan to, yes. Thank you. 

MR. DIBBLE: And I think the conference report 

should do that. 

States? 

MR. STEIN: Are there any other comments from the 

Mr. O'Connell? 

MR. O'CONNELL: I have a comment and a question. 

I note that from your Table 3 you anticipate an 

850 

improvement in Imperial Dam or 165 ppm and comparing that to 

the projected degradation in the EPA report by 1980 at Imperial 

Dam I note that is 191 ppm. It would appear that if the program 

weht in and was completely successful that we would still lose 

ground between now and 1980. I just wish we could be more 

optimistic than that. 

But then--

MR. ARMSTRONG: Well, they are based on conservative 

estimatesiand we are hoping that they will be better. E~t at 

the same time.you will note our estimate or what the full 

development program 1a, which 1a somewhat leas than the esti

mates that you folks made, based on a little different basic 

assumptions, and this is where the differences arise. We think 

ours are pretty sound, but there are areas where honest dif

ferences or opinion can occur. 
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MR. O'CONNELL: It would appear on the basis of the 
I 

best estimates that we can make projecting increases and 

decreases that over the next 10 years we probably can't hold 

our own as far as salinity and--

MR. ARMSTRONG: Oht I am a little more optimistic 

than that. I think with the, again, good possibilities of the 

weather modification program making a contribution that this 

is going to be helpful. 

MR. STEIN: Knowing the other conferees. I suspect we 

all have the same thought. I . think the essential thing ls that 

this conference first met in 1960. If you take the EPA 

statistics as correct, and I assume they are. we have lost 

ground since 1960. It has gotten progressively worse until 

1970. If we are going to roll that back by minus 165,, we are 

still going to be in not as good shape as we were in 1960. 

MR. ARMSTRONG: Well. again it ties in to the con-

aumptive use of water. As I have pointed out. there have been 

additional diversions,and this has been the primary problem. 

Then. or course, in that period we have had the problem or 

filling Glen Canyon and some of these other factors that aren't 

repeating themselves. 

MR. STEIN: By the way, I understand the problem, but 

I think we have to race the public and say we have been here for 
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10 years--10 years since we had the conference--and salinity 

is increasing. Yet the kind of program that we have heard 

here isn't going to roll that back to what it was in 1960. 

It is going to be over l,OOO at Imperial Dam. 
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MR. ARMSTRONG: Well, we are hoping. We are hoping, 

Mr. Chairman, that we can with thia program get 1t back down 

below that figure. But we think it is premature to say that 

now until we get this additional 1nformat1Qn put together and 

analyzed, because as you well know, there is no magic to this 

thing, and it is going to take a lot or good, hard slugging work~-

MR. STEIN: Darned right. 

MR. ARMSTRONG: --on the part of everyone. And as 

you mentioned at the start or the meeting, our job now is to 

positively get hold ot these problems and get with it and I 

think that 1a where we are. 

MR. STEIN: While we are this tar on it, I am 

reading possibly trom the press release--! think this sum

marizes your position--where you say that, "It is essential 

that the available technical knowledge or the physical and 

social factors involved and their interrelationships and the 

p~obable consequences or proposed changes be tullJ understood 

before applying numerical standards." 

Is that correct? 
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MR. ARMSTRONG: Yes, I think generally that is it. 

MR. STEIN: o. K. And then you say: 
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"A Federal-State Task Force should be appointed to 

provide guidance and participate in the effort. The task force 

should be allowed 3 ·years.. to. eompl.ete the work, to complete its 

tinding~.and to make reconunendations to another session or this 

conference. " 

MR. ARMSTRONG: Yes, sir. 

MR. STEIN: All right. Well, the point is--I think 

we are going to have several points. One, the question we are 

going to have to ask is why we don't have numerical standards 

now. Secondly, why we should have 3 year.a. And it we do both, 

maybe some people want to abolish the conference, and it it is 

abolished what are you going to have to report to? 

It seems to me what your statement assumes is the 

eatabliahment or a Federal-State task force and the continuance . 

ot the conference-. 

MR. ARMSTRONG: Yes, yes. 

MR. STEIN: Unless I misread you. 

MR. ARMSTRONG: Yes. Yes. 

MR. STEIN: All right. 

MR. ARMSTRONG: Yes, this is what we suggest. 

MR. STEIN: All right. 
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MR. ARMSTRONG: And again tor the reasons that we 

pointed out, that the legal problems, the institutional require

ments, the river compacts, all the rest or these ramifications 

ot th~ various laws that I cited, and so on, present a very 

complex problem. The interstate problems that they have, we 

think that the States should be involved and working on this 

taak rorce. 

MR. STEIN: No, I understand that. But it the whole 

thing is going to work, we are going to have to have a con

terence to report to. 

MR. ARMSTRONG: Oh, yes, surely. 

MR. STEIN: All right. 

MR. ARMSTRONG: Agreed. 

MR. STEIN: Yes. 

MR. WRIGHT: Mr. Armstrong, I note on page 6 that the 

Department is pledged to pursue the program or salinity control. 

I could pledge to take the salt out or the river with a tea

spoon and it wouldn't mean a whole lot. Could you tell me the 

amount or ettort and the amount ot energy that is at the--tbe 

resources that are at the diaposal or the Bureau at this point 

in time? 

MR. ARMSTRONG: Well, I pointed out that we have a 

program now planned or study or $18 million here in the next 1 
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I 

'years which indicates certainly a big effort, and from the 

I standpoint of recognition of this problem by, of course, all 

I the States in the West, and because of the recognition of our 
I 

overall problem on the Colorado, I anticipate that if we have 

i a good sound case that Congress will appropriate funds to 

I proceed as we come up with these projects that we can recom-

mend for implementation, construction and implementation. 

MR. WRIGHT: Mr. Stein, I would just like to echo Mr. 1 

Dibble's comments that it does appear that we have the Bureau's 

attention finally. (Laughter.) 

MR. ARMSTRONG: You have had it for at least 2-1/2 

years, I can assure you that. 

MR. WRIGHT: And it does appear that the problem is 

mainly a water resources problem. that the individual States 

are in the process now and always have been or controlling 

salinity from point sources· of industrial discharge and 

municipal discharge. 

MR. ARMSTRONG: Yes. 

MR. WRIGHT: And maybe that is where our resources 

should be at this point. 

Thank you. 

MR. ARMSTRONG: There has been some discussion on 

stepping this F1acal year 1973 program up. In the budget we 
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jhave a little better than $1 million and we would be able, if 
i 

I there is that type of support, to step that up and probably 
I 
I double it. 

I MR. STEIN: Well, this works both ways. I am glad 

we have the Bureau's attention. We were hampered without 
i 
i 
ithem. I love these guys. (Laughter.) I hope they have your 

1 
attention. The Bureau needs your attention as well as you 

need theirs. 

MR. ARMSTRONG: Believe me, you have. 

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

Yes. 

MR. DICKSTEIN: Mr. Commissioner, it seems to me that 

there is no question that irrigation is probably one of the 

major problems in our salinity control program, and you state i 

the document that improved on-rarm management is one of the 

areas you will be looking at. 

MR. ARMSTRONG: Yes. 

MR. DICKSTEIN: Now, in your contractual arrangements 

with the various irrigation ditches, can the Bureau actually 

regulate the amount or water to the given irrigation ditch wher 

1ou actually can use possibly better irrigation practices in 

these areas? 

MR. ARMSTRONG: Not to the degree I think that you 
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are referring to, and these types of things are a continuing 

education type program, demonstration type. As I pointed out, 

I think it is to everyone's benefit to recognize this and we 

are getting recognition in most areas. 

There are other means to approach this, of course, 

besides our contractual arrangements. 

MR. STEIN: Any others? 

MR. WILLIAMSON: Comment, Murray. 
i 

Some 5 or 6 years ago when we started talking about I 
I 

possible control projects, always the bugaboo of financing that ! 
i 

came up is who is going to pay for it. J 

MR. ARMSTRONG: Yes, sir. I 
I 

MR. WILLIAMSON: I noticed in a very brief section in I 

the program financing and repayment that it will follow estab-

11shed laws, and as near as I can see there it is probably going 

to be a real tough job of who is the beneficiaries or some of 

these projects. All we can do as States is probably hope you 

don't try to charge them all back to the irrigation project 

where they were built because this would put quite a tew people 

out or business. But this is still an unsolved problem, I 

take it, or one that is--

MR. ARMSTRONG: Well, it is one that is not simple. 

It is very complex, as I indicated. And this is one of the 
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reasons and this is one or the areas that has got to receive 

some very detailed analyses and some hard thinking to come up 

with something, Item 1, that is equitable and, 2, that is 

attainable. In this field a lot of good wishful thinking is 

fine, but when you get down to dollars and cents there are 

some other problems, and this is what we want to do-is real-

istically approach this from the overall standpoint, from the 

standpoint or the local users and the States and the national 

interests, to come up with a way or financing it. And this is 

why.we suggest to take this additional time. 

MR. STEIN: Any other comments or questions? 

MR. O'CONNELL: I have one more. 

MR. STEIN: Yes. 

I 
I 
I 
I 
! 
j 

MR. O'CONNELL: I notice on your Figure 1, which shows 

the timing ot various projects, that you don't actually show 

much in the way or construction until about Fiscal Year 1974. 

I wondered if it would be at all possible if you could consider 

accelerating some or that by way or, say, demonstration projects 

such as the Office or Saline Water project, and so on, to get a 

rew or these perhaps under way in a limited way. 

MR. ARMSTRONG: Yea. You see, this gives us time to 

go ahead and get detailed, and this talks about the actual con-
-

atruct1on and it takes a little leadtime. We may in one or two 
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instances, for instance, La Verkin Springs, perhaps step it 

up, and we are looking into that. This is what we think is 

reasonably possible to accomplish. 

MR. STEIN: Are there any other questions? 

I have a few. 

Let me ref er to the pages in your statement. Page 18. 

You say, "The salinity problem in the Colorado River is pri-

marily an economic issue. No detrimental effects on the environ• 

ment along the Colorado River are envisioned due to inoreased 

salinity concentration." 

Do you really mean that? 

MR. ARMSTRONG: Within the limitations that we are 

talking about here, and as I explained further, that is natural 

vegetation that we are talking about, because natural vege

tation has a salinity tolerance higher than the projected 

salinity concentration--

MR. STEIN: I understand that. But the problem that 

we are getting at here, and I don't know that we had this, but 

I suspect we had an economic investigator here in past con

rerences, Dr. Nathaniel Wollman, who I believe is now Dean ot 

Arts and Sciences at the University or New.Mexico. He pointed 

out that if you used the water in gross regional protit tor irrj~ 

gated agriculture in the States, you were going to get the valut 
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ot XJ if you used it tor municipal and industrial use you were 

going to get 3X; if you used it for recreational use you were 

going to get 7X. 

MR. ARMSTRONG: Yes, sir. 

MR. STEIN: The point is, if we are talking in terms 

or vegetation and we are talking in terms or 7'!- for recreation, 

we are talking in terms or different things. And the question 

is if we are talking about .environmental detriment due to 

increased salinity, I think we have to take other things into 

account other than the growth or--

MR. ARMSTRONG: Oh, there ia no question on that. We 

are in agreement with that, that this is the--it has to be the 

entire environment. And that all or these things, of_ course, 

have a very complex interrelationship, too, that has to be 

carefully evaluated and kept in mind. 

MR. STEIN: All right. 

MR. DIBBLE: Mr. Chairman, may I ask something? 

MR. STEIN: Yes. 

MR. DIBBLE: May I follow on the question that Mr. 

O'Connell asked about your scheduling or your program; and you 

indicated that perbapa some or these could be e~pedited. Is 

there any way that this conference could identity with your 

help, Mr. Armstrong, which or these things could be expedited,, 
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and perhaps this conference coulQ,, before it is concluded take ,. 

some kind of a position on urging either the Bureau or Congress, 

I guess Congress, to provide the funding that would be needed to 

speed up some of these things? Because as has been pointed out 

here, if some of these things are not speeded up the quality or 

the river will continue to get worse. 

MR. ARMSTRONG: Yes, sir. 

MR. DIBBLE: And that is the one thing I think we · 

should pledge ourselves to see does not happen. I think every 

State has a water quality policy which is against the further 

degradation of water, and I think we ahould all try to carry out 

that policy on the Colorado River. 

MR. ARMSTRONG: Well, I think these that we have 

identified here on this chart can--ror instance, the point 

source control projects could be stepped up some. Well, the 

whole program. The whole program, it is a massive across-the-

board type of approachi the diverse source control projects. 

'!'he problem there again is getting the basic data on which to 

come up with some viable method of control. 

As I stated, I think on the basis or detailed study, 

and John, I think you have it here, that we estimate we could 

step it up double what is in the present President's budget. 

Do you have those? 
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MR. MALETIC: Yea. Would you like me to list those, 

Mr. Commissioner? 

MR. ARMSTRONG: Would you like to give us the details 

on that? Do you have them, John? 

MR. DIBBLE: Well, I am not sure, Mr. Stein, whether 

Mr. Armstrong can just give it oft the curr. 

MR. STEIN: Have you got that? 

MR. ARMSTRONG: I have the statement here. Let me 

give you this. 

MR. STEIN: Yea. 

MR. ARMSTRONG: It can be accelerated. An evident 

drawback, as I mentioned, is lack or sufficient data, particu

larly for diffuse 1ources, to allow early preparation or reas

ibilitJ level deaigna and eatimates tor the comptrollers. 

Acceleration can be applied to some point source control, some 

or the water ayatem improvement and management, the irrigation 

scheduling and management, the economic evaluations and an 

early start on several or these new activities such as the 

dissolving ot the return tlowa trom the Palo Verde Irrigation 

District, Bl'J&n disposal studies in the lower reaches or the 

Colorad9, and an overall aklin1t1 source-1dent1t1cation study 

trom Hoover to Imp.erial where I •ntioned, you know, that we 

have rather a large increase in the salinit1. In addition, 



862 

E. L. Armstrong 

data collection for the diffuse sources could be accelerated. 

And this was the basis for the additional money that I 

mentioned. 

MR. STEIN: Are there any other comments? 

MR. DIBBLE: Thank you. 

MR. STEIN: Commissioner Armstrong. I would like to 

call your attention to page 20. the last paragraph • 

••• it is essential that feasibility 

studies be pursued on point. diffuse. and 

irrigation sources to disclose the maximum 

improvement in water quality that can be 

achieved with present technology. 

MR. ARMSTRONG: Yes. air. 

MR. STEIN: These st.udi.ea must develop 

the full costs involved, identify the control 

means. the trade-otrs.and specify the time 

required to achieve specific degrees or control 

tor particular reaches or the river. 

We have been dealing with water quality here and we 

have argued-and I know you have coat/benefit in the reclama

tion operation-but where else in pollution control do w.e deal 

with the time with the trade-offs, full costs involveq, 

,etc.? The judgment we have on water quality 
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under the_ pr~sent law, as I understand 1 t-and th ts ts both Stat'e 

&nd Federal-is those people who are responsible for tt have to 

clean 1 t up. 

MR. ARMSTRONG: And the problem is defining who those 

folks are in a complex problem as we have here. 

MR. STEIN: I don't think we have-

MR. ARMSTRONG: Thia isn't quite--

MR. STEIN: You have helped ua define this. 

MR. ARMSTRONG: Yes. 

MR. STEIN: And the group here• they have indicated 

how much came from return flow irrigation and from natural 

sources. I think you have done a magtl!ficent job on that. 

But the question here is whether we adopt a different 

rule in judging whether these people are going to be responsible 

tor the cleanup on the costs involved and the trade-offs that we 

don't apply usually to citiea or industriea. 

MR. ARMSTRONG: I aee your point. But there are some 

differences from the pollution in the.normal aenae, that is 

other than the return tlowa trom irrigation, and ao on, that 

come• in the picture troa industey, but--

MR. STEIN: Here, let me give 7ou page 22, it is the 

same thing, the same point, laat paragraph: 

Such funding would be requeated 
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following a demonstration of economic feasi

bility of specific salinity control projects. 

Suppose that salinity was causing pollution. If we 

gave that same requirement or same choice to any city or indus

try we regulate, that they will give us their Job for control 

after they demonstrate the economic feasibility of the projec.t, 

I wonder how much pollution control we would have had in this 

country. 

MR. ARMSTRONG: I think, Mr. Chairman, what we are 

talking about here is the degree or what is pollution and how 

many parts per million added;becomes a polluting effect in this 

area where there isn't any such thing as a black or white lin~. 

And it depends on what you are going to do with it and where you 

are going to use it and where you are on the river and what your 

particular problems are. So it doesn't quite lend itself to 

this type of rather more black and white decision that you have 

1n some or the other ueas. 

MR. STEIN: In other worda, what you are suggesting, 

tor the interest or the sources in the Colorado River .is- use a 

somewhat different ~ecbntque than we and the States have been 

using for other point source diachargea? 

<, MR. ARMSTRONG: No, I am not sure that I get your 

point. 
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MR. STEIN: Well, we generally don't ask them for a 

demonstration or economic feasibility. 
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MR. ARMSTRONG: Well, it would be--you would have to 

have some very sound reasons to, for instance, follow the-

MR. STEIN: I understand your point. 

MR. ARMSTRONG: And we have got to determine what 

these quality improvements that we are talking about are 

going to coat and whether or not they have some other side 

effects from the standpoint or cost that can overbalance, you 

see, the decrease in salinity. And this is the part--well, 

thia was explained quite well with the report or EPA, some of 

the complexities or this problem. 

MR. DIBBLE: Mr. Chairman, this comes back to the 

very point I was trying to make at the very start. In 

entorcement--you.hav~ been using this kind or conference, 

of course, tor several years to carry out enrorcement--one 

does go to the matter or waste discharges and the treatment or 

waate discharges, and the first part of the conference today 

waa'&bout the uranium tailings. And I don't think there is any 

question in anybody's mind here that the mill owners are being 

required to stabilize those tailings so as to eliminate the dis

charge to the river, and there is just no question about that.That 

is a pollution control measure and there can be enforcement. 
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Now, the salinity control, on the other hand, really, 

when you get right down to 1 t • is a management of our water 

resource and the quality or it separate and apart from enforce-

ment •. _ I t~ke that into account by listening to Commissioner Arm-
i 
I .strong and your staff. Maybe we even take salt out of some of these 

I i 

natural sources. You are not going to enjoin those natural 

sources through any enforcement action (laughter), you are just 

I 
I 

; 

i 
going to manage it. We have got to spend some money to implement 

a program to remove·that salinity. 
I 
I 

And when you start down that path, there clearly have 1 

I to be some trade-offs, because Congress when it goes to 
' 

appropriate the money has to recognize that there are some 

benefits to be derived over and above the costs of the project. 

And that is something that I think our conference has to get 

clearly into focus • 

MR. STEIN: By the way, I just wanted to raise the 

question. I don't say I disagree. But I think you have put 

this into clear focus. What you are suggesting is that we 

perhaps have a little different rule here than when we are deali g 

with any point source like a uranium mill or a city or a steel 

mill or a packinghouse. 

MR. ARMSTRONG: Certainly. 

MR. STEIN: And I think this is my point in putting 
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this forward. 

MR. DIBBLE: Yes. 

MR. STEIN: If this is the issue here. 

MR. ARMSTRONG: Yes. 

MR. STEIN: Now, I have ~ few more questions that 

are largely informative. Let's go to page 23. 
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You talk about controlling salinity on a large scale 

at diversion points rather than controlling the sources. 

MR. ARMSTRONG: Yes, sir. 

MR. STEIN: Does this mean that we figure that we are 

going to have a tributary stream or stretch of stream that is 

just going to have a high salt and we are just going to forget 

that and wait until it gets to a diversion point to take it up? 

MR. ARMSTRONG: Yes. 

MR. STEIN: Generally speaking, and I think this is 

in.the Federal Act, we control pollution at the source. What 

you are •uggeating here is that we have some stretches~and I 

recognize there ~re 1,400 or 1,200 miles or the Colorado River 

main stem and 60 tributaries-what you are suggesting is that 

we are just going to let some of these main stretches go either 

on the main stem or tributaries and just pick this up at a 

diversion source1 

MR. ARMSTRONG: No, let me elaborate on that just a 
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bit. What I am saying is this, that all of these things we 

have to examine anq most of them we have to implement. 

Aiad one way that we ~an, for instance, reduce some or the 

losses--and keep in mind, this problem of pollution, I am not 

sure that that is the right term when you get into the 

utilization and management of your water resources when you 

use it for irrigation and for municipal use in the West, 
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because it isn't really a black and white type of -thing as to 

where it becomes pollution and where it isn't-- And so what we 

are referring to here is a technique that looks to have promise 

now that we could_, say at Imperial Dam, run the water through 

this ion exchange where we could reduce the salts from, say, 

1100 ppm to 900 ppm. 

MR. STEIN: But until it gets to Imperial Dam we will 

Just give up that little stretch? 

MR. ARMSTRONG: No, no, no, we are not giving it up 

at all. We are talking about the source. where you are going to 

use it, see, where in that reach, 1,100 ppm is just as good as 

900 ppm as rar as anything is concerned in that reach. But when 

we get down to the point where you are going to utilize it, 

.where that degree or salinity is needed or is economically 

reasonable. ror that use, then we can run the water ~hrough there 

· and take out, say, a couple hundred parts per million • . . · 
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MR. STEIN: I think you have got to realize that in 

our program, ~r. Armstrong, the issue again is whenever we are 

dealing with industries and municipalities, we ask them to trea1 

at the source. What you are suggesting here is that the source 

be not necessarily the point or treatment. You are going to 

let that quality of water go down to a particular diversion 

point which you or we might designate and treat it there, and 

from there on we are going to improve it. 

MR. ARMSTRONG: Yes. But what I am saying, that is a 

different problem. Keep in mind, before we did any management 

work on the Colorado., in the late flows, late flows of the 

summer got up as high as 4,ooo, 5,000 ppm, and then during the 

other part of the season it was flood flow and it was no good tc 

anybody. And through management, you see, or a limited renewabJe 

resource we have created this vast southwest economy by reason 

of proper utilization of this basic resource or water. 

And so this ia quite,:~ little different problem than 

the one you'normally deal with. 

MR. STEIN: I understand. And what you are saying is 

that this is a different problem and we should treat this dif

ferently than our ordinary treatment or pollution at the source. 

And I think the sooner we understand what we are saying the 

better off we are going to be. 
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MR. DIBBLE: Mr. Chairman, if I may say so, respect

tully, I think you too have perhaps missed the point, because I 

think the EPA start and the Bureau both have been trying to 

identity the sources and are analyzing the cost and the teas1-

b111tJ or treating some or the sources. Now, for instance, 

·a1enwood Springs is an example, way up the river,. a big source 

or salt, and you are looking into the feasibility or actually 

controlling at the source-

MR. STEIN: No, no, wait, that ia another point. I 

think, ·sir, what--

MR. DIBBLE: It is not a great deal or ditterence. 

MR. STEIN: I agree with you on that. I think the 

question I was raising here is that the point was. made that we 

control aalinit.y. I agree, there is no problem, we have no 

problem on treating at the source at Glenwood Springs. And on 

page 23 it says we control salinity on a large scale at diveraioi~ 

points rather than control at the source•. Now, this is what 

I was getting at. 

I have no problem with treating Glenwood Springs at 

the aource, but I think I understand what Commis•ioner . Armstrong 

11 1aying.. and that is at certain places he is riot going to treat 

at tbe source--

MR. ARMSTRONG: No, no. No, sir, I am not saying that 
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at all. What I am saying is that here is another way that we 

can approach this. 

MR. STEIN: Right• 
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MR. ARMSTRONG: And with these other things, if we 

can't get it down to an acceptable salt content, say, tor the 

municipal use in southern California, then there ia this 

additional technique that is now developing or ion exchange ot 

large quantities. otwater,.yousee,. that may be able at the 

point or diversion where it takes orr tor southern California--

MR. STEIN: I understand that. 

MR. ARMSTRONG: -take out to-

MR. STEIN: California may be happy, but how about 

the people that are.there until it gets to that point in ques

tion?. 

MR. ARMSTRONG: What I am saying, Mr. Chairman, I 

pointed out the increase between Hoover Dam and Imperial Dam 

where the uses .are largely tor recreation use, tiab and wild

life, and ao on, and where this 200 ppm doesn't make any dit

rerence. You can't •••ure it as tar aa those errecta are 

concerned. 

'l'he·problem in thia area 1• what-the 

and there ian•t &RJ real threshold 

tbat we rather looael7 discuss because 1~ vari••· - It varies 
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on what you do with it; it varies on where you are; it varies 

on what your soil conditions are and the crops and this whole 

variety or problems, and where you have to-there, are :places 

872 

1n the United States where they have as much as 2,500 ppm in 

their municipal water and they think it is great. Well, they 

have some problems, or course. They would like it if the water 

wasn't quite so hard, but they live with it. 

MR. STEIN: I l'U\V• never heard of anyone who thought 

that was great. 

MR. ARMSTRONG: Some health addict-- (Laughter.) 

MR. STEIN: Let me get to another point and this is 

largely explanatory. 

I think you heard the EPA people say that the largest 

si~gle source or salinity, natural source, possibly, if' we can 

use that term, not manmade, is Blue Springa. 

MR. ARMSTRONG: Yes. 

MR. STEIN: --as. I read your atatement-

MR. ARMSTRONG: Yes, it is Blue Springs. 

MR. STEIN: ~-you aai.d it is not going to be controlle1i 

until 1980. 

MR. ARMSTRONG: Yes. 

MR. STEIN: Dirty Devil, McElmo Creek, Price River, 

· Big Sanely Creek, San Rafael, 1979. In other worda.~. what your 
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program is sayin~~that these real high concentrations or salts 

EPA talked about, you don't expect to reduce until the 

1980•s? 

MR. ARMSTRONG: No, sir, I think you miss my point. 

What we are doing is concentrating on these high concentrations 

where we have a point sourc~~and then as fast as we can 

accumulate good sound basic data on these large-scale source 

areas--this is where the big problem is, you know. 

MR. STEIN: No, sir, I don't think I miss your point. 

Let me refer you to page 25. 

MR. ARMSTRONG: All right. 

MR. STEIN: ;'Construction on Blue Springs could not 

begin until 1980~h 

MR. ARMSTRONG: That is on the basis or Blue Springs. 

MR. STEIN: No, I am not arguing with your presump

tions of statement. I think on the next page you talk Dirty 

Devil--

MR. ARMSTRONG: Yea. 

u. STEIN: -the Price River, Sandy River, Dirty 

Devil River, McElmo Creek. "At this time, 1t appears that the 

earliest construction could begin tor such projects is fiscal 

year 1979." 

MR. ARMSTRONG: Yea. 
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MR. STEIN: I am giving you these statements, this is 

from your statement. 

MR. ARMSTRONG: Yes, sir. 

MR. STEIN: Now, the point is EPA indicated that these 

were the large natural salt well discharges, point discharges. 

You are saying that your program that you are putting forward, 

tnat if we follow this, it is optimistic, rosy, it is rosy hued 

as you present it, and the best you put it, it is.not going to 

start until--we won't see it until the middle of the 1980•s. 

MR. ARMSTRONG: Yes, sir. 

MR. STEIN: This is just an information question, not 

an argumentative one, sir. 

MR. ARMSTRONG: Well, but let me point out, the point 

I am trying to make here ia that we are concentrating on these 

areas where we have information and basic information where we 

can proceed at an early date with the design or the facilities. 

In these diftuse sources that are mentioned here, while they are 

big contributors to the salt load, they drain vast areas, you 

see, and salt is picked up over the whole area and there has to 

be a lot of better and sounder specific data that we can base 

an approach on, and this is our problem here. It is not a smal 

Job. We are talking about one-twelftn of the areas of the 

United States that is involved in this thing and the basic data 
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that is needed to--

I MR. STEIN: No, I understand what you are saying. I 

I am not- arguing that. But the point is we can't expect to get 

reduction in salt in the Colorado River under your program on 

!these until the 1980•s, is that correct, sir? 
I 

MR. ARMSTRONG: We can start to have an effect with 

all of these things as they come int o er feet, and we are hoping 

Ion the basis of what we<have that we can hold our own. 

(Off the record.) 

MR• DIBBLE: Mr. Chairman, the question I asked Mr. 

Armstrong sometime ago really related to the very point you 

are making. I said--! didn't say that this program looks 

awfully slow, but what I said, isn't there some way it could be 

speeded up and expedited. Commissioner Armstrong said, it I 

understood him correctly, yes, it could. Anet he started to name 

some specific things, but it seemed to me that Mr. Armstrong was 

saying specifically, yes, the program can be speeded up so that 

we can get some results in an earlier time frame, which I think 

are clearly indicated we need. 

MR. STEIN: Is that correct, Mr. Armstrong? 

MR. ARMSTRONG: Yea. 

MR. STEIN: Will you specify on that the area? Do 

you care to respond to that in detail? 
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MR. DIBBLE: Did I misunderstand you? 

MR. ARMSTRONG: Well, I gave you, Mr. Chairman, a 

tairly good detailed statement on that. If you would like us 

to expand it, I would like to do that for the record and we 

can give you more specifics and I think maybe I should do that. 

MR. STEIN: In other words, you think we can reduce 

the salt before 1980? 

MR. ARMSTRONG: Sure, we can do things that will have 

a reducing effect on the salt from some of these sources. 

But I think, again let me emphasize that, gee, 

there is no magic solution to any of these problems. It is 

going to take a massive approach clear across the board and 

all or these are--or probably very few of them are going to 

have spectacular results. But in the aggregate, though, they 

will begin to have an effect and that is what we are shooting 

tor. Most promising, I think, in the immediate picture is this 

weather modification program. 

MR. STEIN: o. K. You say that we should have a 

Federal-State task force, allowed 3 years to complete the work 

and to make recommendations for Federal--before we have numeri-· 

cal findings? 

MR. ARMSTRONG: Yes, sir. 

MR. STEIN: Then on page 29 you say: 
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Once developed, these procedures 

ought to be utilized and . teste~ by the 

States involved as an essential prerequisite 

to the establishment of numerical standal'ds 

for salinity. 

Is that included in the 3 years? 

MR. ARMSTRONG: Yes. We are talking about these 

models, these models that were being given. 

MR. STEIN: Yes. 

MR. ARMSTRONG: Yes, sir. 

MR. STEIN: In other words, you envision this program 

with the State testing and everything tor 3 years to come u~ 

with numerical requirements? 

MR. ARMSTRONG: We anticipate to have ~h,ae ma.the-

matical models developed and perfected to the extent that you 

ean determine, then, what specific standards set in ditrerent 

locations, what eftect that would have on the overall area. 

And hopefully also in the economic model, what effect it has 

economically up and down the Colorado Basin. We think this is 

quite important. We have a good clear indication or what these 

~ttecta are going to be at the tim~ you adopt the standards. 

I 

I 
i 
I 

I 
I 

I 

I 

I 

I 

MR. STEIN: Are there any other-questions or comments? 

It not, t?ank you very much.• 
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MR. ARMSTRONG: Thank you. 

MR. STEIN: You have made a really profound contri

bution to the conference. 

MR. ARMSTRONG: Thank you. 

MR. STEIN: We appreciate this and appreciate the 

cooperation we always get from the Department of the Interior. 

please? 

MR. ARMSTRONG: Thank you. 

MR. STEIN: Thank you. 

Let's stand recessed for 10 minutes. 

(RECESS) 

MR. STEIN: Let's reconvene. 

We will continue with the Federal presentation. 

Mr. Dickstein. 

MR. DICKSTEIN: Mr. Freeman, please. 

MR. WRIGHT: Mr. Stein, may I interrupt just a minute, 

MR. STEIN: Yes. 

MR. WRIGHT: I had several comments during the break 

that people in the audience did not know who was at the head 

table. Could we have introductions again? 

And also, even though Mr. Armstrong's presentation 

. was very enlightening and quite gutty in terms of this overall 

program, I did learn to read about sixth or seventh grade and 
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would like to recommend that we change the procedure to sum

maries of these statements rather than a complete reading of 

the text. There are about 93 people here and most of them are 

relatively high salaried people and the cost of such a time

consuming process is quite high. If I could just make that 

proposal, at any rate. 

MR. STEIN: Well, I agree with your proposal. Let me 

tell you that psychologically and philosophically I agree with 

you. (Laughter.) 

However, if you have ever tried to have anyone have 

a sunmary, you know how difficult it is. And I don't think 

this is the case with something like Mr. Armstrong's statement, 

because really some of the material we got here is information 

that I have been waiting to hear for years. But sometimes, and 

I really don't mean to say this as a criticism, sir, just as an 

experience, I know with citizens groups I have tried ove~ and 

over again when the people come in and someone has a statement 

to ask them to summarize. When they have prepared their full 

st~tement and you ask them to summarize and they don't do this 

professionally, perhaps as you and I might, you throw them into 

a t~ilspin. I think the faateat way to get these things 

through is let everyone state it in hia own manner. 

Now, I really do wish that I knew how to do what you 
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suggest, because I couldn't agree with you more. But I have 

never found a way. 

Mr. Freeman, did you hear those sound words of 

advice? -(Laughter.) 

MR. FREEMAN: 

at my own rate of speed? 

Yes, sir. Does that mean I can speak 

(Laughter.) 

880 

MR. STEIN: No. I tell you this, though, what is the 

highest priority of' this operation. The thing we are doing is 

making a record and without the court stenographer you are not 

going to have a record. She is the most precious thing here, 

10 act accordingly. 

MR. FREEMAN: Yea, sir. 

RUSSELL FREEMAN 

DIRECTOR, PACIFIC OFFICE 

U. S. ENVIRONMENTAL PROTECTION AGENCY 

HONOLULU, HAWAII 

M~. FREEMAN: We have just a few more brief comments 

to sunmarize :from our presentation and then we will turn to the 

findings, conclusions and recommendations of' the report. 

The preceding speakers for EPA defined present and 

expected future physical and economic impacts of salinity. 

They also addressed some attention to technical solutions for 
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the salinity problem. These discussions point out the need to 

set objectives for ruture water quality and to formulate a 

basinwide salinity control plan to meet these objectives. Such 

a plan was presented and described by Mr. Vincent in one 

appendix to the report being presented. 

In the initial process of establishing water qualtty 

standards pursuant to the Federal Water Quality Act or 1965, 

salinity standards were not es~ablished, .primarily due to a 

lack of information. Salinity .levels which could be maintained 

by implementing controls were not known. More significantly, 

the economic ertects or maintaining any given salinity level 

were also unknown. The project investigations and related 

research and demonstration activities and the studies or others 

which have been conducted concurrently have now provided much 

needed new 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 tor the establishment or 

a salinity objective which will set an upper limit on salinity 

increases at key locations throughout the Colorado River. 

Due to the scale and types or control projects 

included 1n the salt load reduction program, an approach 

similar to that util~zed. tor au~horization and tunding ot water 
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resource development has been considered as most appropriate 

tor this control program. Water resource projects normally 

move through three basic steps before they are placed in opera

tion. A projeet is first authorized by Congress on the basis 

or 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 then submitted 

to Congress and construction funds are reqµested. The third 

step begins when funds are appropriated for construction. Com

pletion of a construction activity then places the project in 

··operation. 

Frequently a number or related projects are author

ized by a single legislative act, as was in the case ror the 

Colorado River Storage Project Act, which authorized several 

. large reservoirs at one time. It is recommended that this 

approach be used for the entire basinwide salinity control 

program. 

One other point to consider is the ongoing research 

and demonstration activities which have been carried on while 

the salinity control program was in operation. A number or 

research and demonstration activities are discussed in Chapter 

Y or this repor.t. These research act! vi ties are directed towar 
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improvement or salinity control technology. Completion or such 

activities will need to be provided--! am sorry. let me start 

that statement again. Completion or thea.e activities will be 

needed to provide the technology needed for control of all typea 

of salinity sources. Additional reaearch may also be required 

if certain types or salinity sources are to be controlled. 

The greatest lack of available technology. as we see 

it now. is in the area or controlling.natural diffuse sources 

or salinity. This means that in order to complete the salinity 

control program on a reasonably tight time schedule it will be 

necessary to complete reaearch and demonstration activities 

which are presently under way in a timely manner. This tact. 

coupled with the time span required tor completion or most 

research efforts. indicates the need tor early initiation or 

any additional needed research or demonstration activitiea., 

Mr. Chairman. that concludes the summary or inrormatio 

in our report, and I would turn at this time to a brief summary 

ot the projects rindings,and then I will present the recommenda

tions with a brier discussion or each recommendation. 

The findings are described on page 5 or the summary 

document report. tor those or you who would like to follow as 

I present them. And again I will be summarizing. 

The first finding is that salinity is the most serious 
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1 water quality problem presently existing in the Colorado River 1 
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Basin. Average annual salinity concentrations in the Colorado 

River presently range from less than 50 ppm in the high 

mountain headwaters to about 925 ppm 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 1 000 irrigated acres located in 

the .Iafer Colorado River Basin and the southern California water 

service area. Salinity also adversely affects water uses in 

Mexico and in limited areas of the ~per Colorado River Basin. 

The second finding is that salinity concentrations in 

the Colorado River system are. affected by two basic processes. 

-These are the salt loading or addition of mineral salts from 

various natural and manmade sources and the salt concentrating 

process. That is the loss of water from the system through 

evaporation, transpiration and out-of-basin expor.t. 

The third finding is that salinity and stream flow 

'data used in the 1942 to 1961 period or hydrolog1c record were 

used as a basis for estimating average salinity concentrations 

under various conditions or water development and use. Assum-

_ 1ng repetition.:of' this hydrologic record, salinity concentration 

: at Hoover Dam would average about 760 mg/l under 1970 conditions . 
It development and utilization of the basin's water resources 

i 
I 
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I 
:proceed as proposed and if no salinity controls are implemented,\ 

.average annual salinity concentrations at Hoover Dam would I 
i i 
' increase to about 990 mg/l in the year 2010. 1 

The present annual economic detriments or salinity 

are conservatively estimated to be $16 IIUllion. _ If no salinity 
f 

\controls are implemented, it is estimated that the average 
I 
' !annual economic detriments measured in 1970 dollars will 
I 

! 1to about $51 million by 2010. 
i 

increast 

I 
Alternatives exist for salinity control in the Colo-

!rado River Basin, including the alternative or augmenting the 
' 
i -I water supply, reducing the salt load or limiting further develop 

jment of the basin's water supplies. 

Our finding is that a basinwide salt load reduction 

program appears to be the most feasible or 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. 

Based on those findings, the EPA report contains three 

specific recommendations. I would like to present and discuss 

those recommendations briefly. 

The first recommendation, which will be round on page 

8 of the summary report, is that a salinity policy be adopted 

I 
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for the Colorado River system that. would have as its objective 

maintenance of the salinity concentrations at or below levels 

presently found in the lower main stem. This recommendation 

refers to the lower main stem, but a broader application of the 

1
policy should be inferred. Control of quality in the lower main 

stem requires that effective controls be applied throughout the 

Colorado River Basin. In this sense, then, the recommendation 

is intended for application throughout the Colorado River 

system. 

Our second reconunendation is that specific water 

quality standards criteria be adopted at key points throughout 

the basin by appropriate States, in accordance with the Federal ' 

Water Pollution Control Act. And let me discuss just the first 

sentence of that recommendation briefly. 
i 

The Federal Water Pollution Control Act amendments of j 

1965 called for the establishment of standards in all inters ta tel· 
I 

waters. The seven States of the Colorado River Basin in 1967 

requested that setting or salinity standards on the Colorado 

River be deferred pending completion of ongoing studies by the 

Bureau of Reclamation and the Federal Water Pollution Control 

:Administration. The Secretary or the Interior, recognizing the 

complexity or the situation, agreed to this request. Since the 

Studies have now been completed. it is appropriate at this time I 

I 
I 

J 
I 

I 
i 
I 
I 
I 
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to reconsider the question of setting salinity standards for 

the Colorado River. 

Our second recommendation continues with the follow-

ing sentence: 

I 
I 
I 

I 
I 
I 
; 

! 
I 
I 
I 
I 

This recommendation further states that such criteria i 
I 

should be consistent with the above salinity policy and should 

assure the objective or keeping the maximum mean monthly 
I 

salinity concentration at Imperial Dam below 1,000 mg/l. I 

We recognize that the level of 1,000 mg/l has already I 

been exceeded on occasion and under present modified conditions rr 
development and water use this level would be expected to be 

exceeded again about 10 percent of the time. It should be 

noted that this concentration is a maximum monthly value and 

is not, in our opinion, directly comparable to the annual long-

term average values which have been cited from time to time in 

the report. Achievement of this level, therefore, ~ould repre-

sent a ~egree or enhancement of water quality under present 

conditions. 

Because of the complexity involved in setting salinity 

standards, it is quite probable that the common approach to 

development or standards will have to be varied. One possible 

approach, for example, would be to obtain continuous records of 

flow and salinity at key stations throughout the basin. These 
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records could be analyzed periodically to assure that the 

central objective of the salinity policy were met. In other 

words, what we are suggesting with this kind or a recommenda-

tion is a. nondegradation policy be applied to the Colorado 

River as the standard. 

Recommendation No. 2 concludes with the statement 

that criteria should be adopted by January 1, 1973. It is 

recognized that less than 1 year may not be a realistic time 

period to accomplish this analysis and that a somewhat longer 

time period may be required. 

Recommendation N.o. 3 • as found in the report• is that 

implementation or the recommended policy and criteria be 

accomplished by carrying out a bas1nw1de salinity control pro-

gram concurrently with planned future development of the 

basin's water resources. 

This recommendation is intended to permit continued 

development of the basin's water resources. However, this 

development must be accompanied by a comparable degree of 

salinity control in order to mai~tain concentrations at or 

below their present levels if the first policy recommendation 

1a to be adopted. 

That concludes our formal presentation, Mr. Chairman. 

;At this time we would stand ready for questions and we also 
t-

.. 
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would note that we would be prepared to offer specific recom

mendations to. the conferees if requeste.d. 
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MR. STEIN: Before we throw this open for questions, 

I Just have one clarifying thing. I think you should ask ques

tions on the whole EPA report, not just these conclusions. 

Essentially the only real difference I find between 

you and Commissioner Armstrong's recommendation is the length 

or time it would take to do this. You have by January 1973 

and he had in 3 years, which would make it February 1975, right? 

MR. FREEMAN: That is right. 

MR. STEIN:· February 1975. Other than that, to get 

back to the essential points, and you heard Commissioner Arm

strong, your recommendations and his are eye to eye as far as 

you can see? 

on that? 

MR. FREEMAN: Yea, sir. 

MR. STEIN: Is that correct? 

MR. FREEMAN: That is right. 

MR. STEIN: All right. 

Are there any questions? 

MR. MALETIC: Mr. Stein, may I make a clarification 

MR. STEIN: Would you identify yourself. 

MR. MALETIC: I am John Maletic, Bureau of Reclamation. 
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Commissioner Armstrong's statement reads that in 3 

7ears the task force will make recommendations to this confer-

enc~and the conference then could decide how to proceed from 

there. 

MR. STEIN: Yes. 

MR. MALETIC: That was not a direct statement that in 

3 years standards shall be set, and this should be understood. 

MR. STEIN: All right. I think that is a fair state-

ment. l think I was speaking of the essence. In 3 years r would 

suggest that the States. as Commissioner Armstrong says, should 

· evaluate these with them. And if you and EPA made the recom-

·. 

,.·•·· 
•. ,, 

mendation to the conference.-and I am just putting the two out

side dates that Mr. Freeman put. 1973 and February 15 and 16, 

1975. anywhere there or between those dates--·ir you read those 

recommendations to the conference. I don't like to make pre-

dictions. but I bet it wouldn't take the conference very long 

to back that. 

Are there any others? 

Mr. Thatcher. 

MR. THATCHER: I assume that it will be appropriate 

tor us to react to this when.we make our rormai statements--

MR. STEIN: Yea. 

MR. THATCHER: --which will have a bearing on these 
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things. 

MR. STEIN: Yes. 

MR. THATCHER: And passing this now doesn't neces

sarily mean acquiescence ~o all these. 

I have one specific question, because Russ didn't 

follow the exact wording of the summary report. He mentioned 

925 ppm at Imperial Dam in this Point 1. That is different 

than in my copy. 

MR. STEIN: Yes, that should be clarified. Do you 

want to do that, Russ? 

8 1 

MR. FREEMAN: Yes, sir, we did.change the number in 

the report in view or the updated information presented by Mr. 

Blackman in hia presentation that has been made available and 

provided since the report was dratted. It did have a higher 

value indicated. 

MR. THATCHER: So your statement is a correction to 

the summary report? 

MR. FREEMAN: Is a correction to the summary report. 

MR. STEIN: Let me state this as I understand it. The 

865 ppm at Imperial Dam is a 28-year average. The 925 tigure 

is ·the 1970 average. 

MR. FREEMAN: That 1a .tee h1gbeat annual average that 

baa been observed on the river. 
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MR. STEIN: Right. 

MR. THATCHER: Then there are two different numbers. 

then? 

MR. STEIN: Right. 

MR. THATCijER: We need to identify them. then. They 

are both correct. in other words? 

MR. FREEMAN: That ia right. But in terms or the 

wording or the sentence in which that number appears. the 927 

is the correct word. 

MR. THATCHER: o. K. 

MR. STEIN: Nine hundred twenty-seven or nine hundred 

twenty-ti ve? 

annual 

MR. FREEMAN: I am sorry. it is 927. 

MR. STEIN: All right. 

MR. THATCHER: Nine hundred twenty-seven is the 1970 

average. 

MR. DIBBLE: It keeps going up. you see. 

MR. FREEMAN: No. sir. 

MR. STEIN: It keeps going up and up. 

MR. WRIGHT: We are losing ground. 

MR. DIBBLE: In just 2 minutes it went up 2 points. 

(Laughter. ) 

MR. FREEMAN: In response to your question. Mr. 
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Thatcher, that is the highest annual average salinity concen

tration from the trace of record. 

MR. STEIN: Are there any further questions? 

MR. TABOR: Question. 

MR. STEIN: Yea. 
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MR. TABOR: The contribution or salinity by irriga

tion to the Colorado River, is the contribution considered as 

net or gross? ·In other words, that which is contributed to the 

river by irrigation, is that each project taking the salinity 

or water that goes in, subtract it from the salinity that goes 

o ut and that is the contribution? 

MR. FREEMAN: No, sir, it is the gross contribution. 

The concentration or the effluent multiplied by the volume of 

effluent. 

MR. TABOR: It is an increment, isn't it? 

MR. FREEMAN: As I understand, the values in the 

report are in tact determined by measuring the quantity or 
return flow, the quality of return flow, and calculating loads 

on that basis. -

Mr. Blackman actually made those calculations. 

MR. BLACKMAN: The values reported are net values. 

We det·ermined the salt load entering an irrigated area and 

the salt load leaving the irrigated area, so it is a net valu.e. 
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MR. TABOR: Thank yo.u. 

MR. DIBBLE: It is an increment. 

MR. BLACKMAN: That is correct. 

MR. STEIN: Are there any othei-s? 

Yes. 

8 4 

MR. DIBBLE: Mr. Chairman, I also have a question or 

Mr. Russell. In his recommendation which is shown as Recom

mendation 10 in the report, summary report, on page 7, he says: 

A basinwide salt load reduction program 

appears to be the most feasible or the three 

salinity control alternatives. 

And I have no problem with that sentence. The next 

sentence says: 

The scope or such a program will 

depend upon the desired salinity objectives. 

And I think that is true. 

But then over· in the next page where he gets into his 

recommendations, he proposes that the criteria should be set and 

should assure the objective or keeping the concentration at 

. Impei-ial Dam below 1, 000 ppm. 

And so I would interpret that to mean that you really 

· are establishing the scope ot the program indirectly it that 

laat statement 1s true. Is that your intent? 
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MR. FREEMAN: Basically the problem we came to is the 

same problem that has been discussed several times. What we 

1recommended is a policy of maintaini~g existing quality as the 
! 
i I guiding policy. But in searching for a number in the staff 

J discussions, l,OOO seemed to be a number that could be used if 

I it were properly described and interpreted as to what that 1,000 
I I is. It is a value that essentially represents the upper limit 
I 

I of concentration most of the time with an understanding that on 

I occasion it will be exceeded and the standards would, therefore, 

have to be written accordingly. 

MR. DIBBLE: Well, it would seem to me that the salt 

load reduction program is something that we don't truly have a 

handle on yet as to the magnitude or the program, what the 

costs will be, and that until we know that we shouldn't be 

setting our objectives because we don't know whether we can--

well, we don't know whether the program is being described in 

a big enough form or not. If it turns out that it would take 

an even larger program to meet this objective, then we have to 

change the scope or the program. 

It seems to me that Mr. Armstrong in effect is saying 

there is still more information we need before we can say how 

big a program or what size program is feasible. 

MR. FREEMAN: Yes. I think what we are having here 
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is sort of a difference in philos9phy or how you approach a 
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problem like this, and the philosophy that we used was to 

establish a goal and hopefully then generate a program to meet 
. . 
that goal or at least try that until such time as it could be 

shown that the goal was not realistic. The other way around, 

or course, is to try and do as much as you can and see where 

you get with that approach. 

Oftentimes we feel by taking the approach of estab-

11shing a goal and striving for that, that sometimes this adds 

a little more emphasis to the process. Or turning it around, 

it allows the people who are doing this, which will be the con-

.ferees here, I presume, an opportunity to sort of establish 

'a level of priority for this program· and its recommendations. 

In other words, if you establish the goal, then I 

'think you are telling us as technicians how hard we have to 

·work. On the other hand, if you allow us to tell you what we 

can do, you see, we may not want to work too hard. 

MR. DIBBLE: Well, I think that we all are going to 

find we have got to work our hardest, no matter what, and I 

~hinlc you set your goal in.your first reconmendation. You said 

that: 
I 

A salinity policy be adopted for the Colorad0Riv4r 

System that would have as its objective the maintenance ! 
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or salinity concentrations at or below levels 

presently round in the lower main stem. 
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Now, that is the objective you are setting for all of 

this or you are proposing. 

MR. FREEMAN: This is the basic recommendation that I 

feel is the strength or the position, yes. 

MR. DIBBLE: So the next point you make when you 

start to define a figure, you really are beginning to qualify 

that upper figure. Now, maybe this l,OOO, maybe it is not good 

.enough. I am not prepared to say at this time. 

MR. FREEMAN: That is right. Well, essentially what 

we are attempting to do is find a specific number to quantify 

this objective, and it may be worthwhile to discuss that. 

MR. STEIN: By the way, Mr. Dibble, I think you 

have raised an essentfal point. Maybe the representatives 

or the Bureau or Reclamation considered this. Mr. Armstrong 

also said: 

Historical records at Imperial Dam 

show that the average salinity concentration 

tor January 1957 was l,ooo. 

Now, he seemed to be baaing his program on l,OOO 

or below. I think if we can approach this philosophically, 

not approaching l,OOO as a number, but just to put something 
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down, the issue here is to say that you are not going to 

increase the salinity that is at the dam now. And I am 

not giving you a point or view; I am trying to report it 

the way I understand it. The issue is that they are trying 

to say, we want to at least keep the lid on what we .have 

now. The lid is, if we look at the number, in the 900's, 

if we round it off, if we put this numerically, we will be 

going somewhere below l,ooo. That doesn't mean that at some 

;times you are not going to bounce above 1 1 000 or we may have 

that. 
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But I don't think either Mr. Freeman or Mr. Armstrong 

put the l,OOO forward as a regulatory figure which was an abso

:lute, but they put the l,ooo .forward as the kind or top range 

1 that they believed the average represented at the present time. 

How, with that, possibly we can approach this. 

Do you understand? 

MR. DIBBLE: Well, I am certainly listening with 

great interest. (Laughter.) 

MR. STEIN: No, no, here! The objective of the 

program, as I understand--again just reported by Mr. Freeman 

and Mr. Armstrong--is to not permit the salinity as measured 

at Imperial Dam to go above what 1 t generally is now. 

Also if you are going to look at it as it ~oes 
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now to the highest figures, it is in the relatively hi~ 

9oo•s. Therefore, as a method or showing this, if you 

say ltOOO mg/l or ppm at Imperial Dam would be what you 

are hitting for to maintain it at the present level, this 

does not mean, at least to me, that 1,000 will be an abso

lute regulatory figure. I think Mr. Freeman just stated 

that. You may be able to go above it or have to stay below 

it at a particular time. But in order to get down to a 

descriptive term as to what we are putting out on the 

average--and I_ understand he is giving us average figures 

here--the i,ooo is about the average or what is going out 

in salinity from Imperial Dam now. 

MR. DIBBLE: Well, I understand, Mr. Stein, the 

point you are making, and let me respond in this way. 

Maintaining salinity at or below levels presently round 

I think is different than setting a figure, ror this reason. 

And maybe this isn't a very good comparison, but it is 

the first one I was able to think of just here quickly. 

When the State sets a speed limit on the highway 

at 70 miles an hour, really what they want you to do is 

travel at or below 70 miles an hour, but there are an awful 

lot of people that decide that that is the limit at which 

they should travel all the time. In fact, they maybe even 
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think 5 miles more won't hurt any, so you find everybody 

driving at 75 when in reality what was intended was that 

everybody would be below 70. 

Now, maybe that is not a good comparison. 

MR. STEIN: No, I think your comparison is great, 

tiecause this is the problem precisely we are grappling 

with. 

MR. DIBBLE: If we want the objective to be to 

· hold the salinity concentrations at or below the level 

presently round, once somebody starts using a fixed figure 

they start talking about revolving around that point, as 

JOU described. You said, sure, in fact part or the time 

tbey·will sneak above that a little. 

And I think we have to decide which it is we 

want. Do we want it at or below or do we want it revolving 

around a stated figure? I think if we all believe in anti-

degradation we want it at or below. 

MR. STEIN: Right. We are going to have this prob-

I• 
'lem w1 th every perm! t we aet, and we are grappling with it 

now. I commend you to Mr. Freeman's first statement. I am 

not talking about the figure. The report said.865, maybe it 

should be 827. He says about 925. But I think the key word 

there, as I see it, is "about." 
Now. obviously when we talk in terms or "about," when 
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we talk in terms or l,ooo, we are talking in terms or an 

average. Whether we mean that l,ooo- and this is the job I 

think we have to do, Mr. Dibble~to be an absolute limit above 

which you can't go, or whether we mean it as an average from 

;which we are going to give a certain variance is what we have 

Jto decide. 

But I think it serves a useful purpose it we round 

it oft at about 1,000 it that is the area; at least the ball 

park, 1ou are talking in. I am not talking in terms ot that 

tor regulator, figures because I think Mr. Armstrong indicated, 

and I think verr properl1, that we have to get some pretty 

ret1ned atutt before we are going to CQme out with numbers that 

we are going to use tor regulatory figures. But it also seems 

to me that 1t we get Mr. Freeman trom-EPA and Mr. Armstrong 

trom the Bureau or Reclamation both talking in terms or about 

l,OOO, then we know the area we are talking abou~ And we are 
.. 
talking about a 75-or a 70-mile speed limit and not a 25-mile 

speed limit.. and that makes a tremendous amount ot ditterence. 

But I think both. of these gentlemen are putting these 

\figures forward, as I understand it, in the same sense. 

MR. MALETIC: Mr. Stein. 

MR. O'CONNELL: Let me respond to that just brietl.y. 

MR. MALETIC: M83' I reapond? I would like a 

'· 
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olar1ticat1on on that statement on your interpretations of Mr. 

· Armstrong's statement. 

There was no statement that he made that addressed 

itself to 1.000 mg/l mean monthly as a potential standard in 

·'the river, and our comments dealing with that were comments 

~ertaining to the recommendations or EPA only and, therefore. 

. did ·not reflect an Interior Department pos1 tion. 

MR. STEIN: I hope I said that, and I hope I won't 

·have to read it. But I am quoting from Mr. Armstrong, I think, 

and he said: 

Historical records at Imperial Dam 

show that the average sal1-n1ty concentration 

tor January 1957, whatever, was l,ooo mg/l 

and for December 1967 it was 992 mg/1. 

Then he goes on to say: 

Ir a numericai standard or l,ooo 

mg/l maximum monthly average is established, 

it will probably be necessary ••• ~ etc. 

I think Mr. Armstrong made himself very clear that he 

couldn't come out with any numerical standard at all--

MR. MALETIC: Now you have got it. 

MR. STEIN: •-but again in reading these numbers and 

1n reading Mr. Freeman's numbers--and this is what I think I 
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aaid to Mr. Dibble--it is very important f'or the conf'erees 

to know that when we speak or a speed zone, we are speaking 

in the terms or 70 miles an hour instead or 25 miles an 

hour. This is just the significance of the figures. 
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I think we understood Mr. Armstrong's vos1t1on very 

clearly that this was too early a stage to set any numerical 

tigure. However, the way I read his statement, and after 

listening to Mr. Freeman, I believe from the historical record 

they are not speaking about anything very much different. They 

are both thinking or the same thing as to what the existing 

situation is, the_ possible philosophic possibility of' not let

ting it go above that, and keeping that as a summa. 

Yes. 

MR. O'CONNELL: I would like to make one comment 

along those lines. 

I believe the first and second recommendations 

Are completely consistent., paraphrasing what Conmissioner.· 

Armstrong said on page 4, with present levels or development, 

a maximum monthly average value at Imperial or l,ooo could 

be expected to be exceeded about 10 to 12 percent or the 

time, something like that. 

In our first recommendation the statement was made 

salinity should be maintained at or below existing levels. The 
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second statement says how far below existing levels we think 

we ought to shoot for, which is the 1,000 at Imperial Dam. In 

other words, under present conditions you could expect it to be 

exceeded 10 percent of the time. We are saying that should 

drop to zero. So it is how far below. 

MR. STEIN: Let me say, we don't intend to go much 

after 5 o'clock. 

All right. 

MR. WRIGHT: Mr. Stein. 

MR. STEIN: Yes. 

MR. WRIGHT: Could I ask Mr. Freeman, you mentioned 

927 mg/l was the high annual for the period or record. Would 

1ou tell me what year that occurred? 

MR. FREEMAN: Do you have those records? 

.. ~ .•• Slide •.• • 

MR. BLACKMAN: The figure quoted was 927 mg/l as the 

annual average f'or 1970 •. 

MR. WRIGHT: 1970? 

MR. BLACKMAN: Right. 

MR. WRIGHT: And that is the highest f'or the period 

ot record·, is that right? 

MR. BLACKMAN: No, there have been higher momentary 

.. values--
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I 

I MR. WRIGHT: No, highest average annual. 

MR. BLACKMAN: That is correct. 

Pl easel 
MR. STEIN: Are there any further questions? 

You know, I am glad you brought that chart out,. 

I leave it here. I would like to--
I 
I 

I 
I -
yet •. if 

MR. WRIGHT: Mr. Stein, I hadn't yielded the floor 

you don't mind. 

MR. STEIN: Go on. I don't mind a bit. 

MR. WRIGHT: Fine. 

Mr. O'Connell, you mentioned that you thought Recom-

mendation 2 was a paraphrase or No. 1. I would suggest that 

there is a significant difference between a salinity policy and 

a specific quality standard. 

MR. O'CONNELL: No, I just said they were consistent, 

that is all. 

MR. STEIN: Do you want to push that chart over a 

little to the right so we get the dates? You know, this is the 

most significant chart to me. and I didn't see it before today. 

but I just ask you to look at thi.a. This conference has been 

in business since 196.0. They have got the figures since 1960 

and 197.0. We have done a pretty good job on radiation. Look 

· what has happened with salinity in the 10 years we have been in 

existence. I think it these figures are right they juat speak 

' 
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tor themse 1 ves • I 

MR. WRIGHT: Mr. Stein. 

MR. STEIN: Yes. 

MR. WRIGHT: Mr. Freeman, when you were discussing 

Item 2, Recommendation 2, I believe that I heard you, and your 

recorder might come back, that a· longer time than by January l, 

1973, might not be unreasonable. 

If you will recall, on November 15, 1967, the Qon-

ferees met when-we were writing the water quality standards for 

other parameters and adopted a resolution requesting the 

salinity repor.t. It has been 51 months that EPA has been 

working on the report. I actually received a copy in December, 

so that is about 47 months--49 months it took to write Appendix 

A, B and C and the summary repor.t. We are advised it is anothe 

30 days before the Bureau's printed report can come to us. 

Realizing that, let's say, it has been 50 months since 

we were thinking about it last and the ball was in the field or 

the Federal Government, would you care to expand on what you 

mean by a little more time than by January 1973? 

MR. FREEMAN: I think you have hit precisely upon the 

problem,.and that is this recommendation was written as the 

·report was written,and the report has been sometime in the 
. 

printing and review process. Therefore, it might be appropriat 
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to consider that some of the time that has elapsed since this 

date waa selected be c on•.sidered. I believe the recommenda

tion at the time this was written down we were considering 

so•ething in the 18 to 24 months, although you might check with 

Mr. O'Connell, because he was the one who last had it. 

MRe STEIN: Mr. O'Connell? 

MR. O'CONNELL: That. is pretty close, yes. 

MR. STEIN: In other words,:.if you are considering 

18 to 24 and the Bureau of Reclamation is considering 36, we 

are narrowing the gap. (Laughter.) 

All right. any other questions or comments? 

MR. WRIGHT: Thank you very much. 

MR. STEIN: Are there any other comments or questions 

on the Federal report? 

MR. TABOR: I assume this table that is on the screen 

is in one of these appendices? (See 922a.) 

MR. STEIN: Yes, it ia. 

And again I ask you to look at this very, very care

fully. because this is what struck me. We have been with this 

conference since 1960 to 197.0. We were supposed to reduce the 

salinity. And as has been indicated on the tablet the salinity 

has risen significantly in the past decade. 

Now, the question is what do we do .•. 1)9 we 3ust roll 
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on. do we put some brakes on, or do we let the next decade 
. . . 

take care of itself the same way the last one didi Unless 

someone would show us that these figures are wrong. I think 

.·.they speak for themselves. 

FROM THE AUDIENCE: May I ask again, was that table 

. in the report? 

MR. FREEMAN: No, sir. it is not in the appendix 

·report. We will have a copy made available. 

MR. DIBBLE: Could you for tomorrow? 

MR. FREEMAN: Yes. 

MR. STEIN: Are there any further questions or com-

ments? 

MR. WILLIAMSON: I might pass a comment_ on that No. 

2 recommendation there or setting specific standards. This 

gets down; I know the Federal push is get a standard. period. 

We went through this in 1965. get a standard. 
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When you are on the other end of setting the standard, 

we have to enforce it. and this puts us in a position when we 

write a standard who do we work on, how do we do it. In other 

words, what can I do if the salinity goes up? I have got to be 

able to go back and aay, "Cut it out." And as yet we don't 

have those answers. 

This is the other part of the study, is to try to 

I 
l 
I 
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prove that we can through some major projects reduce the 

salinities. So we are at that point. To establish a numerical 

standard is only asking for one awful lot of headaches, because 

as soon as it is violated somebody is going to come up and say, 

"Enforceit"and then what do I do? And looking at pending 

Federal legislation, maybe they would even bring suit against 

the Administrator for not enforcing the standards when it is 

violated. 

so these are some or the other sides or setting this 

standard. I certainly go along with a nondegradation policy. 

We all have this. We have all got the agreement in seven States 

that we do everything on a point source if we can. But any 

time we write a number down, I don•~ care whether it is as a 

policy number or as a atandard, somebody is going to come up 

and sa~ •That is the standard J you enforce it, •• and we don• t ha e 

the answers. I don't think we for sure have them ye.t. 

We have a good program here laid out that might be 

the answer, but I think we have got to wait and see if it is. 

MR. STEIN: Any other comments or questions on the 

Federal report? 

Ir not, thank you very much, Mr. Freeman. 

MR. WRIGHT: I have one more question. 

Mr., Freeman, could you give me the source or your 
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data for that last table. in particular the 927? 

MR. BLACKMAN: . Most or these data are rrom the u. s. 

Geological Survey and water supply papers. I would have to 

• check that specific figure. 

I have just been told that that 1970 figure repre

sents a part1ai water year. .However• the previous year• 1969 • 

. average was 920 and that was for a complete water year. 

MR. WRIGHT: Thank you. 

MR. STEIN: Are there any other questions or comments 

, on this? 

' 

If not. thank you. Mr. Freeman. 

Now. I think we have enough time. w~ are going to 

call on Mr. Thatcher and Mr. Wright, and we are going to revert 

back to our tailings pile.problem and try to complete that 

tonight. 

Mr. Thatcher. 
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MR. THATCHER: Mr. Chairman, the draft or regulations 

that were similar to the ones that EPA recently submitted to us 

for review were prepared by Utah a rew years ago, but they haven t 

yet been officially adopted and this is primarily due to 

lack of program funding at the State level. I am pleased to 

report at this time that this was.partially rectified by the 

1972 budget session or the Utah Legislature which adjourned last 

week. 

The State or U~ah took a positive stand against 

removal or tailings. This related particularly to the tailings . . 

pile in the Salt Lake Valley early in the development of this 

problem, I don't remember the· exact· year·, but while the pile was 

still active. And we learned inadvertently that this was being 

done; we hadn't known about 1.t. Aa soon as we round this out, 

we prohibited all hauling from the pile and to our knowledge 

this edict has remained in ettect. We are now attempting to 

identity the areas or d~pos~t accomplished tor thia period or 

control and we believe that these are rather minimal. 
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We had a few recommendations on the draft or the 

. regulations that EPA submitted for our review. We gave these 

_ verbally to representatives or the Denver Office or EPA. 

In the interest or saving time. I won't delineate 
. 

: these unless you specifically want me to. and I can say that 

: ~e do agree with the regulations in principle, and it is our 

; intent now to move ahead and adopt them officially in the 

. State of Utah. 
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MR. STEIN: I understand most or your recommendations 
. 

• 
have been incorporated in the latest draft. 

. M~. THATCHER: I see. I haven't seen the latest 

dratt. 

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

Mr. Wright? 

MR. WRIGHT: Thank you very much. Mr. Stein. 

I had an inquiry about the discharge from tailings 

piles in the Durango area.. and an environmentalist• quote• _in 

New Mexico said he heard that the problem was aigniticant 

~gain. I attempted to. obtain STORET retrievals• etc•-. '.;·aJMl 

· found the data tor the past. cou~le or years waa difficult to 

-track down, apparently due to reorganization within EPA, 

, · ah1tts in reaponaibilitiea . or the laboratories,. and delays in 
. 

' -putting tl)e data into STORET and not knowing who to send the 



data to. · I would appreciate it it EPA could attempt to get 

the house in order just a little bit better so that we can 

obtain data when we are sharing i.t. 

The State ot New Mexico has reviewed the regulation 

and finds th•tit will not be suitable on a Statewide basis. 

The recommendation is suitable aa tar as it goes, but it only 

deals with one aspect or the problem and that is the mill 

tailings. New Mexico ia presently dratting a regulation and 

expects to adopt it within a year and the regulation will 

address itaelt to the whole problem or mine dumps, quarries 

as well as tailings. 

Mr. Kaufman or our Radiological Health Unit reels 
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that aome low grade ore dumps are much more ot a hazard than the 

mill tailings themselves. At the present time I can report that 

the only mill in the Colorado Basin in New Mexico is now 

inactive, the pile baa been covered at this time and is dry, 

in a desert area where the rainfall is app~oximately 1 inches 

a year. 

Thank you. 

MR. STEIN: Mr. Rosich. 

MR. ROZICH: Yea. 'l'be information that rad1o

~ct1v1ty 1• emitting trom Colorado in the vicinity ot Durango 

ia news to me. or course, Mr •. Jacoe, I don't aee him in the 
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audience, whether he can address himself to that. But I 

thought we solved the problem by moving the mill to Farmington, 

New Mexico. (Laughter.) 

MR. STEIN: Are there any further questions? 

I don't want to pursue this, but let me indicate 

that if you have any problems on data, call on us. I have 

worked with these people in Colorado for years, and we may 

have had other problems, but getting data or the informa

tion wasn't one ot them. This I don't quite understand. 

If we have a problem, it will only take a phone call. 

I would suggest again• before we recess for the 

night, I don't think that we a~e too far apart on those 

uranium tailings controls. I suspect that New Mexico doesn't 

have much or a problem--they have one mill which pretty well 

is taken care or--and that several or the other States don't 

have significant problems. · Possibly the States that have 

the problems here are maybe Utah and Colorado. I think 

Wyoming was fortunate enough in that the uranium mills 

developed there a little later than in the other States. 

Art Williamson was alert enough to look at his sister States 

and figure that the beat place tor a uranium mill wasn't at 

the side or a stream but over on the mesa where it was dry 

and site location was probably the best way or preventing 
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the problem. 

But in dealing with the Colorado experience and 

what w~ have heard from Utah and the Pederal people, I think 

we have a relatively minor variation on the same requirement 

and something which has been tested certainly at least in 

one State. Therefore, we should be very near to a conclusion 

on that, and I hope we can wrap up the tailings problem. 

On the salinity problem, or course, we have many 

more presentations to make. We have to hear from the States 

on this, but I am very much encouraged, because I think 

essentially the reports that we have from EPA and the Depart

ment of the Interior are very compatible. 

MR. THATCHER: Mr. Chairman. 

MR. STEIN: Yes. 

MR. THATCHER: Excuse me. Just following along 

·your comment there, perhaps we.should point out that the 

one aspect or the radium tailings that would become an 

interstate problem is leaching or uranium, or I assume that 

this is the case, or leaching and draining. We did achieve 

significant gains in this area before and now each State, 

or course, has the local problem or wind erosion. 
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MR. STEIN: · I think this is the question. or course, 

Mr. Thatcher, you weren't here this morning. I think we 
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indicated that one of our successes and the States'--because 

you are the people who did it. both the industry and the 

States--has been the control ~r this problem. And again I 

say when you deal with the two States--Utah and Colorado-

that had the problem, they had to do the major cleanup. 

You have done the cleanup. I think we made that very, very 

clear in the record. 

The only question we have now is the residual 

aggravation on which we said at the last conference we 

were going to come up with a suggested regulation for 

tailings. This we have done. I suggest that the conferees 

agree with this, get together on this and go on. I don't 

see really any material difference on this. As far as the 

direct Federal involvement is concerned, one or the areas 

where we can point to success·1n abating the pollution, 

if we complete this task. is that we have turned it back 

to the States. I hope we can get that done at this con

ference. 
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However, the major point that you have to consider 

is where we go on the salinity control. Now, on the salinity 

control, EPA and the Interior Department, as far as I 

listened to the report, are essentially moving down the 

same road in tandem. I don't see any differences except 
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differences in detail. I think again the record speaks for 

itself. But the only reason I emphasize that is that I don't 

think you could have said that in past years. At the present 

time they are working very closely together. 
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I would ask the States to present that, because again 

I think this is one of the problems that we can put on the road 

and sit back and really come up with an achievement. Essential! 

I don't think we are too far apart, at least the Federal agencie 

are not too far apart, and I hope the States can get together 

and arrive at an accommodation. 

Again let me say just for myself that some places·· I as 

questions and some places I don't. The reason I asked Commissio e· 

Armstrong so many questions was that I think his statement was a 

_tremendous breakthrough. His document, as well as the EPA 

recommendations, is something that should be very, very carefull 

considered by the State conferees. It certainly gives us a 

blueprint as to how we can move forward on this problem. 

MR. THATCHER: I am sure the States could do this. 

Let me get back to one more question on the tailings. 

This may have been answered this morning. 

At the sixth session something was said about the 

Federal Agency that then was handling this problem cooperating 

with the Atomic Energy Commission in developing some long-range 
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controls which the States felt pretty powerless to cope with. 

Did anything come out on that this morning? 

MR. DICKSTEIN: I believe that Mr. Malaro rrom AEC 
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in his statement addressed this area, and it seems we are coming 

along. 

MR. THATCHER: Thank you. 

MR. STEIN: You know, we are coming along taster on 

the long-range problem than treating the salinity •. (Laughter.) 

What is the halt-·life ot that sturt? 

MR. DICKSTEIN: Sixteen twenty. 

MR. STEIN: Sixteen twenty. You know, there are 

probably only two guys in this room, Carl Eardley ,and,~:·I, who 

know what 1620 means. That is what they used to pay a clerk 

bac;k in the old days or the 1<>vernment. (Laughter.) But that 

is a long time in year11i and when you talk about a long-range 

program, it is going to be longer. (Laughter.) 

All right. Are there any other comments or questions? 

MR. WESTERGARD: I have a question. As one or the 

conferees, and I am sure some or the people here, I would be 

interested in knowing what the schedule is going to be tomorrow, 

· what the anticipated time elements are. You did tak• registra

tions tor atatements,.and that might give some indication or the 

time. 
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MR. STEIN: I think that is a very good question. 

You know, thia is always a problem, knowing how long people 

are going to speak. I recognize that when people come here 

who are not protess1onala, while their estimates are given 

in the best or ta1th, they generally are under. 

We deal with some pros, you know, who know how 

they are going to speak. You know, one Washington Congress

man went to the Mayflower Hotel on the wrong night. While 

he was roaming around the halls, suddenly he saw a room 

with a tunction going on, and the speaker hadn't shown up. 

So they asked him 1n·and he spoke. Then the press heard 

about this, and they thought it was a tascinating story. 

They said, "Mr. Congressman, what did you speak 

about?" 

He said, "Oh, about a half an hour." (Laughter.) 

But here is what we have. Here are the people 

who are going to have to speak on the· list. 

Sheldon Boone, Soil Conservation Service, United 

States Department or Agriculture; a communication from the 

Uttft•d States Ar.my Corps ot Engineers; Sacramento--

Maybe when I call the names, you can call out. 

Mr. Boone, how long do you expect to speak? 

MR. BOONE: Not too long, 10 minutes. 
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MR. STEIN: All right. (Laughter.) 
I 

You know, that is my case right there. 

M. Holburt, Colorado River Board of California; 

D. Kennedy, Metropolitan Water District; L. Weeks, Coachella 

Valley County Water District; R. Carter, Imperial Irrigation 

District; L. Morrill, Colorado Water Conservation Board; R. 

Fischer, Colorado River Water Conservation District; D. Paff, 

Colorado R1v~r Commission of Nevada; D-. .H.le, New Mexico 
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Interstate Stream Conmd.ssion; Gaylord Skogerboe, Colorado State 

University; a communication from National Council of Public 

Land Users; qharles Wilkinson, Native American Rights· Fund; 

Dr. H. K. Qashu, University ot Arizona; Dr •. G. William Fiero, 

Jr., Sierra Club; G. Bryant, Fort Yuma Indian Reservation, 

Winterhaven Ca~iforn~a; F. Brown, Quechan Tribal Council, Yuma, 

Arizona; Lorne G. Everett, University of Arizona, Department of 

Hydrology, Tucson; and Mary Kozlowski, Neva~a Open Spaces 

Council. 

By the way, in preparation for this I was down around 

Yuma and Winterhaven a while ago and I know you were trying to 

get some Federal officials to visit the reservation down there. 

I don't know if the~ showed, but I guess you have come here and 

1ou are w~lcome. 

we will recess now, but let me indicate that I 
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understand that the expanded recormnendations read by Mr. 

Freeman will be available in a few minutes for the conferee~ 

and it is suggested that you might want to get those before 

you leave this evening. 

With that we will--

FROM THE AUDIENCE: Mr. Stein, what time are you 

going to start in the morn1ng7 

MR. STEIN: I will announce that in a moment. 
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We are going to reconvene in the same place at 9:30 

tomorrow morning, and 9: 30 it i.s. We are going to start right 

on time. 

We stand recessed until tomorrow. 

- --
(Whereupon, at 5:15 o'clock an adjournment was taken 

until 9:30 o'clock, Wednesday, February 16, 1972.) 



MORNING SESSION 

WEDNESDAY, FEBRUARY 16, 1972 

9:30 o'clock 

MR. STEIN: Let's reconvene. 

Starting this morning we will clear up some of the 

points that were raised yesterday. 

922 

Mr. Blackman, I believe you wanted to make a comment 

on the chart entitled Average Annual Total Dissolved Solids 

Concentrations in Selected Stages. 

MR. BLACKMAN: Can somebody get 'the lights, please • 

•.• • Slide ••• (See 922a) 

The question as to the source of the 1970 TDS figure 

at Imperial Dam was raised yesterday. This :figure was derived-

well, let me say that on this side of the chart I have penciled 

in the monthly flow weighted mean TDS concentrations for 197.0. 

You will see that the· figure 960 for February was circled. We 

retrieved this data from STORET and that particular figure was 

missing. We correlated the February value from previous years' 

data. Using that one correlated month, the 927 figure was 

derived. 

Now, I have further 11.ated on this side (indicating) · 

of the chart the 1971 monthly flow weighted mean TDS concentra

tions, again USGS data, which are presently available in STORET 

for your information. 
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MR. STEIN: Does that complete the chart? 

May we have the lights, please? 
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We will begin calling on other people who wish to make 

statements now. Are there any questions or comments you want to 

~a1se at this time on the EPA presentation or the presentation 

ot Commissioner Armstrong? 

If not, we will go on to the other presentations. 

Sheldon G. Boone, Soil Conservation Service, United 

States Department of Agriculture. 

SHELDON G. BOONE 

SOIL CONSERVATION SERVICE 

U. S. DEPARTMENT OF AGRICULTURE 

DENVER, COLORADO 

MR. BOONE: · My name is Sheldon G. Boone. 

Mr. Chairman and other Federal and State conferees. · 

I have been asked by the Office of the Secretary of Agriculture 

to present this statement at this conference. 

We are pleased to have this opportunity to present a 

statement concerning the mineral water quality problem in the 

Colorado River r~lating to the Environmental Protection Agency 

,report entitled "The Mineral Quality Problem in the Colorado 

River Basin." The Department ot Agriculture has both technical 
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and administrative interests and responsibilities within the 

basin. 

We note that the report shows that while 65.6 percent 

or the total salt load at Hoover Dam comes from natural sources, 

133 percent comes from irrigated agriculture, accounting for 
I 

nearly all bf the manmade salt load to the river. In terms or 

salt concentration, however, irrigation contributes 37 percent. 

Increased salt concentration due to irrigation comes about in 

two ways: (1) As a result or consumptive use or water which 

diminishes stream flow, and (2) as a result or increased salt 

loading to the stream through the leaching or salt_rrom the 

soil profile and underlying ~guifers • These are natural 

results or the irrigation process and ones which can be modi-

fied only in degree by system improvement and improved water 

management practices. 

A major portion or the high water producing lands in 

the basin support a forest type or vegetative cover. These 

lands are major contributors to economic and social well-being 

ot the Colorado drainage in terms or timber, forage, wildlife 

habitat, recreation, and the dependent industries they support. 

They also contribute a major source or runoff water tor the 

region. The management or forest land ror commodity production, 

water production and water requirements under the multiple-use 
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I 
concept and related problems such as water quality, soil erosion~ 

land sediment production make these areas a highly significant 

part of.the salinity control planning effort. 
i 

i 
:make a significant contribution to salinity control programs I 

!directed t~ard reduction or natural salts associated with I 

sediment production rrom public land. A runction or this progr~ 
is to provide scientific soil, geology, and hydrology inputs I 

The Department's watershed management program could 

for resource planning and development programs. These inputs I 

are necessary to provide a firm basis for long-range planning 

and to assure that projects are designed and conducted in a 

manner which protect environmental values. Other major rune-

tions of the program are: 

1. To develop the protection requirements needed to 

assure that development and management activities meet estab-

lished watershed objectives and standards. 

2. To restore the productivity and water handling 

capabilities of denuded and damaged watershed land. 

3. The design and application or resource management 

practices and supplemental structural measures, where appropriat , 

to improve water quality and quantity or timing of water yield. 

4. To optimize the public benefits from the avail-

able water resources of National Forests through coordination 
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of Forest Service resource use and development activities with 

multiple purpose water resources development. 

5. Monitoring the effects of resource management 

uses on the overall quality of the soil. water, and air 

resources. 

I 
I 
: 
I 
I 
I 

I 
I 
I 
! 

! 
i 
I 
I 
i 

i 
The installation of improved irrigation water deliveryl 

systems and the use of on-farm application systems and water 

conservation practices can make measurable contribution to 

improved water quality in the Colorado River Basin. The 

improved systems would reduce the amount or water consumed per 

unit or crop output and decrease the water depleted by non-

economic vegetation, thereby minimizing reduction in stream 

flow. Improved water management by the irrigators and the 

installation or adequate drainage systems will reduce deep 

percolation and the volume or groundwater flow through saline 

formations, thereby reducing salt loading. 

Implementing present techrioiogy tor improving irri-

gation water management will give a needed reduction in salt 

loading and salt concentration. These practices which make a 

marked contribution to water quality improvement also result 

in increased crop production and a higher return to the farm 

enterprise. 

Although programs are available to aasiat landowners 

I 
I 
I 
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and local organizations in improving irrigation systems and I 

water management, a high degree of success depends upon a numbe~ 
I 

I or factors. These include (1) an adequate educational program; I 

(2) increased technical assistance available to landowners; (3) 
I 

cost-sharing or loan assistance where high capital investment 

is required; (4) major system improvements through group action; 

(5) phasing out irrigation on soils with natural high salt con-

tent; (6) selection of new areas for irriga~ion which have soils 

and underlying formation with low salt content. 

There is a need for continued study and research 

on improved soil and water management practices in both irri-

gated and nonirrigated areas in relation to salinity control. 

The major area of study should be on minimizing saline levels 

in return flows. 

The reduction of erosion in areas where surf ace soils 

are high in salt will reduce sediment and salt loading from 

natural.diffuse sources. Identificati.on and characterization 

of these diffuse areas will permi.t development of management 

' practices to minimize salt losses. Additional research on the 

impacts or improved watershed management on salt loading is 

needed. 

From research on the pressing problems or water· 

resources in high elevation forest and alpine areas, two 
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methods of watershed treatment have evolved for increased 

water yield. 

1. Rearrangement or reduction of vegetative mass 

in the timber harvest zone. 

2. Conversion ot deep-rooted stands of dense brush 

on noncommercial timber to shallower rooted stands of grass. 
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Manipulation or vegetative cover and other water 

yield improvement techniques can result in increased streamflow 

without damage to the watershed or to areas downstream if the 

activity is caretully planned and executed as a part of a 

coordinated land resource management program. The danger lies 

in proceeding too fast with too little knowledge ot the plant

aoil-water and other environnH!ntal.relationships involved. 

Ill-conceived. poorly executed programs are likely 

to cause con~iderable damage to watershed. soil and water 

quality and add to salinity problems. Close coordination between 

weather modification programs and land treatment programs will 

be essential to minimize any adverse effects on anticipated 

increase in precipitation or runor.r. 

We have made no attempt to evaluate the· input data 

used in the preparation of the repor.t. Lack of time allotted 

for review arid the scope and complexity of the problem made it 

impossible for ua to make such an evaluation. 
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With respect to the report, there is very little 

material that relates to water pollution control programs 

,except in the area of mineral quality. Although salinity is 

the most serious water quality problem in the Colorado River 

Basin, pollution problems of virtually every form may be round 

in the region. Decisions relating to salinity improvement 

programs must, therefore, consider impacts on all existing and 

planned water resource utilization and developments. 

The report is weak in considering in depth the effects 

ot some of the proposals. For example, phreatophyte control can 

have a significant adverse effect on aesthetics, fish and wild

life habitat •. Vege.tative manipulation to increase streamflow 

can increase storm associated runoff with inereased sediment 

· production and channel instability. In addition, drastic 

removal of vegetative.species could affect site productivity, 

recreational values, and community economics. An environmental 

analysis of the effects of each proposal is essential before 

final'· decisions can be made. 

The Department will continue to cooperate with other 

Federal, State and local entities to solve the salinity prob

lems encountered in the Colorado River system.· Cooperation from 

all levels of government are necessary before much accomplish-

: .. ,ment will be realized toward the overall objective or salt load 
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reduction. 

Because all aspects or water and related land resource 

development, control and management are related, it appears that 

the most feasible solutions to mineral quality control will 

result in the implementation or comprehensive bas1nwide plans. 

Water quality control planning should become a major consider

ation in agency or 1nteragency river basin planning efforts in 

the Colorado River Basin. We concur in the adoption of a policy 

to plan and implement programs to reach the objective or main

taining salinity concentrations in the Colorado Ri.ver at or 

below levels presently round in the lower mainstem. 

In closing we would like to attirm our willingness 

to work with all concerned to the limits of our authority and 

expertise in developing, evaluating and recommending measures 

and programs tor controlling or minimizing water problems in 

the Colorado River Basin. 

Thank you. 

MR. STEIN: Thank you, Mr. Boone. 

Are there any conunents or queat1ons? 

MR. WRIGHT: Yes, Murray. 

MR. STEIN: Go right ahead. 

MR. WRIGHT: John Wright rrom New Mexico. 

Did I hear correctly that you stated that the techniqte 
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or trickle irrigation will decrease deep percolation in contact 

with salt-bearing stratas and thereby reduce the salt load? 

MR. BOONE: No, sir, we didn't say anything about 

deep percolat1on--or about the trickle irrigation. 

MR. WRIGHT: Can 'you tell me the context that that 

phrase did occur? I remember you saying something about deep 
,,: 

percolation or preventing deep percolation and I wondered how 

JOU did that. 

MR. BOONE: The statement was1 I believe, to improve 

.water management by the 1rr1gatorl\. and the in•tallation or ade-

• q•ate drainage syatems will reduce deep percolation and the 

volume or groundwater f'low through saline formations thereby 

reducing aalt load, salt loadings. 

MR. WRIGHT: In other words, just better drainage 

111tems in some cases will help us? 

MR. BOONE: Yes, I think the object would be to 

· expose the water to the least amount or soil profile and under-

ground aqu1tera. In other words, getting the return flow back 

to the stream before it baa an opportunity to pick up a high 

salt content. 

MR. WRIGH'l': Thank you. 

MR. DICKSTEIN: Mr.Boone, I would lik• to briefly ask 

a tew questions on irrigation praetieea. 
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I have read quite a bit on irrigation leading into 

this conference, and several of the articles I have read have 

indicated that it is a general practice or the irrigator to 

open up the gate in the morning, go to work and then close the 

gate at night. Now, if something could be done about this 

immediately, couldn't we greatly reduce the leaching in our 

growing practices? It seems to me obviously a plant just takes 

so much water and the excess water, all that really does is 

leach, is that true? 

MR. BOONE: Well, I think this is a general statement_ 

and we find all ranges or expertise in terma or handling 1rr1-

gation water. It seems to me that the programs that we have in 

the Department and that have been available to irrigation rarmer.s 

have made immeasurable contributions to increased efficiency in 

water use and will continue to do so, and perhaps additional 

effort needs to be made along-this line. 

MR. DICKSTEIN: That more or less goes along with the 

' area discussed of education with the farmers and educating them 

about the proper use or water. 

MR. BOONE: Yes, that is right. 

MR. DICKSTEIN: Also you made a comment, it seems to 

me that technologically we do have many ot the solutions right 

now, it is a matter or implementing the~, is this true? 
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MR. BOONE: This is true in many fields. I believe 

it is also true in irrigation. 

MR. DICKSTEIN: Thank you. 

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

If not, thank you very, very much. 

I believe we have a communication from the Corps 

of Engineers • 

MR. O'CONNELL: Yes, we have a communication from the 

District Engineer• Sacramento District Corps of Engineers, which 

I would like to offer ror the record. 

MR. STEIN: Without objection, that will be entered 

in the record as if read. 

(The above-mentioned letter follows:) 

.· 
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Regional Administrator. Region IX 
Environ1:1ental Protection Agency 
100 California Street 
San Francisco. California 94lll 

Dear Sir: 
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RECEIVED 
E. P.A. R!:GION IX 

ffe 11 IU 32 ~H '1l 
I~ /fr» 

9 February 1972 

Reference is made to your letter of 13 January 1972 incloaing a copy of 
your report on "The Uincral Quality Problem in the Colorado River Basin" 
which is to be the basis for the Federal-State Enforcement Conference on 
the Colorado River to be held 15-17 February in Las Vegas, Nevnda. 

A study of the flood and related water resource problem of the Colorado 
Bive.r and tributaries above Lee Ferry, Arizona, has recently been reactivated 
by this District. As a part of this investigation, consideration will be 
given to possible solutions to water quality problems in the basin. The 
purpose of the study is to develop solutions, where feasible, to the flood 
and related water resource problems of the area. both locally and on a 
basin-wide comprehensive basis. It ia anticipated that several years 
will be required to complete the investigation. 

Studies relating to water quality and salt sources in the Upper Colorado 
River Basin have not been initiated by tltia office at this time. Therefore, 
we do not propose to have a representative attend the conference in Las 
Vegas on 15-17 February 1972. However, because of our recently activated 
studies on the Upper Colorado Basin• we would appreciate receiving data 
on water quality problems and any suggested solutions which might be 
presented at tile conference, including any transcript or summary which 
inay be prepared of presentations made at the conference·. 

lbank you for the opportunity to reviaw your report and the invitation to 
participate in the conference. We will ket.p you advised of any proposeci 
improvements affecting water quality or which may include provisions for 
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reducing the salt load of tbe- river system that uiay be developed during 
the course 01 our studies on the Upper Colorado River Basin. 

Sincerely yours 1 

JAMES C. DONOVAN 
Colonel, CR 
District Engineer 

2 
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MR. O'CONNELL: Copies have just been distributed to 

the conferees. Just for the benefit of the audience I will 

summ&l9ize it by saying that .the Corps states that a study of 

flood and related water resource problems of the Colorado River 

and tributaries above Lees Ferry• Arizona, has recently been 

reactivated by the Distric1; and they will keep us advised of 

any proposed improvements affecting water quality or whi·ch may 

I 
include provisions for reducing the salt load to the river system 

I 
I 

that may be developed during the course of their studies on the 1 

'Upper Colorado River Basin. 

MR. STEIN: At the present time we are going to call 

on the States,and then we will call on people who have indi-

cated that they wish to speak. 

First Arizona. 

MR. TABOR: No comment from the conferee. 

MR. STEIN: California. 

MR. DIBBLE: Mr. Chairman, before I make any comment, 

it I do, I would like to call on various organizations from the 

State that have indicated they would like t9 make a statement. 

The first one I would like to introduce is Myron 

Holburt, who is the Chief Engineer of the Colorado River Board 

ot California. 
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MYRON B. HOLBURT 

CHIEF ENGINEER 

COLORADO RIVER BOARD OF CALIFORNIA 

LOS ANGELES. CALIFORNIA 

MR. HOLBURT: Thank you. Mr. Dibble. 
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Mr. Chairman, I have a short statement, of which I hav 

some extra copies, enough for the conferees. 

My name is Myron Holburt, Chief Engineer, Colorado 

River Board of California. 

The .. Colorado. River Board is the California State agenc 

with the statutory responsibility or protecting the rights and 

interests of California, its agencies and citizens, to the water 

and power resources or the Colorado River System. The Board is 

:composed or six members appointed by the Governor of California, 

one each from e,ch or the major public agencies with water and 

power rights in the Colorado River. There are the three urban 

agencies: the Metropolitan Water District of Southern California 

the Lo~ Angeles Department of Water and Power, San Diego County 

Wat~r Authority; and three other cultural agencies: Imperial 

Irrigation District, Coachella Valley County Water District. 

·and Palo Verde Irrigation District. 

I think most of you are aware· of the intensive activit es 

ot the Colorado River Board in the last few years in attempting 
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to seek solutions to our salinity problems. The Board's basic 

conunents on the draft edition or the report that was submitted 

to the conferees today are included in the Joint statement pre-

pared by the State Water Resources Control Board, the Department 

or Water Resources and the Colorado River Board, and this was 

presented by the conferee, the State Water Resources :control 

Board. in a letter that is included in Appendix D to this report~ 

Basically we are in agreement with Recommendations 1 

and 3 as they are now in the report.and that is that we have as 

objectives the maintenance 9f salinity at or below present levels 

and we achieve this objective by a basinwide salinity control 

program. 

We are oppose4 to Recommendation No. 2 in the report 

Qalling for establishment ot specific numerical criteria by 

January 197.3. And basically, the reason we are opposed to it 

is that we can see very little value in the efforts or the con-. 
rerees and the Federa+ Gover~nt in trying to establish numer-

ical criteria. If ~e rolt that numerical criteria would help 

us. we would be for ~t, because together with Arizona we have 

the position or getting tpe impact or all the salinity problems 
i . 

in the United States by being at the lowe~ end of the basin. 

I think the basic situation where we stand today is 

that after much time and ,rrort, all or the basin States and 
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the Department or State together with Interior are united in 

.going forward:with a major salinity control program. 

And although to date these studies of the salinity 

control program, which have been largely on a reconnaissance 

level, have been favorable, we don't think that we should 

attempt to even start the setting or numerical criteria until 

we better know the results to the feasibility studies of this 

salinity control program. 
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And thirdly, I think that in.the absence of salinity 

control projects, the only way in which numerical criteria could 

be enforced would be by taking actions against water users in 

the U2per Colorado River Basin States, and these States have 

indicated that any attempt to establish enforceable numerical 

criteria would be viewed as an attempt to threaten their economi~ 

development and would be in opposition, at least as they view 

it, to the Colorado River Compact. 

So basically, we believe that instead or working on 

· numerical criteria at this time, we urge that the Environmental 

Protection Agency take three basic steps: 

1. Expedite the ongoing collection and research 

.· programs and fund additional programs. Specifically, there is 

... one program that is up tor consideration by the Environmental 

Protection Agency which I reel should be funded immediate!~ 
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and that is the program submitted by Professor Skogerboe in the 

Colorado State University entitled"Irrigation Practices, Return 

" Flow Salinity and Crop Yields. And the basic thrust of this 

research project is to try and determine the effect of reducing 

return flow and deep percolation from crops and what the effect 

is on the salinity of the return flows. There is a lot or 

speculation on this, but we don't as yet have any good research 

project to cover this activit~.and I believe that EPA could do 

a real service by acting on this request which is now before·1t. 

Secondly, I believe the EPA should utilize its 

existing expertise in working with the Bureau of Reclamation. 

You have people like Russ Freeman, Jim Vincent, Jim Russell, 

who have been scattered throughout your organization now, but 

they have gained valuable experience in working on this program, 

and I feel that they should be utilized in working with the 

Bureau in some capacity. 

And finally, you should continue to transfer funds as 

necessary to the Bureau..as you have in several other programs 

which have been going forward today-.. 

I have one other comment and that re1ates to two 

reconmendations that were in the draft report but deleted in 

the final report. Unfortunately, these two recommendations are 

still iri Chapter VIII or the report. They relate to, one, 
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setting up a task force to develop numerical criteria, and 

•· secondly, consider the possibility or a new agenc.y. I think we 

. are all in agreement that the Bureau of Reclamation shall move 

: forward on this program, but it is very confusing to pick up a 

report and see that the recommendations are no longer in the 

·. front or the report, but the recommendations., together with all 

the backup, are still contained in Chapter VIII or the report. 

I believe EPA should take. some_meas u'r.e. to eliminate this con-

··· tusion.· 

Thank you very much. 

'. MR. STEIN: Thank yo.u. 

Are there any comments or questions? 

I would like to understand what you are saying. And 

... please understand 1 I just want to get this. 

Are you saying that you are in favor of numerical 

criteria but not now? 

MR. HOLBURT: No, I am saying that we should defer 

·1n1 consideration or numerical criteria until we better know 

the results of these feasibility studie.s. 

MR. STEIN: Do you think we should ever have numerica: 

MR. HOLBURT: I don't know. There may be a time when 

it 1a valuable, but it certainly isn't no.w. 
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MR. STEIN: Right. Then you don't go as far as 

Commissioner Armstrong when he said, speaking yesterday. ''t'_his 

Department,"that is Interior,"accepts the,need for numerical 
)I 

standards? 

MR. HOLBU~T: No, I don't. I don't think that the 
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Department or the Interior should be spending its effort trying 

to develop numerical criteria. They have got a big program in 

terms of getting some physical works and implementation·: on 

salinity control. That is where their efforts should be. 

MR. STEIN: Here is something we are looking for. 

We saw the chart that Mr. Blackman addressed himself to this 

morning. If the figures or the information on which that chart 

is based is substantially correc~, we have a steady increase or 

salinity in significant places in the Colorado River in the 

last 10 years. Now, if we are going to prevent that from 

creeping up, how will we know-when to blow the whistle unless 

we have some kind of benchmark? 

And I am not arguing criteria with you. I am Just 

trying to give you the_ problem that we have here. In other 

words, we are the Agency·-- with Cal1torn1a agencies and the 

agencies in the other States~7responaible tor the conditions 

ot the waters in the countr.y. It1.arter a 10-year trend period, 

you see salinity coming up and we are looking tor a device to 
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regulate that to see that it gets better and not worse, how do 

re do that? How do we approach it? 

MR. HOLBURT: Oh, I think--

MR. STEIN: Usually, and I am not saying juet in this 

tield, but in any other regulatory field, whether it is cities 

or industries, we use numerical requirements to see what is 

done. Now, I am trying to understand what we are driving at or 

bow we do it here without that. 

MR. HOLBURT: Well, I think the response is that what 

we do is we accelerate the salinity control program to see that 

it is moved &head as fast as possible. We want to see con

structive and every .feasible salinity control project we want 

to see implemented.,..-every potential feasibility control measure. 

We want the beat quality water we can get. We are not concerned 

with setting any arbitrary numbers and looking at them. We want 

to move forward ·to a . physical program. 

MR. STEIN: I am not talking in terms of arbitrary 

·numbers, sir. I am not saying that I don't agree with what you 

are saying philosophically, but we have a law we have to work 

with that the Congress has given us. Now, for years I think 

this· statement and your point or view was made to the Congres&or-i 

that we don•t have numbers, that we accelerate the program and 

keep this from •ntering the municipality limits, that we 
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accelerate the abatement program and this is what cleans up 

pollution. Sure. However, the Congress has indicated to us 

that they didn't believe we were moving fast enough. As a 

matter of fact if you look at the record, it indicated they 

thought we were losing ground with that approach. Therefore, 

they came up with this criteria standard requirement for us to 

set and enforce1 and this is the job we have. 

Now, as we have utilized these standards throughout 

the country, and again I am not applying it here, what this 

boils down to is setting some kind of number t·hat we are going 

to enforce against. Now, the suggestion is we don't do that. 

I would like to know how we handle that with the mandate we 

have from the Congress to carry the program forward. 

Again I am not arguing this point, because I recog

nize the difficulty or the problem we have to deal with. 

MR. HOLBURT: Well, I think you simply handle it by 

recognizing the salinitY. problem in the Colorado is consider

ably different than the water pollution from industrial wastes 

and municipal wastes that you have in some or the eastern 

streams where you can set a number and control some of these 

things. 

For instance, I have heard you look at that 10-year 

chart on several occasions and say the numbers speak tor 
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themselves. Well, those numbers don't speak for themselves. 

They are a combination of many different factors, of the flow 

of the river, the impoundment in the reservoirs and releases, 

the type of development, the rapidity with which development 

takes place. You have to analyze those numbers to know what 

they mean. 
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For instance, I expect that in the next couple of 

years we will get a little better water down at Parker because 

we have had a couple of good years on the Upper B•sin and some 

improvement at Lees Ferry will pass through in 2 years and 

be reflected down at Parker. What doesn't make me happier, if 

you have a number that you set at present and then we go below 

it, are you going to say,"Well, that is fine, we are making 

progress"? I don't think we are. 

The problem remains the numbers that we are going to 

get are going to fluctuate depending on condition~ and it is 

fruitless at this point to try and work with those numbers. I 

can only repeat that the proposition that you have to tell your 

people is that we are going to work on a physical program to 

meet the problem, and that is the answer. Jlmnl at some later 

date when we know more about the programs,~here may be some 

advantage in setting numbers, but it will be very divisive at 

the present time to try and set numbers. And we in the lower 
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basin States don't see it as any particular advantage at this 

point either. I think Mr. Dibble yesterday was giving a pretty 

good. exact analogy about a speed limit and in terms of setting 

a number. and that is what people work for. 

I hope that answers your question. 

MR. STEIN: Well, I think your point or view is 

very clear. I don't want to prolong that. With your 

explanation, yes, these figures do speak for themselves. 

I think we need the explanation that you gave; I know these 

sources have put in pollution control. 

But I would like to call your attention to one 

thing, and I think we all have this however we come out. 

If you say the setting of numbers is going to be divisive, 

what do you think the nonsetting of numbers is going to 

be? Do you think we are going to be welcomed with open 

arms with a lot of people who want clean water in the Colo

rado by the nonsetting of numbers or are we faced with a 

divisive result no matter what we do? 

MR. HOLBURT: I don't think there is anyone that 

wants better quality water than the people in California 

unless it is the people in Arizona, and if we thought this 

was the thing to do we would be recommending it. 

Could I ask you a question? 
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MR. STEIN: . Surely. 

MR. HOLBURT: You keep talking about enforceable • 

. How would you enforce it? How would you enforce the numbers 

• that you would set? 
., 

MR. DIBBLE: I was just going to ask him that too. 

• 
May I add to your question, as long as you have 

. ·. brought it up? 

' 

I thought we had gone into this in.sort of some 

detail yesterday, that the problem on the Colorado River just 

·• doesn't lend itself to enforcement. It seems to me that the 
: 

' EPA staff in presenting the results of the report yesterday in 

' 
effect said this, and it seems to me it is the key to the 

' : ' 

problem a 
' 

The salt load in the Colorado River 

tends to be essentially a constant salt load 

.·· 
in terms of tons, but the problem is that the 

amount of water moving downstream is gradually 

being less as the stream is depleted in terms 

or amount or water, which means that the con-

centration in the remaining water is more. 

Now, how do you enforce on a problem like that? That 

is not an enforcement problem that can be handled by a regula-

tory agency, and I think that that is the real thrust that we 

' 
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have to--point we have to get across in a conference like 

this. It just doesn't lend itself to enforcement. The 

only solution to it is to take this all back out by some 

kind ot a salinity control program, keep the salt from 

getting in or take it out. 

MR. STEIN: Well, that well may be. That may be 

the result or enforcement. 

MR. DIBBLE: Not of enforcement, but or a physical 

actual program. 

MR. STEIN: That is what we have in all cases. 

I suggest, Mr. Dibble, that we have the problem in many, 

many streams in the eastern part or the country that you 

have indicated you have here on the Colorado. Again, I 

think we have this all over. For instance, we have taken 

streams like the Mississippi or the Missouri or the Ohio, 

which used to be tree-flowing streams, and changed ·the 

regimen ot those streams. To use a very clear example 

that I think most of you are aware or, the Ohio is a. series 

ot pools or in effect lakes; then you have a lock and the 

levels drop a little lower. Well, in the old days, when you 

had an industry or a city on the Ohio putting its wastes down 

in that sw11"t-tlowing stream, it certainly didn't have the 

kind or current, immediate effect that it does when it 1a put 
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in a slack-flowing pool. So this is the problem we are facing 

all over • . 
·. 

I think we are here to try to develop with you a tech-

· n1que or getting that. I ask you again to examine the position 

you have. The question is what approach we take. . I think that 

.. Mr. Armstrong indicated he adopts the need for numerical stand-

ards, but doesn't think we are quite ready. The EPA thinks we 

.. might be ready for those pretty soon or perhaps now. As I under-

stand the position that you just gave, you are not sure we will 

ever need numbers; rather we have to go back with the notion 

that we are all going to put our shoulder ~o the wheel and 

· reduce salt pollution as much as possible. Is that the result 

at what you have come out with?. 

! -- • 

. 

MR. DIBBLE: Right. 

MR. STEIN: ·All right. I understand that position. 

· But may I suggest to you, sir. that I am not sure that the 

adoption of that solution wouldn't create as much divisiveness 

. as any other~ 

MR. HOLBURT: In other words, it is simply a defer-

· ment of it. We are not saying whether we need it or don't 

need it; maybe we do sometime in the future, but defer it 

1ndetini te ly. 

MR. STEIN: But right now you are deferring it 



M. B. Holburt 

indefinitely? 

MR. HOLBURT: Right. 

MR. STEIN: Right. I understand. Thank you very 

much, air. 

MR. HOLBURT: You are welcome. 

MR. DIBBLE: Mr. Chairman, ~he next one from Cali

fornia who would like to make·a· statement is David Kennedy of 

the Metropolitan Water District • 

. DAVID KENNEDY, ENGINEER 

METROPOLITAN WATER DISTRICT 

OF SOUTHERN CALIFORNIA 

LOS ANGELES, CALIFORNIA 
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MR. KENNEDY: Mr. Chairman, my name is David Kennedy. 

I am an Engineer with the Metropolitan Water District or Souther~ 

California. I am here today representing Frank Clinton, our 

General M~llager •. 

We have a briet statement ot about 3-1/2 pages and 

with your concurrence, Mr. Chairman, I will read the statement. 

MR. STEIN: Go right ahead. 

MR. KENNEDY: The District bas worked closely with 

Calitornia'a Colorado River Board in reviewing the EPA report, 

and we concur :tully in the connnents presented by Mr. Holburt. 
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Our statement today is intended to supplement Mr. Holburt's 

comments. 

The Metropolitan Water District has been bringing 

water t'rom the Colorado River to its service area within the 

Coastal Plain or Southern California since i9Jt.1. For the past 

several years, diversions have been at essentially the full 

capacity of the Colorado River Aqueduct, which 1a l.2 million 

acre-feet per year. This supply provides approximately 43 

·· percent of the total water supply used in the District's 

service area. There are now 124 cities within the District 

and the total population is presently 10.3 million. 

The salinity or Colorado River water during the 30 

1ears of the District's operations has fluctuated considerably 

but has always been higher than desirable. I think this gets 

... to one or the points that you were quizzing Mr. Holburt about. 

The average 1alinity at the intake tb the District's Aqueduct 

at Lake Havasu over the 30-year operating period was 68- ppm. 

The salinity has ranged from a~~l•w or 487 ppm in January 1953 

to a high or 8Jf2 ppm in January 1957. For the past year it has 

averaged approximately 741 ppm. 

Let me digress a moment, Mr. Stein. The chart that 

the EPA fellow showed yesterday I believe showed that a~ 

Parker Dam the salinity in 1970 was 784 ppm. is that- correct? 
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And that is where our diversion is. So that 78~ in 1970 com

pares with 7-1 over the last year. 
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Several agencies, including EPA, have made projections 

or future salinity levels of Colorado River water. While there 

are some differenc~s in the specific projected levels, all or 

those studying the problem agree that salinity will increase, 

unless corrective measures are undertaken. 

In viewing this situation, the one encouraging factor 

is that specific corrective measures have been identified which 

could probably offset the projected increase and possibly even 

reduce salinity below present levels. The EPA report describes 

a broad range or salt reduction measures, which, at the recon

naissance level, appear to be economically Justified. The 

present need is to determine more precisely the feasibility 

of these individual projects and to develop a comprehensive 

salinity control program. 

With reference to the three recommendations in the 

EPA Summary Report, the District agrees with Humbers 1 and 3. 

We disagree, however,_ with ~umber 2, that specific numerical 

criteria be established at key points throughout the Basin 

b1 January 1, 1973. On this issue·, the District ahares the 

view or many other ageacies that the atteinpt to establish such 

criteria would lead to unnecessary contention among the Colorad 
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River States and would not be a constructive step toward 

resolving the salinity problem. 
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The District is further concerned by an apparent 

dilemma in the general concept of setting salinity criteria in 

the Colorado River Basin. It is clear that present levels are 

far greater than desirable and are causing significant economic 

problems. It is also clear that until the feasibility of 

specific control measures is determined we will not know what 

levels can be maintained. Ir the adopted values were in the 

range of salinity levels presently found in the Lower Basin, 

the implication would be given that any value less than that 

adopted is acceptable, and during periods in which normal 

fluctuations caused the actual salinity to be less than the 

criteria there would be less impetus to take long-range 

corrective actions. That is a situat!on I think we are racing 

r1ght;;toda7. On the other hand, if the criteria were set· at 

levels considered acceptable or desirable from the water user's 

standpoint, the criteria might be unattainable and hence would 

tend to be disregarded. 

On this point, Mr. Chairman, you asked Mr. Holburt 

for a benchmark. I think we probably passed the acceptable 

benchmark about 60 years ago when we went past 500 ppm. So 

that if you get up and start talking about 750 ppm, we are 
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concerned that the implication will be given that any time 

you are less than that adopted value everything is all right. 
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It is the District's belier that the most pressing 

need is to proceed with determining the feasibility of 

individual salinity control projects. Based on information 

contained in the EPA report, there is reason to expect that 

many or these projects will be found feasible and that a 

comprehensive basinwide salinity control program can be 

developed. Recognizing that salinity levels in the Lower Basin 

will probably be higher than desirable no matter what control 

measures are undertaken, the program of implementation should 

include all salinity control projects which are economically 

justified. 

That completes our prepared statement. I might make 

one more comment as to anotper way of framing the objective that 

we are all pursuing here "in the basin. 

We have talked about that we need some standard to 

shoot for. 1·thinlc Mr. Freeman yesterday presented two alterna

tive approaches to this general problem of salinity. 

Another way of stating our position would be, we 

think that all of the salt that can be removed from the river 

economically should be taken out, that we are far past any 

acceptable or desirable level, so that if we want to aet 
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objectives we might set them in terms of removing X tons of 

-salt from the river rather than maintaining any particular 

level in the river. 

I would be happy to answer any questions. 

MR. STEIN: Are there any comments or questions? 

I would like to thank you, Mr. Kennedy, for an 

excellent statement. I think again that while we may differ 

on the methodology--! don't _know tha~ we really differ; 

·I am here to learn--the objective we have is certainly the 

·same. 
·-·1:-

I would like to just point out that I will agree 

with you that your figure of 500, which we went above a 

long time ago, was the kind of figure that was probably over 

a desirable level. But I would suggest to you that in making 

your statements on what you are doing in taking the water out 

of Lake Havasu.and mentioning the number 500, in order to 

prove and illustrate your points at every stage you did, in 

.fact, use numbers, and that is what we are dealing with, are 
I 

. these numbers. 

I also would suggest that just going below a desig-

nated number does not mean that you are doing a tremendous 

Job, ·because of fluctuations, or if you go above it, you are 

automatically going to have a violation. Any approach with 
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numbers like that is going to be mechanical, and you are going 

to get into trouble. 

I notice Mr. Beverly from the uranium milling 

industry is here. I remember we had the same problem 

with numbers in dealing with uranium in certain tributaries. 

When the radium level got down to the Public Health Service 

Drinking Water Standards a lot of people said, "Boy, that 

is low enough; let's stop." Our notion was, "Nonsense." I 

believe in no radiation. At least, I am one of those who 

believe in the cumulative effect of radiation; that the best 

kind of radiation is as little and as close to background 

level as possible. Putting that thesis forward and with 

the cooperation of the industry, we reduced it, as I pointed 

out, to about one-third of Public Health Drinking Water 

Standards. 

So in setting a number for control measures, I 

don't think that you necessarily have to think you have 

achieved the millenium once you have gotten below that 

number and you can't push back. At the same time, if you 

have a fluctuation and you have an aberration above it, I 

think you should be able to set something flexible enough 

not to lower the boom if that happens to be out of control. 

And I am merely suggesting that as a technique. Let me try this 
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again on you,and I don't necessarily expect an answer. This 

may be a rhetorical question or comment. 

Mr. O'Connell points out to me that we are obliged 
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under the Federal law to deal in terms of numerical requirements 

in States or requirements in States; maybe numerical is not the 

word. If States don't adopt it with us, then we are obliged to 

do that ourselves under the law. 

What I am trying to do is see if ,we can arrive at a 

control mechanism with the States that will enable us to roll 

back the salinity of the Colorado River, enable us to comply 

with appropriate Federal law that we are operating under, and 

also allow all interested observers to have some kind of bench

mark to see if the States or we are doing our job. 

MR. KENNEDY: I think my comment on that is that this· 

particular benchmarU that you would be choosing is on the one 

hand misleading' because it is not a useful benchmark. And the 

second point is, I think it is going to serve to defer taking 

those actions that we all think should be taken. We are all in 

agreement, I think everyone in this room, that the salinity of 

the Colorado River should be reduced~and the objective or the 

question is how are we going to meet that. Now, you feel 

that by setting these standards that will be helpful. I· think 

we reel that it will be just the. opposite, that it will mislead us, 
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actually, by giving us a false benchmark. 

MR. STEIN: I understand what you are saying. Let 

me clarify a personal position. I don't have any feeling on 

this now. 
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What I do suspect is that this isn't the first time 

that these views were presented to EPA. No doubt you gave them 

to Mr. DeFalco and the Regional Director and the staff many 

times. Presumably that staff in EPA was not persuaded, or we 

would have got this report from EPA. 

What I am here looking for is to se~ in the face of 

that, whether we can come to an accommodation and arrive at an 

agreed-upon position that you and we can both adopt to go 

forward. That is the only thing I am recognizing. 

MR. KENNEDY: Let me suggest what that accommodation 

might be. Maybe we could all agree to defer this setting of 

standards indefinitely until more information is known. -

(Laughter.) 

MR. STEIN: I am not--again, Mr. Armstrong suggested 

3 years; I know you don't, but he needs it for study. One of 

the approaches, and I am making no suggestion on this at all, 

because one of yQur approaches might be in terms or setting a 

requirement or an objective to get a certain amount of salt out 

or the river, which was pointed out. That might be an approach. 
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What I am trying to do here, the reason I am going 

';with you, because I tn1nk you are very sensitive and responsive 
' 

· to the problem. I am trying to look for a possible technique 

that both you people and the Federal people can sign off on so 

we can get on with the program. 

MR. KENNEDY: I just suggested one to you. Let me--

MR. STEIN: I know. But I would suggest that 

indefinite postponement may not be quite the way to arrive 

at an accommodation, sir. 

MR. KENNEDY: How about postpone for a period of 3 

years, and then pull the conference together again and see 

where we all are? 

MR. STEIN: Well, that might be. But what is to 

prevent.an increase in the interim? Do you need certain 

objectives to see how many pounds have been reduced during 

those 3 years? 

I don't want this to even be represented as my 

position, certainly not an official position. I am just 

giving you the kind of ideas that we possibly can get to 

to arrive at an accommodation on this. 

MR. KENNEDY: Let me put it not on the basis or 

the recommendation in the EPA report, which is what we are 

really talking about. 
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I think you can summarize our position by saying that 

we ree~ firs~ that the setting or standards is a misleading 

type or approach. It misleads all of us. 

Secondly, and &:point that there hasn't been much 

co~veraation about, it would take a great deal of staff time. 

By staff time I don't mean just the engineering time• bu·t the 

time of a great many people who could better use that time 

pursuing this salinity control program. I think if we spend 

all those hours arguing about what the numbers should be, we 

would wind up at the end or it without having attained very 

mucQ, and it would not have accomplished as much in the salinity 

control program as we could have. 

MR. STEIN: I couldn't agree with you more on that 

statement, although I come out a little differently. I see 

people in the Federal Government, I won't speak about the States. 

•pending an inordinate amount of time arriving at these numbers.

tiae that could be more profitably spent. I have the 

reeling that I could..or after a couple or hours discussion,. you 

could come up with as good a numbe:q and maybe we can do 

that as well today as we could 3 years from now and go on with 

the job. 

MR. KENNEDY: I think any number you come up with, 

though, w.ould be a misleading number,, and that is where we are 
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concerned. 

MR. STEIN: I understand your view. 

MR. KENNEDY: I might just comment in concluding our 

. remarks that we are probably the first water user you have 

heard from. I think the others have been Federal and State 

agencies, not those actually using the water, and there may be 

. some significance to the fact that those who are actually 

. affected, as our District is very much, reel the very same way. 

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

Yes. 

MR. DICKSTEIN: One comment. 

You have several years or data at Parker Dam,and you 

· gave us a high and a low. What has been the trend analysis or 

this data? 

MR. KENNEDY: ·There is very li$tle discernible trend 

over the 30-year period that we have a record. It has gradually, 

you might say, increased, but the swings have been so s1gn1f1can~ 

up and down that just plotting the record up and down it is hard 

to find that trend that everybody says is there. Now, you can 

plot a~double mass: diagram and think you f'ind something, but it 

is not quite as apparent as some people· have implied. 

Now, over the last year the salinity at Parker has 

actually decreased by about 10 ppm. We are at about 740 right 
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now. We have been as high as 840. 

MR. DICKSTEIN: Thank you. 

MR. DIBBLE: Mr. Stein. 

MR. STEIN: Yes. 

962 

MR. DIBBLE: You said, if I understood you, that we 

are looking tor a technique for protecting the quality of the 

river, and then in about the next breath you were talking about 

lowering the boom. And I really was wondering whether you are 

looking for an enforcement technique or whether you are looking 

for a way to keep the quality or the Colorado River under con

trol. It seems to me the two are different. 

MR. STEIN: Well, if they are, we would lik& to 

hear. Our objective is to keep the river under control. 

Now, we recognize this, and I think, Mr. Dibble, you made 

this point. I thoroughly agree with the point. I h~pe I 

am not talking about lowering the boom. 

I think the problem that we have on the 

Colorado River can possibly be likened to our dealings 

with acid mine drainage in the East. The question raised 

is whom do you proceed against; whom do you enforce? 

The difficulty that I think we have had in these cases is 

that we do not have another mechanism--or 1r we do, it 

baan' t been utilized--to brmg 1he States tag ether and grapple 
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with this problem. And in all candor, I would say that 

-this is why we at a conference of this type have dealt .with 

those tailings piles. It may have something to do with 

pollution when it blows into the stream. But after we had 

cleaned up, as I indicated--! think the States, the indus

try, we, and the AEC did not only a reasonably good job, 

·· but an outstanding job reducing the radium discharges and 

· content or the Colorado River and its tributariea--we were 

faced with the residual of these tailings piles. They 

.· 
wouldn't go away, except to blow away•. and no one seemed to 

deal with them. So we were given the job or we took it upon 

·.· ourselves because we just couldn't walk away. 

Now, again, here is the way I see the problem, 

· and I think this is a very important one from our point or 

view. I hope you will agree with it. 

MR. KENNEDY: May I comment on that--

MR. STEIN: I ask you to look at the Colorado 

· River. We find that the radiation problem there--as I 

indicated a reasonably progressive Job is being taken on 

municipal and industrial wastes--the big--

. 

. 

MR. KENNEDY: May I comment--excuse me, go ahead. 

MR. STEIN: Please, just a minute • 

The big source that we are dealing with in the 
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degradation of the water quality. or the condition in the 

river which is causing the water quality to be below what 

we would like to see. is the salt. Now, we have tried to 

use our most flexible tool. using this mechanism of a con

ference to get together and try to reach an accommodation. 

The advantage or this technique, if nothing else, is that 

all the States get together around the table with us and we 

don't go off on a problem dealing with this separately, 

either Federal or State. 

Now, I suggest--and again I spent, you know, a 

career on these water-diversion cases, both here and in the 

Great Lakes--that possibly the most rapid way to come to an 

accommodation on the solution is to keep a conversation or 

dialogue going between the States and us, as we have here. 

It is very easy, as you people know--and I don't have to tell 

you in California and Arizona--to get beyond the point of no 

return with this water problem where you are just locked in. 

This is why we are using the conference. 

MR. KENNEDY: That is the particular point I would 

like to conunent on, Mr. Stein. 
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The Colorado River salinity problem is a unique problen~ 

The particular point that we are concerned about on this accom

modation 1s that the States have now reached an accommodation 
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ror the first time, or with the exception or the Colorado River 

.· Basin bill that was passed in 1968 after a great struggle. 

This is.an issue on which the Colorado· River States are united, 

. and that is quite an unusual thing, as you are probably aware. 

Our Chairman, Joe Jensen, who has been involved in Colorado 

River matters for a long, long time, made a comment to some 

~per Ile.sin people here about 2 weeks ago to the effect that we 

have got to work our problems out together. He said, ".:we have 

spent many years fighting you. people and we are not going to do 

it that way in the future. We would like to work this problem 

out in cooperation. " 

Now, here you have a problem that the seven States 

are united on,and what we would ask for is EPA's support in 

getting behind that agreement that we all have. We feel we see 

the solution to this problem. We ask for your support. 

MR. STEIN: I think this goes both ways. I might say 

if you are united on the Colorado River it is not just unusual, 

it is unique. (Laughter.) 

Are there any other comments or questions? 

MR. DICKSTEIN: I just have one comment on the side 

here. It seems to me that the enforcement conferences we have 

had on the Colorado River have really achieved a monumental 

event here in helping unite the people. 



Q66 

D. Kennedy 

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

If not, thank you very much. 

MR. KENNEDY: Thank you. 

MR. STEIN: It has been very helpful. 

MR. DIBBLE: Mr. Chairman, the next one that would 

like to be heard from California is Mr. Lowell Weeks, who is 

the General Manager and Chief Engineer of the Coachella Valley 

County Water District, referred to yesterday as the Cocachella 

Valley. (Laughter.) 

LOWELL WEEKS 

GENERAL MANAGER AND CHIEF ENGINEER 

COACHELLA VALLEY COUNTY WATER DISTRICT 

COACHELLA, CALIFORNIA 

MR. WEEKS: Mr. Chairman and gentlemen. Coachella 

Valley has been called many things down through the years, but 

we still consider it quite an important part of the Colorado 

River Basin. 

My name is Lowell Weeks and I am the General Manager 

and Chief Engineer of the District, and on behalf or our Board 

or Directors I want.to thank you for this opportunity to 

appear in front of this conference. You have the written state

ment in front or you and I will just try to briefly bring up 
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some of the important points as far. as we are concerned in the 

·• Coachella Valley. 
' 

Many people do not know the location of Coachella 

: Valley, and unfortunately when I am away from home I have to 

say Palm Springs.is located within Coachella Valley. Then 

everybody knows where it is. 

The average rainfall is so slight in Coachella Valley 

that it is practically disregarded, an4. the, sole dependence for 

water in growing crops is placed in irrigation. The source of 

this supply lies principally in the rainfall and the melting 

snows on the high mountain peaks at the northwestern end of the 

valley, and since 1949 in a supplemental supply from the Colo-

rado River diverted at Imperial Dam through the All-American 

Canal to Coachella Valley, a distance of 150 miles, where it is 

distributed onto the farms. 

The development of the valley began in 1888 when they 

found groundwater below the surface of the ground. However, 

with the installation of wells, the water table decreased, so 

it was not long before the· farmers recognized they had to have 

a new source of water. 

The Coachella Valley County Water District was 

organized in 1918 to carry out water conservation policies and 

to seek an additional supply of water. The Water District is 
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a public agency of the State of California and its functions 

and powers are governmental in nature. Since 1918 the District 

has entered into six separate and distinct contracts with the 

United States, all dealing with a supply of water from the 

Colorado River. These contracts were entered into in 1920, 

1921, 1929, 1934, 1947, and 1963. The early contracts were 

brought into existence after the passage of the Kinkaid Act by 

the Congress in May 1918 under which the District made contri

butions to the United States for its early surveys, investiga

tions and reports, looking forward to the construction of what 

we now call Hoover Dam and the building of the All-American 

Canal to deliver water into the Coachella and Imperial Valleys. 

The 1934 contract was a water delivery and repayment 

contract which provided for construction of capacity in the 

All-American Canal Project to deliver water into Coachella 

Valley. 

The 1947 contract was a distribution system contract. 

It provided for the physical works to take water out of the canal 

and deliver it onto the land. All of the work contracted to be 

performed by the United States has been completed and Colorado 

River water is now being used tor irrigati~n in the valley. 

This took a long time. The works were turned over to the Dis

trict for operation and maintenance in March 1949, 29 years after 
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the date of the first contract between the United States and 

the District. 
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The District diverted 466,ooo acre-feet of Colorado 

River water during 1971 for irrigation water service to more 

than 60,000 acres in the Valley. In addition to providing 

irrigation water service, the District serves domestic water 

service to an estimated 25,000 persons, has constructed and is 

operating a wastewater reclamation plant, conveys the drainage 

discharge from over l,900 miles of on-farm drainage tile lines 

to the Salton Sea, and.constructs, operates, and maintains flooc 

control facilities. 

The increasing salinity of the Colorado River is of 

great significance to the farmers and other citizens of the 

Coachella Valley, and the District has been active for many 

years in seeking to limit.salinity increases and to minimize 

the impact of the.high saline Colorado River water. The Dis

trict has participated with the Colorado River Board of Cali

fornia in its activities to reduce the salinity of the Colorado 

River by effecting a Colorado River Basin Salinity Control 

Program, and fully supports the Board. We are pleased with 

the completion and distribution of the EPA program. We believe 

that it may be of assistance in obtaining a Federal program to 

control the salinity of the Colorado River. 
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We believe that the report's Recommendations l and 3 

will help in achieving that goal; however, Recommendation 2, 

calling for the establishment of specific numerical criteria 

throughout the basin by January 1, 1973, would tend to negate 

the beneficial impact or the other two recommendations. 

Accordingly, we strongly recommend that the Environ

mental Protection Agency take no further action with regard to 

the Recommendation 2 of its report. Further, we endorse the 

recommendations of the Colorado River Board or California per

taining to that report and commend them to your attention. 

Just to add a little to it, I have listened to the 

comments or the Chairman, to each of the other two participants-• 

MR. STEIN: I am not going to say against. (Laughter.) 

MR. WEEKS: I would ju$t like to bring one thing to 

mind. When you mention the enforcement of the uranium, I think 

they were very definite, you knew where they were, you could go 

out and draw a line around them and had no problem whatsoever. 

However, salinity in the Colorado River is a vast, complex, and, 

as you know, very difficult program. 

The only:comment I would like to make to your idea 

of setting standards, I am afraid EPA ts staff• wb1ch they did 

put out an excellent report, in which yo~ aaid that they 

evidently in all the start hearinf§tdid not abide by the decisions 
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or wishes of the States, I am afraid they are oriented, as 

most sanitary engineering, as most public health people, to 

a number. Once you have a number, man, we have something. 

Anybody that goes below it, we can run out and spank them. I 

don•t know who you are going to spank in this. 

I think the whole concept must be taken out of the 
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. idea or having something for enforcemen~ and rather than spend 

money for employees to check the river for enforcement, let's 

put all this money into building salt control works and if you 

.. want a figure~~et•s take 5 million tons of salt a year out of 

the river. 

That's our comme.nte • Mr. Chairman and gentlemen. 

MR. STEIN: Any comments or questions? 

MR. DICKSTEIN: Mr. Weeks, what type of irrigation 

practices do they use en your valley? Do they use mechanical 

means or the hose soaking method or what? 

MR. WEEKS: In the Supreme Court hearing between 

California and Arizon~the special _master found out that we 

have the most efficient irrigation in the United States, all 

underground pipeline, every drop of water is metered the same 

as your domestic water meters. 

MR. DICKSTEIN: It can be done, then? 

MR. WEEKS: Yes, it can. 
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MR. DICKSTEIN: Thank you. 

MR. STEIN: Are there any other comments? 

That was a very excellent statement, Mr. Weeks. I 

agree with you that it may be a little more difficult finding 

the sources and controlling them with salinity than it was with 

uranium, but I am also convinced that the organization or 

ingenuity indicated by your statement, and going down the line 

with Mr. Kennedy and Mr. Holburt, would give the kind or 

organizational ability that would be able to deal with a prob

lem like this. 

MR. WEEKS: 

MR. STEIN: 

MR. WEEKS: 

I would like·ror you-

You have got good men. 

I would like for you to meet with the 

Bureau of Reclamation, see to it. They have got all the money 

that is required to get the work started. 

MR. STEIN: Let's recess for 10 minutes. 

{RECESS) 

MR. STEIN: Let's reconvene. 

Mr. Dibble, would you proceed. 

MR. DIBBLE: Mr. Chairman, I would like to introduce 

Mr. Robert Carter, the Gener~l M~ager ot the Imperial Irriga

tion District, our largest irrigation district in California. 
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ROBERT CARTER 

GENERAL MANAGER 

IMPERIAL IRRIGATION DISTRICT 

IMPERIAL, CALIFORNIA 

MR. CARTER: Thank you, Mr. Dibble. 

Mr. Chairman, members of the conference committee. 

My name is Robert Carter and I hold the position of 

General Manager of Imperial Irrigation District in Imperial, 

California. 

Imperial Irrigation District, a publicly-owned water 

and power utility of California, welcomes this opportunity to 

present these comments on the Environmental Protection Agency's 

.· report, "The Mineral Quality Problem in the Colorado River 

Basin, n dated 1971·. 

The District performs three functions: (a) Diversion 

and delivery of Colorado River water for irrigation, industrial 

· and domestic uses, there being no other usable water available 

from any source; (b) Operation and maintenance of drainage 

canals and facilities; and (c) Generation, transmission and 

·distribution or electrical energy to a 7,500 square mile area, 

including the area that Mr. Weeks's district is located that 

preceded me. 
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The District diverts water from the Colorado River 

at Imperial Dam and transports the same through the All-American 

Canal for a distance of 80 miles into its 1,650-mile canal 

system to serve 6,ooo headgates. These in turn deliver water 

to 553,000 acres for agricultural use, on a single-crop basis, 

and to 7 incorporated cities for municipal and industrial 

purposes. 

The District is one of the largest irrigation dis

tricts in the United States and is the largest single diverter 

in the entire Colorado River system. Its diversion for the 

year 1971 was 2,939,000 acre-feet. 

The District further provides a 1,375-mile drainage 

system throughout its service area which acts as a collector 

for surface regulation and receives subsurface brine effluent 

from the 16,815 miles or subsurface tile installed in 369,804 

acres of land through the soil profiles in an effort to maintain 

a favorable salinity balance. The increasing salinity of the 

Colorado River is of great concern to Imperial Irrigation 

District and the farmers the District represents. 

The District fully supports the studies, reports and 

recommendations of the Colorado River Board of California which 

pertain to the salinity of the Colorado River and it has 

participated with the Colorado River Board in urging the 
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establishment of a Colorado River Basin Salinity Control Program. 

The District is pleased with the completion of the 

Enviro.nmental Protection Agency's report, "The Mineral Quality 

Problem in the Colorado River Basin," and we urge that the 

' agency use its influence, also, to obtain a Federal program to 

control the salinity of the Colorado River. We concur in the 

report's Recommendations 1 and 3 and believe that they will 

assist in achieving a goal of a Federal Colorado River Basin 

Salinity Control Program. 

We do not agree with Recommendation 2,however, which 

calls for the establishment or a specific numerical criteria 

throughout the basin by January 1, 1973, with the criteria pred1-

cated on a 1,000 mg/l concentration at Imperial Dam, our 

diversion point. It is our opinion that this recommendation 

would make it difficult to achieve a basic objective of limitine 

salinity to or below present levels at Imperial Dam. Further-

more, if a numerical value, such as l,OOO ppm,is established, it 

may very well act to prevent the adoption of measures that woulc 

reduce the river's salinity below present levels which, in our 

experience, certainly are more harmful to our water users. 

Accordingly, we believe that the setting of a specific numeri-

cal criteria should be deferred at this time until a salinity 

control program is effected and the impact of the program is 
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known. 

Therefore, it is the recommendation of Imperial 

Irrigation District that the Environmental Protection Agency 

take no further action with respect to Recommendation 2 of its 

report, "The Mineral Quality Problem in the Colorado River 

Basin." And let the record show that we fully support and 

endorse the recommendations made by the Colorado River Board 

of California pertaining to that report. 

I would like to make one other comment that is not 

included in the paper but I think is pertinent which deals with 

the incoming water that I made reference to, the 2,900,000 acre

feet in the quantity that we diverted in 1971. or course it 

differs each year. But we do establish a set of figures in that 

respect to determine how much salt is coming into the valley~ and 

by figures that we have developed we have approximately 4 

million tons or salt enter our system each yea~ and the 16,000 

miles of subsurface tiling that I made reference to transports 

4,600,000 tons of salt away from the soils into Salton Sea. We 

have no return opportunity of water going back to the river. 

But my point is simply this. If we are able to pick 

up 4.6 million tons of salt fr~m our system, I agree with Lowell 

Weeks, the speaker who preceded me, that your obligation should 

be to remove the 5 million that he made reference to. 
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Thank you. (Laughter.) 

I will be glad to answer any questions. 

MR. STEIN: Are there any questions or comments? 

Again let's try this, because I think maybe we are 

discerning a pattern here that possibly we can work on. I 

think to expand the previous speaker's comments, and I think 

this is not just Mr. Weeks but Mr. Kennedy and Mr. Holburt, 

what you say, I would like to refer to one ,sentence in there 

because I think maybe this can help us get around first base: 

Accordingly, we believe that the 

setting of a specific numerical criteria should 

be deferred at this time until a salinity 

control program is effected and the impact of 

the program is known. 
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o. K. Now, that to my mind doesn't talk about neces

sarily indefinite postponement, but postponing until you are 

going to come up with a salinity control program. 

Now, let's take the other ideas that were thrown out 

by your earlier California speakers here. If we are talking in 

terms of developing a program for removing X pounds of salt from 

the river and if we are talking in terms of that obviously over 

a period of years, could we--and I am just, again, putting this 

out as a possibility--indicate or come up with a specific time 
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where we will have an objective for coming up with the salinity 

control program to reduce the salt and determine how long that 

would take and then recognize when we would find that the impact 

of this would become effective so we can consider what the 

impact of this soil reduction would be before we move on to 

the next step? 

MR. CARTER: Well, it would seem to me that the broad 

data is available in certain forms over many years past and that 

it certainly wouldn't be unreasonable to defer the establishment 

or a maximum, if we are talking about Imperial Dam, because I 

think you have to establish the maximum on the District at the 

tail end or the system. You certainly can't establish a maxi

mum upstream because they wili contribute to the demise or the 

betterment of it, if you please, if they divert back to the 

river. 

But· I certainly agree with what Mr. Kennedy and Mr. 

Holburt and Mr. Weeks previously stated here. I think it would 

be premature at this time to establish it. Why not put the 

operation in gear, it you please, and get the position or doing 

something started, get the benefit or the operation or a pro

gram whereby we might be able to better.th~s 1,000 ppm? The 

testimony that I have heard here this morning all relates to 

1,000 ppm. We certainly aren't happy with 1,000 ppm, particularlJ 
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when we take into consideration that this 16,000 miles of tile 

has cost the farmers of Imperial Valley $34 million. 

MR. STEIN: Yes. The only thing--! don't direct this 

directly to you, Mr. Carter, but to the conferees and the other 

people who have made statements. Again let me refer to your 

statement. 

We believe that the setting of a specific 

numerical criteria should be deferred at this time 

until a salinity control program is effected and the 

impact of that program is known. 

I would suggest that we might give some consideration 

to indicating, if this is the approach, how long it will take us 

or what date we might set for the development of that salinity 

control program and what date we might expect--and what the 

objectives of that salinity control program are, perhaps in 

reduction of pounds per day of salt, and when you could reason

ably expect or possibly as an objective expect the results to be 

known. I ju&t throw that out as a possibility. 

Any other comments or questions? 

If not, thank you very much. 

MR. CARTER: Thank you, sir. 

MR. STEIN: Mr. Dibble. 

MR. DIBBLE: Mr. Chairman, the last person I would 
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like to introduce from California is Mr. Wayne MacRostie. who 

is representing the State Department of Water Resources. 

Mr. MacRostie. 

WAYNE MAC ROSTIE• CHIEF 

INTERSTATE PLANNING BRANGH 

CALIFORNIA DEPARTMENT OF WATER RESOURCES 

SACRAMENTO• CALIFORNIA 
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MR. MAC ROSTIE: My name is Wayne MacRostie. I am · 

the Chief of the Interstate Planning Branen of the California 

Department of Water Resources. I am here today representing 

Bill Gianelli. our Director. who was not able to make the meet

ing and sends his regrets. 

The Department of Water Resources is very much con

cerned about the Colorado River. It now comprises 75 percent 

of the water supply or Southern California. When our State 

water project becomes operative after 1990 the Colorado River 

will still supply over half of the water needed by our southern 

counties. 

The Department of Water Resources is also very much 

concerned about the salinity problem in the Colorado River. We 

have been working very closely with the State Water Resources 

Control Board, Mr. Dibble's organization, with the Colorado 
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River Board, in order to find ways that are reasonable and 

practical to solve the problems that result from this increasing 

salinity. 

We wish to endorse wholeheartedly the statement that 

the Colorado River Board has submitted today and the discussion 

that ensued after Mr. Holburt's statement. We can also agree 

with the statements or the District people that appeared before 

me. 

We reel that the program that has been outlined by the 

Bureau of Reclamation to help overcome the salinity problem of 

the Colorado River is a most worthwhile program and should be 

pressed with all diligence, and we reel that it would be a 

serious mistake at this time to set numbers as objectives, 

criteria, or whatever you wish to call them. We think the 

emphasis should be on developing a program to find a physical 

solution or the problem. 

Thank you very much, Mr. Chairman. 

MR. STEIN: Thank you. 

Are there any comments or questions? 

If not, thank you very much, sir. 

Mr. Dibble. 

MR. DIBBLE: Mr. Chairman, the only other matter that 

I would like to present to the conference on behalf of 
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California is this, that California submitted its formal com

ments on the draft of the report many months ago and those were 

included in Appendix D of the EPA report. 

There are two additional letters that I would like to 

have added to t~e record representing the position of California. 

First is a letter dated September 3, 1971, from Kerry 

Mulligan, Chairman of the State Water Resources Control Board, 

to the Honorable William D. Ruckelshaus, summarizing California's 

thoughts on the Colorado River salinity problem. 

The second is a letter dated December 23, 1971, from 

William D. Ruckelshaus, Administrator of the Environmental Pro

tection Agency, to Mr. Mulligan. 

And I would request that those be made a part of the 

record as though they had been read. 

MR. STEIN: Without objection, that will be done. 

(The above-mentioned letters follow;) 
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Honorable William D. Ruckelshaus 
Administrator 
Environmental Protection Agency 
Washington, D. C. 

Dear Mr. Ruckelshaus: 

Summary of Colorado River Salinity Problems 
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The salinity of the Colorado River under natural conditions 
was high. Activities by man have significantly increased the 
salinity of the River, and it will continue to. increase unless 
control actions are undertaken.· Salinity is a basinwide 
problem for the seven states in the Colorado River drainage area. 
fi is also a major problem for Mexico, as evidenced in the 
statements by the President of Mexico that the salinity of the 
Colorado River is the single most in1portant issue between the 
United States and Mexico. 

The Bureau of Reclamation, the Environmental Protection .Agency 
and its predecessor agencies, and California have been stuayinr; 
the salinity of the Colorado River .for many years. These studj.es 
have identif'ied, on a reconnaissance level, a number of sali.nj_ty 
control projects· that have the capability of preventing several 
lllillions of tons of sal"'c per year from entering the river system. 
A major salinity control program was agreed to by the :Bureau of 
Reclamation and the forme:;.. .. Federal Water Q,uali ty Ad•ninistration 
at the end o:f. 1968; ho1.-1ever, it was never carried out. 

Recently, all seven Colorado River. Basin states joined together 
,in urgj_ng the cornmence:-nent of' a Colorado River Salinity Control 
Program as a major ac·ci vi ty, and the preparation of fensibili ty 
reports Zor specific projects. This program has been endorsed by 
·the State Department a3 an urgency matter because of the need to 
negotiate a nm·1 agreement with Mexico concerning the River 1 s 
salinity. Secretary Rogers has written to Secretary Morton urr;ing 
support of such a progra!n. The Bureau of Reclamation han trans
ferred funds within its own budeet to commence feasibility studies 
and will shortly be coming up with a major action program. 
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In April, 1971, the Environmental Protection Agency issued a 
draft of its lens-a-waited report for review by the seven sJ0ates. 
One of the recommendations advised establishment of specific 
numerical salinity criteria in the Colorado River Basin. This 
recommendation was opposed by all of the basin states in their 
comments on the draft report. It is our understanding that, 
based upon its national policy, the EPA plans to reco::1:·nend in 
i ~s report specific .numerical criteria for co.nsidera tio.n by the 
conferees at a meeting to be held in the fall. California urges 
that·numerical standards not be recommended at this time. This 
state uses more water than the other six states combined. We 
are making this recom.11endation in full recognition of our position 
of being the lowest on the river, thereby receiving the major 
impact of the salinity problems of the basin. 

If the attempt to establish numerical criteria now would be 
beneficial and helpful with respect ·to the Colorado River salinity 
control problem, we would be for it; however, such a program 
would not be beneficial at this time for the following reasons: 

l. After much time and effort, all the basin states and the 
Departments of State a11d Interior are unified in p1~oceeding on 
a positive program to help correct the sali.n.ity problem. We 
urge wholehearted support of the Environmental Protection 
Agency i.11 this program. Any attempt to establish numerical 
salinity criteria could be divisive and would harm this 
unified effort. 

2. The EPA draft report has recogr1ized that more informa-'i;ion is 
needed on the feasibility and capability of the salinity con
trol projects that have bee.n identified to date. Thus, it 
would not be possible to rely on such projects as being 
adequate means of achieving desirable salinity standards until 
feasibility studies on the projects have been completed. 

3. In the absence 0£ any salinity control program, the only way 
in which numerical criteria could be enforced would be by 
talting actions against water users in the Upper Colorado 
River Basin sta~.;es. These states could view any attempt to 
establish numerical criteria as an attempt to stop their 
economic develop1nent and also as being in opposition to the 
seven-state Colorado River Compact. 

4. The Upper Basin states have indicated they will use all 
political and legal tools at their disposal to block the 
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setting of numerical criteria. This could result in years 
of adversary type.proceedings and little action on physical 
control projects. 

As an alternative to recommending numerical criteria, we 
recommend that at a meeting of the states the EPA take the 
.following approach: 

a. Recommend as a goal the maintenance of salinity at or below 
existi.~g levels; 

b. Note that all parties support a major Colorado River Salinity 
Control Program; 

c. Offer its support and expertise to assist in the program; and 

d. Defer for a specified period of time the establishment of 
numerical criteria pending sufficiently rapid development of 
the salinity control program. 

s~,Zl{_~r~ 
Kerry W. Mulligan ;:~ 
Chairman ~ 
cc: Wayne MacRostie 

Myron B. Holburt 

JBG/KWM:kir 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

Honorable Kerry D. Mulligan 
Chairman 
State Water Resources Control Board 
State of California 
Sacramento, California 95814 

Dear Mr. Mulligan: 

Dec 23, 1971 

This is in further response to your letter of September 3, 
1971. 

The issues discussed in your letter regarding the Colorado 
River salinity problems provided valuable insight into their 
various aspects. My staff and I have reviewed in-depth the 
present situation in respect to the issues you presented. 
It would appear that the position advanced by you and that 
of the Environmental Protection Agency are not far apart. 

A major program for the control of salinity in the Colorado 
River Basin will be necessary to prevent additional 
degradation of the water quality as the Basin is developed 
further, and to reduce the present salinity levels in the 
waters of the Basin. It is noted that a major salinity 
control program has the support of the various States 
concerned. Certainly, EPA within its resource constraints 
will provide support and expertise to assist in this 
program. 

As you are aware, the question of setting numerical criteria 
for salinity. in the Colorado River Basin has been under 
consideration for some time. It has been delayed pending 
the development of additional information on the sa.).inity 
concentrations in the waters of the Basin, the sources of 
·the' salinity, and methods for the control of the salinity 
sources. While there is no question that additional 
information should be developed, we believe that data 
accumulated by the Colorado River Basin Water Quality 
Control Project furnishes a basis for the adoption of a 
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numerical objective for salinity levels in the Basin. Such 
an objective is necessary as a guide in the development of 
water quality standards for the Colorado River and its 
tributaries and for the implementation of a salinity control 
program •. 

The joint Federal-State "Conference in the Matter of 
Pollution of the Interstate Waters of the Colorado River and 
Its Tributaries" will be reconvened in the near future. The 
Colorado River Basin Water Quality Control Project will 
present its report containing action recommendations to the 
Conferees at that time. It is anticipated that the 
Conferees will resolve the various issues so that the design 
and implementation of a salinity control program and the 
establishment of salinity water quality standards for the 
Basin can proceed without delay as a coordinated effort. 

I am essentially in agreement with the four points outlined 
in your recent letter. I also believe that the course of 
action, which we proposed as a joint State-Federal program 
should provde for both improved water quality in the 
Colorado and maximwn beneficial use of the water resource. 
You may be assured that we want to work with the several 
States in finding practical and constJ:Uctive solutions to 
the long term problem of the Colorado. 

Sincerely, 

William D. Ruckelshaus 
Administrator 
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MR. DIBBLE: That is all. 

MR. STEIN: Thank you very much for California's 

presentation. It has been very helpful indeed. 

May we call on Colorado next. Mr. Rozich. 

MR. ROZICH: We will use the same format as our 

colleague from California used in calling those people from 
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the State of Colorado that have indicated that they wish to make 

a statement. 

First is Mr. Roland Fischer, who is Secretary

Engineer of the Colorado River Water Conservation District. 

ROLAND c. FISCHER 

SECRETARY-ENGINEER 

THE COLORADO RIVER WATER CONSERVATION DISTRICT 

GLENWOOD SPRINGS, COLORADO 

MR. FISCHER: Thank you, Mr. Chairman. 

I am Roland Fischer, Secretary-Engineer of the Colo

rado River Water Conservation District at Glenwood Springs, 

Colorado. 

The Colorado River Water Conservation District is an 

organization of western Colorado composed of all of 1:2 and 

parts of three more western Colorado counties that are the 

principal headwaters of the Colorado River in Colorado. This 
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includes the Yampa, the White, the mainstem Colorado, the 

Gunnison and a· part or the Dolores. We are. governed by a Board 

ot 15 men appointed by the County Commissioners of those 

counties. 

I have distributed copies of the statement and I will 

now read it, with some small additional comment. 

The Colorado River Water Conservation District recog-

nizes that there is a mineral quality problem in the Colorado 

· River Basin and that the problem must be addressed. The solu-

tion to the problem will result from cooperative effort among 

the water users and water quality people of the !!Seven basin 

States and Federal agencies. 

The waters or the Colorado River Basin are apportioned 

l!llOng the seven basin States by two compacts signed in 1922 and 

19-8. Colorado and the other three Upper Basin States must be 

permitted to use their respective shares or compact-apportioned 

.. Colorado River water. 

Of the 17 projects shown in the Summary Volume of 

the Report, "The Mineral Quality Problem in the Colorado River 

. Basin," six of the proposed·p~Ojects are within the boundaries 
· .. 

' ot the Colorado River Water Conservation District. Although 

the Environmental Protection Agency has worked closely with the 

:· water resources people in the State of Colorado on a State 



990 

R. c. Fischer 

level, this District would like to suggest that emphasis should 

be placed by the Environmental Protection Agency on working with 

the water users themselves. There has been very little water

users knowledge of the preparation of the report and its 

potential impact upon water users. The right to use water in 

Colorado and other appropriation States of the Colorado River 

Basin, under decrees issued by the State Courts, is a property 

right. 

Two irrigation improvement projects listed in Table 8 

of the Summary Report are examples: Both of these are within 

the boundaries of the r 1 v er District. 

Project 2, Grand Valley, Colorade,and Project 6, 

Uncompahgre, Colorad~o. It appears that 38, 000 and 50, 000 acre

feet of water per year, respectively, from these very senior 

decrees will be left in the river. These waters have been 

beneficially used in Colorado since around the turn of the 

century and if they are, in fact, left in the river by various 

management methods, the owners of the decrees must have the 

opportunity to participate in the decisions r·e1ating to the cur

tailing of diversions and the disposition of that water. Those 

users should not be penalized either in water or dollars. 

Article II (b) or the Colorado River Compact of 1922 

defines the Colorado River Basin as "all of the drainage area oj 
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tbe Colorado River System and all other territory within the 
' ' 

United States of America, to which the waters of the Colorado 

~ver System shall be beneficially applied." All users of the 

Colorado River water share responsibility for water quality 

control and they must manage their water use for water quality 

pUrPoses, if any are so required. 

At this time there is very little reliable data upon 
·.· 

·ibich Colorado River mineral quality deciaions can be made • .. 

There are many legal and technical questions that must be 

resolved and a great deal of information for these purposes 

;1111 be required. A basic and sophisticated study must be 

. conducted to acquire the necessary data, both in the legal and 
r• 
I 

technical arenas. One very important question will be who will 

own or control the use of water that might be saved or left in 

;the.river as a result of the potential salinity management 
I_ .. 

·programs. 

ii,; > The principal headwaters or the Colorado River are in 

f~lorado; most of the total runoff originates there. Many of 
·~- . 

\~lorado's legal and technical problems are unique. Colorado's 
t 

fgl'eat mountain rivers originate in western Colorado and most of 
'· 

4tbe population is on the eastern slope. As a result there are 
~-~= 
~,.--' 

j~ transversions. These tranaversiona take large quantities 
t 

'.i~t very high quality water. All such transversions aggravate 
.. 0~ 
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the mineral quality problem and yet little consideration was 

given to this problem in the Environmental Protection Agency 

report. There was no consideration given to the system of 

priorities in colorado, which ordinarily require curtailment 
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of diversions in inverse priority. Nor was consideration given 

to the effect of leaving unused water in the stream. As an 

example, the mineral quality problem will be greatly aggravated 

if a proposed new transversion for: an additional l million acre

feet of high quality water per year from the western slope 

basins of origin to the eastern slope becomes a reality. 

Perhaps EPA and the conferees and their advisors should 

consider the complexities surrounding the question: What pro- · 

tection will have to be afforded to the users within the basins 

of origin, not only regards use of wateri but water quality? 

At this time no Colorado State laws or court decisions are 

specifically applicable to water quality questions. 

Although a great many questions and problems will be 

legal and technical, they will become political problems both 

interstate and intrastate. The outcome at this time is unpre

dictable. 

The proper Federal agencies should certainly partici

pate in the study I have suggested. The policy decisions 

of the study should be guided by the States and the water users 
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who will be affected. Perhaps the Bureau of Reclamation is the 

optimum organization to conduct the work of the study. 

Much of the land of western Colorado and the western 

United States of the softer more soluble sedimentary formations 

contributing to the dissolved solids load by percolation and 

1• runoff is owned by the Federal Government. 

As an example here, I would like to point out that 

one tributary of the Colorado River in Mesa County, East Salt 

Creek, at a sample point which is above all irrigation, and 

all of the land above this sample point is owned by the United 

States, is contributing about 11,900 ppm to the Colorado River. 

The water users must not be penalized in water use or dollar 

cost because of the salt load contributed by Federal lands. 

The EPA study implies·.:t~e intention to set numerical 

standards for dissolved solids in various places on the Coloradc 

River. At this time there is not sufficient data to set or to 

enforce or perhaps even realistically discuss numerical stand

ards. The Colorado River Water Conservation District suggests 

at this time that the conference not set numerical standards. 

Mr. Chairman, that completes my statement. 

MR. STEIN: Thank you. 

Are there any comments or questions? 

MR. O'CONNELL: Yes, I do have one question. 
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I think your point is certainly well taken that 

there are many institutional and legal problems that are 

going to have to be overcome to achieve any degree or improve-

ment of the salinity problem of the Colorado. 

One question I had. Reference is made to users 

with rights to beneficially use water or the Colorado and 

in situations where improvements in management practices can 

lead to reduction in water use. Might it be implied from 

that that the water which is now being used, say; improperly 

is not being beneficially used in that-sense, that amount or 

water which would be saved by application or proper management 

practices? I wonder if that question has ever been adjudicated 

or brought up in Colorado? 

MR. FISCHER: The water is being properly used at .. 

this time, and the question of what is beneficial use or con-

versely what is waste has never been decided in Colorado. 

MR. STEIN: Mr·. Dibble. 

MR. DIBBLE: Mr. Chairman, I would like to ask, do 

you consider that EPA has the legal authority to make that 

kind of determination? 

MR. STEIN: As pointed out, we obviously considered 

these problems when we entered this situation here, Mr. 

Fischer. If we didn't have the prior appropriation doctrine 
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.·· 

. 

• and the legal and technical implications of that--! am 

· not just speaking for ourselves--we and the States could 

~ have had a much more definitive apprQach to the water quality 

problem here. 

The very fact that there is a paucity of water 

quality decisions in your States gives rise to the fact 

that it has up to this time, at least in the courts, been 

overshadowed almost completely by adjudication in terms of 

water quality. But I think we--

MR. DIBBLE: You said "water quality." 

MR. STEIN: On water quantity, I am sorry, water 

···quantity. 

Now, when we come down to it, here is the basic 

·point. I think if we turn to the California suggestion, 

we are going to be faced solid with this operation. If 

we are talking in terms of a net reduction in the amount 

or salt going in the river we are raced with this: There 

' 1s going to be additional water there that is probably 

tree of salt if we permit it to stay in the river. Let's 

suppose say in Colorado that you reduce the salt load 100 

tons. If you permit that water to be used downstream after 

it gets back in the river• over and over again• where the 

increment of 100 tons is going to be put into it, you haven't 



996 

R. c. Fischer 

saved a bit. 

Now, I think you have put your hand on the nub or 

the problem and what has held us from coming up with a solu-

tion up to now. Let us suppose we arrive at the millenium 

and get the water, as Mr. Kennedy indicated, somewhere below 

Parker or Imperial Dam down to below 500 ppm of salt. What 

is the use or doing that if you are going to permit some 

guy to divert it and run it through and let it percolate 

through and leach out some stuff and pick up a tremendous 

salt load and put it back? 

In other words, given the prior appropriation 

doctrine, once we have achieved the salt reduction and we 

put that water in the stream, how can we under the existing 

legal patterns keep that water tha~ clean and not permit 

that to be used by either a lower appropriator or someone 

downstream to put that salt load back in? Now, I think 

there is no questio~ or that, that this is the nub or the 

problem and we are not going to come up with any net gain 

on this unless we begin to solve it. 

Now, when you ask can EPA do this, I don't think 

so, because, as you know, the law is woven into the const1-

tutional law or the 17 western States. I do recall there 
. 

are probably one or two old opinions that give you the 
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notion that if you have the right to use water, you don't 

have the right to pollute it or deplete it in character. 

·Now, I don't want to get into these legal questions here, 

. because the question is if you are going to use it for 

··irrigated agriculture, is the additional salt a pollutant. 

I think the law~ or the 17 western States--as a 

· matter of fact I am sure they are--are sufficiently flexible 

.that we can require a city or an ordinary ,industry to put 

· in pollution control devices before they put their water 

.· back in the stream. Let's just take this as an example • 

. The point is, though, if we get Denver taking the bacteria, 

.. killing the bacteria before they put this waste load in 

. the stream, you are not likely to have a downstream user 

putting that bacteria right back in within a few miles. 

·The water is going to be pretty clear• And as that water 

rolls down the South Platte River, we have cleaned it up. 

However, if we get the salt out, we don't have 

. that easy a problem. Because, unless we are careful, going 

. downstream someone is going to just make up for that salt 

. load again, and we are going to have a real problem. 

This is the crux or our situation, and I think 
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that is why we have to move through this very, very carefully. 

MR. FISCHER: Part or your problem with the example 
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of Denver and the South Platte is that when Denver diverts the 

waters out of the basin of origin it concentrates the salt load 

in the basin or origin. The situation is one or the big trans

verters taking the very high quality water out in very large 

volumes, diverting that water off or igneous metamorphic hard 

rocks, leaving in the basin of origin for use by the downstream 

agricultural and other users water that is naturally concen

trated in salinity. And there is part or our problem, and this 

is one of the areas that I think perhaps EPA should take a look 

at--is not only salt loading but salt concentrate. 

MR. STEIN: Oh, I think that was pointed out. I 

think we thoroughly agree with you on that. We have to work 

on this, both on the loading and the concentrate, if we are 

going to manage it in the basin. 

But I think again, sir, the key point is this. What 

can we do once we get water in the stream up to the quality that 

we ~ould like to maintain, as it rolls downstream past the old 

diversion points? I am not sure we have a simple answer to that 

problem. I am not sure that we are going to solve this question 

of salinity 1n the Colorado River Basin until we do. 

MR. WRIGHT: Could I ask a question? 

MR. STEIN: Yes. 

MR. WRIGHT: Mr. Fischer, could you describe for me, 
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not in detail but in generalities, the drainage system that 

your users .have in the basin? 
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MR. FISCHER: Are you talking about the natural drain-

age basin or the streams? 

MR. WRIGHT: No, the irrigation drainage system. 

MR. FISCHER: No, Mr. Wright, I can't. 

MR. WRIGHT: I see. Well, my reason, of course, for 

asking was Mr. Boone thi.s morning I think pointed out that 

better irrigation practices--and one of those practices was 

good drainage, not allowing the water to percolate deeply into 

. the soil--would help the salinity problems. And you mentioned 

on page 2 that you didn't believe that your users should be 

penalized either in terms of water or dollars. It seems like 

it would not be unreasonable for your users to build a good 

drainage system it it would decrease the salt load, particularly 

since Mr. Boone also discussed the possibilities of the Soil 

Conservation Service runding those investments. 

MR. FISCHER: We reel, Mr. Wright, that the users of 

· those No. 1 and No. 2 rights of the Colorado system on the 

western slope of Colorado should not be penalized in dollars or 

water. And the reasons are this; that in the appropriatio~ 

system these people have used this water for many, many years 

and their livelihoods depend upon it and if they are to be 
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asked to manage that water for purposes other than presently 

spelled out in Colorado law, they should not be penalized. 

MR. STEIN: We understand that position. · We would 

like the States to do that. This is the problem here. And 

I don't mean to cast any aspersions on this, but we have the 

same problem, say, that we have in many industries in the 

East. For example, there are factories up in New England, 

many factories, that are built right over a stream. That 

is why the factory was built there. And they have been 

there since the 1800's, some early 1800's, and they have had 

to put in pollution control devices because of the increased 

requirements. 

I think this problem is something that we are 

going to have to face, but I believe you have grasped the 

crux or the problem, and I am not suggesting that the views 

you expressed are not almost the universal view I have heard 

out here. You are suggesting that if you have these people 
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who have had these water rights for a very long time and their 

whole economy is based on utilizing these water rights and makirg 

a 'living from irrigated agriculture, and if you are going to re· 

quire them to go to some additional expense--as we required thefe 

factories, say, in·New England--by putting in tile drainage herE, 

or if you are going to require them to take away some of their tiater 
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rights and they are not going to use that much water, these 

people are going to protest. Now, here is the issue. 

In other words, Mr. Wright, I think that what we are 

raced with here is the response we are getting from the people 

1ou may say are responsible for the water when it picks up this 

added salinity. Their response is that if we are going to go 

ahead with a quality improvement program they don't want to 

bear the expense. 

MR. FISCHER: This is true. 

MR. STEIN: Right. All right. 

MR. FISCHER: In the East you have a riparian situa-

tion where you have got assumptions based on riparian and those 

. usumptions run not onl.y to volume but they run to quality. I 

think, certainly, that if in appropriation States, and espec-

ially Colorado. there is going to be management. either by EPA 

or throug~ case law. then that management must take into conside~a~ 
! 

tion, Mr. Wright, the appropr.1atton doctrine and the priority 

dates. This is one. of the things I said here, if you are going 

to ask the users in the bas·in to curtail, .. I think: you have to 

· uk all users or the Colorado River Basin waters as we find in 

·the Compact to also manage for quality reasons and thereby t&ke 

· into consideration the appropriation doctrine. 

I notice this with a great deal or interest, that or 
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the seven basin States no State capital is in the basin. Part 

of our problem or water quality, much of the discussion here 

today, involves people who are taking that water out of the 

basin, and therefore I- think we must consider that too and we 

must take into conaideration Federal and State law and in Colo

rado priority dates as decreed by the State courts. 

MR. STEIN: I know or two of the cities in those 

States which are the larger cities in the respective States 

that are getting a considerable amount of water out of that 

basin to drink. 

certainly. 

MR. FISCHER: They are taking it out to drink, most 

MR. STEIN: 

MR. FISCHER: 

MR. STE I-N.: 

MR. FISCHER: 

Yes. sur.e. 

Right. 

But let someone else have the capitatl.. 

That is true. (Laughter.) 

MR. DIBBLE: Mr. Chairman. Mr. Fischer in his last 

statement implied, if there is a--he said• if I can restate it 

correctly: 

Ir there is a management program on the management 

or the waters and if this is dictated by EPA, then certain 

things should be. He said they ought to take into account the 

water rights. 
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I think you were very correct a few minutes ago when 

you said you were getting down to the crux of the problem 

because I think you were·;, And I think the problem is that under 

the Federal Water Pollution Control Act, EPA and the States are 

charged in the water quality water pollution control program w1 t tl 

control of waste discharges.. But I don• t read anywhere in that 

Act where the EPA is given any authority to decide what a person's 

water rights are, which is a property right, and what they can 

take from a stream and what they can't take from a stream. 

And I think that this conference certainly should make 

some recognition of that because I don't think there is anything 

1n this law which would allow the EPA in an enforcement proce

dure to tell somebod~ they can't take some of the water that a 

court has already decreed they have or a State has in its 

procedure. 

MR. STEIN: I would agree with you, Mr. Dibble, but 

here is the problem with that because I think we are right on 

the verge of that. I am not saying that we would do this, but 

theoretically we could say;' s~re, you can take the water out of 

the stream, but when you put it back it darned well better be 

or x quality. " 

Now, what I think Mr. Fischer has pointed out and 

several or the other people have pointed out, if we are going 
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to deal with a complex problem like this and not deal on a 

source-by-source or case-by-case basis of control on that, we 

may have to, with the States, and hopefully the Bureau of 

Reclamation, adopt a water management technique which would 

protect water quality in the stream beds. Because the alterna

tive of that is, as you pointed out before, the problem of the 

difficulty of enforcing this kind of thing against every 

individual water user$an.d I am not sure that that is the way 

to do it. I think this is the nub of the problem. We are 

looking for a little different approach to handle this than 

to put a water quality order against every guy who has a pipe 

in the stream and a pump and is taking the water in his irri

gation. 

MR. DIBBLE: Well, in going back to the EPA report 

on the inter-quality problem, taking the figures off of Figure 

45 in Appendix A, I was doing a little calculation to summarize 

where this salt load comes from in the Colorado River. ~aking 

the river as a whole it is interesting that the natural sources 

in the net runoff represent,_ two-thirds of the salt, you see, 

and so when you go to try to do something about this it comes 

back to the point I was trying to make yesterday,-that it is 

better to do it as a water resource management technique through 

a salinity control program because so much of this comes from 



1005 

R. c. Fischer 

the natural sources anyway that there isn't anybody to enforce 

against there. So it is best just to start right out and say 

this should be a resource management .approach to a salinity 

control program rather than through an enforcement program. 

MR. STEIN: That might be. But again you are going 

to be faced with the problem that Mr. Fischer brought up of 

the water in the stream. And as I say, and I have no brief 

with this, but I do think, and I ask you people in the States 

to think of this, what we are dealing with here is at least 

~ forum, where we have all the States represented and talking 

it out. 

I think at this stage--this is just a personal 

opinion--there may be more value in keeping this kind of 

format, than just the approach of either the Federal 

·~ -Government or the States being eliminated from this part

nership operation. I suspect that if we take too many steps 

the other way we will find ourselves in a spot. As I 

pointed out, you know the history or water litigation as 

well as I do, and I don't believe that is the way to really 

try to get at this problem in the foreseeable future. 

MR. FISCHER: Right. 

MR. STEIN: Thank you very much, Mr. Fischer. 

MR. ROZICH: Prior to leaving Denver, the Colorado 
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Association of Commerce and Industry delivered their statement 

to me and asked that I enter it as part of the record. Mr. 

Beverly, who is Director of Environmental Controls for Union 

Carbide, has agreed to read their statement. And of course, 

since he didn't take part in preparing the statement, I doubt 

if he can answer questions on it. 

MR. STEIN: I have known Mr. Beverly for years. He 

can answer a question on any subject. (Laughter.) 

ROBERT G. BEVERLY 

WATER QUALITY SUBCOMMITTEE 

OF THE ENVIRONMENTAL QUALITY COMMITTEE 

OF THE COLORADO ASSOCIATION OF COMMERCE AND INDUSTRY 

GRAND JUNCTION, COLORADO 

MR. BEVERLY: I am Robert Beverly and I am interested 

in the conference. I think I have attended every session that 

the conference has had. And I am on the Water Quality Sub-

committee of the Environmental Quality Committee of the Colorad 

Association of Conunerce and Industry. 

This statement is made in behalf of the Colorado 

Association of Conunerce and Industry, an association of more 

-than 900 Colorado businesses, and is being made for the obvious 

' reason that the future of the waters of the Colorado River is 
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of extreme importance to them as it is to all citizens of 

· Colorado and of the entire river basin. 

We recognize that man exerts a powerful influence on 

the environment. The process of making and operating the host 

of things demanded by our society has been accompanied by 
· . 

. necessary and unnecessary effects on the environment. Acknowl-

.· edging that man has the responsibility and obligation to avoid 

. unnecessary, and to minimize necessary, disruptive impacts on 

the environment, it is appropriate to implement all possible 

means to achieve goals of environmental quality that best serve 

the public interest • 
.• 

Among the resources of concern to ensuring an accept-

able quality of life is the quality and quantity of our water 

·resource. Many of our waters, such as the Colorado River, must 

be used and repeatedly reused to service the many present and 

future benef1c1ai uses. The imposition or water quality stand-

ards, such as salinity, should reflect an appropriate deter-

mination of attainability with full regard to the inventory or 

natural and manmade contributions to the salinity within the 

river system. This would take into account the degree of water 

quality enhancement achievable from the application of good 

conservation, treatment and watershed practice.a • 

We recommend that prior to the adoption of any 
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numerical salinity standards salinity studies should be under

taken to identify and inventory each and every source throughout 

the river system. including tributaries. from natural and rnan

made sources. Furthermore. in the necessary over-all study of 

salinity problems of the Colorado River. economic benefits must 

be analyzed and correlated with the analysis of economic detri

ments. We note the comment of the State of California, Appendix 

D, that. "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." We suggest that any study and 

proposed program must consider data developed by these studies 

on control of natural resources of salinity. 

It must be recognized that other factors, such as a 

permit program under the 1899 Refuse Act or proposed changes 

in Federal water quality legislation. may significantly reduce, 

by imposition of effluent controls, many sources or salinity. 

The Environmental Protection Agency sponsored Pacific Ocean 

desalinization projects could also have a significant effect 

upon the salinity problem. 

The United States recognizes through its study, "The 

Mineral Quality Problem in the Colorado River Basin," that the 

quality or the water within the Colorado River Basin is a matte1 

of interstate and international concern. Therefore, in order tc 
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achieve the desired goals and to accomplish the desired results, 

adequate Federal funds snould be made available to insure the 

development of a practical logical program and its success. 

Costs will be significant in achieving any controls to either 

manmade or natural sources of salinity. 

Any program and implementation plan which is to be 

adopted must be developed and agreed upon by all the States of 

the Colorado River Basin as well as the interested Federal 

'agencies and existing river authorities. 

This is respectfully submitted under the name of . 
. Raymond A. Kimball, the President of the Colorado Association 

.·of Commerce· and Industry, and statements were delivered to 

Governor Love and the Colorado Congressional Delegation. 

I would like to add just a oouple, three comments of 

my own. 

We recognize that an inventory--! mentioned a thorough 

inventory should be made. We recognize an inventory has been 

made. We think this should be update~. and more important, I 

think we should have an evaluation of the technical and economic 

feasibility of reducing the salinity from these point sources. 

I also was looking, as Mr. Dibble was, through the 

report. I note that 1 percent--that is about what the paper 

said this morning--1 percent was from municipality and industri~l 
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sources on the Colorado River. These may or may not lend them

selves to enforcement action, but how do you enforce reduction 

in the 33 percent or the agriculture usage? Sure, we have some 

ideas, but I think they are really not reduced to complete 

practice at this time, but I am not knowledgeable on that, I 

won't speak to that. But more important, how do we reduce 65 

percent of the salinities from natural sources? 

If anybody comes up with the answer to Blue Springs, 

. I am sure industry throughout the country will be most interested 

because salinity is a problem countrywide to remove it from 

large quantities of water. So if the Blue Springs answer comes 

out, I would say it would certainly be useful. 

Since radium in water has been alluded to a number 

of times, I would mention I think it is a good example in 

reverse here. Something over 90 percent of the radium that was 

ever coming down the Colorado River was coming from natural 

sources. We had a few problems in local mills and these were 

corrected. We appreciate all the compliments on the job done. 

But we wouldn't know today how to remove that 90 percent that 

was coming from natural sources. And I think this is the case 

with salinity. 

And I think we all agree with the goals, as Mr. 

Dibble and Mr. Williamson have referred to, as far as 
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enforcement action. We have to find some technical answers 

before we can really expect any significant reductions in 

salinity. 

by 1:40. 

I am ready to go to lunch.and so are you. 

MR. STEIN: Are there any comments? 

If not, thank you very much. 

We will stand recessed for lunch. And let's be back 

(Whereupon, at 12:10 o'clock a noon recess was taken.) 
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WEDNESDAY, FEBRUARY 16, 1972 

MR. STEIN: Let's reconvene. 

Mr. Rozich. 

1:40 o'clock 
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MR. ROZICK: Next I have a statement that came the 

long wav getting to me. It is a statement by Mr. Lloyd Summer

ville, who is with the Colorado Farm Bureau. It was delivered 

to me this morning by Mr. Leonard Johnson, Assistant Director, 

Natural Resources Department, American Farm Bureau Federation, 

and he asked that I read it, so you will have to bear with me. 

I am not familiar with his style of writing, so it may not 

sound too well. 

My name is Lloyd Summerville of Fruita, 

Colorado, President of the Colorado Farm Bureau, 

which is a general farm organization of 13,235 

members in the State of Colorado. 

Colorado Farm Bureau appreciates this 

opportunity of presenting its members' views 

relative to the problems of salinity of the 

Colorado River waters. Farm Bureau's approach 

to establishing environmental quality standards 

is found in its basic policies relative to 

quality or the environment. These policies state: 
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We pledge cooperation with all 

responsible groups in cleaning up pollution of 

the environment. We urge that pollution regu

lations be based upon researched facts and that 

they provide a reasonable period of time for 

abatement or pollution. 

Farm Bureau members have expressed 

concern for some time over the salinity buildup 

on the Colorado River. We supported the estab

lishment or water quality standards for States 

and rivers. In accordance with our policy, we 

supported and recommended that studies be com

pleted to clearly identify the sources of salinity 

pollution of the Colorado River. We recognized 

that much work has been accomplished by the 

Bureau or Reclamation and the States in pollution 

studies or the river. From these pollution 

studies a salinity control plan is being developed 

by the conference States. We think a control plan 

should be provided opportunity to be implemented. 

We believe the establishment or a 

numerical salinity standard for the Colorado 

River at any of its key check points would be 
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unwise at this time. Such an approach would 

divert attention away from abatement plans for 

natural salinity sources and could place 

emphasis upon salinity resulting from use and 

development of the river's resources. 

An essential part or a healthful en

vironment is the wise and balanced conservation 

of resources. Some conservationists appear to 

misinterpret the full significance of the word 

"conservation." 

President Theodore Roosevelt had 

engraved beside his bronze statue in Washington, 

D. c., these words, "Conservation means develop

ment as much as it does protection.~ 

The sound conservationist· understands, 

as Teddy Roosevelt did, that there is a mutual 

relationship betwe~n man and nature, that man must 

serve nature so that nature may serve and support 

man. 

We believe there should be a clear 

distinction between natural salinity sources and 

salinity due to development and us.e. From such a 

base of facts there can be a comprehensive, 
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balanced program of healthful development on sound 

conservation and environmental principles in the 

Colorado Basin. 

We believe the States have already made 

progress towards implementation of a salinity 

control program on this river without a firm 

numerical standard. At the same time, we recog

nize there is much more that needs to be done. 

If there is need to strengthen the 

existing salinity control program, including 

adequate funding by Congress, we support 

improvement of the program plus an aggressive 

funding plan. 

We appreciate the opportunity of making 

this statement and restate our commitment of 

cooperation with those who seek to improve the 

quality of the environment. We ask that abate

ment plans be based upon soundly researched 

principles and that a reasonable period of time 

be programmed for corrective measures. 

MR. STEIN: Thank you. 

Any comments or questions? 

1014 
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didn't do this, but a lot of people read this and notice the 

. language. Check page 2. After Theodore Roosevelt that should 

be "has" instead of "had." O. K.? The way this reads is, 

President Theodore Roosevelt had 

engraved beside his bronze statue in Washing

ton these words, "Conservation means develop

ment as much as it does protection." 

•Thanks. 

I think obviously it should be "has." 

MR. ROZICH: Right. 

MR. STEIN: o. K. It will save us a lot of trouble. 

Any comments or questions? 

Mr. Rozich, any more from Colorado? 

MR. ROZICH: I have a statement here that is a joint 

statement of the Colorado Water Conservation Board and the 

Colorado Water Pollution Control Commission, and Mr. Morrill, 

who is listed as being our first speaker, begged or~ and now 

he would like on following my statemen~ and his will be only 

a short statement. 
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FRANK ROZICH. DIRECTOR 

WATER POLLUTION CONTROL DIVISION 

COLORADO DEPARTMENT OF HEALTH 

DENVER. COLORADO 

MR. ROZICH: As an agency vitally interested in the 

prevention and abatement of pollution and as an agency attempt-

ing to enhance all waters or the State. we endorse the philos-
' 

ophy and concept of salinity control in the Colorado River 

Basin. The adoption or broad water quality objectives to 

maintain salinity concentrations at or below present levels in 

the Iower Colorado River Basin is an objective which both 

Upper and IDwer Basin States should carefully consider. The 

details proposed to accomplish this objectivi! leave many 

important questions unanswered. The legal. institutional and 

political cons~derations, as well as the equity considerations. 

have not been fully explored and a satisfactory solution to thes~ 

factors will certainly be needed before the details of the salt 

load ~eduction·program can be fully implemented. 

As was noted in the comments or.·all or the States with 

regard to the draft report or last year. all were against the 

adoption of numerical criteria at this time. We concur that 

the adoption of numerical criteria should be de~e'l'!'ed until the 

potential effectiveness of Colorado River salinity control 
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projects are better known. It should also be noted that when 

enough information is available to possibly set such numerical 

.· criteria, meams must be provided to equalize the information 

gathered in both the ~per and .I.ewer ~asin States. By this I 

.· mean that in the Lower Basin States at Hoover and Imperial Dams 

.. 
. . the existence of these. large storage reservoirs serves to pro

:· 

vide mixing of dissolved solids in the water. As a result of 
'• 

·this mixing effect, the salinity concentrations below these 

;, 

the year regardless of flow of discharge •. This is not true in 
' .. 

ithe Wpper llllsin States as concentrations will vary inversely 

with the flow. 

: Colorado reels that the construction of salinity con-

, trol works, along with the full development of water resources 
.. 

·• in both the l\l>per and lower B.sin States, should continue • 
.: .. ,. 

: 'However, in reading the reports, it isn't too clear as to who 
'' 

·1111 be assessed the cost of such salinity control projects. 
: . 
··Fifteen of the 17 projects mentioned in the report are 

': 

located in the ·1'>per &sin States. Of the 15 Upper Basin 

projects, seven would be in Colorado. Of. the seven projects in 

.Colorado, five are labeled as irrigation improvement projects. 
~· 

'.These projects would have an average annual cost of a little 
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over $13 million. Only approximately $6.5 million has been 

assigned to salinity control costs, the assumption being that 

the other $6.5 million would be returned to the water users and 

the irrigators in the form of improved crop yields. Although 

this report mentions local costs in a very general way, the 

draft report of November 1970 indicates that at least $6.5 

million would be paid by local investment. This figure would 

run even higher if any o.f the salinity control projects were 

assigned to the irrigators. 

The above figures are all based on 1970 dollars. It 

is well to remember that only that portion assigned to salinity 

control costs is used in the benefits to cost ratio and other 

projected dollar values used in this report. It is also well 

to remember that 80 percent of the benefits accrue to the IDwer 

liasin States. It is therefore recommended that congressional 

authorization and funding be sought for th• .·purposes- of recon

naissance and feasibility studies for the entire river basin. 

Unless sU:.ch Federal moneys are provided for a basinwide salt 

load reduction program, it could place an intolerable financial 

burden on individuals and/or State governments. I am informed 

by our Department of Agriculture that the average income of the 

farmer or irrigator in the Colorado River Basin in Colorado is 

a little over $~,ooo per year. Therefore, it is easy to see 
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that such a group of irrigators could not afford an expenditure 

of approximately $6.5 million a year. 

It is our understanding--and after yesterday's talk 

by Commissioner Armstrong it is more than an understanding now 

(laughter)--that the Bureau of Reclamation has been authorized 

to make and has feasibility investigations under way with 

regard to determining further means of reducing the salinity of 

the Colorado River. We, therefore, feel that the conferees ~d 

EPA should support the Bureau of Reclamation in these efforts. 

In order to advise and guide the Bureau of Reclamation with 

respect to these investigations and research plans, Colorado 

would be receptive to setting up some sort of a task group which 

would include other disciplines in addition to water pollution 

control people. However, our State Water Pollution Control 

Commission does not at this time feel that they wish to relin

quish their authority within Colorado to any river basin 

commission or State-Federal agency that would have the powers 

to carry out all phases of activities necessary to basinwide 

management and control of salinity. 

In conclusion, we feel that much has been done in the 

past few years to control salinity pollution within the basin, 

.. and on the other hand, much remains to be done. We, therefore, 

have come to this conference with an open mind towards understSl'lding 
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the positions of the other conferees and EPA and hope that we 

will all leave this conference with the feeling that construe-

tive actions have and will continue to be taken in the control 

of salinity without impeding development in any of the States. 

Thank you. 

MR. STEIN: Thank you, Mr. Rozich. 

You know, there is one important point. I am not 

sure, maybe the Department of the Interior.people can tell me. 

You are not authorized yet to go ahead with these salinity 

studies, are you? 

MR. MALETIC: Yes, we are. 

MR. STEIN: You are? 

MR. MALETIC: Indeed. The three acts that were cited 

in Commissioner- 'Armstrong's statement--

MR. STEIN: I know, but under the general acts. In 

other words, you feel that the general acts give you-authoriza

tion? 

MR. MALETIC: Give us that authority and we have the 

program funded and moving. 

MR. STEIN: Right. All right, thank you. 

Are there any comments or questions? 

MR. TABOR: Just a geographical correction on the r1rs~ 

·n page, .•• at Hoover and Imperial Dams the existence of these 
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large storage reservoirs,,," Imperial Dam is not a storage 

reservoir. 
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MR. ROZICH: I think I was referring to the reservoir 

behind the dam rather than whether it was storage or otherwise. 

In other words, wha~ I was trying to point out is that here you 

have a mixing basin .• And whenever you collect samples for TDS 

there is not going to be too much fluctuation, whereas in the 

Upper Basin States, at least at present, when you are collectinE 

it out of the river, it is going to fluctuate with the flow and 

many times there is quite a fluctuation. 

MR. TABOR: Thank you. 

MR. STEIN: Any other comments or question~? 

Does that complete Colorado, Mr. Rozich? 

MR. ROZICH: Except for Mr. Morrill. He wishes to 

make a very short statement. 

Mr. Morrill is Deputy Director of our Water Conserva

tion Board. 
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L. D. MORRILL 

DEPUTY DIRECTOR 

COLORADO WATER CONSERVATION BOARD 

DENVER, COLORADO 
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MR. MORRILL: My name is L. D. Morrill. I am Deputy 

Dir~ctor of the Colorado Water Conservation Board and I would 

like to make a very brief statement on a point mentioned by Mr. 

Fischer. 

He stated that irrigators with old decrees should not 

be penalized in water or dollars through the imposition of 

salinity control measures. It is a statement with which I 

agree. 

For the past several.years the State of Colorado 

through the Water Conservation Board, in cooperation with the 

Colorado State University, the Soil Conservation Service, the 

Bureau of Reclamation, and EPA have carried on·studies in the 

Grand Valley, which is near Grand Junction, of the costs of 

improving irrigation and drainage practices with the objective 

of decreasing the salinity of the Colorado River. While such 

studies are not complete, early indications are that the 

irrigators may actually benefit financially from such improved 

practices because of increased crop production. 

One of the things that Colorado would like to see 
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would be a large-scale demonstration project in the Grand Valley 

to find out if the indications of the present small-scale 

studies are correct, and we recommend that the EPA help us 

initiate such a project. 

I think that is my statement. 

MR. STEIN: Thank you. 

Any comments or questions? 

If not,,thank you very much. 

MR. ROZICH: Is Mary--I can't pronounce the name-

Kozlowski here? I understand she has a statement to make on 

behalf of the Rocky Mountain Center on Environment. And I 

didn't know whether it should be included under the Colorado 

portion or under the Nevada portion since I understand you are 

from Nevada. 

MR. WESTERGARD: Yes, we claim her. 

MARY KOZLOWSKI 

NEVADA OPEN SPACES COUNCIL 

LAS VEGAS, NEVADA 

MS. KOZLOWSKI: Thank you. I am glad you do. I would 

hate to be without a country. 
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But I also have a statement here that I received this 

morning from three Colorado organizations~ 

MR. STEIN: Pardon me. I don't think you understood 

the ground rules. I know Mr. Westergard has the syllables trip

ping off his tongue, but would you give us your name and how 

you spell it, please. 

MS. KOZLOWSKI: Oh, O. K. 

It is Mary K-o-z-1-o-w-s-k-i. 

Now do you want to decide whether I should give this 

statement during the Colorado portion? 

MR. STEIN: Oh, no one is going to tell you to go 

away. (Laughter.) 

MS. KOZLOWSKI: Several organizations have sent me 

their statements with the specific request that they be read 

into the record. I will be reading their statements for them 

in their absenc~and as a reader I feel that I cannot give 

interpretations or answer questions concerning the comments 

that they have put in their statements. They were given to me 

this morning air mail special delivery, and so I would continue 

on this basis if it is acceptable to you. 

MR. STEIN: Go right ahead. 

MS. KOZLOWSKI: The first comments will be made by 

the Eagle Piney Water Protection Association, Colorado Open 
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i 

Space Council, and Trout Unlimited-Colorado Council. This is 

their statement for the Colorado River enforcement conference. 

i 
I 

I 
Gentlemen: 

The following is our statement of 
I 
I 

position concerning the mineral quality prob- i 

lem of the Colorado River Basin. We have asked 

Mary Kozlowski of the Nevada Colorado River 

Commission to present this statement for us 

personally at the enforcement conference in Las 

Vegas. Eagle Piney Water Protection Association 

is a newly-formed State group which represents 

several hundred individuals and assorted con-

servation-water State organizations concerned 

with State water problems. Colorado Open Space 

Council is a Denver-based organization represent-

ing 47 separate conservation organizations 

throughout the State of Colorado. Trout Unlimited-

Colorado Council represents approximately 1,000 

members in Colorado and is an affiliate of Colorado 

Open Space Council and Eagle Piney Water Protection 

Association. 

1. The adverse effects of transmountain 

water diversions. 
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As the Environmental Protection Agency 

Summary Report on the Mineral Quality Problem 

on the Colorado River Basin aptly states, "out

of-basin diversions from the Upper Basins con

tribute significantly to stream flow depletions 

and produce a salt concentrating effect similar 

to consumptive us.e." 

The Environmental Protection ~gency 

should be advised that on the Upper Colorado 

River there are numerous transmountain diversion 

projects under consideration, new ones and 

enlargements of existing projects, which, if 

permitted to proceed, will seriously further 

deplete the stream flow of the Colorado River 

to an enormous extent (perhaps in the neighbor

hood of 1 million acre-feet a year). Some of 

these planned new and enlarged transmountain 

diversion projects are: 

(a) The Windy Gap Project on the 

Upper Colorado River mainstem near Hot Sulphur 

Springs-Six Cities Users' Association (sub

district of Northern Colorado Water Conservancy 

District). 



M. Kozlowski 

(b) The Eagle Piney Project and the 

Eagle Colorado Collection System on the Eagle 

River and its tributaries, Piney River and its 

tributaries, the Colorado River and its tribu

taries, and the tributaries of the Blue River 

(below Dillon Dam) - The Board of Water Commis

sioners of the City and County of Denver. 

(c) Homestake Project on Homestake 

Creek and Cross Creek and their tributaries (all 

tributary to the Eagle River) - Cities of Colo

rado Springs and Aurora. 

(d) Twin Lakes Canal and Reservoir Co. on 

the Roaring Fork River above Aspen, Colorado -

(private corporation). 

(e) Fryingpan-Arkansas Project on the 

Fryingpan River (tributary to the Roaring Fork 

River at Basalt, Colorado). 

(f) The Central-Colorado-Denver Project 

of the Central Colorado Water Conservancy District 

(g) San Juan-Chama Diversion Project 

on the Blanco and Navajo Rivers near Pagosa Springs

Bureau of Reclamation. 

(k) The Gunnison River claims of the 
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Central Colorado Water Conservancy District 

and Messrs. Oxley and Bunger (both sets of 

claims representing a reincarnation of the 

old Bureau of Reclamation Gunnison-Arkansas 

Project). 

We urge the Environmental Protection 

Agency to consider declaring that a state of 

• emergency exists as to.the quality and quantity 

of water in the Colorado River Basin in light 

of these new developments and enact a moratorium 

on transmountain diversions of water in connection 

· with new projects yet to be built and proposed 

enlargements of existing projects. The mora-

torium should be set up to last until the Federal 

Government and its associates have a chance to 

study all of the pertinent ramifications of these 

proposed diversions on the quality and quantity 

of Colorado River water. 

2. Water Quality and Quantity Control 

and Existing Legal Constraints. 

Colorado laws concerning water rights 

appropriations and beneficial use or water do 

not presently countenance water quality or quantity 
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control, both of which are required to save the 

Colorado River Basin from becoming more seriously 

depleted and polluted as a result of the maxi

mization of water development projects planned for 

the near future. 

We urge the Environmental Protection 

Agency to assist on-going Colorado Statewide 

efforts to obtain legal protection for streams 

and river basins of origin and to bring about 

changes in Colorado water laws so that water 

quality and environmental protection purposes 

(among others) will be considered valid beneficial 

in-stream uses of water. capable of appropriation, 

in the State of Colorado • 

We ask that these recommendations be placed 

in the official record of your proceedings. 
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I also.· have a statement from the Rocky Mountain Center 

on Environment. 

The Rocky Mountain Center on Environment 

(ROMCOE) has reviewed the ~eport on "The Mineral 

Quality Problem in the Colorado River Basin" of 

1971, and appreciates the opportunity to submit 

these comments for inclusion in the conference 
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proceedings. 

ROMCOE is a private, non-profit 

regional environmental service center, providing 

a broad range of: environmental assistance to 

government, conservation groups, industry and the 

general public in the eight Rocky Mountain States. 

These comments are prepared by the ROMCOE staff 

and do not necessarily represent a formal posi

tion of the ROMCOE Board of Directors. 

ROMCOE has recognized and been concerned 

about Colorado River Basin salinity for several 

years. The extremely rapid multiplication of the 

salt load in this century is another example of 

a stress on the ecosystem resulting from man's 

abuse or the principles or ecology. The basic 

cause of this stress is the exceeding or "carry

ing capacity" or the land. The efforts to 

manipulate natural processes, to extract more 

resources and biological production than the 

region can support within naturally-created 

limits is causing the collapse of an element 

or the ecosystem. Man in the Rocky Mountain 

West must learn to live within the capabilities 

1030 
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of natural systems. 

The logic of the water development 

syndrome, which is the first cause of the 

salinity problem, goes like this: 

(l), Economic growth, development 

and population growth are vital to the future 

of the West. 

(2) Economic growth and development 

depend almost entirely on development and 

redistribution of water supply. 

(3) Increased water supply will 

require considerable accelerated water develop-

ment and redistribution projects. 

(4) Water development and redistri-

bution will assure ever-expanding economic 

growth and population expansion. 

·. 
(5) Expanding populations and 

economic growth will generate new demands for 

increasing water development and redistribution 

projects. 

(6) Return to Step i. 

Manifestations of other root causes of 
: 
,' 
, the salinity problem are: Western water law; the 

j--~~~~~~~~~~~~~~~~~~~~~~~~_J 
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false alchemy of turning land into money by 

liberal sprinklings of water; and accelerating 

growth ethic pressures for more water-related 

"pork barrel" projects. 

Western water law evolved at relatively 

the same time and under the same frontier circum

stances as the Mining Act of 1872. Both are in 

need of drastic revision. It is imperative that 

Western States recognize water quality control 

and ecological processes, as well as recreation, 

fish and wildlife and aesthetics, as "beneficial 

uses" of water resources. It is essential that 

priorities of appropriated uses be restructured 

to balance beneficial uses. It is to EPA's 

credit that this issue is identified in the ~eport; 

Western States can no longer duck the question. 

Current water wisdom and water law 

generate exploding developments that turn "land 

into money." The massive water projects which 

stimulate rapid and uncontrolled growth, to the 

primary benefit or a small number of people and 

to the detriment of the general public, are not 

predicated upon sound principles or land use. 
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And the creation of new land use patterns is the 

ultimate result of the projects. It is time to 

relate planning and development of water resources 

to proper land use planning. Federal money should 

no longer be used to perpetuate past mistakes 

which fail to recognize the inextricable relation

ships between water resources development and land 

use decisions. 

Water policy which has caused the TDS 

problem of the Colorado Basin needs to be re

examined in a whole new perspective. Projects 

have been developed without a true assessment of 

total social costs and total social benefits. 

Resulting salinity is but one "disbenefit" which 

has been ignored in the accounting system for 

project justification. 

In specific response to the report, 

we would suggest a number of actions: 

(1) There should be a moratorium, 

perhaps permanent, on any Federal assistance 

or approval of diversions out of the !asin. 

Federal money or authorization should not be 

involved in any project which is part of a system 
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resulting in such diversion. The projects 

mentioned in the report are not a complete 

listing; for example, the Bureau of Reclamation 

is planning diversions from the Green to the 

Missouri Basin in Wyoming and Montana. The EPA 

~eport discusses the fact that these are high

quali ty headwaters which will be diverted, 

reducing Colorado River flows but not salt loads 

by an equivalent amount. Additionally, most of 

these projects involve reservoirs, which increase 

evaporation losses (although such losses are 

small compared to Lake Mead and Lake Powell). 

Interbasin transfer economics often are not 

favorable when subject to close scrutiny, as is 

indicated by a recent book by Howe and Easter. 

(2) An Interstate Commission should be 

created to address the salinity problem compre

hensively. This Commission should be a State

Federal partnership. If left to their own devices, 

the States individually will probably never resolve 

the problems and achieve the necessary results in 

salinity controi. The history of water quality 

control to date substantiates this thesis. 

10 4 
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Proposals for lining irrigation ditches, 

"flushing" salt-laden streams and building 

desalinization plants are piece-meal approaches 

that avoid the basic issues. 

In fact, we are dismayed by the dis

cussion of several of the alternatives to 

reduce the salinity problem. We cannot condone, 

at this point, any approach which perpetuates 

the present philosophy of treating the symptoms 

rather than the disease. The approach of out

basin diversions, augmentation into the basin, 

more storage and evaporation, and salinity 

control and removal may well become a techno

logical-economic treadmill. 

(3) Numerical criteria should be 

established. It is recognized that additional 

research is needed, but this should be conducted 

as rapidly as possible. Again, the absence of 

numerical standards historically has resulted 

in an absence of pollution control in America. 

Additional new and innovative approaches 

should be investigated. A discharge permit program 

for irrigation runoff might be established. To 
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overcome the problem of over-irrigation because 

of the fear of losing water rights, the Federal 

Government might acquire water rights in lieu of 

irrigation water payments.-Such rights could then 

be used for the beneficial uses of quality control 

(although such rights might be downstream of the 

areas where the maximum need for ecological bene

ficial uses occurs). 

New methods of controlling and deliver

ing irrigation water, such as those used in Israel, 

should be implemented. (Water can be metered and 

piped to plant roots, using water with TDS con

centrations of 1,000 to 2,QOO ppm, apparently 

based on Israeli experience.) Federal monies might 

better be spent on approaches such as this rather 

than a continuation of the ~conventional wisdom~ 

methods. 

ROMCOE believes that the National 

Environmental Policy Act's phraseology about wise 

stewardship and future generations must be taken 

seriously. Any program which does not have 

specific elements for control or excessive con

sumption must be reexamined. Any program which 
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does not demonstrate definite means for conserva

tion of resources is deficient. Western water 

use, both agricultural and municipal, at present 

does not conform to the intent of NEPA. 

Most certainly, as mentioned in the ·ll!'eport, 

land suitability should be a major factor in assess

ing federally-funded projects. Irrigation of lands 

of high salinity or marginal agricultural productivity 

should not be permitted. Similarly, federally

assisted water projects for municipal and industrial 

use should recognize the erosion and salinity suit

abilities of land proposed for development. Even 

though the total municipal contribution of salt 

load to the Colorado River is low, it is more 

readily susceptible to control than many natural 

sources. 

Additional funding for research and 

control is in order. It is indicative of the 

root ca.w.ae of the problem that the Bureau of 

Reclamation has a higher-than-usual budget for 

.. · project development, which will aggravate the 

water quality problem. A reallocation of funds 

from development to research and control is in 
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order. 

The study should identify future 

consumptive losses more accurately. Massive 

thermal powerplants and oil shale development 

(with 1-1/2 to 3 barrels of water consumed per 

barrel of oil produced) will have significant 

effects. 

The study sh_ould identify secondary 

impacts more carefully. If removal of salt from 

irrigated land is accomplished by flushing, 

additional fertilizer must be applied. This 

will cause a higher nitrate level 1n both surface 

and ground waters, with potential adverse effects 

such as lake eutrophication and methemoglobinemia. 

This is but one example of a potential secondary 

disbenefit. 

The incidence of costs of salinity might 

be more precisely described. The :cteport states 

that the cost incidence of salinity is largely 

assignable to farmers. Yet the August 1970 report 

by the Colorado River Board of California states 

that water users are continuing to make large 

investments in drainage facilities to maintain 
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productivity. The costs are passed on to the 

consumers. The cost incidence may therefore be 

assignable to a broader segment of society, 

including low-income people to whom increased 

food prices are a major burden. 

In institutional matters, a positive 

program for public participation should be 

identified. This conference is but one form of 

participation; other types should be utilized as 

well. 

It is noted that the study used a 5 

percent discount rate in determining present 

worth of investments in salinity reduction pro-

grams. If a more realistic 10 percent "oppor-

tunity cost" were used as the discount rate, the 

investments would be much higher in present 

worth. This argues against the high-investment 

··. technological control alternatives and in favor 

·.· 

'.' 

c 

): 

of the alternative of "limited development." The 

latter alternative is also an appropriate approach 

as regards numerical criteria for salinity 

because the salinity vs. time curve flattens and 

becomes constant. Also, it conforms most closely 
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to the use of ecological principles in planning. 

The fteport states that this "limited 

development" alternative may cause benefits to 

be foregone.~ In some cases this may be true. 

However, because past benefit/.cost ratios have 

not assessed total costs, the "benefits foregone" 

may well be "disbenefits foregone" in many cases. 

The use of a more realistic discount ratio will 

yield lower net dollar benefits; many past 

projects have been funded on the basis of an 

artificially low discount rate. 

The alternative of limited development 

would reduce the difficulty of the control cost 

allocation question, where Upper Basin States 

contribute the salinity but Lower Basin states 

suffer the costs. 

Some of the methods contemplated for 

control of natural diffuse sources will start 

another round of technological bandaids. Sealing 

of ground surfaces, contour ditches to pick up 

runoff and carry it rapidly to streams and similar 

methods will be quick-fixes, the secondary result 

or which will be disbenefits in a broad range or 

1040 



1041 

M. Kozlowski 

categories. The study team should proceed 

farther in identifying these secondary impacts 

and effects. 

Alternatives involving desalinization 

which require~ electrical power (such as distil-

lation or electrodialysis) should be discouraged. 

The ,¥-eport discusses out-basin diversions 

in terms of helping the Colorado River quality 

problem. These diversions should be viewed in 

another way: the Colorado River salinity problem 

diminishes the merits of further out-basin 

diversions. 

In summary, ROMCOE finds much to praise 

in the EPA tteport and work. Its conclusions and 

recommendations merit suppor.t. ROMCOE is_ directly 

involved with only eight Rocky Mountain States, 

not including California. However, parochialism 

or regional chauvinism have no place in the prob-

lems addressed by the •port. The ecosystem knows 

no political boundaries. Mexico and America :are 

not separable in terms of ecological processes, 

and the problem of salinity must be considered in 

this frame or rererenc.e. 
·. 

··--~~~~~~~~~~~~~~~~~~~~~~~-'--~~~~~~~-' 
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Thank you very much. 

MR. STEIN: Thank you. 

Any cormnents or questions? 

MR. ROZICH: I would just like to apologize for 

someone with a name like Rozioh not being able to pronounce 

Kozlowski. (Laughter.) 
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MR. STEIN: I will bet it took you years before you 

could pronounce Rozich. (Laughter.) 

MR. WILLIAMSON: I would like to make a comment on 

this matter of diversion, maybe. 

I think it is probably the 10 years or experience 

that some or us have had sitting on this thing that we remember 

the ground rules and maybe the people who have only got 

involved in this in the last few years don't know what ground 

rules were laid down to start with, and I think this is probably 

important. 

It was a common agreement when we started that in no 

way would water quality- standards or such ever be used to 

circumvent the allocation or waters as laid out in the Compac.t. 

Second, that in no way would we inf~1nge on a State's 

right to use their allocated share of water. This matter of 

diversion is a State-controlled thing. If you are unhappy with 

the diversions in your own State, then do something about your 
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State law. These are the ones that are controlled by the State. 

So I don't think for the conferees here to sit here, 

and me,to tell Colorado they can't divert water, Colorado tell 

us we can't divert water, this is our own problem to solve and 

I don't think it is a fittin 1 problem for the conferees. 

This matter of ecology words jumped up here. We have 

run into it before. A number of us have been in the ecology 

business for 30 years, anyway. And it always comes to my basic 

first thought, speaking of ecological systems, remember Barry 

Commoner's basic law of ecology and that is, "iihere is no such 

' thing as a free lunch.'' Whenever mankind is going to exist on 

this earth he is going to pay one end or the other. It makes 

no difference if we want it for the fish, the wildlife, and so 

forth, we are going to pay for it in reduced food and fiber on 

the other end, high prices of putting some better land under 

cultivation somewhere else. 

So just to say we are forgetting the ecology on one 

end--maybe. We have got to look at the other end also on the 

thing because somebody will pay in the end. 

That is just a comment I had to get in. Thank you. 

MR. STEIN: Any other comments or questions? 

Thank you, Mr. Williamson. You know, we are just 

here to improve the quality of waters and I suggest that some 
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of the comments may be directed toward changing the world. 

However, if I were going to.change the world, Mrs. Kozlowski, 

there. is no one whose spirit I would en.joy more than yours. 

We are going out of order just slightly because we 

have a request here for someone to appear before 2:30. 

Fund here? 

Is Charles Wilkinson of the Native American Rights 

CHARLES F. WILKINSON 

NATIVE AMERICAN RIGHTS FUND 

BOULDER, COLORADO 

MR. WILKINSON: Mr. Chairman, I very much appreciate 

your calling me out of order and I will be quite brief. 

I might mention that our statement does have attached 

a fairly long exhibit which will not be read into the record. 

My name is Charles Wilkinson from the Native American 

Rights Fund in Boulder, Colorado. We represent American 

Indians. Mr. DeFalco of Region IX was kind enough to ask 

Joseph Brecher of our office to appear today and he is unable 

to testify and so I will appear in his behalf. He regrets his 

inability to come. 

The continued existence of the five Lower Colorado 



1045 

c. F. Wilkinson 

Indian tribes, the Chemehuevi, Cocopah, Colorado River, Fort 

Mohave, and Fort Yuma, is entirely dependent on water from 

the Colorado River. The Supreme Court has recognized an 

obvious fact: the survival of the Lower Colorado River Indian 

tribes depends on an adequate supply of high quality water. 

They have no other source of water supply than the Colorado 

River. 

In 1964, the United States Supreme Court ruled that 

these five tribes were entitled to 905,000 acre-feet of 

Colorado River water, Arizona v. California. The Supreme 

Court explained its action in an earlier opinion as follows: 

Most of the land in these reservations 

is and always has been arid. If the water neces

sary to sustain life is to be had, it must come 

from the Colorado River and its tributaries. 

Congress and the President knew when they created the 

reservations that: 

Most of the lands were of the desert 

kind--hot, scorching sands--and that the water 

from the river would be essential to the life 

of the Indian people and to the animals they 

hunted and the crops they raised. 

The water was to be used "to irrigate all practicably 
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irrigable acreage on the reservations." Again that is a quote 

from Arizona against California. In view of this total 

dependence, the Environmental Protection Agency's Summary Report 

on the Mineral Quality Problem in the Colorado River Basin 

presents a reason.for great apprehension. The report notes that 

in the lower Colorado River, salt concentrations already exceed 

threshold limits for municipal, industrial, and agricultural 

uses. The effect has been a reduction in cr9p yields and in 

the types of crops which can be successfully grown, as well as 

a deterioration in soil quality. 

As bad as the situation is today, the Summary Report 

predicts that it will get much worse if current water diversion 

plans are allowed to continue. Eighty percent or the predicted 

future increases in salinity can be attributed to such diver-

sions. 

By far the most significant of these diversions will 

be the Central Arizona Project, authorized by the Colorado River 

Basin Project Act. The Bureau of Reclamation has estimated that 

the CAP will divert 1,650,000 acre-feet of Colorado River 

annually at Lake Havasu. There are numerous other Colorado 

River diversion and storage projects in the Upper Basin 

authorized by Congress. They, too, will have a major effect on 

downstream salinity. 
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The effect of this major flow depletion in terms of 

downstream salinity has never been studied. In the Bureau of 

Reclamation's Draft of Environmental Statement for the Central 

Arizona Project, prepared under the mandate of the National 

Environmental Policy Act, the only mention of the salinity prob

lem occurs on page 37, where it is stated as follows: 

The impact on water quality of the 

Colorado River main stem below Parker Dam from 

diversions of water for the Central Arizona Project 

will not be significant. Operating criteria 

for the river with the Central Arizona Project 

on line will reduce the possibility of surplus 

flows in the river below Parker Dam. While 

surplus flows would provide some incidental 

dilution in the river below Parker Dam, their 

infrequent and unreliable occurrence minimizes 

their value. The last significant surplus flow 

occurred in 1963. 

It can thus be seen that the Draft Environmental 

Impact for the CAP totally ignores the critical problem of 

increasing salinity. Under Section 309 o·r the Clean Air Act, 

the Administrator of the EPA is required to review and comment 

in writing on the environmental impact of Federal projects such 
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as the CAP. Senator Muskie, the sponsor of the Clean Air 

Amendments of 1971, which added Section 309, stated to Mr. 

Ruckelshaus during the hearings on Mr. Ruckelshaus's nomination, 

that 309: 

••• makes you a self-starter, whenever 

you, unilaterally, see the environmental risk. 

What is involved here is not an input to somebody 

else's decision and somebody else's statement. 

This is an issue to be taken by you. 

Ending the quote from Senator Muskie. 

The draft Environmental Statement for the Central Ari

zona Project contains numerous other serious deficiencies. A 

detailed discussion or these defects is contained in a document 

we submitted to the Bureau of Reclamation on November 10, 1971. 

A copy of that comment is attached to this testimony as Exhibit 

A. 

Pursuant to its obligation under the Clean Air Ac~, 

we believe that the Environmental Protection Agency should make 

a definitive study of the environmental effects of the Central 

Arizona Project, with a special emphasis on the salinity prob

lem. The results or this study should be incorporated in EPA's 

comments on the Central Arizona Project and, if modifications 

to eliminate these problems are not forthcoming, EPA should 
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implement Section 309(b) of the Clean Air Act by publishing a 

determination that the Project is unsatisfactory from the stand

point of environmental quality and should refer the matter to 

the Council on Environmental Quality. 

(Exhibit A referred to follows:) 
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The following comments on the Dratt· Environm~ntal 
·statement: Central Arizona Project are submitted on behalf 
of the Chemehuevi Tribe of Indians and the Natural Resources 
D~fense Council. The Supreme Court, in Arizona v. CaliforniJ, 
376 U.S. 340, awarded the Chemehuevi Tribe 11,340 a.ere feet 
of Colorado River water. The Chemehuevi Tribe believes that 
construction of the Central Arizona Project will threaten the 
quality and quantity of Colorado River water available to them 
and that the adverse environmental impacts associated with 
that construction will affect their health, welfare, and live-
lihood. · 

The data presented in the draft statement is totally 
inadequate. As the court said in Environm~ntal Defense ·Fund 
v. Corps of Enqineer~, 325 F.Supp. 725, 759, an impact state
ment must 11 contain such information as will alert. the Presi
dent, the Council on Environmental Quality, the public, and 
indeed the Congress, to all known oossible environmental con
sequences of proposed agency action. 11 The Council on Environ
mental Quality's Guidelines for federal agencies under the 
Na t i o n a 1 E n v i r on m c n ta 1 Po 1 i c y Ac t , 3 6 F . R e g . 7 7 2 4 , ~-!. ~. , 
paragraph 6(a)(i), says a draft statement must include "a 
description of the proposed action including information and 
technical data adequate to permit a careful assessment of 
environmental impact by commenting agencies." Also, under 
paragraph lO(e) of the Guidelines, the public must be provided 
with "relevant information, including information on alternative 
courses of action." Obviously, the public is not "informed" at 
all, when relevant data· is missing from the statement. Almost 
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every p.1qe of thr. draft statement contains admissions that 
d a t a i :; 1 a c k i n 9 , t h a t i n f o r 111 u t i o n i s 11 u n k n o \'I n , '' o t t h a t t c s t s 
are pre~.cntly being conducted. the results to be deter111ined 
in the future. 

Another basic flaw in the draft statement is the un
chal lcngcd acceptance of the proposition that growth must 
contimH~ unabated in Phoenix and Tucson and that it is the 
duty of the government to supply the wherewithal for that con
tinued growth. The Council o·n Environmental Quality has 
rec o g n i z c d that 11 pop u l a ti on gr o \·J th threatens the n a ti on ' s s tore 
of n a t u r a l re s o u r c e s " a n d t h a t i n s om e r a p i d 1 y g r o \·Ii n g a re a s , 
"there

1
was now a need to de-emphasize growth as a social goal 

, •• 
11 Instead of invoking the need for growth in Phoenix and 

Tucson as an imperitive reason to build the C.A.P., the state
ment should have been considering seriously the possibility 
that such growth is a reason to halt construction. 

The following is a list of specific comment~ on various 
aspects of the draft statement: 

Page No. Defect 

1 The statement does not cover the effects of the 
Navajo Power plant, even though 25% of its power 
(and hence, its pollution) is attributable to the 
requirements of the C.A.P. 

6 ·There will be four relift pumping stations along 
the Granite Reef Aqueduct. There is no discussion 
regarding the impact of these stations. 

7 There will be a pumping plant on the Salt-Gila aque
duct. No mention is made of its environmental impact. 

8 There will be two pumping plants along the Tucson 
aqueduct. No mention is made of their environmental 
impact. 

10 Plans for the distribution system for delivered water 
are not finalized yet. The statement admits that "an 
accurate estimate of miles of main and lateral canals 
cannot be made at this time." This information should 
be available to the decision-makers before a decision 
is reached. 

First Annual Report, pp. 13-14 (1970). 
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Page No. Defect 

13 The statement alleges that as an alternative to the 
Hooker Dam, four dam sites on the Gila River and 
two on the San Fruncisco River arc being investigated. 
The statement does not indicate the location of those 
six dam sites or even whether they are in the Blue 
Range Primitive Arca or the Gila Wilderness Arca. The 
statement also says: "alternatives to other major 
features of the project are also being investigated." 
Those alternatives are not described with particu
larity. 

Hugh information gaps such a·s this are impermissible 
in a NEPA statement. In D.C. Federation of Civic 
A s SJ> c i a t i 0 n s v . v 0 1 r e , F • 2 d --, 3 E . R • c . l l 4 3 , 
1146-47 ro.c. Cir., October 12, 1971, tlo. 24,843), 
the plaintiffs called into question whether the 
Secretary of Transportation, in approving the design 
for a set of highway ramps and interchanges, followed 
the statutory requirement that "the project includes 
all possible planning to minim1ze harm to such park 
••. or historic sites. 11 2 The court noted that such 
planning could not possibly have taken place, since 
the final design of the ramps and interchanges was 
not yet complete at the time the planning allegedly 
was done. The court commented: "absent a finalized 
plan for the bridge, it is hard to see how the 
Department could make a meaninaful evaluation of 
I ha rm• I II s i ffi i 1 a r l y ' i n th i $ d fa ft St a t e ffi en t ) the 
Bureau of Reclamation could not possibly have 
assessed the environmental impact of the Hooker Dam, 
when it is not even sure of its ultimate location. 

14 Some pirts of the aqueduct will be fenced to protect 
wildlife. Other parts, that are not "wildlife 
crossings and natural migration routes," will not be 
fenced. What will happen to game in those areas? 

2 23 u.s.c. § 138. 
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14-17 The report analyzes in grcrit depth various types of 
wildlife drinking facilities, but admits that the 
project as presently funded docs not contemplate 
construction of such facilities. It is indicative 
of the one-sided orientation of the statement's drafters 
that they devote three pages to an -elaborate descrip-
t i on o f " \·Ii l d l i f e b e n c f i t s 11 t h a t a r e a 1 mo s t s u r e no t 
to come about, while the potentially disastrous in
crease in lower Colorado River salinity that will 
re~ult from the C.A.P. ope~ation is totally ignored. 

18 The statement says that disposal areas will be rcve
getated. It does not say how this can be accomplished, 
especially under the severe:-arid desert conditions 
prevailing in the area. 

18 Quarry sites will be in "remote areas" and will be 
l e f t i n a c o n d i t i o n t h a t \·/ i l l 11 m i n i m i z e t h e i m p a c t 
o n a e s t h c t i c s a n d \·/ i l 1 n o t e n d a n g e r w i 1 d 1 i f e . 11 T h e 
location of these sites is not specifi.ed, nor is the 
method for restoration. 

19 There will be a great deal of additional fishing at 
the reservoir alonn the stream. There is no mention 
of the potential environmental dislocation to be 
caused by more people and their ·cars. 

19 The Bureau admits that there may be "many other possi
bilities of environmental enhancement, protec~ion, 
and mitigation features" that may be appropriate. 
These features vlill be considered "as they become 
more specificly identified and evaluated." Obviously, 
there is no way for a reader to assess the effective
ness of these measures at this time. 

22 Instead of describing the vegetation found along the 
right-of-way, the statement refers the reader to 
various scholarly papers. The same is true for 
fauna. These papers arc not readily accessible to 
the general public. The information contained in 
them should be set forth in the statement, itself. 

24 Several rare and endangered species of animals arc 
1 i s t c d a n d t h e c o n c l u s i o n t h a t •! c o n s t r u c t i o n o f t he 
pro j e ct i s exp e c t c d to ha v c on l y mi nj 111 a 1 cf f cc t on 
rare and cndanqercd forms" is expressed. There is 
no data supporting this conclusion. 
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Page No. Defect 

25 Unspecified recreation facilities arc to be considered 
later. This is another example of the drafters' 
claimi11g· benefits for the C.A.P. that may never 
materialize. · 

27 There is no discussion of the effect of the lake 
Havasu water intake facilities on fish in the lake. 

29 The statement admits that most of the canal right
of-way will contain a power line and maintenance 
road. There is no discussion regarding how these 
facilities wilJ affect aesthetic values in the 
area. 

29-30 

33 

34 

34-35 

The statement admits that there will be "major ecolo
gical changes" resulting from the construction of the 
reservoir. It also mentions "alteration of the ori
ginal stream species." For "alteration" one should 
read "obliteration." Cf. Environmental Defense Fund 
v. Corns of Enqineers, 325 F.Supp. 728, 749. The 
s ta t cm e n t a d m i t s fi1 a t t h e Bu re a u h a s n o i n f o rm a t i o n 
regarding fishing along the Gila River. It also 
indicates that there will be some "alteration" of 
fauna. There also will be a reduction in habitat. 
But the extent and nature of such alternations and 
"reductions is not specified. 

The statement indicates that there will be a net 
gain in recreation because of the Cha~lcs-ton Reser
voir, since there is a scarcity of "large recrea
tional lakes" in the area. It does not mention the 
corresponding loss of recreation in the free-flowing 
streams there. 

The Charleston Reservoir "will have the greatest 
impact on archaeological values of the four project 
rcs~rvoirs. 11 That impact is not specified. 

It is impossible to learn anything about the effects 
of the Hooker Dam Project, since its exact location 
is not specified. 
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37 The statement maintains that "the stream flow regimen 
of the _Colorado River below Parker Dam will be un
altered by the diversion of C.A.P. water." Certainly, 
there will be an increase in salinit~ and a decrease 
in the amount of water available downstream. In the 
draft impact statement for the Navajo ·Project, it is 
admitted (page 48) that withdrawals from the Colorado 
River of about 100,000 acre feet by five power plants 
would increase downstream salinity by ''less than l/2 
p e r c e n t . 11 S i n c e t h e C .• A . P . \'I i l 1 w i t h d r a \·1 a b o u t ht e l v e 
times that amount, we can expect an increase of about 
5-6%. This could prove disastrous to downstream users. 
The statement does not even mention the inevitable 
salinity problem. 

38 The statement admits it is not possible at this time 
"to assess in detail the effect that Colorado River 
import water will have on the beneficial use of exis
ting supplies in the service area of the project." 
This data should be supplied in the statement. 

39 The policy 
ambiguous. 
c i d e s \·1 i 1 l 
in_volved. 

on use of pesticides and herbicides is 
The reader is unable to learn if pesti

be used ~nd, if so, the exact quantities 

40 The statement indicates 11 the rate o'f population gro\'1th 
can be expected to continue with or without the 
{C.A.P.) project." It also says "increasing the 
supply of water will circumvent drastic curtailments 
o f th e p r e s e n t r a t e o f p o p u 1 a t i o n g r o \·I t h . • • 11 

· T he 
former assertion is absurd; obvious]y, the availability 
of a huge new influx of cheap water will serve to 
attract additional population and industry. The latter 
statement indicates that the Bureau of Reclamation is 
co~mitted tn maintaining the present cancerous growth 
of population in Phoenix and Tucson. 

40 The statement claims flood control benefits for the 
project. I doubt that there are many floods of severe 
magnitude in the Salt and Gila Rivers. 
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43 The statement admits that there are wildlife "hazards 
associuted with high volume canals." It proposes 
to neutrulize these huzards by drawing wildlife away 
from the canals with ponds, "back water fin~1ers, 11 

and "guzzlers," although there is no money to build 
any of these facilities. Therefore,. this proposed 
solution is chimerical. 

44 The statement notes that the Arizona Game and Fish 
Department wants up to 60,000 acre feet to develop 
50 new fishing lakes in the mountains. What would 
be the environmental effects if these lakes are con
structed? 

45 The statement admits that there is no data concerning 
the effects of increased acceisibility to the aqueduct 
area and also admits, "it must be recognized that other 
beneficial or detrimental effects, not presented in 
th i s st a t em en t , \·1 i 11 o cc u r . " F i n a 1 l y , i t a d m i ts 
that there is absolutely no knowledge cbncerning 
"economic and sociological impacts resulting from 
the project." These are all serious omissions. 

46 The statement admits the aqueducts may have an effect 
on the migration of big game, but does not specify 
those effects. · 

47 The statement admits that certain species may be eli
minated altogether. Which species are these? 

47 New species may be admitted into the Salt River-Gila 
River system from the Colorado River and may affect 
the ecological balance there. No specifics are given. 

48 It is indicated that ground-water recharge may be 
reduced downstream. Where, and by how much? 

48 At fhe. top of the page, the statement admits that 
increase in population density may have an adverse 
environmental impact. Yet at the bottom of the page, 
the alternative of not building the project is dis
missed because it would hamper increases in populution, 
standard of living, agriculture, and industry. 

52 The statement admits "the long-term effects of the 
project will be to provide for continued urban and 
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industrial growth .•• " Notice that the statement 
docs not mention the long-term needs of preserving 
stream ·flow in the Colorado River or of the need to 
discourage the continued in-migration to the desert 
sou t h \·t c s t , a fr u g i l e a re a t ha t can no t s u pp o rt i n -
definite growth. 

54 Again, the statement indicates that existing and 
endemic biological populations will be changed. 
These changes are not elaborated. Note also that 
72,000 acre feet of water a year will be evaporated. 
It should be noted that the statement does not even 
mention how much water the C.A.P. will divert from 
the Colorado, and does not mention this hugh div~r
sion as an irretrievable commitment of resources. 

The final and mos~ serious defect in ihe statement from 
the Chemehuevis' point of view is its complete disregard of the 
devastating effect the C.A.P. will have on the environment of 
the )ndi~ns. The statement docs not even mention that the Orme 
reservoir will wipe out almost 2/3 of the Fort McDowell R~serva
tion. Hor is any concern expressed for the effects of the C.A.P. 
on the water riahts of downstream Indian reservations. The 
Supreme Court r~ccgnized in Arizona v. C3lifornia, 373 U.S. 546 

. that Indian lands are. cssenti?.lly ;'useless" \·:ithout 1.-1ater and, 
therefore, the Colorado River tribes were entitled to enough 
w at e r 11 to s a t i s f y t h e f u t u r !:! a s \·: e 1 1 a s t h e p r e s e n t n e e d s o f 
the Indian Reservations ... and to irrigate all the practicably 
irrigable acreage on the reservations." (373 U.S. at 600). The 
five Colorado tribes were awarded a priority right to 905,496 
acre/feet by.the Supreme Court, almost 783,000 of those atre/feet 
to reservations downstream from the C.A.P. 

The Co l o rad o. R i v er i s a l ready o v e rd r a ft e d . Ex i s t i n g 
water uses·without the C.A.P., for the years 1961-65 for Cali
fornia, Nevada, Arjzona, and MexicQ, plus losses from~evapora
tion tot~l}ed 9,628,600 acrc/feet;J more than 2 million·acre/fcet 
more t h a n t h e e n t i t .1 e rn c n "t o f t h e L owe r Ba s i n s t a t e s u n d c r th e 

3 
Senator Clifford Jlanscn in Conqrcssional Record, vol. 113, 

p. 21375, August 3, 1967. 
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Color.Hlo River Compact of 1922. When the Upper 13asin states 
use thc·rr full entitlement, as they soon will, there simply 
will not be cnou~1h water for the C./\.P.4 At that point, the 
government will be faced with two possible alternatives. It 
.could shut do\·lll the project, thereby sacrificing several billion 
dollars' investment and suddenly cutting off from Phoenix and 
Tucson a source of water on wl1ich their expanding populations 
will have come to depend. Or, as appears more likely, the 
government could appropriate Indi an-quaranteed .\'tater to make 
up the difference. The first choice is politically and ec
onomically unthinkable; the second is illegal and immoral. 

The Colorado River tribes' water is threatened not only 
in quantity, but also in quality. The Colorado River already 
contains 1 ,000 parts of salt per million. That figure will 
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expand to l ,400 parts per mill ion, nearly three times the amount 
considered tolerable by the Public Health Service, unless 2-2 1/2 
million acre/feet of relatively pure upstream water is available 
for. dilution purposes.5 Construction of the C.A.P. will eliminate 
one-half this needed margin. According to the criteria for 
irrigation accepted by the State of California,6 water of 1,000 
p . p • nr. i s m a r g i n a 1 , a n d a t l , 2 0 0 p . p • m •. , i t e n t e rs i n to t h e re a l m 
of "injurious to plants." Thus, the Central Arizona Project 
threatens to nullify the Indian entitlement to water decreed 
by the Supreme Court, even if the requisite number of acre/feet 
are available, since that water will be unusable for irrigation. 
It is almost inconceivable that a potential environmental effect 
of such grave magnitude· could have been overlooked entirely in 
the draft statement. 

I hope these comments prove useful. I assume that com
mencement of construction on the C.A.P. will be delayed until 
the questions raised in this letter are answered. 

Yours truly, 

-..:r~t r 
JJB:fpp Joseph J. Brecher 

4see article by Edwin C. Johnson, Congressional Record, vol. 113, 
pp. 21657-60, J\ug. 7, 1967. 

5f~_r:1_9_r_~_ssion_~l Record, vol. 114, p. 13426, May 15, 1968. This 
dllut1on effect has already been recognized by your Division. 
Sec Environmental Statement, Havajo Project, p. 48~ 

6critcri~ e~tablished by Dr. L.O. Oonccn. 



c. F. Wilkinson 

MR. STEIN: Any conunents or questions? 

MR. DICKSTEIN: I don't quite understand where the 

Clean Air Act enters into this. 
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MR. WILKINSON: Well, as we state on page 3, we think 

that this does glve EPA the power to submit comments on the 

draft environmental--

MR. DICKSTEIN: We always had the power under the 

original CEQ ·ac.t. The Clean Air Act involves air. We commented 

on the impact of air problems under that particular act. And 

we do have the power, but under the.CEQ. I don't understand. 

I think it is just something misunderstood, really. 

MR. WILKINSON: Well, our point is the comment. 

MR. DICKSTEIN: There is a way, ye.s. 

MR. WILKINSON: Right 9 that is the point. 

MR. STEIN: Any other comments or questions? 

If not, thank you very much. 

MR. WILKINSON: Thank you again, Mr. Chairman. 

MR. STEIN: Let's go on with Nevada. 

MR. WESTERGARD: I would like to introduce Don Paff, 

who is the Administrator of the Colorado River Commission of 

Nevada. 



n. L. Parr 

DONALD L. PAFF 

ADMINISTRATOR 

COLORADO RIVER COMMISSION 

OF NEVADA 

LAS VEGAS, NEVADA 

MR. PAFF: Thank you, Roland. 
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First of all, I would like to remind my friend Myron 

Holburt that Nevada is also a tower Basin State, participates in 

the burdens of the mineral quality of the Colorado River. We 

are also a water user. 

Mr. Chairman, thank you for the opportunity to present' the 

Colorado River Commission of Nevada's comments at this conference. 

It was our understanding that the conference discussions would 

be primarily directed to the subject of mineral quality as 

identified in the Environmental Protection Agency's report "The 

Mineral Quality Problem in the Colorado River Basin" dated 1971. 

Our comments will be generally confined to that report and the 

draft of that report dated November 1970. 

The Colorado River Commission of Nevada has viewed the 

·increasing salinity of the Colorado River as a matter or great 

importance. Recently placed into operation in .,,outhern Nevada 

is a water treatment and transmission system to further develop 
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Nevada's allocation of Colorado River water. Thus the major 

municipal and industrial supply to southern Nevada will be from 

the Colorado River. Increases in river water salinity places 

an additional burden of cost on the people of Nevada for the 

Southern Nevada Water System and other water facilities. 

Salinity control measures are necessary to abate and possibly 

reduce salinity levels in the river. 

As an agency of the State created in 1935, the Colo

rado River Commission of Nevada is empowered to receive, pro

tect, safeguard and hold in trust and administer for the State 

. all water and water rights and all other rights and interests 

or benefits in and to the waters of the Colorado River and to 

the power generated thereon or which hereafter may accrue to 

the State of Nevada. Within this responsibility our comments 

on the 1970 draft were discussed with Nevada's conferee and 

incorporated in his letter to the Environmental Protection 

Agency on June 4, 1971. A copy of that letter was incorporated 

in Appendix D of the 1971 report. 

We have found no reasons to modify the major points 

of our previous comments. However, we wish to reaffirm our 

present basic position relating to Colorado River mineral quality 

and we strongly urge the conference adopt these p~sitions. 

We believe that: 
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a) a broad Colorado basinwide 

mineral quality policy should be adopted 

that would have as its objective the mainte

nance of lower main stem salinity concentra

tions at or below present levels; 

b) in the broad quality policy 

implementation, the problem should be treated 

basinwide, recognizing that with the Upper 

Basin continuing to develop its Compact allot

ment, salinity levels may temporarily rise; 

c) no numerical criteria or stand-

ards be adopted until the effectiveness of 

present and future State and Federal Colorado 

River salinity control programs are better 

known; 

d) the Bureau of Reclamation should 

have primary responsibility for investigating 

and implementing a basinwide salinity control 

program with other Federal agencies assisting 

and consulting with the Bureau of Reclamation 

to achieve maximum effect in the salinity con

trol program. 
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The Colorado River Commission or Nevada supports 
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an aggressive salinity control program which, in our opinion, 

can only be brought about by a continued cooperative attitude 

betw~en the Federal agencies and the Colorado River Basin 

States. The Commission has and will continue to participate 

and support programs to control the mineral quality problem in 

the Colorado River Basin. 

MR. STEIN: Thank you. 

MR. PAFF: Thank you, Mr. Chairman. 

MR. STEIN: Any comments or questions? 

I don't have any because it will just be repeating. 

Either the States have gotten together or there is remarkable 

unanimity of opinion. (Laughter.) 

MR. PAFF: Mr. Chairman, we would suggest that, as 

has been said before, Nevada supports what we think is a con

solidated position of the seven basin States. 

Thank you. 

MR. STEIN: The word "consolidated" is yours. 

(Laughter.) 

Mr. Westergard? 

MR. WESTERGARD: I think that concludes for now. 

Otherwise, Mr. Chairman, I would be in a position similar to 

you, I would be guilty of repeating. 

MR. STEIN: That is my function. (Laughter.) 



1064 

s. E. Reynolds 

New Mexico. 

MR. WRIGHT: Mr. Stein, Mr. Reynolds, Secretary of the 

New Mexico Interstate Stream Commission, would like to present 

some statements for the State of New Mexico. 

s. E. REYNOLDS 

SECRETARY 

NEW MEXICO INTERSTATE 

STREAM COMMISSION 

SANTA FE, NEW MEXICO 

i 
I 

I 
I 
I 

MR. REYNOLDS: Mr. Chairman, my name is S. E. 
I 
i 

Reynolds!• 
I 
I 
I 

I am Secretary of the New Mexico Interstate Stream Commission. 

By letter to Mr. Wright, New Mexico's conferee, dated 

June 24, 1971 1 I commented on behalf of the Interstate Stream 

Commission on the draft report of the EPA. Those comments are 

included in Appendix D of the EPA report, which I am advised 

has been made a part of the record of this conference. The 

substance of those comments remain as applicable to the revised 

report as they were to the draft report and I ask that they be 

so considered. 

Just to summarize the Commission's position, Mr. 

Chairman, we concur that an objective or maintaining salinity 

concentrations in the lower main stem or the' Colorado River at 
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or below present levels should be adopted. We think that 

numerical salinity standards under the Federal Water Pollution 

• · Control Act should not be adopted. We urge that the seven 

States and the EPA aggressively and energetically support the 
.· 

··. u. s. Bureau of Reclamation salinity control program. 

I might digress, if I may, for just a moment, Mr. 

Chairman, in view of the recent comments concerning trans-

mountain diversions and point out that the.ultimate effect of 

a transmoutain diversion is to improve the quality of water. 

The water diverted, of course, is relatively pure, but some salt 

is dive·rted with the water. The alternative, of course, is the 

.·.consumptive use of that same amount in-basin, leaving the full 

load of salt within the basin. 

MR. STEIN: Steve, I am glad we are having this 

meeting here and not on the Columbia River after making that 

statement. (Laughter.) 

MR. REYNOLDS: Mr. Chairman, one further point of 

a technical nature. In considering the merit of the Bureau of 

Reclamation's proposed program or other measures to alleviate 

the salinity of the Colorado River, one must keep in mind the 

point that I think is well made in the EPA report, which is 

that more than 80 percent of the projected increase in salinity 

is due to the concentrating effect, not to a loading effect. 
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Mr. Chairman, I am gratified that you have seen so 

clearly that the unity on salinity among the Colorado River 

States is unique, and I hope that you will handle that struc

ture with great respect and great care. 

Thank you. (Laughter.) 

MR. STEIN: Possibly we have a basis for an 

approach if the objective is to lower the salinity. It 

is pointed out, if we have achieved nothing else but created 

a unanimous position among the seven Colorado Basin States, 

I think we might go down in history as honored heroes of 

the Republic. (Laughter.) 

MR. REYNOLDS: Mr. Chairman, your conference may 

have contributed more to that.than you understand. (Laughter.) 

MR. STEIN: That is right. No, I know that. (Laughter.) 

Are there any other conunents or questions? 

MR. WRIGHT: Mr. Reynolds, Mr. Stein mentioned that 

it appeared that the States have gotten together. I think that 

maybe a point should be made that we started getting together 

in 1960. In 1963 we asked for the study to start with as a 

basin unit, and the conferees, and I am not sure that you need 

to explain it necessarily, but I can say for the pollution 

control people or the States, we have been in correspondence 

ever since 1960. During the establishment or the present water 
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Maybe you should comment for the Chairman on whether 

i or not the water resources type people have conferred on this 
· . 

• ·subject. 

MR. STEIN: Do you care to comment? 

MR. REYNOLDS: This probably need not be said. 

Certainly they have. 

MR. STEIN: That is right. 

MR. REYNOLDS: And properly so. Mr. Chairman, I might 

.·· say that some of the States have been working at this since 
·.· 

.. about 1912. 

•· 

MR. STEIN: That's right. That is what I was going to 

say to Mr. Wright. And here is the big difference, really• 

I know the States here have been getting together at 

least since 1912, but most of the times in those early days 

you were getting together in court. (Laughter.) And let me 

contrast this to what we have done here. Maybe we have helped 

it. 

But I remember very clearly;•maybe you were there, Mr. 

Reynolds, I don't recall~-we once had a meeting down in Phoenix, 

and I remember we didn't have a map of the basin such as is 

behind us,and we asked the people down there to get us a copy 

of the map. Of course that was when the great case between 
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Arizona and California was going on. 

A map was put up and there were some little numbers 

around the map, and suddenly there was a hum in the hall and 

the hum increased and increased. That was before we had the 

disturbances. I guess you all know about that as I know too 

well• But I just couldn't continue with the meeting. 

Then I turned around to the map, and it developed that 

these numbers were the numbers that Arizona was putting forth 

as the acre-feet that it required, or thought it was entitled tc. 

in the lawsuit, and there was no holding the meeting. (Laught~r.) 

And I said, you know, let's try to discount those 

numbers. They are just numbers on the wall. All we have 

the map up here for is to show the basin and the tributaries. 

And after I made what I thought was a reasonable 

statement, everyone quieted down. I thought we would continue 

with the meeting. That lasted about 5 minutes and then the 

hum began again. They just couldn't stand looking at those 

numbers. So I had to give up and take it down. (Laughter.) 

I think things are different now. 

MR. REYNOLDS: Much different. 

MR. STEIN: And really much better, right. 

MR. REYNOLDS: I agree, sir. 

MR. STEIN: Right. 



L. M. Thatcher 

Any other comments or questions? 

If not, thank you very much. 

MR. REYNOLDS: Thank you, Mr. Chairman. 

MR. STEIN: May we go to Utah. 
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MR. THATCHER: Mr. Chairman, I would like to follow 

the pattern that the other conferees have developed and ask 

Utah's invitees to make statements. I have had some response 

from our invitees, but no specific indication that any of them 

wanted to make a presentation. 

So let me just say that if any of Utah's invitees 

are in the audience and if they would like to make a statement, 

now is the time to come forward. 

Apparently there are none. 

I have a brief prepared statement, Mr. Chairman, and 

I believe I haye enough copies for one for each State conferee, 

one for the Chairman, and one for the reporter. 

LYNN M. THATCHER 

DEPUTY DIRECTOR OF HEALTH 

UTAH STATE DIVISION OF HEALTH 

SALT LAKE CITY, UTAH 

MR. THATCHER: This statement is supported by the 

Utah Water Pollution Committee and the Utah Division of Water 
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Resources and it is really in summary form, so I will read it 

hurriedly. 

I want to begin by expressing thanks to the Environ

mental Protection Agency of the Federal Government, and its 

predecessors, for their accomplishment in making available the 

r~port on the Mineral Quality Problems in the Colorado River 

Basin. This report resulted from one of many recommendations 

made by the conferees, exemplifying the need for Federal 

resources to accomplish development of information required to 

set up a fair, practicable, and enforceable program for control 

of pollution in the Colorado River. 

I must point out that while I served for a period as· 

temporary chairman of the Colorado River conferees during the 

time that an agreement was being developed for selection of 

water quality standards, I do not at this.time have any such 

relationship to the group, and my statement is not in any way 

related to any formal action by them. In fact, since the agree

ment on development of standards was achieved by the conferees 

in 1967, no further fol'IJlal action on this matter has been con

sidered necessary. pending completion of studies under way at 

that time. 

The previous action of the conferees to set standards, 

but to temporarily exclude specific standards on salinity, was 



1071 

L. M. Thatcher 

based on the concept and acknowledgement that ultimately, when 

sufficient information becomes available, specific standards 

will be set for all essential parameters. .The Mineral Quality 

Problems report mentioned provides part of the information 

needed to accomplish pollution control. Our deliberations on 

this report should guide us on a continued course of action 

toward the ultimate objective of water quality management. 

The three recommendations which emerged in the final 

EPA report lead me to propose more specific recommendations as 

follows. These are in harmony with Utah's· previous comments on 

the report. 

l) A salinity policy should be 

adopted for the Colorado River System that 

will have as its objective the maintenance 

of salinity concentrations at or below 

levels presently found in the lower main stem. 

2) Implementation of this salinity 

policy objective for the Colorado River System 

should be accomplished with acknowledgement 

that the salinity problem must be treated as a 

basinwide problem that needs to be solved to 

maintain Lower Basin water salinity reasonably 

near present levels while the Upper Basin continues 
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to develop its compact-apportioned water, 

recognizing that salinity levels may rise 

until control measures are made effective. 

3) The adoption of numerical 

criteria should be deferred until the 

potential effectiveness of the Colorado 

River salinity control program is better 

known and because with the present level 

of information it is not possible to estab

lish equitable, practicable and enforceable 

numerical standards. 

4) The Bureau of Reclamation should 

be assigned the primary responsibility for 

investigating, planning and implementing a 

basinwide salinity control program in the 

Colorado River System,. in order that Federal 

funds can be properly assigned for solution 

of this truly interstate problem. 

5) The Environmental Protection 

Agency should continue its dedication to the 

program by consulting with and advising the 

Bureau of Reclamation, accelerating its ongoing 

data collection and research efforts, and 
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transferring funds to the Bureau of Reclamation. 

6) The Office of Saline Water should 

contribute to the program by assisting the Bureau 

of Reclamation as required to appraise the 

practicability of applying desalting techniques. 

7) The Congress and ·aa.rninistration 

should be urged to accelerate the salinity control 

program, including appropriation of adequate funds. 

In support of these recommendations, it is pointed ou 

that language of the Federal Act under which the conference was 

called seems to lead ultimately to the concept of "remedial act 

with respect to pollutants entering the river system. The 

.proposed salinity control program by the Bureau of Reclamation 

· certainly can be regarded as remedial action and seems to 

· satisfy the intent of the law and also to support the concept 

of no numerical standards at this time because the very 

accomplishment of the suggested objectives of the Bureau will 

provide us with necessary information to establish such stand

ards in a fair and equitable manner. It should be pointed out 

also that every State has been in the process of taking 

important remedial action since the conference was first 

organized and even before the seven States came to an agreement 

on the establishment of water quality standards. This consists 
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of reviewing plans for new developments and imposing necessary 

controls. Without such controls, many new sources of salinity 

could have developed and increased the salinity problem through

out the basin. 

It must be stressed that delaying establishment of 

numerical salinity standards will not diminish these remedial 

actions, but that setting such standards with present inade

quacies of knowledge could result in unsound, inequitable, and 

unenforceable standards. 

Let me also throw out the caution that the concept 

of singling out the salinity problem and taking action with 

respect to it alone, apart from other conference activities, 

denies the basic fact that no part of a pollution problem can 

be separated from other parts. Salinity, radioactivity, heavy 

metals, bacteria, viruses, all are part of the pollution pic

ture and have to be considered as an integrated whole. 

Much has been said in the past abo~t the need to 

augment the conferees by bringing in representation of other 

resource interests in each State. This has always been recog

nized as a valid concept, and to my knowledge has been imple

mented in most cases. If the water resource groups in the 

various States feel they have not had adequate representation 

in the quality problem, certainly something must be done about 
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it, and I, for one, would accept practical suggestions as to how 

the conferees group could be properly augmented by others. I 

do not feel this problem has occurred in Utah, but I still would 

be receptive to some modified approach which satisfied all 

groups in all States. 

I then continue with a reference to the uranium tail

ings problem. I needn't get into that now because we covered 

that yesterday, but add only one thing that,really goes without 

saying: 

The EPA is making some efforts in financing research 

projects that have a direct bearing on this problem. I would 

hope that these would continue and even be accelerated. One 

specifically that I have in mind is a research program by Utah 

State University in Utah's Uinta Basin area which goes directly 

to this question of application of irrigation water to the soil 

and is intended to eventually come up with facts that may help 

us solve the salinity problem. 

Thank you, Mr. Chairman. 

MR. STEIN: Thank you. 

Any comments or questions? 

MR. WRIGHT: Mr. Stein. 

MR. STEIN: Yes. 

MR. WRIGHT: Mr. Thatcher, on page 3, Item 7, I noted 
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the phrase "salinity control program." 

The Congress--! am not sure that is the 

paragraph I had in mind, but let's use it--

The Congress and administration should be urged 

to accelerate the salinity control program, 

including the appropriation or adequate funds. 
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The phrase "salinity control program" refers to what Mr. Ellis 

Armstrong presented yesterday and entitled it the Water Quality 

Improvement Program, is that correct? 

MR. THATCHER: Yes, I would accept any change in 

terminology that relates to what the Bureau has in mind. 

I think that is all I have, Mr. Chairman. 

MR. STEIN: Any other conunents or questions?. 

If you really thought so much of us, you thought we 

were saints. I like that No. 5 where you say, "The Environ

mental Protection Agency should continue its dedication to the 

program by transferring funds to the Bureau of· Reclamation." 

(Laughter.) 

MR. THATCHER: You say you like that or you don't 

like it? 

MR. STEIN: Well, I didn't know you really thought 

we were that pure. But that's great. I am glad you think that 

highly of us to make that suggestion. 
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Any other comments or questions? 

If not, may we go to Wyoming. 

MR. WILLIAMSON: I don't nor have not been contacted 

by anybody from Wyoming to make a statement and I have only 

seen one familiar face from the State around here, so I will 

ask if anybody from Wyoming would wish to make a statement at 

this time. I doubt if there is anyone here for that purpose. 

I do not have a ~ormally prepared statement at this 

. stage. However, I think I would like to make one or two 
'.. 

comments about what is going on here, if that would be possible. 

ARTHUR E. WILLIAMSON 
.·• 

DIRECTOR OF SANITARY ENGINEERING SERVICES 

: DEPARTMENT OF HEALTH & SOCIAL SERVICE 

CHEYENNE, WYOMING 

MR. WIL£IAMSON: There has been much discussion of 

standard~and I would say that we are as a State in conformance 

with the others here that we do not feel a numerical standard 

is wise at this time and that we certainly support a good 

policy for the control of salinity. 

This matter of standard setting to me gets down with 
. 
· argument here State versus Federal. I can see the Federal 
.. 

reason for wanting a standard set. But I also can see the 
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reason why the States do not want it se~ and it is surprising 

that it is the States that are on the firing line, that are 

really doing the enforcement on these standards when they are 

set. 

And all of the regulatory agencies have had enough 

experience with standards at this stage in the game that they 

can only say we don't want a number written down at this stage 

because we know what the problems of enforcement are, so we 

are unanimous that this isn't going to give us anything but a· 

headache if we start putting that number on paper. So this is 

probably why we have got such good agreements in the States. 

Past experience does pay off. 

Now, as to policy, I think we have pretty good 

policies developed over the past 6 years, anyway, from the time 

we started thinking about setting water quality standards in 

1965. The States did have a number of meetings in which we 

discussed water quality standards-what was going to be our 

policy, how we should work towards controlling salinity in the 

Green River. And I think some or that existing agreement is 

still a pretty good framework to have around. So I am sure we 

will come out with a workable policy on this matter. 

Now, yesterday was interesting and I think Murray 

got it read into the record, anyway, that we are dealing with 
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unconventional sources when we are looking at irrigation. I 

will certainly agree with him that these are unconventional 

sources compared to the other types of pollution which we 

handle. 

Certainly they call for unconventional methods of 

control. We cannot go back to that point source and say, you 

have got to plug it up. So we have to start looking at these 

unconventional method~ and I think many of them have been 

brought out here, touched on a little bit but not quite clar-

. ified, but that we are going the right way. 

I think we have to gear our program to the policy 

.. we developed. Let's get going, let's carry out something to 
.. 

show that it can be done, rather than following again the 
( 

conventional means of gearing your policy more or less to 

conventional financing. In other words, if we have to go 
.··· 
··.·· through 3 years or our feasibility reports, argue with com-

mittees for appropriations for a number of years, we are not 

going to show much success on our accomplishments. 

So I would hope that we can become unconventional 

here and say, let us get a project started, let's pie~ a good 

big project we know something about, particularly in the irri~ 

,gation field, where something can be done and let's use some 

unconventional method of financing to get the thing started 
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next year instead of waiting 3 or 4 years. And I think this 

can be accomplished with the proper application of powers at 

various points. I think if we let our wishes be known along 

this line that it will occur. 

So let's take a real hard look at this unconventional 

type of thing and maybe we can get the wheels turning here next 

year instead of 6 years hence. This is the one big hope I would 

like to see. 

We got in a little bit or argument here yesterday 

also about where do we treat, at the source or the point of 

diversion. The only judgment I could make on that, we are 

probably going to be doing both of them. We are not really 

saying that treating at the diversion is a method of salinity 

control. We are probably going to say it is a necessity to 

give good quality water to the people that want it. Because 

even if we develop our irrigation efficiencies up to 100 percent 

or something like this, we get our salt balance ta.ken care of, 

we are just taking out what we are putting in. This matter or 

consumed water is going to whip us, even though we still have 

that water in the stream and we haven't added anything. Just 

' 
the concentrating errect is probably going to require somebody 

to desalinate it at some point to give them a little better quaJ• 

ity of drinking water if they want or industrial water or 
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possibly agricultural water. So I think we have to consider 

this as an adjunct rather than as a control method. Certainly 

it has many possibilities. And we don't want to hang at this 

time, in my book anyway, a lot of faith in controlling these 

natural sources. 

Now, it is a possibility, we have got to look at 

it, we are going to have to spend some money on it. Somebody 

said we hadn't referred to the Ark-Red study. I know this is 

one of the first ones in the country. I followed it quite a 

while when they were doing on it and just recently talked to 

one of the boys who was on the project, and they h~d some big 

salt springs down in that country. They did manage to stop 

the flow from these salt springs, but they didn't change the 

salinity in the river one bit. These things have a habit when 

you plug up· a hole and stop it flowing they come out some 

place else, and they got wide diffusion of salt water back in 

the riverbed. 

Well, these are some of the technical aspects I think 

we are looking at when we are looking at natural sources. It 

sounds easy to say you can go out here and plug a hole and stop 

water from coming out of it, but you have got to remember that 

water has been running there several million years, it came out 

1 or there for some reason. That was probably because the 
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pressures got too high. And if we plug them up the pressure is 

built up again and it is going to come out somewhere. 

So we may just be diffusing the problem, but this 

certainly has to be looked at, it has to be studied, what are 

the potentialities. So if we hang our faith in a standard on 

removing so many tons of salt from natural sources we might be 

kidding ourselves at this stage in the game. 

So these are just some of the aspects that may or 

may not have been thought of that I would like to bring to 

attention at this time. 

I think that is all the comments I have. 

MR. STEIN: Any comments or questions? 

I think a point of ·clarification. I think I agree 

with you when you talk about this problem that we need uncon

ventional methods of solution and unconventional financing. 

As I think has been a pretty close history of the development 

or water resources in tne West, the conventional financing has 

been Federal financing. The question I have to ask you, does 

that unconventional financing mean you are proposing State and 

local financing? (Laughter.) 

MR. WILLIAMSON: No, I am not talking of that, 

Murray. (Laughter.) I am talking about the long rigmarole 

it usually takes to get Federal financing through. I think 
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there are probably some quicker avenues that can be used at 

this time rather than going before the Appropriations ~om

mitte~ year after year. 

MR. STEIN: Thank you. 
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We have one more we are going to call before recess. 

Marianne Slagle, Sierra Club. 

MARIANNE SLAGLE 

SIERRA CLUB 

LAS VEGAS, NEVADA 

MS. SLAGLE: I am Marianne Slagle from Las Vegas, 

Nevada, a member of the Sierra Club, and I am going to be 

reading a letter from John McComb of the Sierra Club addressed 

to Paul DeFalco, Administrator of the EPA, Region IX. Any 

questions, since I didn't write this, should be addressed to 

John McComb, Chairman of the Sierra Club, Southwest Office, 

2014 East Broadway, Room 212, Tucson, Arizona, 85719. 

(The letter referred to follows:) 
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SIERRA CLUB Southwest lJ/fice 
2014 East Broadway, Room 212, Tucson, Arizona 85719 

Paul Defalco, Administrator 
Environmental Protection Agency 
Region 9 
760 Market Street 
San Francisco, California 94102 

Dear Mr. DeFalco: 

February 3, 1972 

Thank you for sending me a copy of your report, The Mineral Quality 
Problem in The Colorado River Basin. The wealth of information con
tained in this report is very much appreciated. 

Virtually everyone, whether he be a Sierra Club member or a representative 
of a state water agency, agrees that a salinity control pro_gram is needed 
for the Colorado River Basin. However, judging by the comments by state 
agencies, contained jn Appendix D, thi~ appears to be about as far as 
they want to go. Water resource development agencies appear to be opposed 
to_ any meaningful program that might interferein any manner with their 
plans. 

In our opinion, numerical water quality standards are absolutely necessary 
if anything is to be accomplished about the salinity problem on the 
Colorado River. These standards or criteria should initially provide 
for no further degradation of the waterquality. This means that any 
developments that would tend to increase the salinity must be accompanied 
by suitable counterbalancing control measures. The long term program 
should hope to correct many of the existing manmade salinity problems 
in the basin. A timetable calling for decre<lsing salt concentrations 
in the Colorado River should be established to meet this goal. 

The report outlines three general alternatives whereby salinity control 
might be effect~d. These were limitations on further development in 
the basin, reduction of salt loads, and augmentation of the water supply. 
~rom our point of view, there should be much more emphasis given to the 
alternative of limiting further development and thereby depletions of 
the water supply. 

The existing plan of virt-ually every water resource agency in the Colorado 
River Basin is to "completely develop" their share of the Colorado River 
water. It is a.fallacy to believe that we can undertake this level of 
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development with the accompanying build up within the basin of dissolved 
solids which former'ly were discharged into the Gulf of California without 
in the long run having some peculiar problem~. We hope that the long range 
implications of this level of development will be carefully studied by your 
agency. 

The report dismisses the alternative of limiting fui;ther water resource 
development in the basin with the comment that it "had the obvious disad
vantage of possibly stagnating growth of the regional economy." As you 
already know, the growth philosophy is increasingly under attack. We believe 
that it is unfortunate that the Environmental Protection Agency has dismissed 
the development limit~ tion alternative without giving it more serious con
sideration. This alternative is clearly unacceptable· to the water resource 
development agencies in the various states of the Colorado River Basin. It 
is doubtful that these same agencies will ever do what is needed to control 
the salinity if it means that some water resource developments have to be 
foregone. It is not clear however, that this alternative is unacceptable to 
many of the residents of the area. We believe that the more emphasis on this 
alternative would be welcomed by that increasing segment of the public which 
is concerned with our present indiscriminate quantitative growth without any 
regard for the quality. The combined economic and environmental cost of 
"complete" water resource development in the Colorado River Basin including 
the cost of increased salinity would in all probability exceed the benefits 

·from this development . 

. The existing compacts and other legal institutions which apportion the water 
among the various states should not be regarded as a license for any form of 
development at any cost in the Colorado River Basin. The alternative of 
limiting development has many political, economic, and environmental rami
fications, but it should definitely not be dismissed as.casually as has been 
done in the report. 

Obviously, the major brunt of any development limitations would be born by 
the upper basin states, since the lower basin states already are or shortly 
will be using their en~ire entitlement. However, salinity problems in the 
lower basin should not be ignored. For example, the Welton-Mohawk Project 
appears to be particularly unfortunate when its impact on the salinity of 
water delivered to Mexico is taken into consideration. Quite possibly this 
project should never have been undertaken. The cost in terms of increased 
salinity as a result of diversions for the Central Arizona Project should 
also be carefully evaluated before any irrevocable decision.s are made and 
construction begins. 

Augmentation of the• water s_upply, whether by trans basin diversion, weather 
modification or importation of desalted sea water is generally not an accept
able alternative to us at this time. TraHs basin diversions are both t:co1iomic
ally and environmentally unsound and probably politically unrealistic. l~hile 
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for providing additional water at low cost, the environmental effects of 
weather modific;:ation are at best very poorly known at this time. This 
alternative should not be promoted until much more thorough research has 
been done into these effects. 'The same is generally true of importation of 
demineralized sea water. 

We generally agree that programs to reduce salt loads should be pursued. 
However, the control programs should be directed primarily at man caused 
increases in the salt load. Many of the natural sources of salt are also 
features of outstanding natural interest. Attempting to control them could 
result in destruction or impairment of significant natural values. 

One example of this which I would like to cite is Blue Spring on the Lit.tlc 
Colorado River. Your report correctly notes that Blue Spring is the largest 
single point source of dissolved solids in the Colorado River Basin. The 
report also lists a potential project to control this source. 

Blue Spring itself is one of the largest springs in the West and thus is of 
interest for that reason alone. The canyon in "hich it is located is an 
integral part of the Grand Canyon and it is spectacular in its own right. 
We would certainly oppose any significant construction within this canyon. 
Thirdly, the high mineral content of the water has formed a series of 
beautiful travertine dams in the thirteen miles bet\~·een Blue Spring and 
confluence of the Little Colorado River with the main stream. The Little 
Colorado River and these travertine dams are a major feature of interest for 
boating parties in the Grand Canyon and virtually all of them stop at the 
mouth of the river. 

Many other natural sources of dissolved solids have similar values which 
deserve protection. Programs which would affect these ·sources should very 
carefully weigh the economic benef~t of reduced salt load against the adverse 
effects the control program would have on features of significant natural 
interest. 

We hope to have someone present to observe at least part of the enforcement 
conference to be held on February 15-17, 1972, in Las Vegas, although we don't 
know who will be able to attend at this time. Col. Henry M. Zeller of 5120 
West Via Mallorca, Tucson, Arizona, will be responsible for locating someone 
to attend the meeting. 

The conunents in this letter are based on discJssions about the mineral 
quality problem with Sierra Club members throughout the Colorado River basin. 
We appreciate your soliciting our views. We also hope that you will continue 
to keep us informed of your agencies actions concerning this matter. 

SingceWre~1y. . -· /./';"' -,.,.,---(~ 
/ ;, . /.~. e-,.--

_.' / / ~-.:!.-, /J 
. ~ Yl 
John A. McComb 
Southwest Representative 
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JAM:ab 

cc: Henry M. Zell~r 

Joe Brecher 
Jack McLellan 
John Barker 
G. William Fiero 
Roy Evans 
Brant Calkin 
Michael Mccloskey 
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MS. SLAGLE: Thank you. 

MR. STEIN: Thank you. 

Any questions or comments? 
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As long as we don't have the letter writer, I would 

just like to make one point, read one sentence from the letter, 

and I think this is reflective of the entire letter, with the 

positions we have heard before. This sentence I would like to 

call attention to: 

In our opinion, numerical water 

quality standards are absolutely necessary 

if anything is to be accomplished about the 

salinity problem on the Colorado River. 

I think we may have·a diversity of opinion. (Laughter.) 

Any other comments or questions? 

If not, let us take a 10-minute recess. I urge you 

to be back on time because we have quite a few people to hear, 

and I would like to complete on time so we don't exhaust the 

reporter. 

(RECESS) 

MR. STEIN: Let's reconvene. 

As far as I see the schedule now, I believe we will 

hear or be able to hear all the people who want to make state

ments tonight and the conferees will reconvene at 9:30 tomorrow 



1089 

General Discussion 

morning. I do believe, as a matter or fact· I am very hopeful, 

that we may have a statement by then. If not, you can watch 

· us develop one or disagree. But I am always an optimist and I 

think we can make it. Our batting average is pretty high in 

getting unanimous agreements and I am going to hope until we 

don't. 

MR. THATCHER: Mr. Chairman, can I raise a question? 

MR. STEIN: Yes. 

MR. THATCHER: Is there any chance that we could 

break the routine and meet a little earlier in the hopes of 

getting through earlier tomorrow? 

MR. STEIN: Yes. What time do you want to meet 

earlier? 9? 

MR. THATCHER: Earlier than that. 

MR. STEIN: Here is my experience and let me tell you 

what happens. The· reason I say 9:30, this is not just an 

accident. We have repeatedly scheduled meetings earlier than 

that. The difficulty is people don't show up, despite pro

testations to the contrary, and I recognize the town we are 

in. Now, if you want to meet earlier, I can be here, you know. 

MR. THATCHER: I think we can get the conferees here 

by 8:30, couldn't we? 

MR. STEIN: You poll them and see if they are ready 
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by the end or the day. I will entertain that if you want to do 

it. 

MR. WRIGHT: I am willing to work until 9 o'clock 

tonight. 

MR. STEIN: No, no. The point is again, and I said 

this before, when attempting to get an agreement you had 

better take your time, because these rush agreements give you 

things to regret afterwards. 

But I don't mind meeting any time, Lynn, that you ean 

get the agreement here. 

Now, when do you have to get out? 

MR. THATCHER: Well, I haven't set my schedule yet. 

I want to step it up from tomorrow evening, which it is now. 

MR. STEIN: Well, I would believe if you do your 

homework right, let's see how this goes and you get the reeling, 

we may just have an announcement here at 9:30 tomorrow without 

discussion. 

MR. THATCHER: Well, could we make it at 8:30, the 

same as--

MR. STEIN: Well, as I say, why don't you check 

again. 

MR. THATCHER: All right. 

MR. STEIN: You check with the other conferees, but 
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let's go through this and you check. 

MR. THATCHER: Am I correct, one more thing, in the 

assumption that the record will be held open for people to 

submit statements--

MR. STEIN: Yes. 

MR. THATCHER: --for a period of time7 

MR. STEIN: Yes. I believe we said that would be 

a month. 

MR. THATCHER: A month? All right, our Division of 

Water Resources wanted to submit a statement. 

us. 

MR. STEIN: All right. 

All right, let's go on. Gaylord Skogerboe. 

GAYLORD V. SKOGERBOE 

ASSOCIATE PROFESSOR 

AGRICULTURAL ENGINEERING DEPARTMENT 

COLORADO STATE UNIVERSITY 

FORT COLLINS, COLORADO 

MR •. ·STEIN: I tried. Repronounce your last name for 

PROF. SKOGERBOE: Yes. First or all, I answer to 

anything that comes close. (Laughter.) 

MR. STEIN: I was pretty close on Gaylord, wasn't I? 
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(Laughter.) 

PROF. SKOGERBOE: Yes. That is Gaylord Skogerboe, 

Associate Professor of Agricultural Engineering, Colorado State 

University. 

I would like to point out first of all that I have 

" two reports, one titled Research Needs for Irrigation Return 

Flow Quality Control:which is presently at the Government 

Printing Office, should be available in April, and its EPA 

report, prepared by myself and Dr. James Loth at the Ada, 

Oklahoma, lab of EPA. 

The second report I have is in this binder which was 

just sent out last Friday for review, which is the final report 

for the Grand Valley Salinity Control Demonstration Project. 

This project was funded a little over 3 years ago, 

about 3-1/2 years ago, by EPA, its predecessor agency. It was 

a grant of $350,000 of Federal turXS toa consortium of irrigation 

companies in Grand Valley. In addition these companies put up 

another $150,000 for the studies. The technical evaluation under 

this project was sub~ontracted to Colorado State University, anc 

I was the project leader for Colorado State University on this 

effort. 

The study was accomplished in a demonstration area 

which represents about 5 percent of the irrigated land in 
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Grand Valley; in other words, roughly 5,000 out of the 100,000 

acres of irrigated land. 

Under this project we were to line canals, originally 

we were supposed to do some work with drains. Our first effort 

was to evaluate seepage losses in these canals to make recom

mendations on construction. As we proceeded in the investiga

tions, we soon discovered that the seepage losses were fairly 

low. Also that we had as a major problem the lateral system 

from the main canals. And so we proceeded with the construction 

program of lining about 8 miles of main canal section and about 

a comparable mileage of laterals. 

Now, the results of this study show that we are 

annually removing about 5,000 tons or salt that formerly went 

into the Colorado River with this project, and if we used the 

damages in the EPA report at about the turn or the century, 

which was a little over $50 million, it would turn out on a 

50-year repayment of 5 percent interest that we would break 

even on these costs. In other words, the downstream damages 

would pay for the cost of this canal lining. And of course if 

we go to higher damages which are reported in the Colorado 

River Board of California report on some other estimates that 

have been made of future damages, these benefits would be even 

higher. And again this doesn't take into account the benefits 
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to the local people by accomplishing this canal lining. 

Now, as part of our evaluation we had to put in a 

lot of instrumentation in the demonstration area so that we 

could do both water quantity and salt budgets for the are~,and 

this required that we model the irrigation system, and the most 

difficult part was modeling the groundwater flow system. This 

required quite a series of p1ezanet.er measurements, we did a lot 

of drilling or wells down into the Mancos shale which underlies 

these soils, and were able to arrive at what we feel is pretty 

good information for this particular area of 5,000 acres. 

Now,we soon recognized that the real important part 

of achieving salinity control in this demonstration area was 

on-the-farm water management. In other words, the key to 

accomplishing salinity control is to minimize the amount of 

water that passes below the root zone. Now, in irrigated 

agriculture we always have· a requirement for a certain amount 

or leaching in order to.maintain a salt balance in the root 

zone, but I think most or you in the audience recognize that 

in many of the irrigated regions throughout the West the deep 

percolation losses below the root zone far exceed the leaching 

requirement~JLnd this is certainly the case in probably most of 

the Upper Colorado River Basin. 

The other aspect that is required in order to 
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accomplish on-the-farm water management is some rehabilitation 

work on the irrigation system itselt :Jnd by a rehabilitation 

we mean some canal lining. W9 need flow measurement throughout 

the system--in other words.how do you manage the water if you 

don't know how much water you have go~-~and the operation and 

management of the canal system itself. 

Now, these canal companies operate the canals, turn 

the water out at a turnout structure, and it is then turned 

over to a small group of water users who operate the lateral 

system. Some of these laterals are very well maintained. In 

fact, the farmers on some laterals have gone in and accomplished 

canal lining and improvements, but many of them are in a very 

poor state of maintenance. And one of our recommendations in 

this report is that the canal companies take over the operation 

of these laterals so that it can be operated as a more inte

grated type system. 

Well, I would like to go from those recormnendations 

into the results of this demonstration area and what it means 

valleywide. 

First of all, by taking an input-output model, as 

was accomplished in the EPA reports, we can come up with the 

total amount of salt picked up in the Grand Valley area. But 

then the next question we have to ask ourselves, if we had no 
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irrigated agriculture at all in this valley how much salt would 

we still be picking up in this valley? At the present time we 

don't have that answer. 

Now, there have been a number of reports put out 

which have taken a certain proportion and assigned it to 

natural sources and a certain percentage to irrigated agri

culture, and these percentages have varied. Our own educated 

question mark guess is that the large percentage of the salts 

are<he to irrigated agriculture, but I can't say that I really 

know that answer. It is only a guess on my part after having 

worked with the system. 

The second major area of question is if we were to 

go into a controlled program in Grand Valley and we were to 

cut by a half the amount of deep perc·olation losses, this 

is the water moving below the root zone, would we reduce the 

salt load or the salt pickup by a half that is returning to 

the Colorado River? Now, here again we don't have the answer 

to that question. And in the research needs report, which is a 

report to guide the EPA's research efforts in this area in the 

future, this is recognized as one of the very major areas of 

research to be accomplished in the near future, in what we cal 

subsurface return flows and our ability to predict the chemical 

changes that occur in the water as it moves through the soil 
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profile and returns back to the river system. 

A second major area of effort required is economic 

evaluation. In a nutshell, what are the direct and indirect 

benefits in accomplishing any salinity control program? What 

are the benefits· to the immediate area? And there are both 

direct and indirect benefits right in Grand Valley in accomplish-

ing a salinity control project and, of course, the major bene-

fits are really downstream in the Lower :eas,in States, both 

direct and indirect again. 

But I would say these problems that I have cited are 

probably the simpler problems to attack. It is mostly a matter 

of putting in the funds to do the job. 

The real heart of the problem, I feel, is water 

rights. And here I will just have to refer to my own judgments. 

I am sure many of you would argue very strongly with me. But 

I think what ls ·needed is a change not in the western water 

laws but in the interpretation of western water laws. Somehow 

we need to build in some type of an incentive system for 

improved management of the water supplies that we have. At the 

present time to me it is very understandable why a group of 

farmers, an irrigation company, an irrigated valley, isn't 

about to give up the water rights that it establishe~ sa~ at 

the turn of the century or prior to that time. These are held 
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in very high regard, very important to the area, and they are 

very much afraid or giving them up. 

Well, some economists have made suggestions that 

water should be placed on the open market. I personally feel 

that there should be some sort of an economic incentive system 

given to the irrigated area which would allow them, if they are 

to conserve water, to have some rights to turn around and either 

rent, sell, place or transfer that water and receive something 

in return. And I believe there axe definite ways that this can 

be accomplished. I believe that States can put in certain safe-1 

guards to insure that the reallocation of those waters would fit 

into a Statewide water resource development plan and also safe

guard against black market prices on the water. 

Now, I would like to go into research and action 

programs. Since I am a university type and very heavily 

involved in research, probably many of you think, well, I have 

cited research needs and probably the type who could go on 

researching these same problems for 20, 30 years. Well, I think 

fortunately in this area of irrigation return flows that with 

the studies that have been conducted over the last few years 

and the few research efforts that we have, .we can now proceed 

on a combined research and action program, with the research, 

of course, being the applied type of research. 



1099 

G. v. Skogerboe 

A good illustration of this would be, we could go 

into the irrigation scheduling as proposed by the Bureau of 

Reclamation in the Grand Valley area. We can proceed, real

izing that by reducing the amount of d e e p percolation losses 

that we are going to have water quality benefits. The only 

problem is, as we proceed on that basis we don't know what 

those water quality benefits are exactly. 

So one area that we could proceed along with is a 

study on these subsurface return flows and the effect of 

changing the amount of soil moisture movement and what its 

effect is on the chemical Quality of the return flows. 

Now, we presently have a proposal before EPA. This 

proposal was originally submitted about a little over 2 years 

ago requesting 95 percent Federal funding. I was told two 

things, first to get political support and secondly to only 

ask for 70 percent~ And so I went to the State Legislature of 

Colorado and I really didn 1 ~ give myself much of a chance, but 

a year ago they provided funding to match this particular 

project at this 30 percent level. 

And a little history here. CSU was provided funds 

by the legislature for two new research projects, this one and 

one other one on pesticide research, the only two out of 

a request of probably 30 or 40 projects, so I felt very 
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fortunate in that end. 

Also we have a proposal before EPA which I am sure 

will be funded~and it has to do with the water quality aspects 

of irrigation scheduling and also combining irrigation schedul

ing with tile drainage, particularly on the lands close to the 

river which have been damaged substantially by irrigation return 

flows. 

And also as a part of this last proposal, we are 

going to have a conference in Grand Junction; I hope most of 

you have read the posters outside in the lobby. A national 

conference on managing irrigated agriculture to improve water 

quality. It will be held May 16 to 18 at Mesa College in 

Grand Junction. The hosts for this conference are the Grand 

Valley Water Purification Project, which is the consortium of 

irrigation companies that took on this canal lining study, 

the Mesa College and the Grand Junction Chamber of Commerce 

and sponsored by EPA and Colorado State University. And I hope 

that most of you will take the time to attend this conference. 

What we will be getting into in this particular 

conference is the variety or water quality problems resulting 

from irrigated agriculture throughout the West.- We will 

naturally discuss the Colorado River Basin some, but we will 

be getting into discussions in the Columbia Basin, the San 
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Joaquin in California, Rio Grande, other areas around the West, 

how some areas have survived the poor quality water, what are 

some of the potential solutions for alleviating these problems, 

including what are some of the economic questions, what are 

some of the legal questions. We will have a couple of sociolo

gists who have studied irrigation systems~and last or all we 

will have a panel discussion on implementing control programs. 

My final statement, I would like to make a self

evaluation of the statement by Ellis Armstrong yesterday, 

particularly in regards to looking at their schedule for 

between now and 1981, I believe, their particular program. I 

think that, of course, this schedule could be speeded up by 

additional funding, but I think that we have a problem here 

when we go into an action program in a particular area. It is 

not just a simple matter or putting up so many million dollars 

and achieving salinity control. I think there is a certain 

amount of time-effort required to move into an area, develop a 

feel for the system, develop a rapport with the people to get 

them working with you on this. I also feel that it is a problem 

which involves not just engineering. It is a problem involving 

salt physics, salt chemistry, engineering, economics, and by 

far the legal profession is heavily involved here. 

That concludes my statements. 
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MR. STEIN: Thank you. 

Are there any comments or questions? 

MR. WRIGHT: Mr. Stein. 

I heard one figure during your presentation of 

reduction of 5,000 ~ons--

PROF. SKOGERBOE: Annually. 

1102 

MR. WRIGHT: --annually, but I am not sure I know per 

area. We need some kind or units on that. Is that per acre of-

PROF. SKOGERBOE: No, it was 5,000 tons due to 

lining those particular sections of canal. 

MR. WRIGHT: Approximately how much acreage is 

involved under the project? 

PROF. SKOGERBOE: Well, this canal system we are talkin5 

about serves 5, 000 acre.a. 

MR. WRIGHT: So it is.· about 1 ton. per acre or irri

gated land? 

PROF. SKOGERBOE: Right. But I might point out, the 

salt pickup per acre is more like 8 tons per acre, so we have 

only made a small dent in the problem. 

The point I really wanted to make was, even though 

the seepage losses are very low in this particular canal system, 

that we can very easily show economic benefits far exceeding 

the costs. And frankly, a year or a year and a half ago I 
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didn't think this would be the case. I thought that the seep

age losses were so low that we wouldn't be able to show that 

.it was economically beneficial. 

MR. WRIGHT: Were you here yesterday when Mr. Boone 

discussed the improvements that could be obtained from better 

drainage systems? 

PROF. SKOGERBOE: Was that this morning? 

MR. WRIGHT: No, it was yesterday. 

MR. DICKSTEIN: Yes, it was. 

MR. WRIGHT: Was it this morning? 

PROF. SKOGERBOE: First thing this morning. 

MR. WRIGHT: This morning? Yes, you are right. 

PROF. SKOGERBOE: I missed the first few minutes of 

his presentation, out I heard most of it. 

MR. WRIGHT: So if there is 8 tons of pickup per 

acre in this particular valley at this point in tim~ 1 could you 

maybe describe the drainage system that is there now and tell 

us whether or not an improved drainage system would be effec

tive in--

PROF. SKOGERBOE: Yes. 

MR. WRIGHT: --much larger terms than l ton per acre? 

PROF. SKOGERBOE: Yes. Well, in the proposal we have 

before EPA at this present time I mentioned going into a 



1104 

G. v. Skogerboe 

combination of irrigation scheduling and tile drainage, and the 

idea here is to collect the water reaching the groundwater table 

before it is allowed to pass deeper into the soil profile and 

then pass over the beds of Mancos shale, which contain 

crystalline salts· and have a high pickup. So you would still 

have a certain amount or salt pickup, but you would reduce it 

substantially, we would feel. 

But this is only a solution in a part of the valley, 

not the entire valley. It is a solution for the lower lying 

lands. 

I might make one other point here. To me a salinity 

control program for Grand Valley is not a matter of lining 

canals. it is not a matter of irrigation scheduling; it is a 

matter of an entire package of on-the-farm water management 

and rehabilitation of the irrigation system and drainage. 

MR. WRIGHT: In your experience as a person involved 

in irrigated agricultur~. have you reviewed the Bureau of 

Reclamation's report presented yesterday and do you feel that 

their proposed water quality improvement program covers all of 

those points that you just mentioned? 

PROF. SKOGERBOE: Yes. The only study that I maybe 

didn't see and hear is on the prediction of subsurface return 

flows. But not wanting to be too laudatory to the Bureau so 
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that they don't slow down on the job here, I do feel that in 

what I would call a short time they have put together a program 

which. really hits at the heart of salinity control for irri

gated agriculture. 

MR. WRIGHT: Thank you very much. 

PROF. SKOGERBOE: But at the same time I might point 

out in my discussions with the Bureau I do feel that they are 

as well aware of the problem of predicting subsurface return 

flows as I am. They recognize that this information is needed. 

MR. STEIN: There is no such thing as a free potshot 

at the Bureau. 

Mr. Maletic. 

MR. MALETIC: I would like to answer that question 

and let him know that, of course, we have been working on this 

question of subsurface flows. We will be publishing rather 

sophisticated studies in this area dealing with the movement 

of water through the unsaturated zone, through the saturated 

zone, done for and with EPA and 5 a n L u 1 s u n-i:t • and extend d 

to other areas. And in Vernal we are making a separate study 

of this problem. Utah State has already done some studies using 

similar techniques, and these are published and a lot of work 1 

being done in this field. 

MR. STEIN: That is right. 
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MR. MALETIC: And our studies, of course, contemplate 

evaluating effects of these projects using these models. 

MR. STEIN: You are talking about, you know, what is 

it, a pickup of 8 tons, 7 tons an acre? 

PROF. SKOGERBOE: Yes, 8. 

MR. STEIN: Eight. And I think if we cut this back 

on tiles, cut it back 1 ton down to 7, I don't think that we are 

going to--rnaybe we are not going to get the pay dirt. 

PROF. SKOGERBOE: No. 

MR. STEIN: In other words, it seems to me we have 

got to do a lot better than that if we are really going to 

come to grips with this problem. 

PROF. SKOGERBOE: I feel personally that we should be 

able to reduce it in half without too much trouble. 

May I add one other comment to Mr. Maletic. When I 

am talking about predicting subsurface return flows, I am aware 

also of the work they are doing._ But as we go into each area 

and go into a salinity control program, there has got to be a 

certain amount or evaluation take place in each ~ea. There is 

only a certain amount or information transfer that can occur 

from Grand Valley, say, to Ashley Valley or return. So we have 

to collect this type of information in Grand Valley. As we 

gain more experience in utilizing some of these models or get 
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a little more sophisticated in our analysis, then we will be 

able to cut down on the amount of effort when we go into a new 

region, but we are still going to have to collect a lot of 

this basic type of data in each region. 

MR. STEIN: All right. 

Are there any comments? 

MR. WRIGHT: Murray, I think one point maybe that we 

don't want to lose sight of. We are looking.at this 8 tons 

pickup, but from the report I think we need to remember that 

it indicated to us that 60 percent of the problem is from 

natural sources, 33 percent manmade. Of the 33 percent that is 

manmade, 80 percent is concentration and only 20 percent is 

the pickup. 

So even though it looks big, like 8 tons per acre 

pickup, this is only one particular project and it is really 

small in comparison to the overall problem. 

PROF. SKOGERBOE: Yes. I would take exception to your 

citations there, though, on these percentages, because how do 

we realiy arrive at that figure? We run an input-output model 

and we say that there is so much tonnage of salt picked up 

·moving through Grand Valley and then we turn around and we 

divide that total tonnage by the number of acres or irrigated 

ground, which in tbis case is about ioo,ooo. And the total 
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annual tonnage picked up is somewhere between 900,000 and 1 

million.- So from that we come up with maybe 9 or more. 

But we don't know or that how much is due to irri-
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gated agriculture and how much is due to natural sources. 

These breakdowns by percentage that are given in this report 

for the total Upper Basin don't apply at all to Grand Valley. 

I mean we are shooting:in the dark as to what those percentages 

are when we talk about Grand Valley. All we r~ally know is 

the total tonnage of salt that is picked up. 

MR. STEIN: Are there any comments or questions? 

If not, thank you very· much. 

PROF. SKOGERBOE: Thank you. 

MR. STEIN: We have a communication here from the 

~ational Council of Public Land Users, Grand Junction, Colorado. 

Without objection,! would like to put this in. I 

think the major pitch here-you get all kinds of suggestions.-; 18 

that they recommend the way to clean this up is to recover the • 

Federal public land watershed with a suitable vegetative cover. 

The first requirement for this would be the complete removal of 

the original cause--the domestic livestock. 

(The above-mentioned letter follows:) 
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1tatuuuit ~·A~ Pu&te Lad ~CEIVEo 
.'!'D' .. . . M. REGION IX 

P. o. Box sn f ra I I ID 
Grand Junction, Colorado 81501 

52 M1 ,7Z 
111uuwell, President February B, 1972 

Mr. Curtiss M. Evert 
Acting Regional Administr~tor 
tJ.S. Environmental Protection Agency, Reeion IX 
100 California Street 
San Francisco, California 94lll 

Dear Sir: 

Herbert Snyder, Secretary 

Thanks for the report, "The Uineral Quality ?roblem in the Colorado. 
River Basin", together with Summary Report and Appendices A - D •. 

Your invitation to attend the meeting to be held February 15 - 17, 
1972, at Las Vegas, Nevada is sincerely appreciated. It is apparent 
we will be unable to attend. However, a copy of the minutes of the 
meeting would be appreciated. 

Th~ National Council of Public Land Users have prepared a 
resolution pertaining to salinity on the federal public lands watershed, 
a copy of which is enclosed. This is the only written testimony we are 
prepared tq sul::mit at this time. 

·Here's hoping for some action, for 

PS. An extra copy of the resolution is enclosed to be included with the 
minutes of the meeting. 



RESOLU'FiC:N PER'l'An!D7G TO 
SALINITY 01-! THE F~DERAL PUBLIC LAlJDS ~A'l'ERSHED 

'!'!HER~AS: Reports indicate that ninety· (9CJ) per cent of the water flowing in 
Colorado's streams arises on United States public lands watersheds. 
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WHEREAS: Research by the U.S. Environmental Protection Agencv reveals that much 
of these feoeral ~hlic lands are highlyminerali~ed with soluble salts. 

WHEREAS: Extrer.i.e grazing ahuse on these federal public lands hy domestic livestock 
has been practiced by an extremely srmll minorit~r of domestic livestock permittees 
for scores of ~-ears. 

~~mw.rsAS: This overr.razing abuse has denuded the federal oublic lands of natural 
protective co~ering vegetation and laid it bare to high temperatures from the sun. 

t'IHEP..E.~S: Evaporation of water from these U."1covered lands has resulted in capillary 
action concentrating mineral salts at the surface of the land. 

~'lIIDiEAS: Rainfall and meltin~: snow has accumulated these salts in their accelerated 
runoff, carrving the~ into the streams. 

~·.'H~EAS: Aquatic life, together with other water users, 1as been depleted arrl 
degraded as a result of saline concentration in the stream drainages and reservoirs. 

't'lHEREAS: The runoff waters have been used for r.iany years for purposes of iiTigation 
on lands within the Colorado river drainaee. 

~REAS: The irrigation practice of soaking the irrigated lands, then shutting off 
the water while evaporation and plant growth take place, has resulted in excessive 
concentration of salts in these lands. The irrigated lands have been suffering fran 
continual depletion of production since the inception of the practice of irrigation 
with these saline :·taters. Huch of this once highly productive irrigated land is 
now practically wortilless for agricultural purposes. 

~!HJ§?.EAS: The waters from the Colorado river drainage are of inestimable value and 
the quality is critical for domestic requirer.ients. 

'I'Hli.:fl~F0R~ BE IT RESOVTID: That the first effort in inproving the quality of the 
Colorado river water should be the recovering of the federal public land watershed 
with a suitable ver,etative cover •. The first requirement for this Imlst be the 
COHPLE':I'?.: REl~OVAL O~ THE ORir.INAL CAUSE - THE OOl~S'";'IC LIBS'roCK. Removal is a 
necessity because the present corxiition of the larrls demonstrate tl'e incapacity o:f 
the livestock users - or the ~overnment agencies - to adequately protect the federal 
public lands. 'No other program can be administered or expected to be satisfactory. 

B~ I'!' FURT~ RESOLV'l"D: That the highly expensive pro;:ram of desalination by arti
ficial means, such as by desalination machinery, be delayed until the full effects 
of natural vegetative recovery has had an opportunity to demonstrate its value. 

"RE IT Fiffi'l'HER n.ESOLVID: That specific sources, such as fiorrl.ng wells, be plugged. 

BE IT FURTHER RESOL~: That present saline levels in the Colorado River watershed 
have become so hieh as to require Il'J!IDIATE ACTION to protect the national health, 
safety and wellbeing oft he citizens. 

This resolution regularly adopted at a meeting or the ?Iationa 
Land Users at Grand c.Tunction, Colorado, February 8, 

Attest: 
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MR. STEIN: May we have Dr. H. K. Qashu of the Uni

versity of Arizona. 

HASAN K. QASHU, PH.D. 

HYDROLOGY AND WATER RESOURCES 

UNIVERSITY OF ARIZONA 

TUCSON, ARIZONA 

DR. QASHU: Mr. Chairman. 

I would like to make a comment, two comments, and 

they will be short~ Q1e on the work bein~ done at this time 

concerning water and salt movement in soil. There is a working 

model. John Maletic of the Bureau of Reclamation has it. It 

was developed jointly by the University of Arizona in Tucson 

and the University of California at Davis, and if you people 

are interested in i~ I am sure John will make it available for 

you. It considers both salt and water movement in soil. 

We have a project funded by the Office of Water 

Resources Research at the University of Arizona to look at some 

of the predictive possibilities, given certain soil conditions 

and certain water qualit~ pow in irrigated agriculture--what to 

expect in seepage or water flow below the root zones and a 

three-dimensional type of a model, how does:the water and 

salt flow below the root zone. And this is a 2-year project 
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which started, oh, less·than a year ago and will not be com

pleted until next year. 
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There is to me one important point I think the con

ference should consider and that is the same point, really, that 

has been emphasized before. That is the need for one agency to 

be responsible for planning of the Colorado River Basin, not 

only planning action programs but also research. There are a 

lot of resources at institutions in the region that can be used 

by action agencies, but I think a lot of the duplication can be 

avoided if the research is directed by one agency and towards 

satisfying one purpose. 

I will have one more comment to make. We have an 

active program with the u. s. Bureau of Reclamation on Lake 

Mead which is for developing a model on salinity, trace minerals 

and biological productivity of the lake. Unfortunately, the 

report on it will not be available until about June
1

and it will 

be released by the Bureau of Reclamation. That was a ~-year 

study that will be completed this summer. 

Mr. Everett, who will follow me, will give you some 

information, preliminary information, what we have round. 

Mr. Stein made a statement this morning, "We would 

like to know how can we know when to,blo~ the whistle." EPA 

has done excellent--
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MR. STEIN: That was a question, not a statement. 

DR. QASHU: Yes. Well, he asked the question and I 

really would like to address myself to that question because 

it is a very important one, when to blow the whistle. Because 

you are talking there about predictability. I mean to know when 

to blow the whistle, that means you are predicting there is a 

change going to occur in the system. And whenever we are pre

dicting anything there is uncertainty or .risk. If we have data 

we have a risk, if we don't have data we have uncertainty. 

And that would bring us to the range of predictability, 

how good is that--what is that predictability based on. If you 

have good data, good basic information, you will be able to do 

something with certainty; you will be able to say this is going 

to happen. But if you don't have that, it is like the economic 

model you have on page 31 of the Summary Report of the EPA. 

Some or these cost values you have, if you put confidence 

limits on these values, I assure you they will extend from 

minus to probably $100 million or more. So the results could 

be misleading. 

EPA has done an excellent job, I feel, in putting the 

reports together and no doubt the scientific curiosity of us 

by the reports will result in some effort which will have some 

impact on the salinity control of the lower Colorado River 
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studies or both, total basin, really, go on up. Although I 

disagree with some of the conclusions, the research team did a 

good job, and I do regret the fact that the people who did the 

job were moved from research to enforcement. As a matter of 

fact, I would lik~ to suggest to the Chairman to run an impact 

study on what happens when you transfer people from research 

to enforcement in EPA. (Laughter.) 

MR. STEIN: I don't know what you-- Let me indicate 

something to you here, and this should be brought out. 

Since the first days of the conference, this whole 

Colorado study and the information you got was financed by 

enforcement money out or the budget. And we didn't trans

fer anyone. Our largest single item was for studies, and 

we financed this for many years at the rate of three-quarters 

of a million, $750,000 a year. 

So I think the professors really should look at 

this if you want to know where the money is coming from. 

Don·•t· bite the hand that reeds you. (Laughter.) 

DR. ClASHU: . No, no, no, I am not. I think you mis

understood my comment, Mr. Stein. What I was saying, we had a 

crew in Denver that was familiar with the institutions in 

research and they were really--this applies to Bill Blackman, 

it applies to Jim Russell and all or them who were involved in 
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research with universities. 

MR. STEIN: Right, but where do you think their 

money came from, Professor? That was enforcement money getting 

those wonderful researchers out to see you. 

Again I say, why don't you see how benign we are and 

how we are helping you out? 

DR. QASHU: Well, maybe there is a misunderstanding 

there. I don't like to stretch it too much. 

I believe in all the answers and the discussion we 

have here there is one important point .that has not been dis

cussed and in the 2 days we have failed to discuss it and 

that is the interaction between salinity, sediments, biological 

components, and the use of water, that is in situ use of water. 

I feel there.should be a full consideration given to 

the ionic species components of salinity when we are talking 

about salinity because, just to illustrate the point here, 

salinity of, say, X number of ppm as reported in the reports 

may generate a different loss function if you will try to 

develop an economic model than a salinity half that amount or 

double that amount. What I am saying, if you have salinity of 

600 ppm with a majority sodium you are going to have much more 

harm.than if you have 1,000 ppm with a majority of the ions 

calcium. And this has not been brought out in the conference and 



1116 

Dr. K. H. Qashu 

this is one of the points which I would like to emphasize, 

need of research to establish some kind of a range, what is 

acceptable for what use. And that is why I feel very strongly 

against a number just pulled from the hat and establishing a 

standard by saying,"Well, it·should not exceed 800 ppm or 600 

n ppm. 

In conclusion I would like to say whoever is going 

to blow the whistle has my sympathies unless the decision is 

based on a debated resource plan and a supporting research 

program to go with it. 

Thank you. 

MR. STEIN: Thank you. 

Any comments or questions? 

Ralph Esquerra. 

RALPH ESQUERRA 

CHAIRMAN 

CHEMEHUEVI INDIAN TRIBE 

HAWTHORNE, CALIFORNIA 

MR. ESQUERRA: The name is Ralph Esquerra. 

I am the Chairman of the Chemehuevi Indian Tribe of 

California. The Chemehuevi--

MR. STEIN: Why don't you spell that for us? 
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MR. ESQUERRA: Chemehuevi? 

MR. STEIN: Yes. C-h-e-m-e-h-u-e-v-1. Right? 

MR. ESQUERRA: Yes. 

MR. STEIN: O. K. 
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MR. ESQUERRA: The Chemehuevi Indian Reservation, 

consisting of some 28,000 acres, is located along the western 

shoreline of Lake Havasu some 30 miles south of Needles, 

California. The Chemehuevi Indian Tribe is a member of the 

newly-formed Federation of River Tribes of the Colorado River, 

and I am here today to testify on behalf of this entity with 

respect to the quality of-the waters of the Colorado River. 

The tribes comprising this federation are the Colo

rado River Indian tribes, Fort Mohave Tribe, Quechan Tribe, 

Cocopah Tribe, and the Chemehuevi Indian Tribe. Together 

these tribes have adjudicated rights to approximately 1 million 

acre-feet of water in the Colorado River. These rights are 

decreed in the Supreme Court case of Arizona versus the State 

of California. 

The Federation of the River Tribes of the Colorado 

River is deeply concerned about the quality of the waters com

prising the Colorado River. In the words of the Supreme Court 

respecting the tribes of the federation, "Colorado River Water 

is essential to the life of the Indian people." Life cannot 
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be sustained on the American Indian reservations in the Colorado 

River Basin without good water from the Colorado River or its 

tributaries. 

In the process of reviewing the Environmental Pro

tection Agency's summary Report on the mineral quality problem 

on the Colorado River Basin, we have concluded that the sur

vival of our people is in jeopardy. The report clearly indi

cates that the salt concentrations in the lower Colorado River 

have exceeded the set limits for municipal, industrial and 

1 agriculture uses. The report also indicates that the salinity 

concentrations will become worse if current water diversion 

plans are permitted to continue. 

The Federation of the River Tribes firmly believes 

that the mammoth Central Arizona Project is another step 

toward increasing the salinity of the Colorado River and 

accordingly respectfully requests that the Environmental 

Protection Agency do everything within its power to halt the 

construction of the Central Arizona Project and all other 

authorized diversion projects until a definitive study can be 

made relating to the effects that these particular projects 

will have on the soil concentrations in the Colorado River. 

Thank you. 

MR. STEIN: Thank you. Are there any comments or 
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here? 
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Thank you very much, sir. 

Do we have G. Bryant, Fort Yuma Indian Reservation, 

G. Brown, Quechan Tribe? 

Lorne G. Everett of the University of Arizona? 

LORNE G. EVERETT 

DEPARTMENT OF HYDROLOGY 

UNIVERSITY OF ARIZONA 

TUCSON, ARIZONA 

MR. EVERETT: Mr. Chairman, my name is Lorne Gordon 

Everett and I come to this meeting in the lowly capacity of a 

graduate associate at the University of Arizona. 

The single thrust of this rather spontaneous talk 

will be to show the level of sophistication that exists today 

in the relationship between salinity and biological primaries 

in the lower Colorado River system. John has chosen to take 

out of context some of the work that we have been doing on Lake 

Mead under the cooperation of the Bureau of Reclamation over 

the past 2 years. What we would like to do is illustrate how 

we have quantitatively attempted to show the correlation between 

the biological parameters and salinity. 



1120 

L. G. Everett 

The map on the right-hand side here illustrates the 

sampling procedure that we established. We chose eight loca

tions across Lake Mead. At these stations we decided to, at 

six times over the yea~ look at all of the biological parameters 

as they existed in one State and correlate them with what we 

felt was a complete analysis of chemical and hydrodynamic 

parameters. 

I have chosen to take the one parameter that we feel 

is the most sensitive as a diagnostic indicator of the pollu

tion in Lake Mead. We thought we would take that one indicator 

and correlate it in a graphical way with salinity. 

The bars that appear across the system are established 

to represent the primary produetivity as measured by Cl4 

techniques. The green areas are accepted as the ppr rate, 

primary productivity rate, accepted by Rodhe in ~urope and Odum 

in America. We can see that at no place in the system does 

Lake Mead behave as. an oligotrophic lake. 

Now, the purple area represents what we like to call 

a mesotrophic lake. This is a situation in which because of 

enrichment, be it natural or artificial, we are getting algal 

growth rates that are indicators of problems. We can see by 

looking at the large bars that the majority of the lake acts as 

a mesotrophic lake. Don't let this be misleading. The tall 
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bars are representative of September values, which are the 

highest growing rate. The small bars to the right of each of 

the larger bars are indications of the winter conditions. 

The fjrst thing that we should notice is looking at 

the right-hand side we see a large red bar appearing that there 

is a high level of algal growth rate in the South Cove area 

which is a response to nutrient inf luxes coming down through 

the Grand Canyon. At this time we are not going to say whether 

it is because of boat trips, whether it is because of watershed 

effects. It can't be quantitatively determined. But six times 

over the year we have determined that there is a high algal 

growth rate at South Cove. 

Following the red lines to the left of the graph, 

we realize that there is a decrease in the ppr rate, a sig

nificant decrease, indicating that the system is growing 

towards better wat·er quality conditions. As we come into the 

Boulder Basin area, we quickly realize that we now have a 

lake within a lake. A whole system behaves as a unit and not, 

as has previously been assumed, that the Las Vegas Wash area 

alone was the problem area. In fact we have shown that as you 

approach Hoover Dam the problem increases. 

So that I don't get myself into a corner with the 

representation by these bars, we have distributed our parameter 
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with depth and that is the bar graph that you see below. 

Now, if we are saying that salinity is in some 

measure a reflection of water quality problems, we would 

assume that by measuring salinity across the system we could 

see the reflection in the algal growth rate. The green line 

at the bottom of the chart indicates a passage of salinity 

across Lake Mead. It is kind of turned up, unfortunately. 

Perhaps I can bend it down. 
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It soon becomes obvious that as we go towards the 

left we realize an increase in the soluble salts. We also 

realize a reduction in the primary productivity rate. If we 

were quick to assume, we could say increased salinity results 

in poor algal growth. We may say that in a couple of months, 

but we won't say it at this stage. 

As we go into Boulder Basin we see a drop in the 

salinity and then a slight increase again. So generally you 

would say salinity doesn't materially increase coming across 

this lake. 

The question has been asked to explain the purple 

part of the bar again. The purple bar represents the level of 

primary productivity associated with a mesotrophic lake, which 

is a lake that is in transitory stage between poor nutrient 

conditions and excessive nutrient conditions. It might be 
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described as the state of Lake Tahoe as it is now. 

In any case. we soon realized that in the Boulder 

Basin area there is a fantastic increase in primary productivit~ 

that is not a function of the salinity that comes into the 

system. So the first thing we have to conclude is that salinit~ 

in no way as a gross lump parameter indicates primary productiv

ity if we are going to say that primary productivity is an 

indicator of water quality problems. 

We did not choose to talk in terms of salinity. We 

wanted to use the term at this talk. We would much rather have 

broken it down to show the responses of calcium, sodium, 

chloride, the breakdown of constituents that result in salinity 

problems. 

As a concluding remark, we would like to say that 

until a functional relationship has been established between 

biological processes and those elements that are being lumped 

as salinity. I think we should hesitate on a control value. 

Thank you. 

MR.STEIN: Thank you. Mr. Everett. 

Are there any comments or questions? 

If not, thank you very much. 

I believe Mr. Dibble has a connnent. 

Mr. Dibble. 



1124 

General Discussion 

MR. DIBBLE: Mr. Chairman, it was suggested that 

I clarify one bit of conversation that went on this morning. 

Mr. Kennedy when he was speaking, there were some 

questions about the values at Parker Dam of water between those 

that he was speaki~g of and those that EPA was using in some 

of their testimony.And it was brought to my attention that these 

differences were primarily because the two entities were using 

a different method of calculating the total dissolved solids. 

It is my understanding that EPA was using the filterable 

residue method and Metropolitan Water Dis.trict was using the 

summer constituents method which automatically, particularly 

with the higher concentrations, will give a different 

value. So that there not be any misunderstanding of the 

discussion this morning, I think part of the difference in 

the figures was just because they were obtained in a dif-

ferent way. 

But going on a little further, I think that illustrates 

the fact that there is a problem in setting numbers and that is 

making sure that the numbers are all consistent with each other, 

and it seems to me that the conference might suggest that in 

the immediate future the various entities that are involved in 

monitoring, such as EPA, the USGS, the Bureau of Reclamation 

and other agencies, get together and try to standardize on the 
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the figures that they use so that in the future we are not 

using apples and oranges in the same meeting. 

MR. STEIN: I think that point is very well taken • 

. This is one wehave·arising repeatedly. If we are going to 

use any kind of numbers, we just have to have the same method

ology or else we are in trouble. And I think perhaps--well, 

we of course will get together and we will have to work very 

closely with the Department of the Interior on this. 

These are all the people I have who indicated they 

wish to speak. Is there anyone else who has anything to say? 

Because I think this will conclude the public presentation, 

and we will just have findings and recommendations. 

Hearing no one else, Mr. Thatcher has polled the 

conferees. The consensus seems to be that we will reconvene 

at 8:30 a.m. here tomorrow morning. I hope you all live as 

clean as Mr. Thatcher, so we will be bright eyed and bushy 

tailed when we get here.(Laughter.) 

MR. THATCHER: I didn't say I wasn't going to go out 

tonight. 

MR. STEIN: I know, but you have got that wonderful 

reserve. (Laughter.) 

With that we will stand recessed until-

MR. THATCHER: Mr. Chairman. 
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MR. STEIN: Yes. 

MR. THATCHER: I am not sure I heard you correctly. 

You are not implying that the summary and conclusions would not 

be a public presentation? 

MR. STEIN: No, not at all. 

MR. THATCHER: o. K. 

MR. STEIN: Absolutely not. Certainly not. I 

thought I made this clear, this is open to the public. One 

of our charms is that we are public. You may not like what 

you see or what you hear, but at least you can form your own 

conclusions as to whether we or anyone else are doing our 

j~. 

With that we will stand recessed until 8:30 tomorrow 

morning. 

(Whereupon, at 4:15 o'clock an adjournment was taken 

until 8:30 o'clock, Thursday, February 17, 1972.) 



MORNING SESSION 

THURSDAY, FEBRUARY 17, 1972 

8:30 o'clock 

MR. STEIN: The conference is reconvened. 

The conferees will now go into executive session. 
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We will have the executive session across the hall. Just keep 

working on your way toward the back. I would ask just the 

conferees to come because we are going to have such a large 

group in there, and hopefully we should be out, optimistically, 

in a half hour, possibly an hour, but we will let you know 

when we will be out to make a statement • 

••• Executive Session ••• 

(The conference reconvened at 9:30 o'clock.) 

MR. STEIN: Let's reconvene. 

I wish everyone would sit down. 

We have discussed two main subjects at the con

ference. One was the tailings pile problem dealing with the 

uranium mills. As you recall, the problem of discharges from 

these mills into the waters has largely been corrected in the 

region and in the basin, and this has been one of the successes, 

I think, of the conference and the States and the industries an 

the AEC, But we still have this residual tailings pile problem 

and the conferees are in unanimous agreement that a tailings 

pile regulation comparable to that submitted to the conferees 
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shall be adopted and implemented by the Colorado River States 

at the earliest practicable date but not later than July 1, 

1973. 

At this point I would like to call on Mr. Lynn 

Thatcher of Utah for a statement of a resolution adopted by 

the States on the salinity problem. 

Mr. Thatcher. 

MR. THATCHER: Mr. Chairman. 

This is the resolution that was developed by the 

conferees at this session and has been agreed to by the con

ferees of all the seven States: 

WHEREAS, 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 10 of the Federal Water Pollu

tion Control Act (33 u.s.c •. 466 et seq.); and 

WHEREAS, in 1963 based upon recommendations of the 

conferees, the project began detailed studies of the mineral 

quality problem in the Colorado River Basin; and 

WHEREAS, the Environmental Protection Agency trans

mitted in April 1971 its draft report on "The Mineral Quality 
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Problem in the Colorado River Basin" to the conferees and water 

resource agencies of the Colorado River Basin States for review 

and comment; and 

WHEREAS, all Colorado River Basin States reviewed 

and commented on the draft report on the mineral quality 

problem in the Colorado River Basin; and 

WHEREAS, the Environmental Protection Agency has 

revised its draft report and transmitted to the Colorado River 

Basin States a final report dated 1971; and 

WHEREAS, the said report constitutes a necessary 

step toward the solution of the mineral quality problem of 

the Colorado River system; and 

WHEREAS, the States and Federal agencies have imple

mented measures to control salinity of the Colorado River; and 

WHEREAS, the Bureau of Reclamation is authorized to 

make, and has feasibility investigations under way, to deter

mine additional measures to reduce the salinity of the waters 

of the Colorado River under present and future conditions; and 

WHEREAS, during 1971 the States of the Colorado River 

Basin urged committees of Congress to appropriate funds to the 

Bureau of Reclamation to accelerate feasibility investigations 

of salinity control projects on the Colorado River; and 

WHEREAS, additional funds were appropriated to the 
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Bureau of Reclamation for these feasibility studies; and 

WHEREAS, in the interest of comity between the United 

States and Mexico the State Department has given its support to 

a basinwide salinity control program: 

NOW, THEREFORE, BE IT RESOLVED by the conferees of 

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

Wyoming 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) in implementing the salinity policy objective 

for the Colorado River system the salinity problem be treated 

as a basinwide problem that needs to be solved to maintain 

Lower Basin water salinity at or below present levels while 

the ipper Basin continues to develop its compact-apportioned 

water, recognizing that salinity levels may rise until control 

measures are made effective; 

3) to guard against any rise in salinity the 

Congress and the Administration be urged to accelerate the 

entire salinity control program and, in particular, to augment 

the F.Y. 1973 budgeted amount of $1,005,000; and 

4) the Bureau of Reclamation have the primary 
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responsibility for investigating, planning, and implementing 

the basinwide salinity control program in the Colorado River 

system; 
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_5) the Environmental Protection Agency continue its 

support of the program by a) consulting with and advising the 

Bureau of Reclamation, b) accelerating its ongoing data col

lection and research efforts, and c) transferring funds to the 

Bureau of Reclamation; 

6) the Office of Saline Water contribute to the 

program by assisting the Bureau of Reclamation as required to 

appraise the practicability or applying desalting techniques; 

and· 

7) the adoption of numerical criteria be deferred 

until the potential effectiveness of Colorado River salinity 

control measures is better known; 

BE IT FURTHER RESOLVED that the Environmental Pro

tection Agency be commended for performing the necessary 

studies and completing the 1971 report on the Mineral Quality 

Problem in the Colorado River Basin; and 

BE IT FURTHER RESOLVED that copies of this resolution 

be transmitted to the Secretary of State, Secretary of the 

Interior, Administrator of the Environmental Protection Agency, 

Governors and Members of the Congress of the Colorado River 
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Basin States, the Commissioner of Reclamation, Director of the 

Office of Saline Water and other interested entities. 

O'Connell? 

That completes the Resolution, Mr. Chairman. 

MR. STEIN: Thank you. 

Are there any comments? 

I would like to ask the Federal conferees. Mr. 

MR. O'CONNELL: Yes. 

We have reviewed the Resolution of the States and 

find that we do agree in general and in principle, if not with 

some of the particular specifics of this unanimous position of 

the seven States as described in the Resolution you just heard. 

However, we believe that a more specific and detailed program 

of action is called for to bring about the reduction of salinity 

in the Colorado and to implement some of these principles that 

are enunciated in the Resolution. 

We do not have at our disposal today all or the 

specifics that we would need to identify this particular program. 

of action, but we expect to be with the Bureau of Reclamation 

and get this information within the next 30 days while the 

record is kept open, and after reviewing that come up with some 

specifics of a program of action that we would hope would be 



1133 

Conclusions and Reconunendations 

also agreed to by the States that would supplement this general 

statement of principles with which, as I say, we are in general 

if not specific agreement. 

Would that be acceptable, Mr. Chairman? 

MR. STEIN: Go on. 

Mr. Dickstein. 

MR. DICKSTEIN: I once again generally agree in prin

ciple with the Resolution and concur with.all the comments made 

by my fellow conferee, Mr. O'Connell. 

MR. STEIN: Well, it is my understanding, then, that 

the States unanimously have agreed on this Resolution. We have 

previously stated that the record would remain open for 30 days, 

at the request of various people. It is my further understand

ing that the Bureau of Reclamation specifically will come up with 

a document or material in those 30 days which will include 

proposals for specific reductions or salinity in the Colorado 

River Basin, in the waters of the Colorado River, and these 

will be couched in both tonnage or pounds removed and concentra

tions or either/or, and it will contain proposed time schedules 

and dates. 

And I do think that essentially this is what a con

ference is all about. The step is to get something cleaned up, 

and to judge whether we are going to clean it up or not and put 
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everyone on the track. we have to have a time schedule to do the 

job and have specifics to do the job, and our sister agency, 

the Bureau of Reclamation, has agreed to come forward with this 

all-important step in the next 30 days. 

However,. given the importance of this problem, when 

we get this material I would suggest that the Federal people, 

where appropriate, meet with the Bureau and with other Federal 

agencies to clarify any problems, if there are any problems 

that may come up, on language or understanding. Also that we 

get together with the State agencies, or the conferees do that, 

to be certain there is particular communication. And that we 

will call another session and reconvene this session of the 

conference within a few weeks after the 30-day period to make 

the announcement of the Federal position. 

Now, I would expect at that time that the Federal con

ferees would be prepared to come out with the Federal position 

for this go•round or session of the conference, is that correct? 

MR. O'CONNELL: Yes, we would be in a position to do 

that. 

MR. STEIN: All right. 

With that, I think that probably winds up the con

ference session. There are a couple of announcements I have 

to make. 
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Are there any other comments? 

MR. THATCHER: Mr. Chairman. 

MR. STEIN: Yes. 
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MR. THATCHER: I have had some questions asked by 

people who want to submit statements during the 30-day period. 

What is the appropriate way to address these statements so 

that they will know? 

MR. STEIN: Send them to me as Chairman in Washing

ton. because otherwise you are not going to get them in the 

record as expeditiously. They will get in there. but it is 

slower. 

Let me again indicate. Obviously, we have a lot of 

procedures like this, and we have a staff that works full time 

on putting these documents together. If we get these additional 

statements in headquarters, then we know what we have and can 

get them in the record. They will be time stamped, and that 

will be the most expeditious way to handle it. 

MR. THATCHER: All right. 

MR. TABOR: Mr. Chairman, although it is understood 

among the conferees that we all agree with the statement that 

was read by Mr. Thatcher. I think for the record there should 

be a roll call of the States and have each member say that he 

concurs with the statement as presented by Mr. Thatcher. 
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MR. STEIN: o. K., we will do that. Let me go off 

the record. 

(Off the record.) 
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MR. STEIN: Let's have the roll call of the States. 

Will you start? 

MR •• TABOR: Arizona yes. 

MR. DIBBLE: California also concurs, Mr. Chairman. 

I think while commenting, though, we should point out that this 

is a big step forward in trying to protect and improve the 

quality of the Colorado River to have all the States and EPA 

recognizing that we need a vastly accelerated salinity control 

program, and personally I am glad to see the progress we have 

made. 

MR. ROZICH: Colorado concurs. 

MR. WESTERGARD: Nevada concurs. 

MR. WRIGHT: New Mexico concurs. 

MR. THATCHER: Utah concurs. 

MR. WILLIAMSON: Wyoming concurs. 

MR. STEIN: Well, I would like to again thank the 

States and the other participants in the conference. I do think 

that we really have achieved something here in, one, developing h, 

record q;.r1 setting forth the problems and coming up with what I 

hope will be unanimous concerted action by the Federal Governmen1 
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and the State ~gencies in dealing with this problem. And I 

really want to say this because I think possibly this has been 

one of the most significant achievements in water resource 

,development and water quality that we possibly have had in the 

country, The reason for this is that obviously in a com-

plicated situation like this, as in many other situations in 

our country, not everyone agrees with the same philosophic 

principles or theories, and so forth and so on. 

But the genius of our country is that in proceedings 

of this type we can always work out a solution or a mode of 

·operation on a particular problem and go forward. And with 

~11 the States involved here and the complicated issues of 

water rights in this particular section of the country, the 

fact that we were able to apply that typically American tech

nique of coming forward with an accommodation and moving forward 

to a solution I think is something that I would like to commend 

the entire group on. 

Before we recess--notice I am saying recess, because 

we are going to have another session or the concluding session 

part of this conference after the 30-day period--we will expect, 

as I understand it, to have the press here at 10 o'clock. It h 

been our practice--and I think this has worked successfully in 

the past--that we just recess the conference.and any of you who 
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want to stay with the pres~ handle this in your own way and do 

this individually. I think that has worked a lot better and 

erases any possible inhibitions from anyone, because you are 

I 
I 
I 

I 
I 

not at the table any more and can say just what you want to sayJ 

With that, if there is nothing more, again I would 

like to thank you all. 

The conference stands recessed until it is called 

again by the Chairman. 

(Whereupon, at 9:45 o'clock, the seventh session of 

this conference was recessed until further notice.) 
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fashington, D. C. 20460 

Dear Mr. Stein: 
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~==;;;;;;;;} 
LEGAL AGENCY FOR 

FRY-ARK 
WATER PROJECT 

PUEBLO, COLORADO 81002 

lam sorry it was not possible for a representative from the Southeastern Colorado 
fater Conservancy District to appear before your Conference in Las Vegas, February 
!5- 17, at which time you thoroughly researched the subject "The Mineral Quality 
Problem in the Colorado River Basin". 

Ou.r Conservancy District does have a very keen interest in the work you and your assoc
ltes are doing in the study of salinity conditions on the Colorado River, and we respect
flllly request permission to have the enclosed Statement made a part of your Conference. 
Report. We stand ready to gather additional and more specific data upon your request, 
md should you elect to hold further Hearings, we would like very much to be in attend
mce. 

fery sincerely, 

~~;('~ 
Charles L. Thomson 
General Manager 

CLT/mb 

cc: Honorable John A. Love, Governor, State of Colorado 
Honorable Gordon Allott, United States Senator 
Honorable Peter H. Dominick, United States Senator 
Honorable Wayne Aspinall, United States Representative 
Honorable Frank E. Evans, United States Representative 
Honorable Donald Brotzman, United States Representative 
Honorable Mike McKevitt, United States Representative 
Board of Directors, Southeastern Colorado Water Conservancy District 

enclosure 
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The Board of Directors of the Southeastern Colorado Water Conservancy District, 

a legal agency in the State of Colorado, establis_hed April 29. 1958, under Section 150-

5-1. Article 5, WATER CONSERVANCY DISTRICTS - CRS 1963. voted unanimously on 

Thursday. February 17. 1972. that the following be submitted to the Environmental 

Protection Agency for consideration as a part of the Testimony taken at the Public Hear-

ing in Las Vegas. Nevada. February 15 - 17. 1972. regarding "The Mineral Quality 

Problem in the Colorado River Basin". The District is the holder of conditional water 

decrees on the Colorado River. as a part of the Fryingpan-Arkansas Project, now under 

construction by the U.S. Bureau of Reclamation. and. consequently, the District has a 

vital interest in the final results of efforts to establish Salinity Standards on the Colorado 

River. 

The Fryingpan-Arkansas Project was authorized by an Act of Congress, approved 

August 16. 1962. (76 Stat. 389). The Public Works proposed to be constructed are set 

forth in House Document 187. 83rd Congress. modified as proposed in the September 

1959 Report of the U.S. Bureau of Reclamation entitled "Ruedi Dam and Reservoir, 

Colorado", House Document 353, 86th Congress, 2nd Session. Initial construction on 

the Project began July 15, 1964, and as of February 1. 1972, the Project was 36% 



:omplete. President Richard M. Nixon has recommended a budget for FY 1973 of 

iss, 515, 000. 00 for continued construction, and the awarding of two new contracts. 
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Representatives from the District participated in the drafting of Statements submit

ted at the Las Vegas Hearing by the Colorado Association of Commerce and Industry, the 

~ven Colorado River Basin States and the State of Colorado, and we endorse the recom

mendations offered for consideration by the Environmental Protection Agency. We know 

each of the above mentioned Statements reflect the sincere and expert opinion of those 

rho will be affected by such Standards as may be promulgated. 

The Southeastern Colorado Water Conservancy District is in the unique position of 

being a holder of conditional decrees on the Colorado River, and, at the same time is an 

integral part of the Arkansas River Basin. We, therefore, carry additional responsibil

ities over and above others who participated in the Las Vegas Hearings. Three years 

ago the Honorable John A. Love, Governor, State of Colorado, appointed four represent

atives from the District, and the Executive Director of the Department of Natural Re

sources for the State, to represent Colorado on the Arkansas River Basin Interstate 

Committee. This Committee consists of five appointees from each of the States served 

bythe Arkansas River, namely, Arkansas, Oklahoma, Kansas and Colorado, and has the 

responsibility of studying the Arkansas River from its origin in our District in Colorado, 

loits confluence with the Mississippi River. Consequently, we are aware of Salinity 

Studies which the Environmental Protection Agency has conducted in the Arkansas and 

Red River Basins; the United States Bureau of Reclamation in the Colorado River Basin; 

and by the Office of Saline Water in the Arkansas River Basin in Colorado, and the Pacific 

Coast; and do recommend that all data and conclusions developed in said Studies be made 

-2-
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an integral part of such Standards as may be established for the Colorado River Basin. 

We sincerely urge that consideration be given to the fact economies have been 

established in both the Colorado and Arkansas River Basins, predicated upon water sup

plies available, and respectfully suggest that final Standards be set to not reduce the 

absolute need for use and successive use of the waters historically and beneficially used. 

We recognize that, thanks to Agencies such as the Environmental Protection Agency, 

technology to relieve salinity problems from successive uses of water has accelerated at 

a rapid rate, in order that the problem can be arrested. Such technology, however, has 

not brought complete solutions at this time, and the expensive equipment is still almost 

prohibitive to existing water users in each Basin. We also urge that careful considera

tion be given to the natural causes of salinity when considering technology to resolve the 

total problem. It is essential, therefore, that Federal funds be made available to meet 

such Standards as may hereafter be established by the Environmental Protection Agency. 

This is in conformity with legislation now pending before Committees of Congress of the 

United States. 

The District strongly endorses those particular sections of the CACI and Colorado 

River Basin Statements, calling attention to the fact salinity problems on the Colorado 

River are of Interstate and International character, and, consequently, the solutions are 

properly a responsibility of the United States. Federal funds for equipment, operation 

and maintenance to resolve the problem should be made available when Standards are 

established. We highly commend the Environmental Protection Agency for the procedure 

being followed to research this complex Nationwide program, and offer the services of 

'lUr District in arriving at a fair and equitable solution in the public interest. 

-3-
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United States Depart1nent of the Interior 

Dear Mr.· Speaker: 

OFFICE OF TIIE SECRETARY 
WASHINGTON, D.C. 20240 

JAN 1 2 1sn 

Transmitted herewith is the biennial report (Progress Report 

No. 5 dated January 1971) on continuing studies of the 

Quality of water of the Colorado River Basin. The report 

is transmitted pursuant to Section 15 of the Act of April 11, 

1956 (70 Stat. 105), authorizing the Colorado River Storage 

Project and Participating Projects; Section 15 of the Act 

of June 13, 1962 (76 Stat. 96), authorizing the Navajo Indian 

Irrigation Project and the initial stage of the San Juan-Chama 

Reclamation Project; and Section 6 of the Act of August 16, 

1962 (76 Stat. 102), authorizing the Fryingpan-Arkansas Project. 

Sincerely yours, 

/lQ - t 

~Jl~9f'(Q)liJJ~ 
-

Assist~etary of the Interior 

Speaker of the House IDENTICAL LETl'ER TO: 
of Representatives 

Washington, D. c. 20515 

Enclosure 

Hon. Spiro Agnew 
President of the Senate 
Washington, D. C. 20510 
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QUALITY OF WATER 
COLORADO RIVER BASIN 

PROGRESS REPORT 

SUMMARY 

This report presents the past, the present modified, and the future 
quality of water of the Colorado River down to Imperial Dam. The past 
is represented by a tabulation of the recorded or estimated historic con
dition at 17 quality of water stations for the 1941-68 period. The pres
ent modified condition includes ad.4ustments of the historic condition 
based on the assumption that new developments completed during the 1941-68 
period were in operation for the full period. The· future quality condi
tion is an estimate of the situation after the r _·esently authorized de
velopments and some projects proposed for autho1ization are placed in 
operation. These effects are primarily related to mineral quality al
though other quality factors are discussed in the report. 

Studies of chemical trends indicate that under historic conditions 
the average concentration of dissolved solids of the Colorado River at 
Lees Ferry had about 0.75 ton per acre-foot, below Hoover Dam about 0.94 
ton per acre-foot, and at Imperial Dam about 1.02 tons per acre-foot for 
the 1941-68 period. 

Under present modified conditions (-that is assuming that. the re
cently constru~ted projects were in operation for the entire period) the 
concentrations would have been about o.84, 1.03, and 1.18 tons per acre
foot, respectively, at the three stations. 

It has been assumed for purposes of this study that the rate of 
pickup of dissolved solids from new irrigated lands would vary from zero 
to 2 tons per acre. It was also assumed no additional pickup of dissolved 
solids would occur for lands already under irrigation. 

Under future conditions, assuming negligible salinity control meas
ures, with all authorized projects and projects proposed for authorization 
in operation and with an assumed pickup of 2 tons per acre on the new 
irrigated lands, the concentrations are estimated to be 1.09 tons per 
ac_re-foot at Lees Ferry, 1. 38 tons per acre-foot below Hoover Dam, and 
1.70 tons per acre-foot at Imperial :cam. 

The depletions used in this report for the projects, both authorized 
and proposed for authorization together with present developments and 
other proposals, are estimated to be the ultimate depletions for the de
velopments listed. Other developments, as yet not identifiable, are 
expected to occur which will.reduce the quantities of water shown for 
the various stations and cause some changes in concentrations from 
those indicated in this report. 



SUMMARY 

This report also includes discussions of the effects of salinity 
on water uses and potentials for salinity control measures within the 
basin. 

Other water quality aspects including sources of pollution and para
meters other than salinity are discussed. These parameters include sedi
ment, dissolved oxygen, temperature, pH, heavy metals, toxic materials, 
nutrients, bacteria, and radioactivity. 
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PART I. INTRODUCTION 

A. Legislative Requirements for Report 

This is the fifth progress report on Quality of Water in the Colo
rado River Ba.sin. The directive for preparing this and the four previ
ous reports is contained in three separate public laws. Section 15 of 
the authorizing legislation for the Colorado River Storage Project and 
participating projects, Public Law 485, 84th Congress, Second Session, 
April 11, 1956, state~ ''The Secretary of the Interior is directed to 
continue studies and make a report to the Congress and to the states of 
the Colorado River Ba.sin on the quality of water of the Colorado River." 

A progress report to comply with Public Law 84-485 was in prepara
tion when the authorizing legislation for the San Juan-Chama Project and 
the Navajo Indian Irrigation Project (P.L. 87-483) became effective on 
June 13, 1962. Section 15 of this act states, "The Secretary of the In
terior is directed to continue his studies of the quality of water of 
the Colorado River system, to appraise its suitability for municipal, 
domestic, and industrial use and for irrigation in the various areas in 
the United States in which it is used or proposed to be used, to esti
mate the effect of additional developments involving its storage and 
use (whether heretofore authorized or contemplated for authorization) 
on the remaining water available for use in the United states, to study 
all possible means of improving the quality of such water and of allevi
ating the ill effects of water of poor quality, and to report the results 
of his studies and estim9.tes to the Eighty-Seventh Congress and every 
two years thereafter." · 

A few weeks later Public Law 590, 87th Congress, Second Session, 
which authorized the Fryingpa.n-Arkansas Project, was passed with a sim
ilar section pertaining to quality of water reports. This p~blic law, 
however, stipulated that JanUa.ry 3, 1963, would be the submission date 
for the initial report ani that the reports should be submitted every 
2 years thereafter. 

B. Previous Reports 

The January 1963 report prepared by the Depsrtment of the Interior 
was comprised of two parts: (1) an assessment of the water quality sit
uation in the psrt of the Colorado River Ba.sin above Lee Ferry, Arizona, 
as of 1957, prepared by the Geological Survey; and (2) a projection of 
the water quality effects to be expected from additional developments 
that involve storage and irrigation use of river waters above Lee Ferry 
by the B'.l.reau of Reclamation. 
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INTROIXJCTION 

The January 1965 report appraised the water quality conditions in 
the Colorado River Basin above Imperial Da.~ using the period 1941-61 as 
a base and included data from two points not considered in the 1963 re
port. The 1967 report included 3 additional years of record a.~d included 
suspended sediment data for six stations. 

Changes ma.de in the January 1969 Progress Report included (1) con
sideration of the Hammond Project under present modified coniitions, 
(2) an average of about 9,000 acre-feet of water now being used by 
Cheyenne, Wyoming, (3) the addition of another key station, Colorado 
River near Glenwood Springs, (4) the net future effects of Upper Colo
rado River Storage Unit operations being limited to evaporation only, 
(5) elimination of the Marble Canyon Project, (6) addition of the Cen
tral Arizona Project by pumping, (7) addition of the Fort Mohave and 
Chemehuevi Indian lanis, a..r1d (8) addition of the Colorado River In:lia.'1 · 
Project. other additions included 2 more years of record through 1966, 
discussions of state water qJB.lity standards, industrial wastes, munic
ips.l problems, temperature data, and salinity control. 

Following, in addition to including 2 more years of record, are 
changes which have occurred since completion of the January 1969 rep~rt 
a:.~d which are incorporated in this report: (1) showing present m~di
fied flows and corresponiing dissolved solids only on a mean annual ba
sis (1941-69) rather than on a year-by-year, month-by-month basis; 
(2) eliminating the Green River near Ouray, Utah, station; (3) consid
ering Silt and Emery County Projects as existing rather than future 
projects; (4) in~luding estimated average reservoir evaporation losses 
not reflected in historic records as a part of present modified flows; 
(5) showing only "Historical, Present Modified, and Future" coniitio~1s 
o:i. the Summary Table No. 18; and (6) addition of dis~ussions of agri
cultural wastes, mine drainage, dissolved oxygen, pH, toxic materials 
including pesticides, heavy metals, nutrients, ani radioactivity. 

In order to keep each report self-contained, it has been neces
sary to include some of the text material and tables from these previ
ous rep~rts in this fifth progress report dated January 1971. 

C. Cooperation 

This report was prepared by the Bureau of Reclamation with assist
ance of the Geological Survey and Federal Water Quality Administration. 
The Geological Survey provided most of the basic data and prepared some 
of the sections of "Basic Studies." A continuing cooperative program 
between the Bureau of Reclamation and the Survey for the collection of 
streamflow quality data and the exchange of information bas been in ef
fect for a number of years. This cooperation provides for the collec
tion of data at stations other than those normally maintained by the 
Survey. The Federal Water Quality Administration who collects samples 
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INTRODUCTION 

where needed in areas not covered by the Geological Survey or Bureau of 
Reclamation has also participated extensively in preparing this report. 
Data collected by the ~tropolitan Water District of Southern California 
have also been included in this report. 

Below Hoover Dam, water quality along the main stem of the river is 
determined by analyzing daily samples taken at key stations. Data ob
tained above each project diversion and below the return flow from each 
project show the effect of irrigation on water quality in each section 
of the river. Data are obtained periodically at various points along 
the river and in drains in cooperation with the Geological Survey, the 
Colorado River Indian Agency, the r.Etropolitan Water District of Southern 
California, the Imperial Irrigation District, and others. 

This repo:-t presents data concerning (1) the historical q·.ia!ltity ani 
quality of the flows of the Colorado Rive:c a.n:l its prin:!ipa.l trib:.itaries 
for the 1941-68 period; (2) an. evalu9.tion ::>f historical conditions modi
fied to reflect p:-esent a.evelopm·ent; and (3) a projectio;J. of the range of 
salinity conditions resulting from future de·relopment at 17 selected sta
tions in the basin. The po~ential for salinity control and the current 
status of salinity control ac:!tivlties are also disctlSsed. A section of 
th·e report is devoted to water qJ.ality parameters other than salinity. 

In a:lditi0!1 to the legislative requirements p:!:'evlously discussed for 
studies of water quality in the Colo~ado River Basin, other legislation 
authorizes the Se·~retary of the In~erior to conduct various activities 
directed toward the protection and enhancement of water q.iality. 

The Federal Water Pollution Act, P.L. 84-660, as a11en·ied (P.L. 87-88, 
P.L. 89-234, P.L. 83-753, and F.L. 90-224), established a nation9.l policy 
of water quality enhancement thrO·J6h the prevention, control, and abate
ment of water pollutio.1. The Sec:retary is directed by the act to cDope-r·
ate ·..rlth other Federal a:>J.d State agencies as well as involve m.i:1icipali
ties and industries in the developm.:!nt of comprehensive progra.ns aimed at 
reducing the water qllality degradstion in interstate streams and associ
ated tributaries. 

The Water Q;J.ality Act of 1965 amended the Federal Water Pollutio~'l 
0o~trol Act to require the establishment of water qJ.ality standards for 
all interstate waters. Tnese stan,i9.rds were to consist of water qual
ity criteria a~a a plan for implementation and enforcement of the cri
teria. Estaolish_nent of S'J.ch standards was thus required for the 
Colo:-a:lo River an•:l its interstate tributaries. 
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INTROIXJCTION 

Fach of the seven Basin States proceeded with actions directed 
toward establishment of standards for the Colorado River. Early in the 
standards-setting process, it became apparent to the states that, be
cause of legal and institutio::lal constraints co~bined with lack of tech
nical knowledge on salinity control and management, it would be very 
difficult to establish numerical salinity standards which would be work
able, equitable, and enforceable. 

The seven Basin states ~~bsequently developed water quality stan
dards which did not include salinity standards ani submitted these 
standards to the Secretary for review and approval. Following a perio~ 
of review and negotiations with the states in an attempt to establish 
suitable numerical salinity standards, former Secretary of the Interior 
Stewart Udall reached a decision on approval of the proposed standards. 
In recognition of the problems associated with establishing numerical 
standards, the Secretary approved the prop~sed standards with the under
standing that suitable numerical criteria would be established by the 
states at some future date when sufficient information on which to base 
such criteria had been developed. The states have taken no further for
mal action to establish numerical salinity standards. A number of the 
investigations reported herein have been undertaken to improve the tech
nical knowledge of salinity control and provide .i:art of the basis on 
which suitable standards could be established. 

Beginning in 1960 six of the seven states of the basin have met in 
eight conferen~es to discuss water quality problems. Three of these 
conferences have been of a technical nature dealing with specific pollu
tion sources and problems. Initially, the conferences were primarily 
con~erned with pollution from radioactive sources, b'-lt from 1963 to the 
present the emphasis has been directed more toward salinity problems of 
the basin. Five of the conferences have considered this 'Nater qLJ.ality 
problem. 

In the second technical conference in February 1964 the state con
ferees assigned the Colorado River Basin Water Quality Co::J.trol Project 
of the U.S. Public Health Service in Denver, Coloraao, the following 
general objectives: 

(1) Assess the nature and magnitude of the salinity problem in 
the Colorado River system, 

(2) Evalu~te feasible methods of control and salt-load reduction 
in the river, a..~d 

(3) Determine net basinwide econ~mic benefits associated with 
various levels of salinity control. 

The Federal Water Quality Administration has con~luded the studies begun 
by the Public Health Service to meet these objectives. 
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PART II. DESCRIPrION OF BA.SIN 

A. Geology 

Tne upper or northern portion of the Colorado River Basin in Wyoming 
and Colorado is a mountainous plateau. 5 ,ooo to 8, OOCl feet in elevation 
marked by broad, rolling valleys, deep canyons, and intersecting mountain 
ranges. Hundreds of peaks in these moQntain chains rise to more than 
13,000 feet above sea level and rra.ny exceed 14,ooo feet in elevation. 
Mountain lakes exist in considerable numbers. The so:.ithern portion of 
the Upper Basin is studded with rugged mo~tain peaks interspersed with 
broad, alluvial valleys and rolling plateaus. The ma.in stream and its 
trib~t~ries in Colorado generally flow in deep mountain canyons. The 
Green River, primary tributary of the Colorado River, flows in similar 
canyo~s in Wyo~in5, Colorado, and Utah af'ter rising in the Wind River 
Mo;mtains. The San Juan River, a large tri b:.itary, emerges from the m:mn
tains of southwestern Colorado, floNs through northwestern New Mexico, 
and then traverses the deep canyons of the San·Ju~n in ryta~ before join
ing the Colorado River in Glen Canyon. ~~e-Glen Ca...~yon section of the 
rna.in stream ani trib~taries lies almost entirely in deep canyons. 

Rocks of all ages from those of the Archean age (the oldest k...~own 
geological period) to the recent alluvial deposits, in~luiing igneous, 
sedimentary, a...~d metamorphic types, a!'e found in the Colorado River Ba.
sin. The high Rocky Mo~tains which dominate the topograp~y of the 
upper regions are composed of granites, schists, gneisses, lava, and 
sharply folded sedimentary rocks of limestone, sandstone, and shale. 
Many period.s of deposition, erosion, and upheaval have playe1i a part in 
the p=esent structure of these mowitains. 

In contrast to the folded rocks of the mountains which fringe the 
basin, the plateau country of southwestern Wyoming, eastern Utah, and 
northern Arizona is co~p~sed p~incipally of horizontal strata of sedi
mentary rocks. SlON but constant elevation of the land area has allowed 
the Colorado River and its tributaries to cut narrow, deep canyons into 
the flat-topped mesas. Tnis tYJ?e of erosion reaches its culmination in 
the Grand Ca.nyo:.t where t.he Colorado River has cut through all •)f t.he sed
imentary rocks down to the oldest Archean granites. 

The Lower Basin is characterized by broad, flat valleys separated 
by low ranges. These valleys are fille•i by large accumulations of allu
vial deposits. 

Sediment rem~Yred by constant erosion of the upper areas was depos
ited in Arizona, California, and Mexico and n::>w forms the great d12lta of 
the Colorado River. 
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DESCRIPI'ION OF .BASIN 

Reservoirs constructed above Lee Ferry (lake Powell, Flaming Gorge, 
Fontenelle, Navajo; Morrow Point, and Blue Mesa), together with Lake 
Mead downstream, have caused some major changes in stream .'.'egimen: 
(1) The stream :!hannels inundated by these reservoirs will no longer 
be subjected to natural stream erosion, (2) the accum;.ilation of sediment 
and water within the reservoirs slows the growth and flooding of the 
Colorado River delta, (3) flooding has diminished in many areas, and 
(4) sections of sediment-laden streams have given way to clear water 
streams and lakes. 

The mineral con:!e!1.tration in runoff increases from the headwater 
areas downstream and occurs in relation to the geologic character of the 
terrain across which the Colorado River and its tributaries flow. The 
geologic formations that largely contribute to the mineral con:!entra
tions in natural runoff are evaporites of Paleozoic age, shale of Cre
taceo-J.s age, a.ri.:l salt and gypsum of Tertiary age. 

B. Soils 

Tne soils of the Colorado River Basin closely resem~le the geologic 
fonm.tions of their origin. O~ly in limited areas at the higher eleva
tions has the p~ecipitation leached the soil mass of its soluble con
stituents. vver most of the area both residual and transported soils 
are basic in reaction and well supplied with carbonates ~ith no~m~l or 
mature soils exhibiting a distinet horizo.:i of carbonate accumulation. 
The impress of soil-forming factors has resulted in the widespread de
velop~ent of soils classified as members of the Gray-Desert Great Soil 
Group. In areas with higher rainfall, soils of the Brown and Chestnut 
Great Soil Groups have developed. Saline and alkali (sodic) soils o-::cur 
in ::rany parts of the basin. 

The residual soils comprise the lat'ger area an·i are usually shallow 
in depth over shale a.:id sa.ri.dstone of vdrious ages. Many of the shales 
are saline b-J.t contain ;m1ch gyps"o.lill as well as other chloride a:i·i sul
phate salts. Some formations are high in sodium •-:!hloride and some have 
sodium carbonate or bicarbonate strata. Very fe# residual soil areas 
are suitable for irrigatio~ ievelopment. 

Tne alluvial materials are extrem~ly variaole an·i range from allu
vial fans and terraces, o·..itwash plains, to la~1.rntrine sediments. Some 
areas have soils from material trans~::>rted only short distances and re
semble the original niaterials. other areas have soils w~ich have been 
transp::>rted and mixed extremely well. Most of the agricultural areas 
are on these well-mixed alluviu:ns ani, therefore, the soils are quite 
variable. · 

E:lctensive areas of F.olian deposits occur in parts of the basin, 
principally in southwestern Colorado. The uniformly textured soils 
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DESCRIPI'ION OF BASIN 

are reddish brown in ::!•:>lor and have no resemblance to either the unier
lying forms.tions or adjacent areas. These are excellent agricultural 
soi~s, but in many areas topograp~y m~ke~ ag-riculture difficult. 

C. Climate 

The ColO:i."'aio River Basin has climatic extremes, rangin,s bet·t1·2en 
year-round snow cover and heavy precipitation :m the high peaks of the 
Rocky Mountains to desert conditions with very little rain in the south
ern part of the b:3.sin. This wide range of climate is caused by differ
ences in altitu:le, latitude, and by the configuration of the high mo~n
tain ra...r'lges. The encircling mountain ranges o=>struct a_'ld deflect the 
air masses to s·~ch a...YJ. extent that storm .::iatterns are mo~e erratic than 
in most other parts of the United States. Most of the moisture for pre
cipitation o:i tho~ Upper Basin is :3.erived from the Pacific Ocean and the 
G1.ll f of Mexico. The Pacific source predominates generally from Octo~·er 
through April and the Gulf source during the late spring a:.1d ea!'ly 
summer. 

In the n~rthern part of the b::i.sin most precipitatio.1 falls in the 
form of winter snows aai sp~ing rains. Summer storms are infrequent 
but are som•~times of clo·J:ib"..ir.st intensity in localized areas. In the 
more arid so:ithern portion the p::-incipal rainy season is in the winter 
mo:iths with o:!casional loealized cloudbursts in the su•mw~r a.n:l fall. 

Extremes of temperature in the basin ra..11ge from ~)° F. below zero to 
130° F. above zero. The northern po~tio~ of the basin is char.a~terized 
by short, warm swmners and 1011g, cold winter a, a..1d :n:i.n.y miY1rrtain 9.reas 
are blanketed. by deep snow all wint.ero 'E1e southern p:>"!:'tion of the basin 
has long, hot su.1imers, practically continuous SWJ.shine, and almost ::!o:n
plete absen~e o!' :freezing temp·eratures. 

Nevertheless, the entire basin is 9.~id except in the extremely high 
altituies of the hea·iwaters 9..!'eas. Rainfall averages as low as 2. 5 
inc~hes in the southern end. of the basin while total precipitatio:1 in th·= 
higi.~ mo:l.Iltains m9.Y range from 40 to 60 inches annually. 

D. Vegeta~~~ 

Areas of higher elevatio~ are covered with forests of pine, :fir, 
spru.ce, and silver-stemmed aspens, broke:n by small glaies and moantain 
meadows. Pin:>:..1 a..1d juniper trees, intersper.sed. with S::!rub oak, mountain 
mahogany, raobit b:.."'Ush, .bi..meh grasses, and similar plants gro-.v in the 
intermediate elevations of the mesa and plateau regio.1s. Large areas in 
the iJpper Basin are d::>minated by big sageb:ush ·~n:l related. -vegetatio:i. 
Ma.11y of the streams are bordered ""1y cottomJ".)ods, willows, a1d salt cedaro 
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Scattered cottonwoods and chokecherries grow in the canyons with the 
cliff rose, the redbud, and blue columbine. A profusion of wildfloNers 
carpets many mountain parks. At lower elevations large areas are almost 
completely devoid of plant life while other sections are sprinkled with 
desert shrubs, Joshua trees, other Yucca plants, and saguaro cacti, some 
of the latter giant plants reaching 40 feet in height. Oecasionally, 
cottonwoods or desert willows are found along desert streams with mes
quite and creosote bush or catclaw and paloverde. In recent years many 
river channels h9.ve been overrun with tarna..risk or salt cedar to the ex
tent that a large volume of water is being consumed by s~ch vegetation. 
Measures are being taken to curb the growth of phreatophytes to conserve 
water. 

E. Hydrology 

The Colorado River begins w:1ere peaks rise more than 14 ,OO:::> feet 
high in the northwest portion of Colorado's Rocky Mountain National Park, 
70 miles northwest of Denver. It meanders southwest for 640 miles through 
the Upper Basin to Lee Ferry. The Green River, its rrnjor tributary, rises 
in western Wyoming a.11d discharges into the Colorado River in southeastern 
Utah--730 river miles south of its origin and 220 miles above Le~ Ferry. 
The Green River drains 70 percent mJ~e area than the Colorado River above 
their junction but produces only about three-fourths as ffi'lCh water. The 
Gunnison and the San Juan are the other principal tributaries of the Upper 
Colorado River. 

The flows of the Sa.11 Jus.n River are now controlled by the Navajo Dam, 
the Green River by Fontenelle and Fla.ming Gorge Da.'ils, an:i the Gunnison 
River by the Curecanti Unit Dams. Glen Canyon D9.ID is the only major dam 
on the ma.in stem of the Colorado above Lee Ferry, but it will permit co~
trol of almost all flows leaving the Upper Basin. 

The floN at vario~s points in streams in the Colorado River Basin 
for the 1941-68 period is given in Tables 1 through 17. Ti.1e records of 
flow depict the characteristic wide fluctuations from month-to-month and 
the considerable variation from year-to-year. The recently constructed 
storage reservoirs will now level out some of these fluctuations. 

The natural drainage area of the lower Colorado River below Lee Ferry 
and above Imperial Dam is about 75,100 square miles. This section of the 
rive."t" is now largely controlled by a series of storage and d.iversion dams 
starting with Hoover Dam and endin;s at Imperial D9...'1l. 

At the present tim~ there is no significant storage on the ma.in river. 
or on the tributaries between Glen Canyon Da.."Il and Lake Mead. The interven
ing tributary inflow is erratic but amoants to almost enough to offset the 
evaporatio:1 from Lake Mead. 
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La.ke Mead provides most of the storage and regulation in the Lower 
Colorado River Basin with the water being stored for irrigation an.:l 
m1micipal and industrial uses, generation of electrical power, and other 
beneficial uses. 

Lake Mohave, the reservoir formed by Davis Dam, backs water at high 
stages about 67.miles upstream to the tailrace of Hoover Powerplant. 
storage in Lake Mohave is used for some reregulation of releases from 
Hoover D&."?l, for meeting treaty requirements with Mexico, and for devel
oping power head for the production of electrical energy at Davis Power
plant. 

T"ae river flows through a natural channel for about 10 miles below 
Davis Dam at which point the river enters the broad Mohave Valley 33 
miles above the upper end of Lake Havasu. 

Iake Havasu backs up behind Parker Dam for about 45 miles and cov
ers about 25,000 acres. Lake Havasu serves as a forebay from which the 
Metropolitan Water District of Southern California p:imps water into the 
Colorado River Aqieduct. Lake Havasu also controls floods originating 
belo~ Davis Dam. 

Headgate Rock Dam, Pa.lo Verde Diversion Dam, and Imperial Dam all. 
serve as diversio~ structures with practically no storage. Imperial Dam, 
located some 150 miles downstream from P~ker Da:.n, is the 1Il9.jor diver
sion structure to irrigation projects in the Imperial Valley and Yuma 
areas. It diverts water on the right bank to the All American Canal 
w~ich delivers water to the Y\L'l'l'3. project in Arizona and California and 
Imperial and Coachella Valleys in Cali~ornia. It diverts on the left 
bank to the Gila Gravity Main Canal. 

The Senator Wash Dam also affords regulation in the vicinity of 
Imperial Dam and assists in the delivery of water to Mexico. 
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PART III. HISTORY OF WATER RESOORCE DEVELOIMENI' 

A. Irrigation Devel~ment 

Irrigation development in the Upper Basin took place gradually from 
the beginning of settlement about 1860 but was hastened by the purchase 
of land from the Indians in 1873. About 8oo,ooo acres were irrigated by 
1905. Between 1905 and 1920 the development of irrigated land continued 
at a rapid pace, and by 1920 nearly 1,400,000 acres were irrigated. The 
development then leveled off' and increase since that time has been slow. 
In 1965, 1,600,000 acres were under irrigation in the Upper Basin. 

The slow growth in irrigated acreage in the Upper Basin in the last 
45 years is ascribed to both physical and economic limitations on the 
availability of water. By 1920 most of the lower cost and more easily 
constructed developments were in operation, and, although some new devel
opments have taken place since that time, they have been partially offset 
by other acreages going out of production. 

Irrigation development began in the Lower Basin about the same time 
as in the Upper Basin. Development was slow because of diff'icult diver
sions from the Colorado River with its widely fluctuating flows. Devel
opment of the Gila area began in 1875 and the Palo Verde area in 1879. 
The development rate increased i~ the period 1900-10 with construction 
of the Yuma Project, the Pa.lo Verde Canal and intake, and other irriga
tion projects along the river. Construction of Boulder Canyon Project 
in the 1930's and other downstream projects since that time has continued 
to expand the irrigated areas until about 25,500 ·acres in Utah, 12,000 
acres in Nevada, and 789,500 acres below Hoover Dam are irrigated under 
organized irrigation systems. An additional unknown acreage is irrigated 
by private pumping from wells in the river aquifers in the Lower Colorado 
River Basin. 

B. Streamflow Depletion~ 

Development and utilization of the basin's water resources results 
in depletions of streamflows. Consumptive use of water by irrigated 
crops and exports to other basins produce the greatest flow depletions. 
Reservoir evaporation and consumptive use of water for municipal and in
dustrial purposes also produce significant depletions. 

For the 1941-63 period of record consumptive use of water by irri
gated crops in the Upper Ba.sin was estimated to average 1,727,000 acre
feet annually. This is low in comparison to the irrigated acreage, b~t 
some lands do not receive a full supply. 
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Water exported from the Upper Basin during the sa~e period averaged 
about 357,000 acre-feet per year. Since completion of the Colorado-Big 
Thompson Project with initial diversions made in year 1947, the Duchesne 
Tunnel completed in 1953, and the Roberts Tunnel completed in 1963, the 
transmountain diversions have increased to around 500,000 acre-feet. 

Consumptive use of water for municipal and industrial purposes in 
the Upper Ba.sin produced a minor depletion of about 30 ,ooo acre- feet 
annually. 

Reservoir evaporation varies from year to year but the variations 
have little effect on average streamflow depletions. For the period of 
record considered, average reservoir evaporation in the Upper Ba.sin was 
minor as the large reservoirs of the Colorado River Storage Project did 
not begin filling until late ·in the period. Under normal operating 
conditions, evaporation from the Colorado River Storage Project r.eser
voirs is expected to average about 60:::>,ooo acre-feet annually. 

For the 1941-68 period of record, streamflow depletions in the 
Upper BAsin totaled about ? million acre-feet. 

In the Lower Ba.sin above Imperial Dam water is exported to the 
Southern California coastal areas and to Imperial and Coachella Valleys 
and delivered to irrigated areas along the river in Arizona and Cali
fornia, principally to the Colorado River Indian Reservation, Palo Verde 
Irrigation District, Gila Project, and Yuma Project. Water is also de
livered to r.Exico at the International Boundary as well as consumed by 
phreatophytes or evaporated. 

C. Legal ~spect~ 

1. Colorado River Com~~ct 

Water of the Colorado River was divided between the Upper and Lower 
Colorado River Basins by the Colorado River Compact which was signed in 
1922 by a commissioner of each of the seven States of the river basin 
and by a representative of the United States. All States but Arizona 
ratified the compact ·prior to its effective date in 1929. The dividing 
point on the river between the Upper a~d Lower Basins is at Lee Ferry 
which is defined as a point 1 mile below the mouth of the Faria River. 
The compact apportions from the Colorado River system to each of the 
Upper and Lower Basins in perpetuity for exclusive beneficial consumptive 
use a total of 7,500,088 acre-feet annually. In addition to the appor
tiorunent of 7,500,000 acr~-feet, the Lower Basin is given the right to 
increase its beneficial consumptive use of water from the Colorado River 
system by 1 million acre-feet annually. The compact further provides that 
the States of the upper division will not cause the flow of the river at 
Lee Ferry to be depleted below an aggregate of 75 million acre-feet for 
any perio·i of 10 consecutive years. 

13 



HISTORY OF WATER REECURCE DEVELOPMENT 

One provision in the compact permits exp~rtation of the water out of 
the basin as long as it is used beneficially in the seven Ba.sin states, 
a.11d another provision recognizes the obligations of the United states to 
the In·iian Tribes. The compact prescribes the ma.nner in which the waters 
of the Colorado River system may be ma.de available to Mexico under any 
water rights recognized by the United states. 

The compact, in effect, cleared the way for legislation authorizing 
the construction of major projects such as BoQlder Canyon Project, and it 
also cleared the way for com_pa.cts or agreements within the Upper and Lower 
Ba.sins to further divide the water among the states. 

2. Mexica'l Treaty 

The treaty with Mexico, signed in 1944, provides basically for a 
guarateeed a.'1.llual delivery by the United states to ~exico of 1,500,000 
acre-feet of Colorado River water. 

3. ~er Colorado River Basin Compact 

With the water allocated to the Upper Basin by the Colorado River Com
pact and with the Mexican Treaty signed, the Upper Basin states began ne
gotiations which resulted in the signing of the Upper Colorado River Basin 
Compact in 1948. Unier the terms of the compact, Arizona is permitted to 
use 50;000 acre-feet of water annually from the Upper Colorado River sys
tem, and the remaining water is apportioned to the other Upper Ba.sin 
States in the following percentages. 

State of Colorado • . • . . . • . • 51. 75 percent 
state of New Mexico • . . 11.25 percent 
state of Utah • • • . • . • • . . • 23.00 percent 
state of Wyo.:ning • • • • • • • • • . • 14.oo percent 

Congress had previously been unwilling to approve projects without 
assurance that a water supply would be available, so this division of 
water a!!IOng the states permitted development in the Upper Ba.sin to pro
ceed and resulted primarily in the authorization of most of the Federal 
projects above Lee Ferry that are mentioned in this rep~rt. 

Neither of the compacts specifically mentions water quality, but it 
has been recognized as a factor to be considered in developing projects, 
and water quality studies have been required by recent legislation au
thorizing the construction of projects in the Upper Ba.sin. 

4. Arizona vs. California Suit in the Supreme Court 

The States of the Lower Basin bav.e never agreed to a compact for the 
division of use of the waters of the Lower Colorado River Ba.sin. The 
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State of Arizona filed suit in the Supreme Court of the United States in 
October 1952 against the State of California and others for the determi
nation of the rights to use the waters of the Lower Colorado River system. 
The Supreme Court gave its decision on June 3, 1963, and issued a decree 
on March 9, 1964, providing for the apportionment of the use of the waters 
of the ma.in stream of the Colorado River below Lee Ferry among the States 
of Arizona, California, and Nevada. The States of Arizona and New Mexico 
were granted the exclusive use of the waters of the Gila River system in 
the United States. The decree did not affect the rights or priorities to 
the use of water in any of the other Lower Ba.sin tributaries of the Colo
rado River. 

The decree permitted the States of the Lower Basin to proceed with 
developments to use their apportionments of Colorado River water. Major 
new developments include the Southern Nevada Wate~ Project in Nevada, the 
Dixie Project in Utah, and the Central Arizona Project in Arizona. Devel
opment of the Indian lands is expected to use all of the water allocated 
to them by the decree. These lands include the Colorado River In1ian Res
ervation, Arizona-California·; the Fort Mohave Indian Reservation, Arizona
California-Nevada; and the Chemehuevi Indian Reservation, California. 

5. Colorado River Basin Project Act (Public Law 90-537, 9Jth Congress, 
September 30, 1968) 

The major items provided in the law include the following: 

Construction of the Central Arizona Project consisting of a sys
tem of ma.in conduits and canals including a main canal and pumping plants 
(Granite Reef aqueduct and pumping plants) for diverting and carrying 
water from Lake Havasu to Orme Dam or suitable alternative. 

Construction of five multiple-purpose projects in Colorado; the 
AniIIBs-La Plata, Dolores, Dallas Creek, West Divide, and San Miguel; and 
one in Utah, the Uintah Unit of the Central Utah Project, upon comple
tion and appraval of a feasibility report to Congress. 

Establishment of a Lower Colorado River Development Fund. 

Development.of criteria for the coordinated long-range opera
tion of the Federal reservoirs, equalizing the storage in Lake Mead and 
Lake Poiolel 1. 

Directed that the Secretary of the Interior shall conduct full 
and complete reconnaissance investigations for the purpose of developing 
a general plan to meet the future water needs of the Western United states, 
except that for a period 'of 10 years from the date of the act, studies 
shall not be undertaken of any plan for the importation Jf water into 
the Colorado River Ba.sin from any other natural river drainage basin 
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lying outside the states of Arizona, California, Colorado, New Mexico, 
a.'1i t!lose portions of Nevada, Utah, and Wyoming which are in the natural 
drainage basin of the Colorado River. 

Directed the Secretary to make reports of annual consumptive use 
and losses of water from the Colorado River system. 

D. Economic Conditions 

The prosperity of agriculture in the Upper Colorado River drainage 
basin generally parallels the prosperity of the livestock industry. With 
vast areas of fine rangelani available for summer grazing, livestock pro
duction is limited by the production of hay for winter feed. 

Intensified development of mineral resources in recent years has 
created new employment opportunities, including off-the-farm work for 
many farmers. T"ne most extensive and commercially important mineral re
sources of the Upper Basin are coal, oil, and natural gas. The Upper 
Basin is also the leading domestic source of vanadium, uranium, radiun 
o~e, and molybdenum. Copper, zinc, lead, silver, ani gold are also com
mercially important. In recent years mining of trona has become exten
sive in the State of Wyoming. The increase in population resulting from 
new job opportunities has created new markets for locally :Produced and 
imported products, has taxed municipal facilities and water supplies in 
several areas, and has increased demanis for electricity. Raw materials 
are stimulating industrial activities in areas adjoining the upper drain
age basin, particularly areas near Denver, Pueblo, Provo, a.11d Salt Lake 
City. These adjoining areas all import w-a.ter from the Colorado River 
Basin and witho'J.t the imported water their economic growth woald be lim
ited. 

To;.irism as an industry has increased significa.11tly in rece~t years 
because of the many natural attractions. Manufacturing as a basic in
d'J.stry is of relatively minor importance in the Upper Basin. 

Ir:rigated areas in the Lower Colorado River Basin ani in adjoining 
basins using Coloraio River ma.in stream water are highly productive and 
the agricultural operations very intensified. Gross crop values per 
a~re probably are greater than any other area of comparable size in the 
world with a 1968 average gross crop income of $415 per acre. 

The Pacific Southwest is one of the most rapidly developing areas 
in the Nation, both industrially and popu.lationwise. Colorado River 
water for municipal and.industrial purposes is supplied to approximately 
130 incorporated towns and other communities in this area with a popula
tion of about 10 million people. This water supply, which totaled about 
1,200,000 acre-feet in 1968, ranges from a minor supplemental supply for 
some entities to a complete supply for others. 

16 



PART IV. BASIC STUDIES 

A. Study Objectives 

The Secretary of the Interior is required by various legislative 
acts to report on the quality of water in the Colorado River Basin, to 
evaluate the suitability of the water for beneficial uses, to estimate 
the effects of future development on water quality, and to investigate 
means of improving water quality. A number of basic studies have been 
undertaken by the Bureau of Reclamation, the Geological Survey, and the 
Federal Water Quality Administration in compliance with these legisla
tive requirements. 

These studies include the collection of data for evaluating quality 
of water investigations, studying the effects existing water resource 
developments have had on water quality, detecting and defining water 
quality trends and predicting the effects of future development on water 
qua.11 ty, defining the suitability of' Colorado Ri yer water :for beneficial 
use, and evaluating water quality control measures. These studies are 
discussed in the :following Parts r:v to IX of this report. 

B. Effects of Impoundments 

1. Flaming Gorge Reservoir 

Quality of water in the reservoir.--In October 1966 and September 
1968 water quality samples were collected at the surface, bottom, and 
seven intermediate points from each of six sites in the reservoir. Some 
additional data are also available from three sites for September 1967. 
The approximate dissolved-solids distribution in the reservoir during 
sampling times is shown in Figures 2 and 3 . Available data are insuf
ficient to define the annual limnological cycle of Flaming Gorge Reser
voir. Figures 2 and 3 represent chemical-quality conditions in the 
reservoir in the fall of 1966, 1967, and 1968. The less concentrated 
spring and SUI!llller runoff can be seen at the lower end of the reservoir. 
These exiguous data for the period 1966-68 indicate that the water prob
ably takes an average of about 3 months to move the length of the res
ervoir. 

The measured load of dissolved solids in the reservoir on October 1, 
1966, was about 1,850,000 tons. This figure was computed using the 
chemical-quality data from the six sampling verticals and area capacity 
curves. In order to determine initial leaching and storage, a theoreti
cal load as of October 1, ·1966, was also computed, using available inflow 
and outflow data. The theoretical load was 1,050,000 tons, and this rep
resents the net amount of dissolved solids contributed to the reservoir 

17 



~ 59ool----::::=~~:L.-7":f!!.:::::::::~=-----==:::J----====::;;;::::;;==f:=:=:;;;;:::::+:,.~r"'f.r:J..T]_~l-----~ 
.; 
~ 

ti 5871 
l&I 
IL 
I 
z 
~ 58001--------1~-.....,.l-"---+------+------T------r-------t-------1 

~ ... 
~ 

... 574 I 

10 20 30 40 
SKULL CR. CARTER SHEEP CR. HENRYS SPRING Cit 

CR. FORK 

RIVER MILES AIOVE 
FLAMING GORGE DAM 

18 

50 

- DISSOLVED SOLIDS lllG./L 

A>< MINIMUM POWER ELEV. 

B =DEAD STORAGE ELEV. 

FLAMING GORGE 
SALINITY 

OCT. 1966 

60 

Fio. 2 

70 



6000 

_J 

ui 
~ 

5900 

f--

"" "" IL 5871 I 
z 
Q 
f--c 
> 5800 .... 
_J 

"" 
5740 e 

5700 

_J 

ui 
~ 

f--.... 5871 w 
IL 
I 

z 
0 
f-- seoo <I 
> 
"" _J 

"" 

' 
' --- 400 ---

500 

600 

SKULL CR. CARTER SHEEP CR. HENRYS SPRING CR. 

10 

CR. FORK 

20 

RIVER MILES ABOVE 
FLAMING GORGE DAM 

30 40 

SKULL CR. CARTER SHEEP CR. HENRYS SPRING CR. 
CR. FORK 

RIVER MILES ABOVE 
FLAMING GORGE DAM 

19 

- DISSOLVED SOLIDS MG.A 

A: MINIMUM POWER ELEV. 

B: DEAD STORAGE ELEV. 

FLAMING GORGE 
SALINITY 
SEPT. 1967 

- DISSOLVED SOLIDS MG.IL 

A: MINIMUM POWER ELEV. 

B •DEAD STORAGE ELEV. 

FLAMING GORGE 
SALINITY 
SEPT. 1968 

60 

Fig. 3 

70 



BASIC STUDIES 

from runoff. The data used to arrive at the above figures are not sea
sonally continuous and they cover only a short period of time (1957-66). 
The chemical quality of the major inflowing tributaries (Green River at 
Green River, Wyo., Blacks Fork at Little America, Wyo., and Henrys Fork 
at Linwood, Utah) has been measured since 1952, but the flow at Greendale 
has been observed only since 1957 after construction began; thus the rela
tionship used to estimate unmeasured inflow is not precise. For these 
reasons the figures should be considered as estimates only. The differ
ence of 800,000 tons between the measured load and the theoretical load 
represents the estimated amount of dissolved solids added to the river 
system by leaching during the first 4 years after closure of the reser
voir. 

The load of dissolved solids in the reservoir measured in September 
1968, 2 years later, was about l,50G,u00 tons. Starting with 1,850,000 
tons of total dissolved solids in storage on October 1, 1966, the theo
retical load, or the total amount of dissolved solids, which should have 
been in the reservoir as the result of runoff, was about 1,100,0uG tons. 
Thus, in the 2-year period ending in September 1968, the amount of dis
solved solids leached from the inundated area wa:.3 about 400,0uG tons, or 
one-half the amount leached in the previous 4-year period. On th~ basis 
of these calculations, it would appear that the rate of leaching has not 
decreased significantly over the first 6 years since the reservoir was 
closed. 

The major observable changes in chemical composition occurring in 
the reservoir are an increase in the percentage of sulfate and a decrease 
in the percentage of bicarbonate compared with the chemical composition 
of the inflow. The inflowinr, water during the 1963-66 period contained 
about equal percentages of sulfate and bicarbonate ions (47 percent of 
the total anions). The water in the reservoir on October 1, 1966, co11-
tained about 34 percent bicarbonat..e and 57 percent sulfate. The percent
age of the at.her ions has remained about the same. The change in the 
percentage of bicarbonate and sulf'ate ions relative to the other ions 
in solution may be the result of leaching of gypsum (CaS04.2H20) and 
other sulfate soluble evaporites from the in~ndated areas and of pre
cipitation of calcium carbonate (caco3). 

The chemical composition of water in the reservoir itself, although 
it is different from that of the inflow, is very unif'orm. The dissolved
solids concentration shows a definite increase with depth, but the per
centage of individual ions is essentially the same throughout the major 
portion of the reservoir. 

Quality of inflow waters.--The major inflow to the reservoir is 
from Green River which contributes 70-95 percent of the water, but only 
55-65 percent of the inflow load of dissolved solids. Because of their 
higher conceatratlons of dissolved solids, Blacks Fork.and Henrys Fork 
contribute a higher percentage of the dissolved-solids load than they 
do of water. 
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The minor tributaries contribute less than 10 percent of the total 
inflow to the reservoir and account for less than 15 percent of the to
tal incoming load. The streams draining into the upper part of the res
ervoir above Henrys Fork are mostly intermittent. The total amount of 
water they contribute is small, but they are high in dissolved-solids 
content. Carter Creek, Cart Creek, and Sheep Creek, which drain into 
the lower section .of the reservoir from mountainous areas, contribute 
larger amounts of water but are more dilute. 

Effects of. closure on the Green River at Greendale.--The closure of 
Flaming Gorge Dam has been too recent (November 1962) to allow a state
ment as to its ultimate effect on the chemical quality of the water down
stream •. Data for the first 7 years since closure indicate an initial 
increase in the average dissolved-solids concentration of the water at 
Greendale. The highest weighted-average dissolved-solids concentration 
occurred in 1963 when a minimum of water was being released as the res
ervoir filled. During the next 6 years (1964-68) the annual weighted
average dissolved-solids concentrations were less than in 1963 but 
greater than during the 6 years preceding closure. Information is not 
available on the chemical quality of the water below the reservoir prior 
to 1957 when construction of the dam began. Construction operations from 
1957 to 1962 probably had some effect, and the concentration and load of 
dissolved solids in the Green River prior to the beginning of construc
tion may have been slightly different from that for the 1957-62 period. 

The annual weighted-average concentrations of all major constitu
ents have increased in the water at Greendale since closure of the res
ervoir with sulfate having the most pronounced increase. The percentage 
composition (in milliequivalents per liter) of calcium, magnesium, so
dium, and chloride has remained about the same after closure as before 
closure. However, the percentage of bicarbonate has decreased, while 
that of sulfate has increased. These changes in composition are due to 
chemical changes in the reservoir as previously discussed. 

2. Lake Powell 

Quality of water in reservoirs.~-Water quality studies were started 
by the Bureau of Reclamation at Lake Powell in January 1965 as the lake 
was approaching inactive storage level. The program is to collect and 
analyze water samples four times a year at seven different locations. 
J~nuary, May, July, and October are designated as the months of collec
tion and in addition samples are taken once a month at the mouth of Wah
weap Creek. The samples are taken at 50-foot intervals to the bottom of 
the lake. Results of the sampling for 1968 are shown on the accompanying 
isohaline graphs. (Figures 4 and 5.) 

The graphs show that for any point in the reservoir the salt con
centration generally increases with depth. The exceptions are probably 
caused by colder-less saline water flowing under the warmer-more saline 
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water without mixing. The January graph shows the concentration near 
the surface of the reservoir generally increasing toward the upper end 
of the reservoir, probably resulting from the more saline flows of sum
mer and fall from the Colorado and Green Rivers. As the winter and 
spring flows with less concentration enter the reservoir, the May chart 
shows the higher concentrated water above the Escalante River becomes 
diluted. The July chart shows the less saline flows of the high runoff 
from the Colorado and Green Rivers have moved down the reservoir, flow
ing mainly over the more saline water already in storage. Also the July 
chart shows the beginning of the more saline summer flows entering the 
reservoir. The October chart shows the less saline flows have moved 
farther down the reservoir, diluting the more saline water slightly. It 
also shows the more saline summer and fall flows from the Colorado and 
Green Rivers moving into the reservoir and flowing under the less sa
line waters. This is one interpretation of the data from the sampling 
program. The isohaline graphs could be drawn slightly different for 
other interpretations of the data. 

The concentration of the flow in the river below the dam when com
pared with the concentration at Wahweap for the minimum power elevations 
indicates that some of the water passed through the powerplant penstock 
comes from the more concentrated water from lower elevations. 

Effects of closure on the Colorado River at Lees Ferry.--The dis
charge-weighted, average concentration of dissolved solids in the water 
from the Colorado River at Lees Ferry for the 1941-62 period was a func
tion of the river discharge. This relation is shown in Figure 6 . How
ever, since 1962 this relation has been affected by storage of water in 
Lake Powell. The concentrations of dissolved solids at Lees Ferry were 
higher than would have been expected without storage during the first 
3 years of regulation and were lower than expected during the ensuing 
2 years (1966-67). 

By adjusting the discharge at Lees Ferry for storage in Lake Powell 
beginning with 1963, the dissclved-solids concentration that would have 
been expected without storage was obtained from the established dissolved
solids discharge relation. The tabulation on page 26 shows the measured 
and adjusted discharges and measured and expected weighted-average 
dissolved-solids concentrations for the Colorado River at Lees Ferry for 
the period 1963-68. (The data for 1968 are preliminary.) 
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Colorado River at Lees Ferry 

Expected Historical Discharge 
Calendar tons per tons per {million acre-feetl 

mg.A. acre-foot (mg./l.) acre-foot Adjusted Historical 
25 1.12 935 1.27 .9 1.3 

675 .9~ 810 1.10 7.68 3.24 
485 .66 575 .78 15.15 ll.59 
675 .92 515 .70 7.6o 7.74 
650 .88 ~5 .85 8.45 7.56 
56o .76 650 .88 10.14 8.78 

The data from the above tabulation plotted in Figure 6 show that 
during the filling of the reservoir (1963-65) the measured concentra
tions of dissolved solids in the water released from the reservoir were 
greater than would have existed without the storage. However, during 
2 years of withdrawing water from storage, 1966-67, the measured con
centrations were less than the expected. 

The concentration in years subsequent to the start of regulation 
is influenced by the concentration of the water already in storage and 
the degree of stratification in the reservoir, as well as runoff condi
tions in the given year. Thus it is believed the concentrations at Lees 
Ferry in 1963, 1964, and 1965 were somewhat higher than would have been 
expected without storage because of initial stor3.ge of water of higher 
than average concentrations in 1963, relatively low runoff in 1963 and 
1964, and because the water released contained a higher concentration 
of dissolved solids than the average concentration of dissolved ~;olids 
of the water in storage owing to salinity stratification in the reser
voir. 

The rather large reduction in outflow concentration occurring in 
1966 resulted from the diluting effect of the unusually high inflow of 
dilute water during the spring runoff period of 1965. 

The increase in concentration of outflow water in 1967 resulted 
because total inflow and the ratio of spring inflow to total flow in 
both 1966 and 1967 was lower than in 1965. 

The effects of evaporation and chemical precipitation due to Lake 
Powell cannot yet be clearly evaluated. 

Experience is too short at this time to define a concentration
discharge relation at Lees Ferry subsequent to the closing of Glen 
Canyon Dam. In fact, one. should not expect a close correlation be
tween concentration and discharge at Lees Ferry. There will always 
be a lag in the response of concentration of outflow water at Glen 
Canyon Dam to inflow conditions due to storage and stratifi~ation in 
the reservoir. This is borne out by experience below Hoover Dam. 
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3. Lake Mead 

The Bureau of Reclamation conducted an extensive quality sampling 
program of Lake Mead from 1964 through 1968. As many as 28 stations 
were sampled in the spring and fall. Tests were made for dissolved oxy
gen, carbon dioxide, pH, alkalinity, temperature, conductivity, and tur
bidity at selected depths at each station. Water samples -were obtained 
from selected depths for laboratory analysis for calcium, magnesium, 
sodium, potassium, carbonate, bicarbonate, sulphate, chloride, nitrate, 
phosphate, electrical conductivity, total dissolved solids, and pH. The 
results of these investigations were correlated with the sampling sta
tion at Hoover I8m where monthly water analyses of many of these factors 
have been.made for over 20 years. The data collected from the sampling 
program during the period April 1964 through November 1966 were published 
in Report No. CHE-70, Water Quality Study of Lake Mead, November 1967, 
Bureau of Reclamation, Denver, Colorado. 

This report documents the effect of the reduced inflow on water 
quality and the improvement of quality with increased inflow to the 
lake following the initial filling of Lake Pqwell. 

The report discusses the limnological characteristics of Lake Mead. 
The annual temperature cycle of Lake Mead is classified as warm monomic
tic in that the temperature is never below 39.2° F., undergoes circula
tion during the winter, and is directly stratified in the summer. 

There is an increase in mineral content from the upper to the lo-wer 
end of Lake Mead with the greatest increases being in sulphates and chlo
rides of calcium and sodium. The only decrease noted was in the bicar
bonate values • 

. It is expected that the type of sampling made during this survey 
will be repeated at appropriate intervals in the future. 

c. Lower Colorado River Salinity Investigations 

Water quality data from 58 locations in the Lower Colorado River 
Basin are being used.in a special study instituted by the Bureau of 
Reclamation in 1970 to more clearly define the sources of salinity con
tribution between Parker Dam and Imperial Dam. To acquire the necessary 
data for the study, the sampling frequency was increased to obtain daily 
specific conductance, weekly TDS analyses by evaporation, and monthly 
cpemical analyses at 10 stations as f'ollows: Colorado River below Parker 
Dam; Colorado ~iver Indian Reservation J.ilin Canal near Parker; Poston 
WasteUAv near Poston· Colorado River Indian Reservation Levee Drain near . --,, ' 
Parker; Palo Verde Canal. near Blythe; Colorado River Indian Reservation 
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Lower Main Drain near Parker; Colorado River at Taylor Ferry near Cibola; 
Palo Verde Irrigation District Outfall Drain near Palo Verde; Colorado 
River below Cibola Valley; and Colorado River at Imperial Dam. 

D. Natural Sources of Salinity 

Inspection of the flow and quality records reveals that along cer
tain reaches of the Colorado River there are large increases in the 
dissolved-solids load that cannot be attributed to irrigation. This 
increase is mainly due to natural diffused sources and the saline springs 
and wells in the Colorado River Basin. Although wells are man-made and 
not a natural source, abandoned saline flowing wells are also presented 
in this section. 

1. Diffused Sources 

Natural diffused sources are those sources of salt contribution 
which occur gradually over long reaches of the river system. 

Salt pickup occurs over large areas of surface and underlying soils, 
from stream channels and banks, and is difficult to identify, measure, 
or control. This source contributes the largest overall share of the 
salts to the Colorado River. Natural point sources are mainly saline 
springs where the contribution of salt and water is easily identified, 
issuing from single or concentrated sources. 

Past records indicate an increase in salt load in the Lake Powell 
area above Lees Ferry and below the Green River, Cisco, and Bluff sta
tions. Iorns and others (1965, p. 20) presented estimates of dissolved
solids loads in this river reach based on the period 1914-57 adjuste4 to 
1957 conditions of development. Unaccounted inflow of dissolved solids 
in this reach amounted to about'5 percent of the load at Lees Ferry. 

During 3 consecutive years (1949-51) when there was very little in
crease in water discharge between Lees Ferry and Grand Canyon, the 
dissolved-solids load increased about 1.3 million tons each year. Dur
ing 1951 the discharge increased by about 1 million acre-feet, but the 
load increased by only 2 million tons. In 1952 the discharge increased 
by 0.2 million acre-feet and the load by 2.2 million tons. With the 
exception of these 2 years the annual increase in dissolved-solids load 
during the 28-year period has ranged from 0.5 million tonsto 1.8 mil
lion tons. 

In 1962 runoff of 14.4 million acre-feet at Lees Ferry increased by 
4oo,ooo acre-feet at Grarid Canyon and the dissolved-solids load increased 
by half a million tons. By contrast, during the filling of Lake Powell 
the following year, only 1,384,000 acre-feet was recorded at Lees Ferry 
and the increase in flow at Grand Canyon amounted to 246,ooo acre-feet, 
but the dissolved-solids load still increased by more than a half million 
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tons. Likewise, with a small flow in 1964 the dissolved-solids load 
increased by nearly 900,000 tons. 

Large amounts of dissolved solids also are added to the Colorado 
River between Grand Canyon and Hoover Dam. This does not result entirely 
from the solution of material in the bed of Lake Mead, but definition of 
specific sources along this reach of the river is difficult. 

Very little information was obtained prior to irrigation and there
fore more studies are needed to identify the magnitude of specific natu
ral sources of salinity in the Colorado River Basin. 

2. Contribution of Salts to the River System by Springs and Tributaries 

Tables A and B summarize information about the contribution of 
water and dissolved salts by springs and wells to the Upper Colorado 
River system. The largest contributors in the Upper Basin are the Dot
sero and Glenwood Springs which supply the major part of the salts from 
point sources. Recent studies in the Lower Basin by the Geological Sur
vey and the Bureau of Reclamation have provided information about the 
contribution of springs to the Colorado River between Glen Canyon 1)3.ru 
and Lake Mead and to the Virgin River which drains into Lake Mead. The 
results of these studies are presented in the following paragraphs. 

Between Glen Canyon Dam and Lake Mead numerous springs and small 
spring-fed tributary streams, as well as several large streams, contrib
ute water and dissolved solids to the Colorado River. The largest con
tributors of dissolved solids are the Paria and Little Colorado Rivers 
and Bright Angel, Tapeats, Kanab, and Havasu Creeks. Records summarized 
in this report for the hydrologic data stations on the Colorado River at 
Lees Ferry (just upstream from Paria River) and near Grand Canyon (just 
upstream from Bright Angel Creek) indicate that each year slightly more 
than a million tons of dissolved solids are added to the Colorado River 
in this reach alone. About half of this increase can be attributed to 
springs in the lower 13 miles of the channel of the Little Colorado 
River. The Virgin River salinity contribution is principally from the 
LaVerkin Springs about 40 miles northeast of Littlefield, Arizona. 

Paria River.--Iorns and others (1965, Table 10, p. 346) estimated 
that the Paria River contributed about 34,ooo tons of dissolved solids 
and 23,000 acre-feet of water annually to the Colorado River. Their 
estimates were based on the period 1914-57, adjusted to 1957 conditions 
of development. For the 1941-68 period the average annual contribution 
is about 30,000 tons of dissolved solids and 18,800 acre-feet of water. 
Sulfate, calcium, sodium, and magnesium are the major dissolved constitu
ents making up this dissolved-solids discharge. 
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Table B 
Mineral and saline wells 

Upper Colorado River Basin 
Total dissolved- Flow 

Total dissolved- solids load (acre-
Flow so4 Cl solids concentration (tons/ (tons/ feet/ 

Spring and location (c.f.s.) (mg./1.) (mg./1.) \mg./l.) \tonsZAF) day) year) year) 
South Drain, Ashley Creek 

Oil Field, Vernal, Utah 2.200 1,540 96 2,670 3.6 25.9 5,800 1,593 ~ Crystal Geyser, Green 
H 

River, Utah .282 2,430 4 ,560 13,100 17.8 10.0 3,640 204 C1 

L.u Oil Test Hole' Meeker, m 
I-' Colorado~ 3.100 3,010 8,720 18,900 26.0 16o.o 58,400 2,244 § 

Flowing Well near Aneth, l.;j 
Utah .133 1,980 763 4,560 6.2 1.6 580 96 m 

Flowing Well 13.1 miles 
above mouth of 
Piceance Creek.~./ .355 11 554 17,900 24.4 17.2 6,280 257 

Drainage, Iles Dome Oil 
Field near Loyd, 
ColoTado 2.900 39 137 2,180 2.9 17.0 6,200 2,100 

Total EL970 b, rj:94 
ll Plugged in summer of 1968. 



BASIC STUDIES 

Little Colorado River.--The water discharge of the Little Colorado 
River near Cameron, Arizona, which is above Blue Spring, has ranged dur
ing 1948-68 period from 19,26o acre-feet in 1956 to 347,6oo acre-feet in 
1952. The average for the 21-year period is 148,ooo acre-feet. An es
timated annual dissolved-solids discharge of 130,000 tons appears rea
sonable for the Little Colorado River Basin upstream from Blue Spring. 
This estimate is based on chemical-quality records collected at Cameron 
which is upstream from the gaging station and from Moenkopi Wash. 

Blue Spring is in the bed of the Little Colorado River about 13 
miles upstream from its mouth at approximately 36°07 1 N. latitude and 
111°42 1 w. longitude. Other springs discharge into the channel of the 
Little Colorado River throughout a 10-mile reach downstream from Blue 
Spring. Measurements of water discharge near the mouth of the Little 
Colorado River ma.de at times when the river was dr,y at the gaging station 
near Cameron, Arizona, (mile 45.5) indicate that the combined flow of the 
springs is constant. The average discharge, based on 10 measurements 
from June 1952 to May 1966, was 222 cubic feet per second. This discharge 
results in a contribution of 161,000 acre-feet of water annually and 
547,000 tons of salt to the Colorado River. 

Bright Angel Creek.--Bright Angel Creek enters the Colorado River 
just downstream from the hydrologic data station near Grand Canyon. The 
average annual water discharge (45 years of record) of Bright Angel Creek 
at its mouth is 25,410 acre-feet and is mostly from springs near the 
North Rim of the Grand canyon. The base flow has been estimated as 
15,000 acre-feet per year. Records of water quality indicate that the 
average dissolved-solids concentration is about 0.27 ton per acre-foot 
and that calcium, magnesium, and bicarbonate are the major dissolved 
constituents. The annual contribution of dissolved solids from Bright 
Angel Creek to the Colorado River is about 7,000 tons. 

Tapeats Creek.--Tapeats Creek is fed by springs in its headwaters 
and by Thunder Spring, the source of water for its major tributary, 
Thunder River. Simultaneous measurements of water discharge at the 
mouth of Tapeats Creek and at the mouth of Bright Angel Creek indicate 
a good correlation of streamflow (R. B. Sanderson, written communication, 
1963) and thus permit application of the long-term streamf'low record for 
Bright Angel Creek to estimate the discharge of Tapeats Creek. By use 
of this correlation the average annual discharge of Tapeats Creek is 
estimated to be about 58,000 acre-feet. 

Only few determinations of water quality of Tapeats Creek at its 
mouth have been made. These data indicate that the water is of the cal-. 
cium, magnesium, bicarbonate type, and is of low mineralization. 

The average dissolved-solids concentration of water at its mouth 
computed from the few measurements is about 0.2 ton per acre-foot. On 
this basis Tapeats Creek contributes about 12,000 tons of dissolved 
solids annually to the Colorado River. 
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Kanab Creek.--Kanab Creek has a drainage area of about l,6oo square 
miles, of which about 1,000 square miles is in southern Utah. A few 
miscellaneous measurements of water discharge and water quality have 
been made at the mouth of Kanab Creek. Calcium, magnesium, and sulfate 
are the principal dissolved constituents. 

Based on these measurements tre estimated base flow of Kanab Creek 
at its mouth is about 4 c.f.s. and the corresponding dissolved-solids 
concentration is about 1.5 tons per acre-foot. The minimum annual con
tribution of dissolved solids from Kanab Creek to the Colorado River on 
this basis is estimated to be 4,500 tons. 

Havasu Creek.--Havasu Creek drains the Coconino Plateau south of the 
Colorado River and enters the river about 13 miles downstream from Kanab 
Creek. Two determinations of water quality at the mouth of Havasu Creek 
indicate that the water is of the calcium, magnesium, bicarbonate type 
and that its dissolved-solids concentration is about 0.5 ton per acre
foot. Ten measurements have indicated a base flow of about 65 c.f.s. 

If the base flow of Havasu Creek is 65 c.f.s. (47,000 acre-feet per 
year) and the average dissolved-solids concentration is 0.5 ton per acre
foot, a minimum annual contribution of 24,ooo tons of dissolved solids 
can be estimated to reach the Colorado River from Havasu Creek. 

Oth2r tributaries between Glen Canyon Dam and Lake Mead.--Many small 
springs and spring-fed tributaries also contribute dissolved solids to 
the Colorado River, but information about the water discharge and chemi
cal quality of these inflows is sparse. In recent years, however, sev
eral parties of Interior Department scientists and engineers have made 
observations of water discharge and collected water-quality data during 
trips down the Colorado River. 

Virgin River.--The dissolved-solids discharge of the Virgin River 
at Littlefield, Arizona, is about 350,000 tons per year (see Table 14). 
Although much of the water and dissolved solids is diverted for irriga
tion between Littlefield and the mouth of the river in Lake Mead, the 
dissolved solids eventually reach Lake Mead. 

Of the springs which discharge into the Virgin River and its tribu
taries, the largest contributor of dissolved solids probably is LaVer
kin Springs ("Dixie Hot Springs"). These warm (105-107° F.) springs 
discharge into the river in a reach several hundred yards long about 40 
miles northeast of Littlefield, Arizona. Some of the springs rise in 
the bed of the river, and others discharge from the sides of the canyon 
walls in the Hurricane Fault zone. 

In recent years several measurements of water discharge have been 
made just downstream from the springs when the entire flow of the Vir
gin River upstream from the springs was being diverted. These measure
ments ranged from 10 to 11 c.f.s. and indicate that the fl9w of the 
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springs does not vary appreciably. The chemical quality of the combined 
spring inflow is also relatively constant. 

The annual contribution of LaVerkin Springs is estimated as 7,700 
acre-feet of water and 98,000 tons of dissolved solids which include 
principally sodium (26,000 tons), sulfate (22,000 tons), and chloride 
(38,ooo tons). 

Summary of contribution by springs and tributaries below Glen Can
yon Dam.--Major springs and spring-fed tributaries annually contribute 
a minimum of almost 800,000 tons of dissolved solids to the Colorado River 
between Glen Canyon Dam and Lake Mead. Storm runoff in small tributaries 
in this reach of the Colorado River contribute an unknown, but probably 
much smaller, load to the river. The contribution of dissolved solids 
by major sources of inflow between Glen Canyon and Lake Mead equals about 
10 percent of the average dissolved-solids load of the Colorado River at 
Lees Ferry. Springs in the lower Little Colorado River contribute about 
half of the measured increase in dissolved-solids discharge in the Colo
rado River between Lees Ferry and Grand Canyon. 

LaVerkin Springs discharge almost 100,000 tons of dissolved solids 
annually to the Virgin River; this contribution is about one-fourth of 
the measured dissolved-solids discharge of the Virgin River at Little
field, Arizona. 

The annual dissolved-solids contributions of major springs, streams, 
and spring-fed tributaries to the Colorado River between Glen Canyon Dam 
and Lake Mead and to the Virgin River are summarized in Table C . 

Table C 

Contribution from major springs and tributaries 
between Glen Canyon and Hoover Dams 

Source 
Paria River 
Little Colorado River above Blue Spring 
Springs in Lower Little Colorado River 
Bright Angel Creek 
Tapeats Creek 
Kanab Creek (base flow) 
Havasu Creek (base flow) 

Total inflow in Colorado River 
(Glen Canyon Dam to Lake Mead) 

LaVerkin Springs (inf'low to Virgin River) 
Total inf'low to Colorado and Virgin 

Rivers 
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30 
130 
550 

7 
12 

4 
24 

757 
98 
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The minimum annual inflow of 855,000 tons from these sources results 
an increase in dissolved-solids concentration of about 47 milligrams 
liter (0.06 ton per acre-foot) in the Colorado River on the basis of 
annual flow of 11 million acre-feet. 

E. Agricultural Sources of Salinity 

in 
per 
an 

It is anticipated that development of new irrigation projects may 
increase the total dissolved solids in the Colorado River. Return flows 
from the irrigated lands pick up salts from the soils and underlying 
shales and transport them to the river system. 

Studies in the basin thus far have been limited to a comparison of 
total dissolved solids in the inflowing water and the return flow water. 
Until recently no attempt had been made to determine losses of water or 
total dissolved solids by deep percolation, to detect underground aqui
fers that might be augmented with return flow, or to evaluate changes in 
chemical characteristics (other than total dissolved solids) resulting 
from development. 

Studies prior to irrigation would be helpful, but they have not been 
made in most areas, so comparisons must be made when new land is added or 
new storage is made available. The Seedskadee Project area may present a 
comparison between "before" and "after" irrigation conditions after sev
eral years of full irrigation on the lands. 

Salt balance conditions exist when the amount of dissolved solids 
carried off the land is equal to that amount added. Pickup of salt as 
used in this report represents an unbalanced condition shown by the in
crease of total dissolved-solids load in the runoff over the total load 
in the applied water. This pickup from an area could result from natural 
sources, such as precipitation runoff, and/or irrigation return flows. 
Salt pickup chargeable to irrigation would be only that additional which 
occurs as a result of irrigation and should not include the amount of 
prior pickup off the land resulting from natural sources. 

The small amount of data presently av-ailable gives indications of 
much variation in the amount of pickup from land due to irrigation. The 
estimated salt pickup in this report is based on values of zero and 2 
tons from newly irrigated land. Zero or minimum condit~ons occur gen
erally after initial leaching in areas where soils are loose and con
tain very little salt. The 2 tons per acre was selected as the higher 
end of the range for the average pickup over a project· area. It was 
also assumed in this report no additional pickup would result from water 
applied to presently irrigated lands. 

Quality of water studies have been made in several areas to deter
mine storage and irrigation effects on water quality. Three of these 
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worthy of mention are the Florida Project, Vernal Area, and Eden Project 
and are described in the following paragraphs: 

l. Florida Project 

Construction of the Florida Project was completed in 1965. The Lemon 
Reservoir on Florida River regulates the flow of the river for irrigation 
of 19,450 acres of land including 5,730 acres not previously irrigated and 
13,720 acres in need of supplemental water. 

In order to obtain quality information under preproject conditions, 
flow and quality data were collected at several points in the Florida 
Project area beginning in 1958. A study has been made of these data for 
the period 1958-63 to show the effect irrigation of these lands has on 
the quality of return flows leaving the project under the condition of 
no storage. 

An attempt was made in this study to measure the effect of irriga-
tion in the Florida area on the quality of water in the Animas River 
below its confluence with the Florida River. It was found that the 
difference in concentration, however, is scarcely discernible and is 
within the limits of error of measurement of both flow and quality. 

Florida Project, Colorado 
Acre- Pickup Loss 
feet Differ- (tons/ (tons/ 

Year or tons Inflow Outflow ence acre} acre~ 
1958 A.F. 99,800 90,360 9,440 

Tons 14,315 15,470 +l,155 0.08 
1959 A.F. 28,26o 14,300 13,96o 

Tons 4,900 4,365 525 0.04 
196o A.F. 73,130 6o,6oo 12,530 

Tons lo,6oo 11,730 +1,130 0.08 
1961 A.F. 58,490 41,430 17,06o 

Tons 9,100 8,970 130 0.01 
1962 A.F. 67,070 48,470 18,6oo 

Tons 10,220 10,220 0 0 
1963 A.F. 45,800 33,750 12,050 

Tons 7,889 7,100 789 0.06 

From the above· tabulation it is apparent that there has been a very 
small amount of pickup measured in the river downstream from the project. 
The concentration of total dissolved solids in the inflowing water ranges 
from 0.14 to 0.17 ton per acre-foot, and that of the outflowing water 
ranges from 0.17 to 0.30. About 13,720 acres were irrigated prior to 
construction of the project facilities. 
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Irrigation has been practiced for many years in the Florida area 
without adverse effects because of the extremely good water and the good 
drainage conditions. 

The Florida Project soils and the adjoining Pine River Project soils 
are naturally low in salinity and alkalinity, and the amount of dissolved 
solids removed from these projects is about equal to the amount deposited 
indicating negligible pickup. 

2. Vernal Area 

A cooperative research study is being conducted in the Ashley Valley 
surrounding Vernal, Utah, by the Bureau of Reclamation with financial 
support provided by the Federal Water Quality Administration. This study 
is the initial phase of a large-scale research project entitled, "Predic
tion of Mineral Quality of Return Flow Water from Irrigated Land," which 
was initiated in the latter part of FY 1969. The primary objective of 
this project is to develop a digital simulation model which will accu
rately predict the quantity and quality of irrigation return flows from 
an entire irrigation project with known soil, groundwater, geologic and 
hydrologic characteristics. With such a model the water quality impact 
of a proposed irrigation development including its alternatives could 
be more accurately assessed. This would allow selection of the optimal 
design of proposed project features in order to minimize any adverse 
effects on water 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. 

Ashley Valley was selected as the initial study area. Characteri
zation studies of this area are currently underway. Initial runs of an 
elementary simulation model were made during 1970 using present data. 
The model will be refined and additional data collected during the next 
2 years. Field studies are anticipated at other locations with various 
soil and geologic profiles to verify the model under a wide range of 
conditions. 

Another project is directed toward the dual objectives of increasing 
the knowledge of the basic processes controlling the movement of salts in 
the soils and minimizing salt pickup by return flows. Utah State Univer
sity initiated this project, "Quality of Irrigation Return Flow," during· 
FY 1969 under a Federal Water Quality Administration rese~rch grant. 
With data from the laboratory and the greenhouse lysimeters, a digital 
simulation model was developed to predict the movement of salts with the 
corresponding changes in the quality of applied irrigation water in the 
soil. Using ·this model, on-farm irrigation practices and rate and timing 
of irrigation applications were planned to manage the salinity concentra
tion of soil moisture within acceptable limits for the crop grown and at 
the same time minimize the salt pickup by the return flows. 
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The University established a 40-acre test farm near Vernal, Utah, 
in 1970 and will field test the laboratory model in 1970 and 1971. Re
sults of these tests will be coordinated with the Bureau of Reclamation 
study in Ashley Valley. 

Preliminary results indicate that it may be feasible to seasonally 
store salts contained in the irrigation water in the deeper soil zones 
during low strea.mflow periods and then flush these salts out during 
higher strea.mflows, thereby reducing the wide seasonal variations in 
stream salinity concentrations. With further refinement of the model it 
is expected that on-farm irrigation practices can be planned to obtain 
high irrigation efficiencies, a salt balance in the root zone, and also 
to minimize the pickup of additional salts from the soil profile by the 
return f'lows. 

3. Eden Project 

Quality of water data have been collected in the Eden Project area 
f'or the 14-year 1955-68 period. The amount of qissolved solids (as meas
ured in Big Sandy Creek) picked up from project lands area has varied 
considerably over the years. Because of many variables from year to 
year in water supply, return flows, irrigated acreages, and other in
fluencing factors, results from this study have not been conclusive. 
Collection of data should be continued for a few more years during which 
time attempts should be made for better controls of the influencing fac
tors. Preproject data are very limited making preproject and postproject 
comparisons impractical. 

4. Other Studies 

Considerable variation in the effects of irrigation return flow on 
water quality is to be expected. Differences arise due to the size of 
the irrigated areas, the number of times the return flow is reused, prop
erties of the soils and drainage area, number of years land has been ir
rigated, nature of aquifers, rainfall, dilution, temperature, irrigation 
methods, storage reservoirs, vegetation, and type of return flow channels. 

Consumptive use, return flow, and salinity studies are now being con
ducted by Federal agencies in cooperation with State and local agencies. 
Some of the study areas are purposely being held small to achieve better 
control, but they will be as representative as possible of existing proj
ects. The results pertaining to the quantity of return flow will be very 
helpful in estimating effects on water quality of return flows from larger 
areas where measurement of inflow and outflow is not always possible or 
practical. 

Special studies in areas of the basin will continue to be made from 
time to time to determine water quality conditions, and studies of proj
ects, such as Florida, Vernal Area, and Eden, should be repeated or 
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continued in order to evaluate changes with time. The Seedskadee Ex
perimental Farm area was monitored for quality of water for the period 
1968 to July 1970. Thl..ta are presently being studied to see the effects 
of irrigation on quality of return flows. Projects which may need ad
ditional investigations include the Grand Valley (presently under canal 
lining study) and Uncompahgre Projects in Colorado and possibly some 
direct diversion projects along the Colorado River below Hoover Dam, 
such as Palo Verde Valley and the Colorado River Indian Reservations. 
An important consideration in quality studies is measurement of return 
flows because this information is a key factor in evaluating the ade
quacy of drainage and determining if salts are being accumulated or 
leached from a project. 

F. Municipal and Industrial Sources of Salinity 

Salt loads contributed to the Colorado River system by municipal 
and industrial sources are minor, totalling about 1 percent of the 
basin salt load. Future increases in salt loads from these sources are 
expected to be small relative to the total basin salt burden. 

Most municipal and industrial wastes have relatively low salinity 
concentrations and complete elimination of such waste discharges would 
have little effect on salinity concentrations in the main river system. 
Since these wastes are point sources of salinity, control of a source 
could be achieved if salinity levels in the waste being discharged 
(i.e., industrial brines) warrant such control. 

G. Summary of Sources of Salinity 

Salinity concentrations in the Colorado River system increase several
fold between the high quality of headwater tributaries and the lower reaches 
of the river. This increase results from two basic processes--salt load
ing 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 concentrat
ing effects result from concentrating the river salt burden in lessor 
volume of water when streamflow depletions are caused by consumptive use. 

Salt loads are contributed to the river system by natural and man
made sources. Natural sources include diffuse sources such as surface 
runoff and diffuse groundwater discharges, and discrete sources such as 
mineral springs, seeps, and other identifiable point discharges of sa
line waters. Man-made sources include municipal and industrial waste 
discharges and return flows from irrigated lands. 
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Streamf'low depletions contribute significantly to salinity in
creases. 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. Evapora
tion 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 
are also a source of streamf'low depletions. 



PARI1 V. EVALUATIONS OF EXISTING SALINITY CONDITIONS 

A. Quality of Water Statio~~ 

A primary purpose of this report is to SUl!Unarize water quality con
ditions for the ColoradD River Ba.sin. Tnis p.::i.rt summarizes mineral 
quality under both historical and present conditions of water r230urce 
development and utilization. Anticipated changes in future mineral qual
ity are discussed in Part VI. other water q_u9.lity parameters are dis
cussed in Part IX. 

Evaluations of the mineral quality of water in the b9.sin 9.re based 
on q~ality of water and streamflow records at 17 selected stations. 
Each station is considered to reflect flo~ an~ water quality conditions 
at its location. Records ware generally available at each statio~ for 
the time period considered by this report, 1941 to 1968. Where records 
were not available, missing data were estimated by correlation with 
other stations. 

Ba.sic dsta summarized in this report were primarily o"!:Jtained from 
::-ecords of the Geological Survey developed by a continuing program for 
collection of water data wnich is supported in part by a transfer of 
funds from the Bureau of Reclamation. 

Locations of the 17 key stations are sno~n o~ Flgure 1 . Avail
ability of flow and quality r2cords fo:c each station is shown on Fig
ure 7 . The so~rce and method of derivation of basic data for each 
of the stations are briefly discussed in the following sections. 

1. Key Stations with ~~plete Records 

Records of flow and water quality are available for all or nearly 
all of the 1941-68 period fo::- the Green River at Green River, Utah 
(station No. 4); Colo~ado River near Glenwood Springs, Colorado (Sta
tion No. 6); Colo:!'.'ado River near Cameo, Colorado (Station N.J. 7); Gun
nison River near Grand Junction, Colo:ado (s~ation No. 8); Colorado 
River near Cisco, Utah (station No. 9); and San .Juan River near Bluff 
Utah (statio~ No. 11). Minor extensio~s only were needed to fill in 
short periods of record for a few of these stations. The Glenwood 
Springs gage was moved from above to below the Roarin3 Fo:k at the end 
of water year 1966. Subsequent Glenwood Sp:ings gag-:= records were ad
justed by s..ibtracting the Roaring Fork flows. All records were ob
tained from the Geological Survey. 

2. KeL:.~tations with Partial Records 

Green River near Green ~iverl.Ji~in~ (St9.tion No.'.JJ.:--Flow rec
ords a.re available at this station from April 1951 and quality reco"ds 
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from May 1951. The records have been extended back to 1941 by correla
tion with nearby stations. 

Green River near Greendale, Utah (Station No. 2).--Flow measurements 
or comparable data are available for this station for the report period, 
bJ.t chemical quality data are available only for the years 1957 through 
1968, inclusive. Extensive correlations with other available records on 
the Green River system were employed to develop estimates for dissolved 
solids. 

Du:::hesne River near Randlett, Utah (Station No. 3).--Flow records 
have been obtained continuously since 194~ani qualitY-da.ta are available 
for 1951 and 1957 through 1968. Correlations with other stations in the 
Duchesne River system were employed to estimate the data for the missing 
period. 

Sa...~ Rafael River near Green River 1 Utah (Station N~. 5).--Correla
tions were used to estimate flow at this gage from 1941 to 1945 a~er 
which measurements of flow were available. Quality sampling sta..-rted in 
1946 and is complete for the rern9.inier of the study period except for 
1950. Extensions of available data provided satisfactory estim9.tes of 
mineral quality for the missing years. 

San Juan River near Archuleta, New Mex~£O (station No. 10).--For the 
period 1954 to 1968 flow and quality data presented are a combination of 
measurements obtained near Archuleta and at Blanco, New Mexico, with a 
few adjustments a..~d correlations. Correlations were employed to estimate 
the data for 1941-54. 

Colorado River at Lees F~~ Arizona (Station No. 12).--This sta
tion has complete flow records available for the study perioi b;.it lacks 
quality of water measurements for 1941, 1942, 1946, and 1947. Quality 
data for these years were estim9.ted by extensive multiple correlations 
using data for the Colorado River near Cisco, Utah, ani near Grani Ca.~
yon, Arizona; the Green River, Utah; ani the San Juan River near Bluff, 
Utah. 

Coloraio River near Grand Can~ Arizona (Station Noo 13)0--FloN 
records are available for the report period and chemical quality records 
are also available except for the perio•i December 1942 to August 1943. 
Quality data for the perio1 of missing records were estimated. from rec
ords at upstream stations. 

Virgin River at Littlefieldz Arizona (Station No. 14).--Flow records 
are available for the - rep'J:t period, but quality data are available only 
from July 1949 to December 1963. Detailed correlatio~s 1Te-;:oe employed to 
estil!l9.te the data for the missing ·period. 

Colorad'J River below Hoover D~m, Arizona-~evada. (Station No. l5)o-
Discharge an·i quality records a.'t'e available for the 1§6trreport period 
except for the period November 1944 to September 1950. Qug,lity data 
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for this period are based on specific conductance with chemical analyses 
only at intermittent intervals. 

Color~do River belo# .Parker Dam, Ariz~-California_{St~~io~ No.~ 
--Flow records for the report period are available for the Geological Sur
vey gage below Parker Dam. Quality data were obtained from the Metropoli
tan Water District of Southern California which takes samples at the Lake 
Ha"\ra.su intake pumping pla.11t. 

Colorado River at Imperial Dam, Arizona-California (Station No. ll.2.!. 
--Flow records are available for the report period. Records from January 
1941 through September 1942 are from the station, Colorado River near 
Picacho, California. Records from October 1942 throU(Sh September 1960 
are based on the combined records of discharge obtained at gaging sta
tions on Colo:-ado :Uver at Yu:na, All A..'llerican. Ca.."la.l near Imperial Dam, 
Gila Jravity Ma i.n Canal at Imperial Dam, Yuma Main Canal at Laguna Dan, 
a~-ii North Gila. Valley Ca.'1.al at Laguna Dam less that of Gila River near 
Dome, Arizona. Records after September 1960 are based on the co:nbined 
daily discharge of Colorado River passing Imperial Da"'ll 9.nd at gaging sta
tions on All A:nerican Ca.."'1B..l near Imperial Da.:n and Gila Gravity Main Canal 
at Imperial D9.1:i. 

Quality data for the period January 1941 to 1943 were obtained from 
the U.S. Department of Agriculture salinity laboratory at Riverside, 
California. Quality data since 1943 were obtained from 1eological Sur
vey records and. are based on data for the YlUlB. Main Canal below the Colo
rado River Siphon. 

In addition to the key statio~s discussed above, there are many more 
points at which water quality data a..!"e obtained. Most of these sampling 
stations are operated by the Geological Survey; however, some are operated 
by other Federal, State, and private agencies. 

The type of data o~tained and the purpose of the saTilpling vary with 
each station. Many of the stations provide data fo:- the special studies 
described in Pa.rt IV, Basic Studies. 

B. Methods of Chemical Amlyses 

Published quality of water records consist of a ~o~bination of stream 
discharges with chemic~l analyses of stream Nater samples collected at 
more or less regular intervals. Tne relia~ility of the records depend on 
the accuracy of the stream:flo~ records, the frequency of collection and 
representativeness of the samples, the stability of the samples during 
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the storage periods prior to making of the analyses, the completeness 
and accuracy of the individual analyses, and the manner in which the 
individual samples are combined before analysis to represent increments 
of stream discharge. 

. 
Most of the chemical analyses of water samples which provided the 

water quality data were made in the laboratories of the Geological Sur
vey at Washington, D.C., Albuquerque, N. Mex., and Salt Lake City, Utah, 
using standard procedures by chemists specifically trained in water anal
ysis. During the 28-year period considered there were num2rous changes 
in laboratory techniques and procedures mostly due to introduction of new 
instrumental methods. New procedures were adopted only after careful in
vestigation to insure results consistent with those obtained previously. 
Some of the quality of water records are based on analysis of samples by 
Bureau of Reclamation laboratories. Bureau of Reclamation results and 
methods have been checked by the Geological Survey to insure comparable 
records. Analyses by the Metropolitan Water District have been made by 
standardized procedures and appear to be comparable with analyses by the 
Geological Survey. It is probable that errors in the load computations · 
due to errors in chemical analyses are less than those due to changes in 
the samples upon storage, inaccuracies in sampling, or inaccuracies in 
the determination of strea.~ discharges. 

c. Historic Mineral Quality 

1. Total Dissolved-Solids Concentrations 

Historic streamflow, total dissolved solids (salinity) concentra
tions, and salt-load data for the 17 key stations for the 1941-68 period 
of record are presented in Tables 1 to 17 with each table number corre
sponding to a station number. 

To simplify tabulation, monthly values of flow and total dissolved 
solids loads were rounded to the nearest 1,000. This resulted in some 
differences between the recorded and the computed monthly concentrations 
when the flows were low, for example, below 1,000 acre-feet in the San 
Rafael and Duchesne Rivers. Similarly, minor differences from published 
data in monthly concentrations occur in isolated instances in the flow 
and quality tables for the other stations. 

Tne addition of quality of water data for 1967 and 1968 produced 
little change in long-term averages in comparison to the 1941-66 period. 
Six of the stations show no change; at six, the concentration increased 
by 0.01 ton per acre-foot, and at three it increase~ by 0.02 ton per 
acre-foot. The average concentration for the Virgin River station for 
the period l94l-66 was 2.26 tons per acre-foot while the average concen
tration for the period 1941-68 was 2.29 tons per acre-foot, and the San 
Rafael River station concentration was increased from 2.2 to 2.3 tons 
per acre-foot. 
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The water quality at the Lees Ferry and the four other key stations 
on the Lower Colorado River has been affected by abnorm~l conditions dur
ing the 1959-68 period because of low runoff in 1959, 1960, and 1961 and 
the filling of Lake Powell during the period 1963-68. Figure 8 shows the 
historical weighted average salinity concentration for these five stations. 

During the first year of storage in Lake Powell in 1963, the flow at 
Lees Ferry was reduced to 1,381+,000 acre-feet with a salinity concentra
tion of 1.27 tons per acre-foot. The average concentration for the 1941-68 
period was 0.75 ton per acre-foot. 

The salinity concentration increases between the Lees Ferry station 
and the Grand Ca...~yon station primarily as a result of the additions of a 
large salt load from the Blue Springs located on the Little Colorado 
River. The 1963 flow at the Grand Canyon station was 1,384,000 acre-feet 
with a salinity concentration of 1.41 tons per acre-foot. The previous 
low flow was 4,186,000 acre-feet in 1934 with a salinity concentration 
of 1.32 tons per acre-foot. It is interesting to note that the 1963 con
centration was only 0.09 tons per acre-foot higher than the 1934 concen
tration. 

The Grand Canyon station has the longest water quality record on the 
Colorado River, 1926 to 1968. It is also of interest that the average 
salinity concentration for the period 1941-68 is only slightly higher than 
the average salinity concentration for the period 1926-40, 0.84 and 0.81 
ton per acre-foot, respectively. 

Generally the salinity concentration increases at each succeeding 
downstream station as a result of depletions by diversions, reservoir and 
stream evaporation, and consumptive use by irrigated crops and phreat
ophytes, and by salt loading by inflowing springs, streams, solution of 
salts from the streambeds and reservoir basins, and possibly by irrigation 
return flows. The flows of the Bill Williams River often dilute the flow 
of the Colorado River in Lake Havasu which sometimes resalts in a decrease 
in the salinity concentration from the Below Hoover Dam station to the 
Below Parker Dam station. Figure 8 shows the concentration changes be
tween the five lower stations on the Colorado River. Note also that Lake 
Mead has a dampening and delaying effect, about 2 years, on the salinity 
concentrations at the downstream stations. This is especially noticeable 
for the high salinity con~entrations of 1963 at the Lees Ferry and Grani 
Canyon stations. 

2. Ionic Loads 

In addition to the total dissolved-solids concentration of a water 
supply, the relative chemical composition may be of significance for some 
types of water use. Annual samm9.ry of ionic loads in tons-equivalent for 
the 1941-68 period have been included in this report to further depict 
quality conditions at six key stations: Green River at Green River, Uta.~; 
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Coloraio River near Cisco; San Juan River near Bluff; Colorado River at 
Lees Ferry; Colorado River belON Hoover Da..~; and Colorado River at Im
perial Dam. Tables 20-25 give ionic loads f'or the six principal io.:-is: 
calcium, :magnesium, sodium, bicarbonates, sulfates, and chlorides. The 
specific conductance, sodium adsorption ratio, and total dissolved-solids 
concentrations are also shown. At each station the anoant of potassium 
is negligible, and carbonates are gem~rally not present. 

D. Present Modified Condition 

Present modified flow, as def'lned for this report, is the flow ex
pected at any point with all upstream existing projects in operation for 
the full period of study. It was estimated at t"he various stations by 
asswning a recurrence of past water supply conditions and by deducting 
from the annual historical flo~s the depletions that would have resulted 
fro:'.ll the operation of all upstream projects 2onstrllcted awl in op·=ration 
since that yea;r. Besides a3.justiTIG for minor :projects a correction was 
nade for the historical operatio.1 a!ld evaporation of' the Colora:lo River 
storage an•i Fontenelle Reservoirs in order to obtain unregu.lated flmrn 
at each station. Estimated present evaporation was then deducted to ob~ 
tain present ~odified flows. Present evaporation from the Colorado River 
Storage Project and Fontenelle Reservoirs was estimated to be 6Ii.9,ooo a.cre
feet per year. This would in::!lude evaporation from Lake Powell of 533,000 
acre-feet, Flaming Go:-ge 54, 000 a.ere- feet, Navajo 30, 000 a::!re- feet, Cure
canti Reservoirs 15,000 acre-feet, and Fontenelle Reservoir 17,000 a.cre
feet. These a.re averaese figures which were chosen to represent present 
conditio.:is rather than using the 1968 historical eva.poratio~1. since a single 
year record could show an above-or-below nor.ma.l con:lition. Present evapo
ratio~ of the LoNer Ba.sin Reservoirs was assumed the same as historical 
since these reservoirs have been opera.ting for a number of years. 

Historical flows since 1941 have been ~ffected by the transmounta.in 
diversions of the Colorado-Big Thompson Project, Duchesne Tunnel of Provo 
River Project, Roberts Tunnel of the City of Denver, a.~:i a nl.Ulber of 
small in-basin developments. More recently the Collbran, Paonia, Smith 
Fork, Silt, Florida, HamrnJnd, and Emery County Projects and Vernal Unit 
of Central Utah Project have come into operation. Also, evaporation from 
the storage units--Glen Canyon, Flaming Gorge, Navajo, Curecanti and F:)n
tenelle--is now in effect along with the Hayden Steamplant, Utah Construc
tion Company steamplant, expansion of Hogback Indian lands, and the mmic
ipal a.~d industrial uses in Wyoming. The depletions fro~ these projects 
have been extended back to 1941, from the time they became operational, so 
that when ne-w projects are imposed on the present mo:iif ied. c.:in:iit ion the 
anticipated effects can be estimated. In the n.2a.-r future several projects 
now under constructio:i will become operational. The addition of these new 
depletions results in slight increases in dissolved-solids concentrations 
under present mJ•iified conditio.::is over the 1941-66 period. 
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Quality data for present modified conditions were computed by tak
ing into consideratio~ the weighted average of the concentrations of 
total dissolved solids for the various tra...11smountain iiversions. The 
change in dissolved solids resulting from the in-basin developments 
were computed on the basis of an assumed pickup of 2.0 tons of dissolved 
solids per acre of irrigated la..11d and a depletion of 1.5 acre-feet of 
water per irrigated acre. Modified flows and quality for present conii
tions are shown in Table 18. 

As in previous reports, present modified flows are used as a basis 
for developing the anticipated effect of the participating projects and 
other developments. 

Following is a description of the storage units, now constructed, 
for which the evaporation losses were considered as depletions in the 
computation of present moaified flows. 

1. Glel_!_ Canyon Unit 

The Glen Canyon Dam is located on the Colorado River in Arizona 
4 miles south of the Utah-Arizona boundary a.11d 15 miles upstream from 
Lees Ferry. The bulk of the reservoir lies in Utah. At a normal water 
surface elevation of 3,700 feet m.s.l., Lake Powell would exteni 186 
river miles up the Colorado River a..11d 71 miles up from the mouth of the 
San Juan River. River mile 71 on the San Juan River is 133 river miles 
from Glen Ca.11yon Dam. This 27,000,000-acre-foot reservoir will regulate 
the flow of the river for compact delivery purposes and for power genera
tion a!ld thus permit exchanges for upstream consu.mptive use of the water. 
Fish and wildlife conservation ani recreatio~ will also be of major sig
nificance. storage commenced March 31, 1963, in Lake PoNell. 

2. Flaming Gorge Unit 

Tnis storage unit is located on the Green River in northeastern Utah 
ani southwestern Wyoming. The primary purposes of the Flaming Gorge Unit 
are the regulation and storage of flood flows of the Green River and the 
generation of hydroelectric power. The reservoir has a storage capacity 
of 3,789,000 acre-feet. The stored water assists in complying with the 
terms of the Colora1o River Compact and will, by exchange, furnish an 
it'rigation supply for the particip9.ting projects in the Upper Basin states. 
In addition there will be benefits from fish and wildlife conservation and 
recreational facilities. storage commenced November 1, 1962, at Flaming 
Gorge Reservoir, and from ~he records taken immediately below the dam it 
appears that the reservoir releases will be more uniform in q·.iality than 
uncontrolled streamflow prior to reservoir construction. 

3. Navajo Unit 

The Navajo Da'll and. Reservoir are located on the San Ju9.D River in 
northwestern New Mexico and southwestern Colorado. Total storage capacity 
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of the reservoir is 1,709,000 acre-feet. This reservoir regulates the 
fLov of the river for irrigation of the Hani.rnond Project, the Navajo In
dian Irrigation Proje~t, and for other QSes including by exchange poten
tial uses above the reservoir and transmountain diversions to the San 
Juan-Chama Project. It also helps regu.late the flows of the Colorado 
River at Lees Ferry. Other purposes include recreation, sedim2nt con
trol, fisn and wildlife propagation, and flood control. Storage began 
July 1, 1962, and the effect on quality is recorded at the Archuleta 
station below Navajo D9.m. 

4. Cureca..'1ti Unit 

Facilities of the Curecanti Unit, located in west-central Colorado, 
in~lude the Blue Mesa, Morrow Point, and Crystal D9.ms, Reservoirs, and 
Powerplants. The p:".'imary P'J...rpiJses are regu.lation and storage of flood 
flmrn of the Gu...rinison River and generation of hydroelectric pO'tler. In 
addition benefits will be provided to recreation, fish and wildlife con
servatio~, and irrigation. The reservoirs of the Curecanti Unit will 
help regulate the flows of the Colorado River at Lees Ferry. T~e stor
age capacity provided is 941,000 acre-feet at Blue Mesa, 117,000 acre
feet at Morrow Point, a..ri·i 27 ,000 acre-feet at Crystal Reservoir with 
total reservoir evaporation losses estimated to average 15 ,ooo acre
feet annually for all three iJ.Ilits. Storage was initiated late in 1965 
at the Blue Mesa Reservoir and on January 24, 1968, at the Morrow Point 
Reservoir. Construction has not yet been initiated o~ Crystal Dam, and 
it possibly should have been considered as a future development, but 
since the a:::m11al evapoi.~atio::i will am:mnt to only about 300 acre-feet its 
effect is insignificant. 

It is expected that operatio.-i of the Cureca!1ti Unit on the Gunni
son River will improve the quality of the Colorado River below Gran1i 
.JWldio_-i :t.1ring t::-ie late summer months. 

5. Fontenelle Reservoir 

Fontenelle Reservoir, located o~ the Green River above Green River, 
Wyomill6, has a storage caps.city of 345,000 acre-feet and regulates the 
flo¥ in the Green River above Flaming Gorge Reservoir. It will be used 
to supply water to the Seedskadee Project lands after the project is 
completed. 
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PART VI. ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS 

In order to estimate the probable effect of the authorized or contem
plated developments on the quality of water at certain points along the 
Colorado River, the developments have been generally listed in downstream 
order. By means of operation studies the estimated effects of each devel
opment can be shown at the pertinent stations. These results are tabu
lated in Table 18 for the new period of. record used in this report. The 
table was computed on the basis of the 1941-68 average annual flow and 
total dissolved solids. An additional station, "Colorado River above 
Parker Dam," was included in the table only for purposes of clarification 
and maintaining continuity in computations. It should be noted that future 
concentrations were estimated without consideration to possible future con
trol measures. 

The anticipated future conditions evaluated in Table 18 would result 
from the construction of the Colorado River Ba.sin Projects and non-Federal 
developments. Pickup of dissolved solids from newly irrigated lands has 
been computed for two assumed conditions, zero and 2 tons per acre pickup. 

Following is a discussion of the various projects including a brief 
description of the physical conditions for each development authorized or 
contemplated for authorization and the anticipated effect of each on the 
quality of water at appropriate key stations. It should be recognized 
that the acreages and depletions as listed could change with change of 
plans on some of the contemplated projects. The figures presented below 
and in Table 19 are those which were current at the time of writing this 
report. In addition to the developments listed, a number of smaller pri
vate industrial developments either under construction or contemplated 
will result in certain depletions and will have sane effect on water 
quality. 

The effects of all upstream developments are carried on down to and 
including Imperial Dam. 

A. Description of Projects 

1. AbOV"e Green River near Green River, Wyoming 

Seedskadee Project.--This multipurpose project is located adjacent to 
and will divert water from the Green River in southwestern Wyoming to irri
gate about 58,000 acres of land. Municipal and industrial water, recrea
tion, and fish and wildlife protection are other purposes of the project. 
A depletion of 145,000 acre-feet is anticipated when the project is fully 
developed. Fontenelle Dam and Powerplant are now complete, but irrigation 
of the project lands is awaiting results from the development farm now 
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undergoing tests in the project area. The irrigation of 15,000 acres is 
in question until a determination has been made of the effect the mining 
of trona will have on land subsidence and irrigation development. The 
Seedskadee area has not been previously irrigated except for the land in 
the experimental development farm so it affords an opportunity to deter
mine the effect irrigation has on water quality under the given soil and 
crop conditions. Present depletions amount to about 20,000 acre-feet in
cluding evaporation. 

Industrial developments in southwestern Wyoming.--These include 
Westvaco, Green River and Rock Springs municipal and industrial, Stauffer, 
Allied Chemical, and other industries. They will consumptively use another 
86,ooo acre-feet above Green River, Wyoming, when fully developed. The 
only industry in Wyoming below the Green River near Green River, Wyoming, 
gage would be Utah Power & Light Company's steam-electric powerplant on 
Hams Fork which will consumptively use about 8,000 acre-feet. 

The effect of Seedskadee irrigation project and industrial develop
ments on water passing the Green River, Wyoming, gage would be an increase 
in concentration :from 0.44 to 0.52 ton per acre-feet if no dissolved solids 
are leached from the land; and if 2 tons per acre are picked up, the con
centration would increase to 0.63 ton per acre-foot. 

2. Between Green River near Green River, Wyoming, and Green River 
near Greendale, Utah 

Lyman Project.--This is a multipurpose project located in southwest
ern Wyoming. Project facilities consist of two dams and reservoirs. One 
will be located at the Meeks Cabin site on the Blacks Fork in Wyoming and 
will provide 33,000 acre-feet of storage capacity. The other will be lo
cated at the China Meadows site of the East Fork of Smith Fork in Utah and 
will provide 13,000 acre-feet of storage capacity. The project will have 
the primary purpose of providing supplemental water to 42,674 acres of 
existing farmland along with fish and wildlife and recreation benefits. 
Construction of Meeks Cabin Dam is nearing completion. This project will 
give an opportunity to study the effect on quality of adding supplemental 
water to lands already irrigated. The resulting new depletion will be 
10,000 acre-feet. 

Utah Power & Light Co. and Others.--This steam powerplant is at 
· Kemmerer and it is anticipated that depletions of this and other indus
trial de;elopments will amount to about 8,ooo acre-feet. (See descrip
tion above under "Industrial developments in southwestern Wyoming.") 

These projects, together with those above the Green River near Gree~ 
River, Wyoming, gage, would cause an increase in concentration of the 
water at the Green River near Greendale gage of from 0.59 ton per acre
foot at present to 0.69 and 0.78 ton per acre-foot'for zero ton per acre 
and 2 tons per acre pickup from newly irrigated land, respectively. 
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3. AbOV"e Duchesne River near Randlett 

Central Utah Pro,ject (Bonneville Unit) .--The Bonneville Unit will 
include a transmountain diversion of water from the headwaters of the 
Duchesne River in the Uinta Basin portion of the Colorado River Basin to 
the Bonneville Basin. Related developments of local water sources will be 
made in both basins. The project will develop water for irrigation, munic
ipal and industrial use, and power production. It will also provide bene
fits to recreation, fish and wildlife, flood control, water quality control, 
and area redevelopment. 

The net depletion to the Green River will be 166,ooo acre-feet of 
which 136,ooo is exported to the Bonneville Basin and the balance is 
depleted in the Uinta Basin. 

Central Utah Project (Upalco Unit).--The Upalco Unit will be located 
in Duchesne County near Roosevelt, Utah. The plan of development is pri
ma.ri~ to provide supplemental irrigation water for Indian and non-Indian 
lands along lake Fork River and to enhance recreation, fish, and wildlife 
while maintaining flood control. The mean annual stream depletion is esti
mated to be about 10,000 acre-feet. 

Central Utah Project (Uintah Unit).--The Uintah Unit o'f' Central Utah 
Project will provide a full supp~ to irrigate 7,800 acres o'f' new lands 
and supplemental water to other lands on the south slope of the Uinta 
Mountains in the Uinta and Whiterocks Rivers drainage areas. The new 
annual depletion will be about 30,ooo·acre-'f'eet. 

The increase in concentration from present to 'f'uture at this station 
would be 'f'rom 0.96 ton per acre-foot to 1.73 and 1.81 tons per acre-foot 
for zero and 2 tons per acre pickup, respectively. 

4. Between Green River near Greendale, Duchesne River near 
Randlett, and Green River at Green River, Utah 

Four County, Colorado.--This non-Federal development, as proposed, 
would divert 40,000 acre-feet of water through the Continental Divide 
for use in Colorado. The water would be transported 'f'rom the headwaters 
of the Yampa River through Rabbit Ears Pass to the North Platte Basin, 
from which basin an equivalent amount o'f' water would be directed by ex
cha~e over Willow Creek Pass into the Colorado River drainage, thence by 
transbasin diversion to Ie.f'ayette, Erie, Broom.field, Brighton, Thornton, 
and Ft. Lupton .. 

Hayden Steamplant.-.-This plant in Colorado now using 4,000 acre-feet 
will eventua~ require 16,ooo acre-feet of water. 
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Cheyenne, Wyoming.--The city of Cheyenne diverts water from the Little 
Snake River to a tributary of the North Platte in exchange for water di
verted from Douglas Creek for municipal use by the city of Cheyenne. This 
transmountain diversion is now using about 7,000 acre-feet and will ulti
mate~ deplete the Colorado River by an additional 24,ooo acre-feet. 

Savery-Pot Hook Project, Colorado-Wyoming. --This project is located 
in the Little Snake River Ba.sin in southern Wyoming and northwestern 
Colorado. The authorized project plan calls for construction of an 
18,600-acre-foot-capacity reservoir on Savery Creek and a 65,000-acre
foot-capacity reservoir on Slater Creek. This storage will make possible 
the irrigation of 17,920 acres of new land and will provide supplemental 
water for land presently irrigated. Plan modifications are being consid-

. ered in the definite plan studies now underway. Depletion of the Little 
Snake River by the Savery-Pot Hook Project would amount to 27,000 acre
feet annually. 

Central utah Project (Jensen Unit).--This unit will be located along 
the Green River east of Vernal in Uintah County in Uinta Basin, Utah. 
Storage of water in Tyzack Reservoir on Brush Creek together with pumping 
from the Green River will supply 440 acres of new land and 3,640 acres of 
presently irrigated lands. Approximately 15,000 acre-feet of water is an
ticipated to be depleted by this project. 

The estimated increase in concentration at the Green River, Utah, 
gage from present to future would be o.64 ton per acre-foot to 0.73 and 
0.78 ton per acre-foot for the zero and 2 tons per acre pickup, respec
tively. Projects affecting the flows would include all developments 
above the gage • 

5. Above San Rafael River near Green River, Utah 

With inclusion of the Emery County Project under present modified 
conditions, the only anticipated future effect would be steam-electric 
plants depleting about 5,000 acre-feet of water and replacing an esti
mated 4,ooo acres of presently irrigated lands with industries. 

6. Above Colorado River near Glenwood Sprina!! 

Denver, Englewood, Colorado Springs, and Pueblo, Colorado.--Expan
sion of municipal supplies for these four cities will· eventually deplete 
the Colorado River by 216,000 acre-feet above present uses. These are 
transmountain diversions from the Blue, Fraser, and Eagle Rivers in the 
headwaters of the Colorado River. The diversions would vary according 
to runoff each year. 
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M&I--Green Mountain.--Water stored in Green Mountain Reservoir will 
be released for industrial use in the vicinity of Kremmling, Colorado, 
and in Garfield County, Colorado. This depletion will ultimately be about 
12,000 acre-feet. 

Homestake Project, Colorado.--The Homestake Project in Colorado, under 
construction by the cities of Aurora and Colorado Springs, will divert an 
average of 49,000 acre-feet annually to the eastern slope from the head
waters of the Colorado River although the diversions will vary from yea:r 
to yea:r. 

The above depletions would increase the dissolved-solids concentra
tion at Glenwood Springs by o.o8 ton per acre-foot under either condition 
of pickup. 

7. Between Colorado River near Glenwood Springs and 
Colorado River near Cameo 

Independence Pass Expansion.--This development consists of enlarging 
and lining an existing collection system on the western slope in Colorado 
with provisions for winter operation. The water will be collected from 
the headwaters of Roaring Fork for transmountain diversion to the Arkansas 
River Basin. The new depletion to the Colorado River will be about 14,ooo 
acre-feet annually with possible storage in enlarged Twin lakes Reservoir. 

Fryingpan-Arkansas Project.--Construction is still continuing on this 
project. This transmountain diversion project will transfer water from 
the headwaters of the Colorado to the Arkansas River. It is a multipurpose 
development to supply supplemental irrigation water,·municipal water, and 
water for power production. In addition the project will also control 
floods originating above pueblo, retain sediment, preserve fish and wild
life, and provide recreation opportunities. The average annual depletion 
will be 70,000 acre-feet, including 1,000 acre-feet of evaporation from 
the Ruedi Reservoir on the west slope. 

M&I--Ruedi Reservoirs Colorado.--Storage rights in Ruedi Reservoir 
would permit the use of 3 ,000 acre-feet for oil shale development along 
the Colorado River in Colorado. The water would be stored in Ruedi Reser
voir on the Fryingpan River and then released through natural channels to 
the points of use in the oil shale areas. A possible future alternative 
use for all or part of this water would be for irrigation purposes. 

West Divide Project, Colorado.--The West Divide Project will provide 
115,600 acre-feet of water for irrigation and 77,500 acre-feet for munici
pal and industrial use •. The irrigation ,_,ater will supply nearly 19,000 
acres of new land and a supplemental supply to 21,000 acres of land pres
ently irrigated. The new depletion of Colorado River water will be 76,000 

, acre-feet annually. Project water will be obtained from a series of 
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Colorado River tributaries south of the river in west-central Colorado with 
most of the storage planned for the 105,000-acre-foot Placita Reservoir. 

The above-described projects, together with those above the Glenwood 
Springs station, would increase the concentration at the Cameo Station 
from 0.60 ton per acre-foot under present modified conditions to 0.73 and 
0.75 ton per acre-foot for future conditions assuming zero and 2 tons 
pickup per acre, respectively. 

8. Above Gunnison River near Grand Junction 

Fruitland Mesa Project, Colorado.--This project is located in west
ern Colorado in Gunnison River Basin. A 48,235-acre-foot storage reser
voir on Soap Creek and diversion from Crystal and Curecanti Creeks would 
provide water needed for 15,870 acres of newly irrigated land and 7,000 
acres of land now irrigated. Project uses will increase Colorado River 
depletions by 28,000 acre-feet per year. 

The project water for irrigation use has been determined by labora
tory analysis to be of excellent quality. Likewise, most of the return 
flow considered as part of the project water supply will be diluted with 
higher quality direct flow. 

Bostwick Park Project, Colorado.--This small project is located in 
Montrose and Gunnison Counties in west-central Colorado. Storage regu
lation will be provided by a 13,520-acre-foot reservoir on Cimarron 
Creek, a tributary of the Gunnison River. Only 1,610 acres of new land 
will be irrigated and the increased depletion to the Colorado River will 
be 4,ooo acre-feet. Some additional water will be provided to land now 
irrigated. The water of Cimarron Creek has been determined by laboratory 
analysis to be of good quality for irrigation. The Bostwick Park Project 
is now under construction and is scheduled for completion in the latter 
part of 1970. 

Dallas Creek Project, Colorado.--The Dallas Creek Project will de
velop water of the Uncompahgre River and tributaries for irrigation and 
municipal and industrial use. The project will provide water for 15,000 
acres of new land and supplemental water for 8,700 acres of land pres
ently irrigated. Depletion of the Colorado River will amount to 37,000 
acre-feet annually. 

The project water supplies will be suitable in quality for irriga
tion and for municipal and industrial uses as well. 

At the Gunnison River near Grand Junction station the concentration 
would be increased by o.d+ ton per acre-foot with no pickup and o.o8 
with 2 tons per acre pickup. 
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9. Between Colorado River near Cameo, Gunnison River near 
Grand Junction, and Colorado River near Cisco, Utah 

Dolores Project, Colorado.--The Dolores Project will divert water 
from the Dolores River Basin to the San Juan drainage for the irrigation 
of' 61,000 acres. Some 32,000 acres will be new land; the remaining 
29,000 acres of land are now receiving a partial supply. This project 
will divertl40,000 acre-feet of water f'rom the Dolores River of which 
8,700 acre-feet will be depleted and the balance returned to the San Juan 
River. 

Return flows from lands in the Montezuma Valley are presently used 
for irrigation of land in McElmo Canyon outside the project area. Anal
yses show these flows have relatively high concentrations of soluble salts. 
They are successfully used for irrigation, however, because of internal 
drainage characteristics of the soils. The salt concentration of these 
flows is not expected to increase with project development. 

San Miguel Project. Colorado.--The San Miguel Project will regulate 
flows of the San Miguel River for irrigation, municipal and industrial 
use, recreation, flood control, and fish and wildlife conservation. The 
project will supply water to 26,000 acres of new land and 12,500 acres 
of land now receiving a partial supply. Depletion of the Colorado River 
will be about 85,000 acre-feet. 

The Colorado River near Cisco gage is affected by all upstream devel
opments on the Colorado, Gunnison, and Dolores Rivers and their tribu
taries. These transmountain diversions and in-basin projects increase 
the concentrations from 0.91 to l.oB tons per acre-foot with no pickup 
and to l.12 with 2 tons per acre pickup. 

10. Above San Juan River near Archuleta 

San Juan-Cham.a Project.--Construction is underway on this transmoun
tain diversion project with delivery of water to the Rio Grande Basin ex
pected to be initiated in 1971. The project will divert an average of 
ll0,000 acre-feet annually from the headwaters of the San Juan River 
across the Continental Divide to the Rio Grande Ba.sin. The effect of 
this depletion on the Colorado River will be that some dissolved solids 
will be transported out of the basin and less high quality water will be 
available downstream for dilution of lower quality water. 

The water will be used in New Mexico for municipal and industrial 
developments and for irrigation. 

Nava.lo Indian Irrigation Pro.ject. --Construction activities are under
wa:y on this project, but completion of construction and delivery of water 
are several years away. The direct diversion of 5o8,000 acre-feet of 
water annually from the Navajo Reservoir to ll0,000 acres of lands south 
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of the San Juan River is contemplated. None of these lands are presently 
irrigated and the effect of irrigation on the quality and quantity of re
turn flow is difficult to predict. 

There will be times under ultimate basin development when the San 
Juan Valley lands below Farmington, New Mexico, will be dependent largely 
upon return flows for their supply of irrigation water. There are very 
little data upon which to base estimates of the quality of the return flow. 
Miscellaneous records from the San Juan, Animas, and I.e. Plata Rivers indi-

. cate some periods of low flow water of questionable quality, especially 
from I.e. Plata River system where some of the lands are known to be of ma
rine origin. Practically all of the lands in the Navajo Indian Irrigation 
Project which would contribute return flow at the Hogback, however, are of 
fresh water origin with low salinity and alkalinity as determined by soil 
borings. To ascertain the quality of return flow with any degree of cer
tainty, additional field data will be necessary prior to completion of de
finite plan investigations. The estimated depletion is 250,000 acre-feet 
annually. 

The effect of the San Juan-Chama and Navajo Indian Irrigation proj
ects in the quality of water at this station would be small since the 
water is presently of very good quality and the station is located only 
a short distance below the Navajo Dam where there would be no return flows. 
The increase in concentration would be from 0.23 ton per acre-foot present 
to 0.24 ton per acre-foot for both zero and 2 tons per acre pickup. 

11. Between San Juan River near Archuleta and San Juan River 
near Bluff 

Animas-Ia Plata Project, Colorado-New Mexico.--The Animas-La Plata 
Project will develop flows of the Animas and La Plata River systems for 
irrigation, municipal and industrial use, recreation, and fish and wild
life conservation. The project will supply water to 46,500 acres of new 
land and 25,600 acres of presently irrigated land. The new land will in
clude 17,200 acres of Indian land. The total new depletion will amount 
to nearly 146,ooo acre-feet. Project features include four storage dams, 
lengthy canals, and several diversion dams. 

Preliminary water quality studies indicate that irrigation will not 
present any particular quality problem, and the additional return flow 
at the state line may be somewhat improved over the present. 

Expansion Hogback.--This direct diversion to Indian lands adjacent 
to the San Juan River will result in a new depletion of about 10,000 acre
feet annually. These lands, in the vicinity of Shiprock, New Mexico, have 
been developed in small blocks by the Bureau of Indian Affairs over a 
period of years with further expansion planned for the future. The seep
age and return flows return direct to the San Juan River, but the quality 
of these flows has not been determined. 
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Utah Construction Company.--In northwestern New Mexico, a large steam
electric powerplant, which has been partially completed by Utah Construc
tion Company for the Navajo Indian Tribe and the Arizona Power Authority, 
is now using 15,000 acre-feet out of an estimated 40,000 acre-feet 'When 
the plant is complete. 

The San Juan River near Bluff gage would be affected by all develop
ments on the San Juan River above the gage. Especially notable would be 
return flows from the Indian Irrigation Project. The result would be an 
increase from 0.63 to 0.91 and 1.25 tons per acre-foot, respectively, for 
the zero and 2 tons per acre pickup from new irrigated lands. 

12. Between Green River at Green River, Utah, San Rafael 
River near Green River, Utah, Colorado River near 
Cisco, San Juan River near Bluff, and Colorado River 

Resources, Incorporated, Utah.--Resources, Incorporated, proposed to 
construct a large powerplant in Utah near Lake Powell using coal from the 
Kaiparowits Plateau for fuel and water from Lake Powell for plant oper
ation. The expected annual depletion to the·colorado River would be 
102,000 acre-feet, based on the company's application to the State of 
Utah for that much water. The exact date of this depletion is not known 
at present. 

M&I in Arizona.--The Upper Colorado River Compact allocated 50,000 
acre-feet to Arizona from the Upper Colorado River system and of that 
amount about 15,000 acre-feet is presently being used. 

The remaining 35,000 acre-feet will be used in that portion of 
Arizona within the Upper Basin and would be diverted above Lees Ferry with 
most of it being used by the Navajo Powerplant at Lake Powell. 

The total depletions and salt pickup above Lees Ferry increase the 
concentration at the Lees Ferry gage from o.84 to 1.01 tons per acre-foot 
with no pickup, and with 2 tons of pickup the concentration increases from 
o.84 to 1.09 tons per acre-foot. 

13. Above the Virgin River at Littlefield, Arizona 

Dixie Project, Utah.--The recently authorized Dixie Project will, 
through construction of a multipurpose dam on the Virgin River, provide 
a full water supply to 6,900 acres of new land and a supplemental water 
supply to 10,000 acres of existing irrigated land. About 5,000 acre
feet of municipal and industrial water will be provided to the city of 
St. George. Cedar City, Utah, can also exercise an existing agreement 
to divert up to 8,ooo ac·re-feet of water out of the basin from upper 
tributaries. 
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A principal concern of the downstream users in Arizona and Nevada 
will be in regard to the effect of project operations on water quality 
and the amount of flood waters available for leaching purposes. In this 
regard the effect of the highly mineralized I.aVerkin Springs, which enter 
the river above the proposed Virgin River Dam, is of considerable impor
tance. 

The estimated increased depletion of the Virgin River due to total 
project development will be 48,ooo acre-feet per year. Disposal of the 
waters of the I.aVerkin Springs would increase the estimated annual deple
tion by the quantity of water removed from the river system. The average 
annual flow of the Virgin River at Littlefield under present conditions 
based on January 1941 through December 1968 records is 151,000 acre-feet. 
Concentrations would increase from the present 2.29 to 3.34 and 3.48 tons 
per acre-foot under zero and 2 tons pickup, respectively. 

14. Between the Colorado River at Lees Ferry, Virgin River at 
Littlefield, and Colorado River below Hoover Dam 

Southern Nevada Water Project, Nevada.--The Southern Nevada Water 
Project, now under construction, will provide supplemental municipal and 
industrial water to the cities of I.as Vegas, North I.as Vegas, Henderson, 
and Boulder City and to Nellis Air Force Base. It will also provide water 
to the potential Eldorado Valley development. 

In the ultimate stage of development of the project, the estimated 
total annual diversions from Lake Mead by the existing Boulder City and 
Basic Management, Inc., water systems will be 52,000 acre-feet. The esti
mated total annual diversions by the project will be 328,000 acre-feet, 
giving a total ultimate annual diversion from Lake Mead to the project 
area of 380,000 acre-feet. 

The estimated net annual depletion due to the project and existing 
systems will total 262,000 acre-feet allowing for creditable return flows 
of 118,000 acre-feet. The diversions in 1968 f'rom Lake Mead were 29,790 
acre-feet by Basic Management, Inc., and the Las Vegas Valley Water Dis
trict, and 3,230 acre-feet for Boulder City and the lake Mead National 
Recreation Area, a total of 33,000 acre-feet. No creditable return flow 
from these diversions was listed in the "Compilation of Records in Accord
ance with Article V of the Decree of the Supreme Court of the United States 
in the Arizona v. California Dated March 9, 1964," fer calendar year 1968. 
If we assume for purposes of computations in this report that unidentified 
return flows from the 33,000 acre-feet diverted in 1968 would be in about 
the same proportion to diversions as was assumed in the determination of 
depletions for the Southern Nevada Water Project, there would be a return 
flow of about 10,000 acre-feet. This would give a depletion for 1968 of 
about 22,000 acre-feet and the additional annual depletion with full de
velopment of the Southern Nevada Water Project would be 240,000 acre-feet. 
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It has been assumed in this report that the Colorado River return 
flows from the Southern Nevada Water Project would carry as much salt as 
would be p1.llllped from the river. It is possible that measures may be taken 
that w0uld result in a reduction of salts returned to the river. Various 
proposals have been made for removing or reclaiming the return flow dis
charged into Ies Vegas Wash in order to control pollution problems in the 
Las Vegas arm of lake Mead. If any of these proposals are adopted, they 
will be evaluated in future progress reports. 

A portion of the Southern Nevada Wa~er Project allotment of 262,000 
acre-feet will be used by the Southern California Edison Company by divert
ing 30,000 acre-feet annually from the Colorado River for thermal power 
production purposes at a site about 3 miles downstream from Davis Dam. 
Use of this water until July 1, 2006, by the Southern California Edison 
Company is in accordance with two contracts--one with the State of Nevada 
and the Southern California Edison Company and one with the Bureau of Re
clamation and the State of Nevada. This depletion is included in the de
pletion anticipated for the Southern Nevada Water Project and would not 
cause an additional depletion. 

The Southern Nevada Water Project, plus all developments above Lees 
Ferry and on the Virgin River, would affect the salinity at the Colorado 
River below Hoover Dam station. Salinity concentrations would increase 
from 1.03 tons per acre-foot at present to 1.29 and 1.38 tons per acre
foot for estimated future concentrations under conditions of zero and 
2 tons per acre pickup. 

15. Between Colorado River below Hoover Dam and Colorado 
River at Imperial Dam 

Fort Mohave Indian Reservation.--The Fort Mohave Indian Reservation, 
located below Davis Dam, is allocated water by the Supreme Court Decree 
to irrigate 18,974 acres of land in Arizona, California, and IJevada with 
a maximum annual diversion from the Colorado River of 122,648 acre-feet. 
The cons1.llllptive use required for irrigation of these lands is estimated 
to be 4 acre-feet per acre, which would result in main-stream depletion 
of about 76,000 acre-feet annually. The Bureau of Indian Affairs reports 
that a major portion of this reservation is under development contract. 

The consumptive use of 4 acre-feet per acre for irrigation of the 
Fort Mohave, Chemehuevi, and Colorado River Indian lands is based on the 
rate presented in Colorado River Basin Project hearings before the Sub
cormni ttee on Irrigation and Reclamation of the Committee on Interior and 
Insular Affairs, House of Representatives. This value is under study and 
may be subject to change in future reports. 

Chemehuevi Indian Reservation.--The Chemehuevi Indian Reservation, 
located above Parker Dam, is allocated water by the Supreme Court Decree 
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to irrigate 1,900 acres of land in California with a maximum annual diver
sion from the main stream of the Colorado River of 11,340 acre-feet. The 
consumptive use required for irrigation of these lands is estimated to be 
4 acre-feet per acre, which would result in a main stream depletion of 
about 7,000 acre-feet annually. Full development of this reservation is 
expected by 1990. 

Central Arizona Project.--The Colorado River Basin Project Act au
thorizes the Central Arizona Project for the purposes of furnishing irri
gation and municipal water supplies to the water-deficient areas of Ari
zona and western New Mexico through direct diversion or exchange of water. 
This project will provide a supplemental water supply to lands now being 
irrigated. Water will be made available only to lands having a recent 
irrigation history. The Central Arizona Project must stand shortages up 
to its full allocation if there is insufficient main stream water to 
satisfy an annual consumptive use of 7,500,000 acre-feet allocated under 
the Supreme Court Decree of March 1964 to the States of Nevada, Arizona, 
and California. When shortages occur, diversions to the Central Arizona 
Project will be limited to assure California water users 4,400,000 acre
feet of main stream water. With present development, as reflected in the 
present modified flow listed in Table 18, there would be an average of 
2,147,000 acre-feet available for diversion to the Central Arizona Project. 
With a small cutback of 25,000 acre-feet in California's historic diver
sion, there would be 2,172,000 acre-feet, which is all that could be di
verted with a canal capacity of 3,000 c.f .s. California diversions would 
eventually be reduced to 4,400,000 acre-feet while the Central Arizona 
Project supply would gradually reduce to 433,000 acre-feet when all of 
the future depletions listed in Table 19 are made. 

Contracts--Boulder Canyon Project.--Separate contracts have been 
signed with the City of Kingman, Arizona, the Lake Havasu Irrigation and 
Drainage District, and the Mohave Valley Irrigation and Drainage District 
for diversion, respectively, of 18,500 acre-feet, 14,500 acre-feet, and 
51,000 acre-feet annually. Although some new lands may be developed for 
irrigation in the Mohave Valley Irrigation and Drainage District, other 
lands now irrigated will be taken out of production due to future munici
pal and industrial development. As a result? it is probable that the di
version under the contract with the Mohave Valley Irrigation and Drainage 
District would cause no appreciable increase over the present depletions 
from existing irrigation in the District and municipal and industrial de
velopment would result in an increased depletion of .about 6,000 acre-feet 
per year. All of the diversions to the city of Kingman would be a deple
tion because of the distance of the city from the Colorado River. Diver
sion to Lake Havasu Irrigation and Drainage District would cause an 
increased depletion of about half of the diversion. It is estimated the 
maximum diversions allowed under the three contracts would cause an in
creased depletion of about 31,000 acre-feet per year. 
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ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS 

Lower Colorado River Indian Reservation.--The Lower Colorado River 
Indian Reservation is located along the Colorado River just below Parker 
Dam, Arizona, with most of the land in Arizona and the remainder in Cal
ifornia. The Supreme Court Decree allocated 717,148 acre-feet of diver
sions to the Colorado River Indian Reservation for irrigation of 107,588 
acres of land. The consumptive use required for irrigation of these lands 
is estimated to be .4 acre-feet per acre, which would result in an annual 
ma.in stream depletion of 430,352 acre-feet. The consumptive use in 1968 
from irrigation of 46,748 acres is estimated to be 186,992 acre-feet. 
This leaves an additional depletion of about 243,000 acre-feet per year 
for future developments. 

Lower Colorado River Channelization Project, Arizona-California.-
Between Davis Dam and Parker Dam, the channelization work in the Mohave 
Valley Division was completed in 1960 to salvage arr estimated 109,000 acre
feet of water per year. However, the permanence of 44,ooo acre-feet of 
that salvage is dependent on future maintenance in the Topock Gorge Divi
sion. The work in the Topock Gorge Division would also salvage an addi
tional 28,000 acre-feet per year. 

Between Parker Dam and Imperial Dam, work in the Palo Verde Division 
to salvage 10,000 acre-feet of water per year has been completed and is 
considered to be reflected in the 1968 streamflow records. Work in the 
Cibola Division to salvage 36,000 acre-feet per year was completed in 
1970 but is not considered to be reflected in the 1968 streamflow re
cords. Work in the Parker and Imperial Divisions to salvage 39,000 acre
feet per year has not yet been started. 

In sunnnary, at the end of 1968 channelization work to salvage 119,000 
acre-feet of water per year was complete, and work to salvage 103,000 
acre-feet per year was either underway or planned. 

It is estimated that an additional 100,000 acre-feet of water per 
year could be salvaged by phreatophyte eradication and control. The loca
tions where work would be done have not been finally selected. For pur
poses of this study, locations of salvage developed for the Pacific 
Southwest Water Plan have been used. It indicated salvage of 88,000 
acre-feet would be above Imperial Dam; of this amount, 59,000 acre-feet 
would be above Parker Dam and 29,000 acre-feet would be between Parker 
and Imperial Dams. The combined annual salvage above Parker Dam from the 
channelization and phreatophyte eradication and control programs would be 
87,000 acre-feet. Between Parker and Imperial Dams, the salvage from the 
combined programs would be lo4,000 acre-feet. The total salvage above 
Imperial Dam is 191,000 acre-feet. 

In addition to developments above Hoover Dam, the Central Arizona 
Project, development of Indian lands on the Fort Mohave, Chemehuevi, and 
Colorado River Indian Reservations, a decrease in diversions through the 
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Colorado River Aqueduct by the Metropolitan Water District, separate con
tracts to various water users, and increases to the water supply resulting 
frcm salvage by channelization and phreatophyte control of the Lower Colo
rado River will all contribute to changes in the salinity concentration at 
Imperial Dam. 

Salinity concentrations at the Colorado River below Parker Dam station 
would increase from the present 1.01 tons per acre-foot to 1.27 and l.37 
tons per acre-foot for the zero and 2 tons per acre pickup conditions, 
while the concentration at Imperial Dam would increase from the present 
1.18 tons per acre-foot to 1.57 and l.70 tons per acre-foot for the zero 
and 2 tons per irrigated acre pickup conditions. 
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Water quality can be a limiting factor in the use of a water supply. 
Different water uses require different water qualities, and a supply may 
thus be acceptable for some uses but unsuitable for others. Most water 
uses have a range of quality within which a supply may be acceptable for 
that use. Use of water at the low quality end of this range may impose 
an economic, a social, and/or a political penalty on the water user in 
comparison to use of the water at a higher quality. The suitability of 
the quality of a water supply for use is thus a relative matter and must 
be evaluated with regard to specific uses and the social and economic 
aspects of such use. 

A major objective of this report is to assess the suitability of 
Colorado River water for various beneficial uses. The following sections 
discuss the plzysical and economic effects of salinity on water uses in 
the Colorado River Ba.sin. The effects of water quality on water uses as 
measured by parameters other than salinity are discussed in Part IX. 

A. In-stream Use 

The major in-stream uses of water in the Colorado River Ba.sin include 
hydroelectric power production, propagation of fish and aquatic life, rec
reation (including water contact sports), and aesthetics. Within the 
range of salinity concentrations expected in the foreseeable future, sa
linity should have no significant effects on these uses. 

B. Irrigation Use 

A major portion of the basin water supply is consumptively used for 
irrigation. Any effects of water quality on this use are thus of major 
importance. Crops grown in the basin differ in sensitivity to a salt 
concentration in the soil root zone, with some crops tolerating signifi
cantly higher concentrations in the root zone than the more sensitive 
crops. Also, most crops require a lower salinity concentration in the 
root zone during the germinating and seedling stage than they do later 
in the growing cycle. Salinity concentrations in the root zone are af
fected by the salinity concentration of the irrigation water, the rela
tionship of consumptive use to the water supplied to the crop by irriga
tion and rainfall, and the drainability of the soil. If, however, all 
other factors remain unchanged, the salinity concentration of the root 
zone will vary with the ~alinity concentration of the irrigation water. 
Thus an increase in the salinity concentration of the irrigation water 
will decrease the productivity of the crops if its tolerance limit of 
salinity concentration in the root zone is exceeded. Because of the 
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many factors affecting the salinity concentration in the root zone, an 
exact irrigation water concentration that will damage a crop cannot be 
determined. 

Damage to crops can be prevented by applying additional irrigation 
water to flush the salts from the soil. If natural drainage or an ex
isting drainage system is inadequate to remove the additional water, it 
may be necessary to install additional drains. Without sufficient water 
for flushing the salts from the soils the grower has the choice of pro
ducing less per acre or of switching to a crop that is more salt toler
ant. The more salt-tolerant crops, however, generally have a lower eco
nomic return than the salt-sensitive crops. Therefore, it is probable 
that, if the salinity concentration of the irrigation water becomes high 
enough to cause damage to crops, the grower will suffer a decrease in his 
economic return. 

In the Upper Basin, salinity concentrations during the irrigation 
season are relatively low except in local areas. The impact of salinity 
on irrigation in the Upper Basin is thus minimal. 

In the Lower Basin, present peak salinity concentrations are ap
proaching critical levels for some salt-sensitive crops and, while suit
able for irrigation of most crops, are believed to be high enough that 
in some cases decreases in crop yields could occur. Although Colorado 
River water is accepted for irrigation use, future increases in salinity 
may thus involve the incurring of a small but significant economic loss. 

C. Industrial Use 

Colorado River water has not been widely used for industrial pur
poses within the basin, but extensive use has been made of this water 
from transmountain diversions outside the basin. Since the quality of 
the water diverted from the Upper Basin is relatively high, only minimal 
pretreatment is required for most industrial uses. In the Lower Basin, 
the higher salinity levels in the diverted flows may require more exten
sive pretreatment for some types of industrial uses. 

The quality of' water required for industrial use varies widely and 
is dependent upon the purposes for which the water is utilized. Within 
any industrial plant, water may have several f'unctiqus. 

Cooling is the largest single use of industrial water supplied from 
the Colorado River, ranging from 57 percent to 80 percent. Because avail
able water is limited, recirculatory cooling systems are the prevalent 
type. About 3,000 mg./l~ is the maximum salinity concentration that can 
be used in a system unless it is constructed of corrosion-resistant mate
rial. Salt concentrations are held below this limit by blowdown 
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(discharging a part of the cooling water to waste and replacing it with 
water having a lower salinity concentration). Usually the cooling water 
and boiler system water are treated to inhibit scale formation and cor
rosion. The amount of cooling water needed by a specific industry is 
proportional to the salinity concentration of the available water. The 
cost of treating both cooling and boiler water also varies proportionally 
with the salinity concentration. 

Tables 20-25, showing yearly summaries of the ionic loads at six sta
tions, can be used by industry to evaluate the water available to meet its 
needs. 

D. Domestic Use 

For domestic water use, it is desirable to have a safe, clear, pot
able, aesthetically pleasing water supply which meets the recommended lim
its of the Public Health Service Drinking Water Standards vf 1962. High 
salinity levels affect the taste of drinking water and may affect the di
gestive system in some people. Water h'3.:'.'dness, wh i ··h generally increases 
w:!.th increases in salinity concentrations, also requires more soap and 
laundry additives to achieve acceptable cleaning results. If the water 
beccmes too hard, so~ening of the supply in large-scale municipal plants 
or in individual home units may be required. Sealing of water heaters 
and corrosion of pipes also accelerate with increased salinity or hard
ness levels. 

Water quality in the Upper Ba.sin will generally meet the Public 
Health Service standards with normal levels of treatment--settling, fil
tration, and disinfection. In some cases only disinfection is required. 
In contrast to the Upper Ba.sin, the water supply at most points in the 
Lower Basin does not meet the Public Health Service recommended limits 
for total dissolved solids, exceeding the maximum acceptable limits at 
times. Mineralized water supplies with salinity concentrations in the 
range of those values observed in the Colorado River, however, are com
monly accepted in the southwestern United States, with little detriment 
to the potability of the supply. The use of this mineralized supply im
poses an increased treatment cost as hardness levels are high enough that 
water softening is provided for some of the supply in addition to normal 
treatment. 

Softening of Colorado River water is extensive enough that small in
creases in hardness affect so~ening costs appreciably. 
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The various legislative acts discussed in Part I authorize the Secre
tary of the Interior to study means of improving the quality of water in 
the Colorado River Basin and to develop comprehensive plans for achieving 
such water quality enhancement. A numoer of activities have been under
taken with the objectives of evaluating various salinity control aspects. 
Some of these activities were previously discussed. The following sec
~ions summarize the present knowledge of the potential for achieving 
basinwide control of salinity. 

A. Tech~l Possibilities for Salinity Control 

There are a n:lmber of salinity control measures which could be p:Jten
tially useful for minimizing and controlling salinity in the Colorado 
River Basin. These measures, which may be divided into measures for in
creasing the water supply and measures for reducing the salt load, are 
listed in Table D • 

Vario~s factors such as economic feasibility, lack of research, and 
legal and institutional constraints limit the practicality of most meas
ures. The most practical means of augmenting the basin water ·supply in
clude importing water from other basins, imp8rting demineralized sea 
water, and utilizing weather moaification techniques to increase precipi
tation and runoff within the basin. Practical means of reducing salt 
loads include: impouwl!nent and evaporation of point source discharges, 
diversion of runoff and streams aroun-i areas of aalt pickup, improvement 
of irrigation and drainage practices and facilities, desalination of 
saline discharges from natural and ms.n-maie sources, and desalination of 
water supplies at points of use. 

B. Feasibility of Salinity Control 

Eight potential alternative salinity control programs incorporating 
a variety of control measures were formulated by the Federal Water Quality 
Administration to provide the basis for evaluating the costs and salinity 
control effects of a basinwide control program. These alternatives in
cluded 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 impo~dment and evaporation of mineral spring discharges, 
irrigation return flows and saline tributary flows, diversions of streams 
and improvement of irrigation practices and facilities. The Federal Water 
Quality Administration estimated that the programs have a potential salt
load reduction of up to 3 million tons annually and possibly could reduce 
average salinity concentrations at Hoover Dam by about 200 to 300 mg./1. 
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Table D • Possibilities for Salinity £ont~ 

I. Measures for increasing water supply 

A. Water conservation measures 
1. Increased watershed runoff 
2. Pb.reatophyte control 
3. Optimized water utilization for irrigation 

a. Reduced consumptive use 
b. Improved irrigation efficiency 

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 high saline discharges 
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 ground water recharge 
c. Reduced sediment production 

B. Control of man-made sources 
1. Municipal and industrial sources 

a. Evaporation of high saline discharges 
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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The fo'.1.I' flow augmentation progra~s evaluated were based on three 
potential sources of water: increased precipitation and runoff through 
weather modification, interbasin transfer of water, and importation of 
demineralized sea water. Sim:e investigations of the potential feasi
bility of interbasin transfer of water into the Colora·io River Basin 
are prohibited by law until after 1978, the evaluation of· such programs 
was limited to the effects of flow augmentation on salinity concentra
tions and did not include a.~ evaluation of the feasibility of interbasin 
transfer or of potential sources of surplus water. The volume of flow 
augmentation assumed to be provided by the programs evaluated ranged 
from 1.7 to 5.9 millio~ acre-feet annually. Resulting reductions in aver
age salinity concentrations at Hoover Dam ra.~ged from 100 to 300 rng./l. 

Desalination of water supplies diverted from the Lower Colorado River 
for use in Southern California was evaluated as an alternative to reducing 
salinity levels in the river system. 

c. Salinity Control Investigati~~ 

Both the Burea1 of Reclamation and the FWQA have participated in a 
rr.lIIloer of basic studies directed toward the objectives of developing and 
demonstrating methods of minimizing salinity concentrations in the Colo
rado River system. In addition to the research efforts previously dis
cussed in Section E, Part IV, several salinity control investigations 
have jist been completed or are in progress. These investigations are 
discussed below. 

Early in FY 1968, the FW'~A. and the Bureau of Reclamation initiated 
a cooperative salinity control reconnaissance stuiy in the Upper Basin 
to identify controllable so~ces of salinity, a.etermine technically 
feasible control measa.r.es,and estimate their. costs. Tne fi~st year of 
this stud.y was finan:::ed by a transfer of funds f'Nm FWQA to the Bureau, 
B.:'.ld the second year was financed by the Bureau. A shortage of funds 
fo.rced discontin:J.ance of the study durins FY i9·70. Tn·2 results of the 
study to date will be presented in a reJ"Jcir-t to be released at a later 
date. 

Reco::ma.issan::::e level preliminary plans W'2re developed by the stuiy 
for two salinity control projects and cost estinntes prepared for a num
ber of contr0l methods. One prelLrni..nary plan developed was for the 
Paradox Salinity Control Project w!1ich would reduce the heavy picki..tJ.1 of 
salt by the Dolores River as it crosses a salt anticline in Paradox 
Valley in western Colo:-aao. Co:itrol W·JUld be achieved by regulatine :peak 
flood flows and conveying the strea~fLo~ th~ough a lined canal p~st a 
recharge ar~a fo: a saline ground water system. Estimates of project 
costs and salinity co~trol benefits were prepared which indi~ated this 
p~oject nay be economically feasible. 
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A preliminary plan was also prepared for a project to control the 
salt load from Crystal Geyser, an abandoned oil test well which periodi
cally discharges highly mineralized water in m11ch the S9.me manner as a 
geyser: Control would be achieved by collecting the geyser discharge 
and pumping it to a lined impoundment for evaporation. Cost estimates 
for this project also indicated ma.rginal economic feasibility. A proj
ect of this tn>e m9.y be potentially applicable to control of so:ne of the 
more concentrated small mineral springs if saitable land area for an 
evaporation poni can be found and evaporation rates are high enough. 

For control of irrigation return flows, the costs of impo'J.Iliing and 
evaporating the flo....,s at two topographically different sites were esti
mated. The costs of deep well injection of relatively small qllantities 
of the more concentrated retu~n flows were also estimated. The feasibil
ity of controlling irrigation return flows by evaporation or deep well 
injection would appear to be doubtful at this time on the basis of salin
ity control benefits alone. 

The cost of lining canals and distribution systems in several exist
ing irrigation projects as 9. s9.linity control measure was also investi
gated. The economic feasibility of this type of control measare was not 
evaluated, however, as the effectiveness of canal linin5 in redllcing salt 
loads from irrigated areas has not been fully determined. 

2. Grand Va~ley Salinity Control Demonstration ProJ~ct 

This project, lo~ated near Grani Junction, Colo., was initiated in 
FY 1969 ·.md.er a F"tlQA demonstration grant. Tne objective of this project 
is to demonstrate the salinity control potential of lining irrigation 
ca."lB.ls a...r1..i laterals. Tne Grand Valley is underlain by an aquifer con
taining hig..11.ly saline ground water. Seepage from •::aria ls and laterals 
contributes to the recharge of this aquifer. This recharge displaces 
the saline ground water into the Colorado River, increasing its salt 
load. Reduction of such recharge by reducing seepage fro:n conveyan~e 
systems is thus expected to reduce the salt loai discharged to the river. 

A major portion of the ca.'lals a...TJ.·i so:ne of the laterals serving a 
study area of about 4,6'JO a:"!res ....,ere lined with concrete in 1969 and 
1970. Most of the lining was a'.!complished by a corporation of lO·::al 
irrigation an.i drainage districts which direct the demo.'lstra.tio:i proj
ect. Colorado state University is condu~tine the data collection 
activities and evaluating the E9.linity control effects under contract 
f'rom ~he corp::>ration. A sinrJ.lation model is being developed which 
will evaluate the effects of changes in irrigation efficien::y on salt
load contributions as well as changes in seepage losses from the con
veyance system. This model will allow the results of the demonstra
tion project to be projected valley-wide upon completion of the stuiy 
ani form the basis for future salinity control activities in this loca
tion. Co;npletion of the demonstration p~oject, including all post
construction studies, is scheduled for mid-1972. 
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3. other Related Investigations 

A research project entitled, "Effect of Water Management on Quality 
of Ground Water and Surface Recharge in Las Vegas Valley," was initiated 
by Desert Research Institute in late 1969 under a FW~A research grant. 
This project will evaluate, am:mg other things, the movem·ent of salts in 
the ground water system and the exchange of salts between the ground wa
ter and surface waters of Las Vegas Wash. Research results will help 
define the optimum approach to control of this salt source. Completion 
of the research effort is scheduled for mid-1973. 

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 Servicers U.S. Sa
linity Laboratory. Work underway or planned covers a wide range of 
salinity management aspects and should provide data applicable to basin 
salinity problems. 

D. Completed Salinity Control Projects 

During the latter part of FY 1963, the Y~QA 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, Colo., was selected as 
the pilot demonstration project. The Bureau of Reclamation's contractor 
completed plugging the Meeker well on August 3, 1967, 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 de~reased the sodiwn, 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 a..'1Ilually. 
This is about 19 perc~nt of the average a~nual 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. It is the opinion of the Bureau's regional geologist that the 
flow formerly discharged from tbe wells will rea~pear through natural 
springs nearer the recharge area at an imprcved quality, and that plugging 
the wells will not cause a permanent decrease of the·annual flow in the 
White River. 

Costs for plugging the two wells totaled $40,000. It is estimated 
by the Federal Water Quality Administration that the P,resent worth of 
total benefits which will accrue to Colorado River water users is approxi
mately $7 million. Thus, this project demonstrated the economic feasibil
ity of plugging similar flowing saline wells in addition to demonstrating 
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significant local water quality improvement. The high benefit-cost ratio 
for this project would indicate that plugging wells discharging consider
ably lesser amounts of salt would be economically feasible. 

Another flowing well near Rock Springs, Wyo., which contributed ap
proximately 5,000 t9ns 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. This action eliminated a salt load of 
approximately 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. Tnis salt load reduction would re
duce average salinity concentrations by about 6 mg. /1. under present con
ditions. Although this change in salinity concentrations is srrall ~ith 
respect to present salinity levels, the resulting economic b:mefits are 
significant. These annual benefits are estimated to range from $40J,000 
in 1970 to $1 million 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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Although salinity is considered to be the most serious water quality 
problem in the Colorado River Basin, there are a number of other water 
quality problems of varying degrees of significance which warrant discus
sion. The following sections discuss the most significant sources of 
water quality degradation and the effects of such degradations on water 
uses as measured by various parameters. 

A. So:irce of Water Quality Degradation 

1. Municipal Wastes 

Municipal wastes are described herein as those liquid-carried wastes 
of domestic and service industry origin. Within the Colorado River Basin 
the majority of the discharges from waste water treatment plants enter the 
river system and are the primary sources of bacteriological and organic 
pollution. Most of the municip9.l waste sources in the basin receive sec
ondary treatment plus disinfection which is the minim:im iegree of treat
ment required by the Basin States. 

Compliance schedules have been established for municipalities whose 
waste discharges are not meeting the water quality standards set by the 
States. At the present time, poliution from municipal waste sources is 
confined to those reaches of stream immediately downstream of the waste 
effluent, and measures are being taken or have been planned for the con
trol or abatem=nt of pollution from these sources. 

2. Iniustrial Wastes 

Industrial wastes are defined as those spent process waters, cooling 
wdters, wash waters, and other waste waters associated with industrial 
operations. The pollutants derived from industrial wastes other than sa
linity are toxic m~terials, oils and grease, floating materials, radioac
tivity, oxygen-demanding substances, heat, color-, taste-, and odor
producing substances, and bacteria. 

The pollution problems associated with the discharge of industrial 
wastes in the Colorado River system have been generally confined to local 
reaches of stream. An exception occurs, however, with the discharge of 
uranium mill effluents because of the persistent nature of the radioactiv
ity in these effluents. Two enforcement conferences were called by the 
FW~ (formerly the Public Health Service, Division of Water Supply and 
Pollution Control) in the Animas River and the Colorado River Ba.sins in 
an attempt to finj solutions to the problems associated with uranium mill 
discharges. The majority of the uranium mills in the Colorado River 
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Basin have been closed but there still exists the potential for water 
p0llution from the remaining mill tailings piles. 

With the establishment of Water Quality Standards on interstate 
streams and compliance schedules for the implementation of these stand
a~ds, the pollution from industrial waste sources in the basin has been 
or is being abated or controlled. 

3. Sediment 

Prior to construction of the storage units of the Colorado River 
Storage Project, most of the larger tributaries and the main stem of the 
Colorado River carried large loads of sediment, particularly in their 
middle and lower reaches. 

For example, in 1957 the suspended sediment load of the Colorado 
River at Lees Ferry, Ariz., gaging station was recorded at 143 million 
tons. This sediment was detrimental to water diverters for consumptive 
use as well as to high-type fishery and other recreational uses. The 
construction of Fontenelle, Flaming Gorge, Curecanti Unit, Navajo, and 
Glen Canyon Dams has produced dran:atic changes in the sediment load 
transported by these streams. For example, the relationship between the 
water and sediment flows at Lees Ferry during the 1948-66 period is 
iilustrated in Fig1.1re 9 . In 1959 the cofferdam utilized in the construc
tion of Glen Canyon Dam was finished and diversions began through the tun
nels. Sediment was deposited behind the cofferdam in 1959 and 1960 at a 
sufficient rate to gradually fill the cofferda...m lake with the result that 
by 1962 the annual sediment load at Lees Ferry had increased to 67 mil-
l ion tons. This load dropped to 2.2 million tons in calendar year 1963 
with the clos~re of Glen Canyon Dam and initial storage in Lake Powell. 
Lake Powell a~d other Colorado River Storage Project reservoirs are now 
effectively trapping and storing almost all of the sediment originating 
in the Upper Colorado River Basin. Lake Powell traps approximately 8o 
percent of the sediment that normally would flow into Lake Mead. By 
storing the sediment in the Colorado River Storage Project reservoirs, 
the streams immediately belo~ the dam ~ave been cha~ed to relatively 
clear trout water fisheries as well as desirable boating ani recrea
tional areas. 

Suspended sediment records have been ID9.intained at key locations to 
measure the changes taking place. Some of these stations are shown in 
Tables 39 to 44 and include Green River near Jensen, Utah; Green River at 
Green River, Uts.h; Colorado River nea!' Cisco, Utah; San Juan River near 
Bluff, Uta.li.; Colorado River at Lees Ferry, Ariz., a!'ld Colo!'aio River near 
Grand Canyon, Ariz. Because the sediment load was essentially eliminated 
by the Glen Canyon D9...m, sediment measurements at Lees Ferry were discon
tinued in September 1966. 
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orHER WATER QUALITY ASPJ!l'.'!TS 

4. Agricultural Wastes 

Neglecting salinity pollution, pesticides, and fertilizers are the 
primary water pollutants associated with agriculture in the Colorado 
River Basin. 

The chlorinated hydrocarbon group, e.g., DJJI' and Toxaphene, are the 
most persistent pesticides and are of prima.ry concern because of their 
long-range impact. The organic phosphate compounis do not persist in 
the environment for the period the chlorinated hydrocarbons do, but they 
are more toxic to fish and humans. Data have been collected showing that 
pesticides are present in sufficient quantities at certain locations in 
the LoNer Colorado River to be harmful to fish and aquatic life. The use 
of these compound.a in areas above public water S'J.pply intakes requires 
that adequate precautions be taken to preclude ent.ry into the river system. 

Nitrogen and. phosphorus fertilizers are the most co:nmonly used in the 
basin. studies conducted in other areas of the United states show a rela
tionship between the concentrations of nutrients from agricultural lands 
and water quality problems caused by excessive fertilization of aquatic 
pl~ts. T"ae 1966 water quality study by the FWQA indicated that signifi
cant quantities of phosphorus were contributed from irrigated agriculture 
along the Lower Colorado River. Within the Colorado River Basin the ani
nal waste pollution is miniID9.l because outside surface water has been pre
vented from entering the feedlots either by directing the drainage away 
from the operation or by locating the facility in a favorable topographic 
position. Feedlot wastes, moreover, do not generally accumulate within 
the basin since facilities are set up to distribute the wastes onto adja
cent farmland. 

5, Mine Dra~ 

During 1966 to 1968 approximately 75 locations were sampled to de
termine the heavy-metal con-::!entrations contributed by mine drainages, 
tailing piles, and natural sources within the Colorado River Basin. The 
streams with degraded reaches are listed in Table E which also shows 
the major sources and effects of the pollution. Many of these streams 
have heavy-metal con·::!entrations in excess of PHS Drinking Water Stand
ards and destroy aquatic life in !:I.bout 120 miles of stream channel. 

The Federal Water Pollution ~ontrol Act, as a.mended, authorizes the 
Secretary of the Interior to enter into agreements with any state or 
interstate agency "to demonstrate methods for the elimination or control, 
within all or pa.'!'t of a watershed, of acid or other mine water pollution 
resulting from active or abandoned mines." Efforts are currently under
way to initiate an agreement under the provisions of this act to evaluate 
the effectiveness of several mine drainage control methods in the SO"~th
western portion of the state of Colorado. 
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OTHER WATER QUALITY ASPECTS 

TableE. Mine Drainage Sources and Effects, Colorado River Basin 
Area of 

stream investigation Major sources 
Blue River 

Tenmile Creek Headwaters to mouth Wilfrey Mine; pump fail-
at Frisco, Colo. ure at Amax tailings 

ponds. 

Ea.gle River 

Gunnison River 
Lake Fork 

Uncolll]?B.hgre 
River 

Homestake'Creek 
near Redcliff to 
Minturn, Colo. 

Headwaters to Lake 
City, Colo. 

Headwaters through 
Dexter Creek, up
stream of Ouray, 
Colo. 

Mineral spring near 
Belden, Colo.; former 
seepage from old tail
ings pile; New Jersey 
Zinc Corp. decant. 

Golden Fleece Mine. 

Red Mountain Creek; via 
Genessee, Rauville, and 
Joker Tunnels, and Red 
Mountain adi t; natural 
sources. 

__ Do_l_o_r_e_s_R_i_v_e_r ____ M_o_u_t_h_o_f_C_o_a_l_C_r_e_e_k----,.St. Louis and Blaine 

to Dolores- Tunnels; Silver Swan 
MontezUJ!lB. County adit; and others. 

San Miguel 
River 

San Juan River 

line. 

Upstream of con
fluence with South 
Fork. 

Animas River Headwaters through 
Mineral Creek 
south of Silver
ton, Colo. 

La Plata River Headwater to Hes
erus Colo. 

Mancos River Headwaters to con
fluence of Middle 
and :East Forks. 

Iron Springs; Penn Tun
ne1; other mine drains; 
natural sources. 

Cement Creek, north 
Mineral Creek via Bag
ley, American, and 
Koehler Tunnel; other 
adits, mills, and mine 
drains, natural 
sources. 
Natural sources. 

Natural mineral seep. 
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Effects 

Some areas devoid of 
aquatic life due to 
high heavy-metals con
centrations 
Aesthetics; destruc
tion of biological 
productivity; high 
heavy-metals concen
tration; predomi
nantl zinc. 

Aesthetics in north
west portion of Lake 
San Cristobal. 
Aesthetics; low pH; 
high heavy-metals and 
mineral concentra
tion; devoid of 
a.qua.tic life. 
Aesthetics; minimal 
effect due to neutral
ization of mine drain
age by natural river 
alkal.init • 
Aesthetics; high heavy
metals concentration; 
minor effects on bio
logical productivity. 

Aesthetics; high heavy
meta.ls concentration, 
particularly zinc; 
many areas devoid of 
aqua.tic organisms. 

Minimal effects. 

Some destruction of 
aqua.tic life, par
ticularly fish. 



OI'HER WATER QUALITY ASPECTS 

B. Water Quality Parameters Other Than Salinity and Sediment 

1. Dissolved OXygen 

The dissolved-oxygen concentration is a measure of the water capacity 
to support life and assimilate organic wastes. The records show that the 
dissolved-oxygen concentrations in the Colorado River Ba.sin are generally 
above established standards. However, a marked reduction in the concen
tration can be found during the summer months below some municipal and 
industrial discharges and in some streams with very low flows. A 1966 
investigation indicated that there might be a wide diurnal variation in 
the ·oxygen concentrations in some reaches because of the large a.mount of 
algae in the streams with oxygen saturation being reached during a sunlit 
day and a minimal concentration occurring at night when oxygen is used 
by the plants. 

2. Temperature 

The Colorado River Basin water temperatures :vary widely, reaching 
the highest levels during the summer months when they vary from near 
freezing in the high mountains to above 90° F." in the l.ower reaches. Warmer 
temperatures may increase the rate of growth and the decomposition of 
organic matter and of chemical reaction, resulting in bad odors and tastes, 
and also decrease the dissolved oxygen concentration available to sustain 
a fishery. 

Changes in water temperature in the basin result primarily from 
natural climatic conditions. The large reservoirs, however, may affect 
the stream temperatures for a considerable distance below the reservoir. 
Temperature records indicate that Fla.ming Gorge Reservoir has little or 
no effect on winter temperatures but cools the summer temperatures of the 
Green River up to 5° F. at the Green River, Utah, station. Nava.io reser
voir appears to have no effect on the temperatures of the San Juan River 
at the near Bluff station. Lake Powell appears to warm the winter tem
peratures of the Colorado River at the Grand Canyon station by up to 10° F. 
and cool the summer temperatures by about the same amount. 

Thernal springs, waste-water discharges, and irrigation return flows 
nay increase the temperatures in the receiving water, but the added heat 
is usually dissipated in a relatively short distance from the source. Flow 
depletions and changes in stream channel characteristics may also increase 
the effects of natural clinatic conditions causing cooler or warmer water 
temperatures. 

Temperature increases due to m..micipal and industrial waste discharges 
have been minimal; however, the construction of thermal powerplants in the 
basin with a return of the cooling water to the streams or reservoirs pre
sents a potential for temperature increases. Any thernal discharge coupled 
with flow depletion could have a significant effect on water temperatures. 
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Tables 26 through 38 contain the temperature records of 13 stations. 

The pH of the waters in the Colorado River Basin usually range i·rom 
about 7 to 8 pH units with the exception of those streams receiving acid 
mine drainage. In this latter case the pH is lowered to levels which pre
clude the establishment of aquatic life and the use of the river for a 
fishery and other purposes. 

4. Heavy Metals 

Various heavy metals such as copper, lead, zinc, iron, manganese, 
.arsenic, and cyanide are found in the waters of the basin. These vary 
from trace amounts to potentially hazardous levels. The presence of these 
heavy metals is generally contributed by drainage from active and inactive 
mining operations. 

Iron and manganese concentrations frequently exceed the Public Health 
Drinking Water Standards in many basin streams. This is particularly evi
dent in the upper reaches of the Colorado and San Juan Rivers and their 
tributaries. A 1966 water quality survey showed that heavy metal concen
trations have a marked effect on the aquatic life. Toxicity of these met
als to aquatic life is dependent not only on the toxicity of a single 
metal but also the synergistic effects of two or more metals. Certain 
reaches of stream are completely devoid of bottom organisms and fish be
cause of these toxic effects. 

5. Toxic Materials 

In addition to the toxic effects of heavy metal concentrations, toxic 
materials are also contributed to the stream through industrial and agri
cultural operations. Limited long-term monitoring at four surveillance 
stations located on the Colorado River has detected the pesticides DDD, 
DDE, DDI1, dieldrin, and endrin. There are, however, no data available for 
pesticides in other streams of the basin. A comprehensive evaluation of 
the effects of pesticides upon water quality cannot be I!19.de at this time 
because of the lack of water quality data and incomplete knowledge of the 
physiological and other effects of pesticides in human, wildlife, fish,and 
other biological forms. The mere presence of a pesticide in water does 
not necessarily indicate serious pollution. In recent years, however, 
several fish and bird mortalities, attributed to residual pesticides, have 
occurred downstream of and in irrigation drains along the Lower Colorado 
River. 

6. Nutrients 

Nutrients, primarily nitrogen and phosphorus, are believed to be the 
most conducive to the growth of algae. The sources of these nutrients are 
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runoff from agricultural lands, municipal and industrial waste waters, 
and natural runoff. Phosphorus is normally found in only limited quan
tities. in unpolluted water. Sufficient nitrogen is generally available 
naturally in basin waters to stimulate algae growth. 

Quiescent reservoir waters are more sus~eptible to excessive plant 
growths than are rapidly flowing streams. Excessive growth of aquatic 
plants are present in the Las Vegas Bay (a highly used recreational area 
on Lake Mead) as a result of large nutrient inputs derived primarily 
from municipal and industrial effluents 'from the metropolitan Las Vegas 
area. The extensive algae growth has affected the use of the lake as a 
p~blic water supply. 

The nutrient concentrations in other lakes in the basin have reached 
levels which can support excessive algae growths. An excessive algae 
growth has been cited as the probable reason for a fish kill which oc
curred in the Flaming Gorge Reservoir tn late 1963. 

In the lower reaches of the Colorado River excessive aquatic plant 
growths have been associated with fertilization by nutrients discharged 
to irrigation return canals. A small increase in the nutrient levels in 
the river has been attributed to heavy recreational activities along the 
river below Davis Dam. 

7. l3a.cteria 

The coliform group of bacteria is used as an indicator of pollution. 
This group is made up of bacteria of diverse origin including that found 
in the intestinal tract of humans and other warmblooded animals as well 
as in the soil and on vegetation. High coliform counts in waters indi
cate the probable presence of pathogenic organisms where bacterial con
tamination from sewage or animal wastes appears likely. 

In recent years analytical procedures have been developed whereby 
coliform bacteria of fecal origin can be identified. Fecal coliform 
tests measure bacteria from both man and animal. All the states of the 
basin have set standards for fecal coliform as the bacterial indicator 
of pollution. 

High bacterial counts were observed at many locations in the Colo
rado River Basin during the 1966 water quality study. A number of these 
resulted from raw sewage discharges into a stream. In some cases, how
ever, it was because of poor disinfection of the municipal waste water 
treatment plant effluents. The raw sewage discharges which were ob
served during the 1966 su.rvey have been or are scheduled to be corrected 
by the addition of ponding treatment. 

Bacteriological pollution has also been observed in popular recreation 
areas. For example, the fecal coliform densities in Lake Mead have been 
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observed at densities higher than the standards set for body contact rec
reation (100/100 ml.). 

Bacteriological pollution has an effect on most of the uses cited 
earlier. In those cases where it exceeds the criteria set for body con
tact recreation, it results in the closure of swimming areas. With high 
coliform counts, the use of water as a public water supply is impaired. 

8. Radioactivity 

An assessment of the radioactivity in the basin waters should also 
consider strontium 90 (Sr-90) radionuclides associated with atmospheric 
fallout in addition to radionuclides associated with industrial activi
t.ies. strontium 90, like the radionuclide Ra-226, is damaging to human 
bone cells. The effects of Ra-226 and Sr-90 are additive. 

Radioactive pollution from industrial waste water effluents, i.e., 
uranium mills, was, prior to 1960, the major source of radioactive pollu
tion in the basin. The majority of the mills have been closed down but a 
significant portion of the increase of radioactivity originates from the 
abandoned tailings piles. In combination with other radionuclides (e.g., 
Sr-90) the waters of the Colorado River system 9.re now approaching or ex
ceeding the recom'nended limits for radioactivity. 

Radioactivity does impair the water for beneficial use when concen
trations exceed certain limits. For example, the Public Health Drinking 
Water Standards set a mandatory limit of 3.0 picocuries Ra-226 and 10 
picocuries/liter Sr-90. Moreover, the combination of these two radio
nuclides should conform to the following relationship: Sr-90 ...._Ra-226<:. 1.0. 

10 • 3 -
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PARI' X. CONCWSIONS 

These studies indicate an overall increase in the concentration of 
total dissolved solids at the various points on the Colorado River and 
its tributaries under the conditions described. The quality of water 
will still be acceptable for present and most projected uses although 
some quality control measures are desirable in order to keep the future 
concentrations within usable limits. 

Salinity is introduced into the Colorado River system from various 
soi.l!'ces but the natural source contributes the major portion of total dis
solved solids. The addition of large storage units throughout the entire 
basin has dampened out the longtime and annual fluqtuations in water qual
ity. 

The dampening influence on water quality fluctuations by many reser
voirs in the basin will make it possible to more accurately forecast the 
quality of water delivery to the many projects and points of diversion 
in the basin. 

The tributaries with exceptionally high dissolved-solids content 
have minor· effect on the dissolved-solids concentration of the Colorado 
River as the volume of water and total tonnage of dissolved material 
represent only a very small portion of the total. 

Tne special studies of irrigation projects that have been undertaken 
and their effect on the chemical quality of water permit these preliminary 
conclusions: 

1. The earlY. years of irrigation are generally the most detrimental 
to downstream water quality. This is primarily due to an abundance of 
soluble salts not previously exposed to a large amoJ..D.t of water. 

2. Firm determinations cannot be nade during the early years of de
velopment regarding the ultimate effect of irrigation. The prim9.ry fac
tors in establishing equilibrium are the availability of soluble salts in 
the soils, the capacity of the ground water reservoirs, and the uniform
ity of irrigation practice in the area in question. 

3. Each irrigated area has a different effect on q~ality depending 
upon properties of the soils and substrata in the drainage area, number 
of years the lan1 has been irrigated, number of times return flow is re
used, nature of the aquifers, rainfall, amount of dilution ·:!aused by sur
face wastes, temperature 1 storage reservoirs, vegetation, arid types of 
return flow channels. 



CONCIDSIONS 

4. Future studies should consider other aspects of water quality 
effects, such as io~ exchange, selective precipitation of salts, and 
changes in chemical composition (hardness, con~entrations of specific 
constituents, etc.) on the river systems. 

Programs to alleviate salt contributions to the river system are 
now underway in local areas. 

Pollution to the Colorado River Basin other than salinity have not 
been a major problem in the past and with careful surveillance and con
trol measures may not become a major problem in the future. 
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~ _.:.il_ 66 
--..llL _..jL 

_4_2 __ 

~ ____.!iJ,_ -2-P--

_..JS_ __.il_ ~ 
-----33.... _-1JL ---2.L_ 

---2..L ___.12_ 22 

.~ ~ 29 
4, 3Pl 

42 ~ -22.._ 
29 ---..-66.... ~ 

__.J1L ___.5.6_ _il_ 

~ _-"5.._ __:u_ 
---31L _-31,_ ...J.l.5._ 
_2iL __.a_ ...ui._ 

~ _...3J.... _ft_ 
--2.L ----3B.... _3L_ 

~ ___.5.6_ _ll_ 
____32_ __-53._ _ll_ 

--35.... -----.69.... ---2.!L_ 

1 -.~~ --XL --2lL--
>0 ··~ 

_-2Z._ ~ _ii_ 
_,.3L ~ -2£__ 

~ _...@.._ ---3!!--
_..6lL ~ --31--
_.J.1£.__ ~ __n__ 
_Ji.l6... ~ -12l!.-
_.3flL _.22.._ ~ 
---llL ~ ...,JU__ 
_&,. ~ ~ 
__bf,_ ---li... --36-
---.J.L --.61... ~ 
__JU,_ ~ ~ ' <>.O 

_-ll._ _..IQ_ _£2__ 
____!a_ ~ __li__ 
----2L ----6.1... ---3Z,__ 

~ ----56... ---5.L-
---221.. ---3l... _2Q.___ 

266 ---3l... ~ 
16 ----!d.. ~ 
~ _...5.:i._ __il_ 

~ ~ __u___ 
_-ll._ _.....z!L ~ 
----l£.. ~ _£2__ 
---3.1... _-1J._ -23.....-

1 .n4£ L< '"" 



!Tear Jt>nth 
Jan. 
Feb. 
ia>r. 
Apr. 
Moy 
June 

1959 July 
Aug. 
Sept. 
<let. 
Bov. 
Dec. 

Total 

Jan. 
J'eb. 
Mtr. 
Apr. 
119.y 
June 

1960 July 
Aug. 
Sept. 
Oct. 
llcv. 
Dec. 

Total 

Jan. 
Feb. 
Mtr. 
Apr .. 
Mty 
Jlme 

1961 July 
AU(!• 
Sept. 
Oct'. 
11ov. 
Dec. 

Total 

Jen. 
Feb. 
llll.r. 
Apr. 
llo.y 
June 

1962 July 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 

Total 

Jan. 
Jl"eb. 
llar. 
Apr ... 
May 
June 

1963 July 
Aug. 
Sept. 
Oct. 
liov .. 
Dec. 

Total 

Jan. 
Jl'eb. 
119.r. 
Apr. 
May 
June 

1964 July 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Historical 

Tobie 
Colorodo 

Flow and 

River 

Quality 

Basin 

of Water 
Green River near Green River, Wyoming 

Units-1000 
Concen- Concen-

Plow tration T.D.S. Flow trat:1on T.D.S. 
IA.P.\ IT. IA.P.) lTone) Year Month (A.P.) (T./A.P.) (Tonal 

24 _Qill_ =ii= Jan. --2.L _ikJL 22 
22._ __,_Jg__ Feb. ---30-~ --n-
~ ---1t- --'L- Mir. __.3L_ ---.IL 

__ p_e_ 

---1.L __ .6 _ _!t.L.. Apr. ---l!L ,P6 --,-p-
~ .51 _k._ May _.fil._ ,60 56 
~ 26 --..£L June --1i2!l-~ ~ 
_lli......_ ~ ---...!iL 1965 JUl.y --1i6G._ ____.JQ__ --1!!Q_ 

-tr- ,40 ___x_ Aug. -----l.filL_ ~ 66 
.55 --2L_ Sept. _____iu;i_ ~ lP9 

51 ~ ----2lL- Oct. -----2£,.._ -.ll...- _f.1.._ 
i.2 ~ ---25.- Nov. ---Z>- ____..§L ___!>.2..__ 

--27-
~ _2£l...._ Dec. -25>-~ 26 -;;;:;--- 44 ), ,. Total -n 44 f.r;, 

_ll_ _..1!!_ _.20._ Jan. ,. _.....__ _J§___ __ 2_r _ 
_____u_ ___.:rL _.J.lL_ Feb. _35._ __J1..._ ____lL_ 
___J5_ __ill_ _Jin_ 119.r. _.JlL ___JZ__ _.£1_ 
-.6L __.)cl_ ____Ji_ Apr. --13.L ----5.CL -~'~0-___a_ ____.!iL -.32- 119.y _-l£lL --32_ ~ 
----llL. _--3ll_ ~ June _.uJ..._ _...3J_ ___,.;____ 
___Jtl'_ __.!±3_ ----2lL- 1966 July -2l.... --...il... _."l2._ 
------38-~ ---l..+-- Aug. ---.?.L ~ _2$L_ 

-----2L ---A2L -.15- Sept. _li_ ~ --2'.L_ 
__k_ ~ -2L Oct. _3L __.n_ --1I__ 
___!a_ ~ -2.3- Nov. __3Q.__ _..fL --2i__ 

---t+- ____,.Jl2_ ~ Dec. _.z_ --..£L --2.l!._ 
47 _._ 

'l'ota1 "" '? ,,,, 
20 --.6Q_ ---1,2__ Jan. __ 19_ __i.m__ ___l£_ 
19 --..3JL __u_ Feb. 19 _i.!lL _2Q__ 

__ 30_ -..s:L -..J.l- llo.r, 33 --...CL ~ 
~ _£Q_ _.:JQ_ Apr. ~w --..5L _.m_ 
__ 60_ -ll- --2L 119.y -----"L _____K_ 

162 ---2L __ 4_4_ JUne ~ ___,.2L. ~ 
47 -!LL _2Q__ 1967 July ----Zi- _i12_ 

_..JL ---U.- -.l.L Aug. 
__ e_c_ 
~ --'-"-_.,32- _w;_ _..lJL Sept. 65 --5JL_ ~ __ 41_ -->L- _2J._ Oct. _Q_ ----.!iL ~ 

~ -52.- _____li_ Kev. 4o --6L _.n_ __ n_ 
-52.- _..LL Dec. 17 . --1...QL _..l/L_ 

"o ,, , ?» 'l'otel , _c;2".l: ~ <OI• 

_.JL_ _Ju_ _.l5_ Jan. _ll_ --.hQL _lL_ 
__ 4_£_ ___.hL --23- Feb. -1.L __i.w_ ___)_£_ 

-IL _...5L _..3fL Mtr. __ ,_,_ 
~ --2£..__ 

~ ~ ----E:!- Apr. _--3J_ -..!lL --29---
~ -3L -42-- 119.y -->L ~ -.Jl'-
_____:in_ _.z:r_ ----$lL June ----2.ll_ _...)&_ --1.l!f_ 
_____za_ _.z:r_ ___££,_ l96f July _J!f_ ___.!il_ _3L_ 

--RL --2:1- -.JS- Aug. ___J2L _i.o_ ___s!L___ 

---3L ---5.L _..22,__ Sept. -12.L -3L _.u_ 
-...lL ___u_ _.a._ Oct. ---1J.1_ ~ ~ 
--35- ----'L. ~ Nov. 

__ ,_,._ 
~ ---'.l.-

-25- _.f.L --22- Dec. ~ _.Jl.L _2£_ 
,,,, 

°" d.< Total a~< ho hP? 

18 ____JL _.ll._ Jan. --- --- ---
ie _.JL. __ll_ l'eb. --- --- ---42 ~ _..2.L 119.r. --- --- ---
51 ~ _-32,_ Apr. --- --- ---

___J,QQ_ ~ _15.__ 119.y --- --- ---
~ _dL __ff_ June --- --- ---
---1!.L ~ _M... .My --- --- ---
_JL ~ _.3£i_ Aug. --- --- ---
____n_ ~ _-3L Sept. ---~ ---
~ ~ -2!L Oct. --- --- ---
-.52.... ____..6Q__ --31- Nov. --- --- ---
__JQ_ _..6ll_ __.iL Dec. --- --- ---

l OU2 ,,, }.-,".\ Total 

__u_ ~ _J:L Jan. --- --- ---
_u._ ~ _...l.L Feb. --- --- ---
~ -....5!i- _..J.l_ ter. --- --- ---
_..6.fL ----5.fi_ ,, Apr. --- --- ---
--.llf.... ~ 

--44-. 119.y --- --- ---
_.32:L -4- _.lil.. June --- --- ---
---3lS... ~ _.fl_ .hly --- --- ---
_1l1_ __.3!l_ _.JL AU(!• --- --- ---
----31- __.!iL __ 2_h_ Sept. --- --- ---
--2L ~ __2L Oct. --- --- ---
_.z_ _2e... _2L 11ov. --- --- ---
--2!i- ___.r.L ~ Dec. --- --- ---

Total , ,,,; 1.0 4~A 

'j."o ottein ~/l r:ultipl;r 'I/}.J.' by 735 

86 

Data 

Concen .. 
!'low tration T.n.s. 

V•ar lt>ntb IA.JI'.) IT./A.P.) l'l'on•l 
Jan. --- --- ---Jl'eb. --- --- ---
llllr. --- --- ---
Apr. --- --- ---
lilly --- --- ---June --- --- ---
.fuly --- --- ---Aug. --- --- ---Sept, --- --- ---
Oct. --- --- ---Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- --- ---
Feb. --- --- ---
llor. --- --- ---
Apr. --- --- ---
lt>y --- --- ---
June --- --- ---
July --- --- ---
Aug. --- --- ---
Sept. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

'l'otal 

Jan. --- --- ---
Yeo. --- --- ---
lt!r. --- --- ---
Apr. --- --- ---
lt!y --- --- ---
June --- --- ---
.fuly --- --- ---
Aug, --- --- ---
Sept. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- --- ---
Feb. --- --- ---
llor. --- --- ---
Apr. --- --- ---
lt!y --- --- ---
June --- --- ---
July --- --- ---
Aug. --- --- ---
SeJit. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- --- ---
Feb, --- --- ---
M>r. --- --- ---
Apr. --- --- ---
M>y --- --- ---
J\lDe --- --- ---
July --- --- ---
AUj>;. --- --- ---
Sept .. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- --- ---
Feb. --- --- ---
Mor. --- --- ---
Apr. --- --- ---
M>y --- --- ---
June --- ---
July --- --- ---
Aug, --- --- ---
Sept. --- --- ---
Oct. --- --- ---
Nov~ --- --- ---
Dec. --- --- ---

'l'otal 



Year 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
19l~8 

1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
Total 

Avc,rag_~ 

Table I 
Colorado River Basin 

Flow and Quality of Water Data 

Green River near Green River, Wyomi'ng 
(Annual Summary) 

Units -1000 

Flow Concentration T.D.S. 
(A. F.) (T.7A.F.) (Mg./lf (Tons) 

1,109 Q.48 349 527 
12154 .~5 330 518 
1,680 .38 - 280 641 
1,265 ,9:2 3]] 536 
1,150 .45 332 519 

1,225 .46 __n.a_ 564 
1,926 .37 222 714 
1,113 .46 332 510 
1,205 .45 330 541 
2,096 .38 228 792 

lr972 .36 26Z 716 
1~496 .40 223 -59-7-

1,084 .43 315 465 
1,183 .39 282 462 

838 .45 334 381 

1,621 .38 27Z 612 
1,548 .38 282 594 
1,046 .45 332 473 

953 .44 _-1?_0_ 415 
698 --_47- 347 --no--

·-

559 .43 319 243 
- 1,451 .38 276 -54-5-

1,002 .41 302 412 -11136 .40 226 458 
1,964 .44 322 -s61--=--

-· 

911 .52 382 473 
1,52:3- .39 287 59~ --- 975 .49 -~_§1_ 482 --

35,883 14,975 __ 
I,282 ----- -

.42 307 535 
Sampled quality record May 1951 to December 1968; remainder by 
correlation. 

Measured flow record Ja~uary 1941 to September 1945; and April 
1951 to December 1968; remainder by corielation. 
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Historical 

Tobie 2 
Colorado 
Flow and 

River Basin 
Quality of Water 

Green River near Greendale, Utah 

Jan. 
reb. ....... 
Apr. 
Moy 
JuJlA! 

-1941 July 
AU&• 
Sept; 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
Mu-. 
Apr. 
May 
June 

-1942 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan, 
Feb. 
Mar, 
Apr. 
lily 
June 

·1943 July 
Aug. 
Sept. 
Oct. 
Rav. 
Dec. 

Total 

Jan. 
l'eb, 
Mir. 
Apr, 
May 
June 

• 1944 .Tul.y 
Aug. 
Sept. 
Oct. 
Sov. 
Dec. 

Total 

Jan. 
l'eb. 
Mor. 
Apr. 
Jlly 
kDe 

·1945 July 
Aug. 
Sept. 
Oct. 
lov. 
Dec. 

Total 

Jan, 
Feb. 
lllr. 
Apr. 
lily 
June 

-1946 ~ 
AU&• 
Sept. 
Oct. 
Joy. 

Dec. 
Total 

Concen-
l'lov trat1on '1' .D .s. 

IA.r.l /'f,/A.r.l (Tone) 

To obtain ag/l multiply T/Al by 735. 

Units-1000 

Year lt:>ntb 
Jan. 
Feb. 
ltl.r. 
Apr. 
May 
June 

-1947 July 
AU!!• 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 

-1948 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
May 
June 

-1949 JUly 
Aug. 
Sept. 
Oct. 
!'lov. 
Dec. 

Total 

Jan. 
l'eb. 
Mir. 
Apr. 
May 
June 

-1950 July 
AU&. 
Sept. 
Oct. 
Bev. 
Dec. 

Total 

Jan. 
Peb. 
M>r. 
Apr. 
ltly 
June 

-19H July 
Aug. 
Sept., 
Oct. 
!lov. 
Dec. 

Total 

.)In. 
l'eb. 
Mar. 
Apr. 
lily 
June 

-1952 July 
Aug. 
Sept. 
Oct. 
Jlov, 
Dec. 

Total 

Concen-
Plov trat1on T.D.S. 

(A.P.) (T./A.P l ,.,.,,.,,\ 

88 

Data 

Y ""8 T" iihn+.'h 
Jan. 
l'eb • 
Mar. 
Apr. 
lt>y 
June 

·1953 July 
AU!!• 
Sept, 
Oct. 
!fov. 
Dec. 

Total 

Jan. 
Feb. 
it>r. 
Apr. 
May 
June 

-1954 July 
Aug, 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mor. 
Apr. 
lt>y 
June 

-1955 July 
Aug, 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Yeo. 
Mar. 
Apr. 
May 
June 

-1956 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

.Tan. 
Feb. 
Mar. 
Apr. 
lt>y 
June 

-1957 July 
A1lg. 
S<!pt. 
Oct. 
Nev. 
Dec. 

Total 

Jan • 
Feb. 
Hlr. 
Apr. 
May 
Jl.llle 

-1958 ~ 
AUii• 
Sept. 
Oct. 
Jrov. 
Dec. 

Total 

Flow 
(A.P.) 

Concen ... 

,~J1~~) i.r~~;i 



Tobie 2 
Colorado River Basin 

Historical Flow and Qualitv of Water Data 
Green River near Greendale, Utah 

Units-1000 
Concen- Concen-

now trat1a:i T.D.S. !'lov tration rT~~;i ""-- -·~ IA.F. \ IT./A.F. l (TIJl:ls l Year ltlnth IA.F.\ IT.IA.!'.\ Year -··~ ..... --29- ......lWlfL_ -25- J'an. ~ ~ -* Jan. 
Feb. ---32.-~ ---29-. Feb. __gu_ ~ Feb. 
Mor. ---65-~ --60._ lllr. _Bl_ ~ ~ lllr. 
Apr. _.3L ~ ___:rg_ Apr. 204 ~ _lli_ Apr. ... ,. __m_ _.:a_ _!i6.._ Ill)' --r;g- _ll._ Illy 
Julie --368.- -36...- --132- June --m;- .86 74 June 

-1959 July __.llfi._ --5L... --90-, ·1965 July ~ _.M..._ ~r July 
Aug. -33-. ~ __wi__ Aug. -tt-~ _.s.:L_ Aug. 
Sept. --5fL.. __..'.!9- _ll6._ Sept. ~ Sept. 

Oct. __68_ __.]2_ -!!!L. Oct. :~ __.:a_ __ 62 _ Oct. 
llo-.. _2!_ __.iL ---3L llov. 120 _ill_ 88 Nov. 
Dec. _..u_ ___._2!i_ ~ Dec. 116 ~ _Ii_ Dec. 

Total l l<lO • 'i8 Total 1 4"17 .79 1 142 Total 

...... ___zL --....&_ ---'!l.... J'an. __JL .64 46 Jan • 
Feb. __gg_ ____..llL ___£2_ Feb. ---1L . 65 .. Feb. 
ar. ---1!19._ __JQ_ ___iQ1t_ lllr. ___:n_ _.JQ. _.2L lllr. 
Apr. _.ililL_ ----.55..-. -..XL. Apr. ig~ ·11 l~ Apr. 
""7 _J.ZL _:a_ _IL lily lily 
JllDe .-2J.L ___...u_ ---lU.... June _.2.2._ _..J!L _E_ June 

-1960 July ~ .a} ___Ja_ -1966 July 1o4 ____J2_ ~~ July 
Aug. __ 20_ AUl;. ---uB ~ AUl;. 
Sept. _li_ ___.5L _..20_ Sept. ---w;- ___,n_ ~ Sept. 
Oot. ~ :I ~ Oct. ---w;- __JJ.._ ---25._ Oct. ...... lfov. 85 .81 ~ Bov. 
Dec. ~ ~ Dec. I~ 

.76 . Dec. 
Total Total l l .7, ~ Total 

Jan. __21_ __.:u_ _.2Q..._ Jaii. 142 _.7_4_ -1Q.L_ Jan. 
Feb. ~ __.:a__ _u_ Feb. --96 • 75 72 Feb. 
».r. _RL ____.]L ~ Mlr. 

__ 6_7 _ -.-77-- __ 5_2_ 
lllr. 

Apr. _1L ___J8_ -..5L Apr. 
__ 8_5_ 

.81 
__6_9 _ 

Apr. 

lllJ" -..7lL ___..$._ _Ju_ Illy 122 _.fil__ 101 Illy 
Jlsw _..l2L ~ _.2l_ June -----m- .83 162 June 

•1961 .7ul.T _..5L __..!iL --...ZL ·1967 July ----m- .85 ---v;s July 
Aug. __u_ .&a -25- AUl;. -m-~ 162 AUl;·· 
Sept. --55_ _31.__ Sept. -""TsO .......fil__ _llL_ Sept. 
Oot. _A_ ~ __il_ Oct. ~ _.n__ __ill_ Oct. ....... _.5.L ___JQ_ --3!L Bov. ~ ~ 147 Nov • 
Dec. ~ __.za__ ~ Dec. -----m- _.7_2_ 14"2 Doc. 

To1a1 •c Total ls04 81 ---v;69 Total 

Jiln. __li3._ ___..65_ --.J:L Jan. 187 _,]Q__ 131 Jan. 
Feb. __JlJ_ __.bi_ _f:iL_ Feb. 123 ~ 89 Feb. ..... _J.51l_ .........8L ---l2.L lllr. __ 7_6 _ ------"-- ___il__ lllr. 
Apr. _.JZ!L_ ~ -2DL Apr. __li._ ~ _ll!L_ Apr. 
~ --39L ___..!;i_ ~ lll;y _1li_ ~ _2.6_ Illy 
~ __la.56-. __..!io_ ~ June _v_ ......:n__ _lL June 

-1962 July _.BJ_ __..n_ -1968 July --1iL... ......JL_ --1!t.IL July 
Aug. ~ 

___.!&__ --5lL Aug. ~ ......JL_ __l5lL_ Aug. 
Sept. _..GL __26..... Sept. __w._ ......JL_ .-J.3L Sept. 
Oct. _!tL _.:a_ --3!L Oct. .......liJL.. .........u.._ _lll2._ Oct. 
llo-.. _..5._ __&L_ __ 4 _ 

11ov. _ill_ ~ _.JU_ Nov. 
Dec. ~ ___.!i!I._ ~ Dec. __ill_ .-.6lL_ _.23_ Dec. 

Total <> n'n -"' ' ,...,, Total ,.., . 7• ,,.n Total 

..... _.23...... __.,llL _A_ Jan. --- --- --- Jan. 
Feb. ~ __.!lL. __a_ Feb. --- --- --- Feb. ..... -L ___..8L _..5._ Mlr. --- --- --- lllr • 
Apr. __a_ --BL _J_ Apr. --- --- --- Apr. 

~ 
_a_ --...8'.L ~ Mly --- --- --- lll;r 

JI.- _.:i._ ____.]L _____;_L June --- --- --- June 
-1963 .TlllT -+ :R; _.i_ July --- --- --- July 

Aug. 
6 

Aug. --- --- --- A1.1g. 
Sept. --1._ ~ Sept. --- --- --- Sept. 
Oct. _..!L ~ ~ Oct. --- --- --- Oct. 
lloY. _.12_ __.!!._ llov. --- --- --- Rov. 
Dec. ~--+ --1*- Dec. --- --- --- Dec. 

flltal 'f'otal Total 

Jlln. :± _.:a_ _li__ Jan. --- --- --- Jan. 
Feb. ~ _JL Peb. --- --- --- Fe-b. ..... ~ ---.59- __22._" *r• --- --- --- lllr. 
Apr. -.3i- ~- =i: Apr. --- --- ---- Apr. 

*7 -.JJL 
~ 

... , --- --- --- Mly 
JI.- ~ __-'iZ._ June --- --- --- June 

• 1964 .7ul.T ........l5Q_ __..6J._ __9iL July --- --- --- July 
Alig. --.J2iL. __..6J._ _IL. Aug. --- --- --- Aug, 
Sept. ~ ~ ~ Sept. --- --- --- Sept. 
Oct. _J.:ilL. ___..&__ _J.C2_ Oct. --- --- --- Oct. ....... ~ .........!iQ_ _JiL llo-.. --- --- --- Rov. 
Dec. ~ --b2..... -.l2C.- Di.c. --- --- --- Dec. 

Total 1,258 .61 770 I Total Total 

To obtain q/l •ltiply TIM by 735. 

Concen-
l"lov tretion '!'.D.S. 

(A.F. l IT./A.F. l ITonsl 

--- --- ---
--- --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ---

--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ---
--- --- ---
--- --- ------ --- ------ --- ---

--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ------ --- ---
--- --- ------ --- ---

--- --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ---

--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ---
---- --- ------ --- ------ --- ---
--- --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ------ ------ --- ------ --- ---



Table 2 
Colorado River Basin 

Flow and Quality of Water Data 

Green River near Greendale, Utah 



Historical 

Tobie 3 

Colorado 
Flow and 

River 
Quality 

Basin 

of Water 
Duchesne River near Randlett, Utah 

Units-1000 
Concen- Coneen-

Plow tration T.D.s. Flow tratioa T.D.S. 
'Year M:mth IA.P.l IT.!A.F.l (Tons) Tear M:mth (A.F. l (T./A.F. l 1-...1 

Jan. 2~ l.12 __2:._ Jan. _LL ~ _2L_ 
Feb. ?L l ?9 __ ,_1_ :Peb. 

__ ,_(,_ __LlL_ ____n_ 
..,r. --2L _b1L ~ *r· ___JQ__ ~ __J;£.._ 
Apr. 20 _l.50 __ 3_0_ Apr. __ 2_3_ ___hJQ_ __JlL_ 

*Y 
--,,-5- .50 ~E ... JI' ~ _.a_ ___Jf__ 

.June 23? -,,.,-- pp 
June __ill._ ------.!!2-.. ___:rL_ ~ 

1941 July ~ ___hll_ ,Q 1947 July ~ ~ __-33...-
Aug. lF 1.50 ---n- Aug. --2~'- ~ ___Ja_ 
Sept. 

__ 1_5_ 
~ ~ Sept. l~ ___kli_ ___2L_ 

Oct. ' _a2L 50 Oct. _.l.L _i..il_ ---2L-. 
llov. 51 ~ 

l.€ Rov. --2L ----1..il._ ----25..-
Dec. ---i;r _.o --.. -6- Dec. ----3L __l..li- ___:n__ 

Total 691. --:75 ~ Total 560 P6 """ 
Jan. i.r. ~ 

__ ,_c_ Jan. ~ _bQQ_ _2Jl._ 
Feb. 39 _bQQ_ _.J2__ Feb. ~ ~ ____i_ 
*r· ~ __b£l_ ~~ *r· _..!!2.... ~ ___.loL_ 
Apr. __a_ __,2Q_ Apr. _...3J._ -1..ZJ.._ --3f__ 

*Y _Ll.__ ~ __ 6_n_ ltl7 ---1lL. _.J!L_ -->.5.--
June __liL ~ _.z2_ June _5l.... __.!tZ_ --lo..+.-

191.2 July __il_ ~ __n_ l94P July ---·- -l..QQ_ ___g_ 
Aug. _.L ~ __u_ Aug. ~ ~ ----i.-
Sept. ----2... _LlL ___l2_ Sept. __i_ --3.l!lL ___.J._ 
Oct. l" __LlQ_ ___u_ Oct. _J_ _LlL ---12.._ 
llov. :2" _LlJ_ __.31._ Bov. ---;k- _l..1l.._ __ ?L 
Dec. ____z;_ 

~ ---36..- Dec. 
~-

-1.21_ --3l.-
Total .,,,r 4~, Total l. 14 '"' 

Jan. _.2.L _l.12_ _..u_ Jan. 2~ ---1.nL_ -2L 
Feb. _z;__ ~ ---3.!i_ Feb. ?' -1....3C..- __;io__ 
..,r. _..::L ~ ___l,_L ltlr • 44 -1.Zll....- __a_ 
Apr. 

__ ._, _ 
__l...QQ_ __ 4_•_ Apr. --46- -3L- -..!!.S._ 

ltly ---l.ilO.... ___.(!;_ ___Q,_ 1117 PT --:;6_ _.u._ 
June ~ ~ _£...._ June ____nQ_ __JJ_ ___.2Q__ 

191.3 July _A_ __l..ll_ ___JL_ 1949 July _..2Q.... _a_ ___!cl_ 
Aug. _ZL ~ ____3Z__ Aug. ___.L -2.-lL_ ____l5._ 
Sept. __L --2...:2.1_ ___l6_ Sept. ___e_ -2.J.3_ ___.l.L_ 

Oct. ---=-~ --2J._ Oct. ~ --l.-2L- _.J2_ 
Jloy. --2L _l.Z2_ ~ llov. _..z!L --1...ZL._ _.3S._ 
Dec. ----2.L -W..L ---3<:__ Dec. ---2..L ~ ____i._ 

Total "" 00 L <L Total ""' 7p Lo7 

Jen. 23 ~ --25-- Jan. ---31- __hQQ_ __.3l...._ 
P'eb. ~ _l.3L_ __.3!L_ Feb. __;L ___Lil_ ___J2__ 
..,r. --•. -3-

~ ~ ltlr. ___!!2.._ __LJQ_ ~ 
A.pr. --.-f-

--Sh- ---1.S- Apr. __ 4_l._ -1...QQ..._ __i.i,__ 

11!7 l2P -..5.l- --13- 11!7 ___n_ ~ _.fi5_ 
June ____£22_ ----ll- ___gL_ June ~ ____.il_ ___es_ 

l9LL July --1L ---l2..... ----2l.- 1950 July ----115.... -1...QlL_ --kS-
Aug. _L --2.-Dl:-~ Aug. __g_ ~ ---1.f..._ 

Sept. ___L ~ _.l,5_ ~t. -----1.1.. _i.n_ -.23.-
Oct. --ZL ~ --32...._ Oct. _..lL ~ _.2$_ 
lloY. ---2L --i-Ja.- ----3!!..- l'lov. --21.... _.l....2L __,3L_ 
Dec. ~ --J...J:l- ---3l....- Dec. ----33... ~ ~ 

Total -· <'7 Total 
.,,, .l!'T .. n7 

Jen. __ 30_ 

~ 
_Jl_ Jan. 26 1.00 __g£__ 

l'eb. ~ _J2_ P'eb. 
__ 2_6_ -1.31 --3!!_ 

Mir. -rr- ---r:i;o- ___l,_5_ ll!r. 23 l.5E> ----32-
Apr. l.29 ---3J._ Apr. _____J.l!_ _].,]!.._ ___zL_ 

*Y ----22.... .&i ---5L- ltl7 -----1!!_ _ _,]L ---22..._ 
June _E_ ---;r;r __u__ June ---12!!._ - .• 73 _ ___!!l__ 

19•5 July __lQ_ --r:2'3 ---3L_ 1951 July __3L 1.29 __!,.o_ 
Aug. ~ l.10 __.n._ Aug. --26.... l L6 ___3e_ 
Sept. l~ ___!_,jL ---2L_ Sept. _____lll_ _b!!L ---ll..-
Oct. 

__ 2_1_ 
~ ---29....- Oct. ----25... ~ __.3Z.__ 

llov. ~ _bil_ -33- llov. ___lL --1...£l_ ____n_ 
Dec. 

--2-,-
_l.ill.... ~ Dec. --m-~ ___3!l._ 

Total ----i;Q7 1 Of Total ,nz ··-
Jan. _.z:L _.l.J..L_ __ 2_6_ Jan. ?8 --1..Jl1_ _..3Q._ 
Feb. ---ZL -1...lL _a_ Feb. 26 --1...3]_ _-1!!._ 
Mor. --29._ _i.ll_ 

__ ,_, _ 
ltlr. ~ --1..!i2..._ ____!iL_ 

Apr. ___i.o_ -1.Jl!l._ ___l!Q.__ Apr. _llJ... ____Jin_ ----6L:... 
*1 ___;za_ -lL ~ *1 _3lL _-JL _.ll23.._ 
June _ _u_ 

--!IS.- --115..,_ June _JQL -33- --1QlL._ 

l94f July ---S- --2..£ll..._ ---13,__ 1.952 July _-1JL ---.7Q_ -->.5.--
Aug. ___.£,_ -2-.ll.- -'--1.L Aug. _..!!2_ -!IL ___..!i,6__ 
Sept. ---..IL.. ~ ---1!__ ~t. ~ --1.2lL. _.J6_ 
Oct. ---U- --1..s:l- --2fL._ Oct. _..i1. _J..3IL ---29.._ ...... ----3"- _.1_22.... ---22..-- .... ~ --1.3l- _.JL_ 
Dec. ~ ~ ___.J6._ Dec. _37... ---1..U- ---11.L-

Total Total 
32k .1.16 ...,, 1,035 "" ~10 

';c obt-Ein q:/l r-ult!rly ":/AJ" by 735 
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Doto 

COileen-
Plow tratioa T.D.S. 

IT-- ... ft.,, (A.F. l (T./A.F.l (Tons} 
Jan. __l2_ -2.:..2.L -1L_ 
Feb. __li_ ..J...1.L _n__ 
*r· ____3L_ ---1....!!..L _4e __ 
Apr. ___u_ ---L.lL -§t-
*Y ---12-- ____L..&_ 
June ---1Q1_ _____..2Q__ 64 

195~ July ___u_ _L1L _u...__ 
Aug. __ 12 __ _1..1.L 21 
Sept. _..L_ ~ 11 
Oct. __L_ --2..lllL ....J..6__ 
llov. _£.Q_ ~ _2e_. __ 
Dec. _£.2._ _l...3.L ....3L_ 

Total 326 1.12 366 

Jan. ---21._ _.wJ._ _JQ__ 
Feb. --21.- __i.u_ ---3;L_ 

ltlr. __ 2_0_ _.i.1L -32_ 
Apr. ____ll_ _L1L _..il__ 
ll!y ____i._ _.wJ._ ....!±Q__ 
June _.s._ ---2-Jto_ ~ 

1954 July __z_ ---3..QQ__:_ _6 __ 
Aug. ___j_ _wia_ __L__ 
Sept. _..L_ --2....ll... --1!;__ 
Oct. ---11- _l.!L .21_ 
Rov. --1.f_ ~ _n_ 
Dec. ---1.f...._ -1..5lL _n_ 

Total in l 4P. 2Te 

Jan. --21.- -1...0.lL _n_ 
Feb. ___2L_ ___LlU_ -10__ 

ltlr. ---2L_ _L.l!_ ....il_ 
Apr. __zz__ ___wi_ _:u__ 
ltly _Ju_ --1...lllL.. ....!i5..__ 
June _.J!L._ -l..Jl2_ ....ll_ 

1955 July ~ -3.JllL ---6....__ 
Aug. _L._ ___.z.z;_ ....l.L..__ 

Sept. _,L_ ~ .....lQ._ 

Oct. ~ -2...JJ_ --1.k__ 
l'lov. ____l5._ __.i.£iL_ _z!i__ 
Dec. ---22..-~ -35_ 

Total ?I,< l .-.:> ~, 

Jiln. -2l.- --1...!llL. -2:[_ 

Feb. ----Zi-~ ~ 
Jtir. ---2.L- --1...6a-- .....i.a__ 
Apr. ---11- ---1..$.- --2L-
ll!y __:u.,_ ____:if,_ -5£.__ 
June ~ _£L. ~ 

1956 July ____IL_ ~ _u__ 
Aug. ----2-- -.L..ao- __e__ 
Sept. _.l.- --S.-00-~ 
Oct. _,L_ ~ _jL_ 
lov. ---11...- ---1..$.- _n_ 
Dec. ~ -l...21- _u__ 

Total ~· 
,,. ''" 

Jan. --21- ___!,_QL _22 __ 

Feb. 20 l.05 ..2l__ 

..,r. ~ ~ _•4~-
Apr. 

__ 1_2_ 
l.f3 ....zz___ 

ltly _'l<l __l,li_ --1!JL_ 
June 1P4 .41 ....15___ 

1957 July ---1L.. .91 -32_ 

Aug. ie _LlL ....2!l....-
Sept. 15 __b_l:!l_ ....zz___ 
Oct. __!2._ --1..1.L -33..-
Bov. _!±l.._ __i._ll_ -SL--
Dec. --clr _hQL --32.._ 

Total .Q4 ... 
Jan. __22._ --fl_ ....24...--
Feb. ___:lL_ -1..lllL -ll---
ltlr. _.3S._ ---1...:?l- ....u....--
Apr. ~ -1-0l-~ 
ltl7 ___l!!l,_ -liL.. -4-
June __iiu_ _Jiz_ ...l4-

l95P July __ 4_ -2..Sll- -Ul--
Aug. __.l,_. __iwia_ __4,.__ 

Sept. ___J_ -2...3J._ __,._ 
Oct. _,i_ .....2.-flL ~ 
ROT. ___l!!__ -1..SL -2+--
Dec. _zi__ -l..2L ~ 

Total 
411; .'TQ 329_ 



Table 3 
Colorado River Basin 

Historical Flow and Quality of water Data 
Duchesne River near Randlett, Utah 

Un1ts-1000 
Concen- Concen- Ccmeen-

nov traticm T.D.S. Flov tration T.D.S. Flov tration T.D.S. 
9!-ear -·~ IA;r.) IT.IA.P.) ITons) Year ltlnth IA.P.) (T./A.F.l (Tons) I Year Month (A.Y.) (T./A.F.) (Tons) 

Jan. 22 1.11; --25...- Jan. n ~ -~27~ Jen. 
l'eb. ~ 1 oJ. -.2S-..- Feb. --rr- -l...Z£_ ~ Feb. 
Mor. 17 ~ ---2L.._ llor. --;er-~ _l:L. Jot>r. 
Apr. -+- 2.00 --1Jl_ Apr. ~ ___LlL_ <7 Apr. 

•:r 2. 75 --l.L_ Noy 
--,-1-
~ _J2_ lloy 

Ju= -4 -ill_ -ZL- June ~ ~ ~ June 
1959 Ju]J __ 6_ ~ _..J2__ 196' July ~ __.5L_ PO July 

Aug. 4 _k12__ _-1.J.._ Aug. ~ -~·-"(-
,c, Aug. 

Sept. --.--~ --l.Q.__ Sept. ---sr- --1.....')2__ (~ Sept. 
Oct. 11 ~ ---1.:!.__ Oct. l.7 -'-''~ ---5.L Oct. 
Jov. _.u_ __;_,2!!_ --2.Q_ Nov. 1,7 -1.Jj_ _.21_ Nov .. 
Dec. 22 ~ --2lL- lleo. -,;:;--- ____Ll.L_ __ ),.,_._ Dec. 

Total ~ l .,., ??" Total ~ Po Total 

Jan. _n__ ____.fl_ --2.0._ Jan. -22_ ~ 
,, Jen .. 

Feb. ___n__ __.fJ_ --ll.- Feb. ?0 "' ~ Feb .. 
~ ------"--*r• 27 ____Lil_ --..3:!-- Nor. ~ --·- llor. 

Apr. r ~ _..i.;;__ Apr. _____:;.s___ -1....2.G_ -~··- Apr. 
Moy lP __i._.u__ _,2J__ *Y ~ ~ ~ W.y 
June _u_ _.:u._ -=-- June 

__ ,,_ .. _ 
-1..£L._ "'r; June 

1960 Ju]J __ 1_._ ~ --L_ 196( July ? M --"- .Tuly ---
Aug. _i_ -..Jwl!L ~ Aug. 

__ ,_ 
~ ___9._ Aug. 

Sept. -L-~ _i._ Sept. __£._ ~ __i::_ Sept. 
Oct. _..L_ -2...!&.. --..J2_ Oct. " ~ ~ Oct. 

1== Jlov. _..lZ_ ~ --l.l'--- Nov. --i<J__ ___i_::;:__ ~ Nov .. 
Dec. --lL_ --l....13... --'A.- Dec. ---:;:;:- -2.......3!i- _J;2_ Dec. 

Total ro 1 on 'M 'l'otal ' 
o> ':11.2..__ Total 

Jan. _.ai_ --!...l!l- -25,__ Jan. 3:; , ...,, ,, .nm. 
P'eb. _.ll_ --1...kL.. or Feb. 

--,-n- _-:;~ __:c;i_ Feb. 
llor. _.lQ_ ~ _.l.5__ ,..,._ -r.:-~ __ <n_ 

lt>r. 
Apr. _.2._ ~ _:i__ Apr. 

--,-r,- . ,, 
?' Apr. 5 ~ Moy -3-~ --l- )t!y ___._f2_ --'·-'- lt>y 

June ___:..._ ~ _,L_ June "5' -~·-L'-· - ___u4 _ June 
1961 .My _.L_ --1wllL _.L_ 19(i' July --:r-~ ~ J'Uly 

Aug. ___i__ ~ ~ Aug. 
__ l_l_ 

-.L11_ _2.L_ Aug. 
Sept. ---1..1- --l-l.5- _is._ Sept. ~ ~ _21:J_ Sept. 
Oct. ---l!L- --L.l.LL_ -2£__ Oct. ~ --2....1.l._ __ ,_(_ Oct. 

llov. ~ ~ --3Q__ Nov. 
--,.-o-
~ --'-'- Nov. 

Dec. ~ ~ --2,L_ Dec. -y-
~ --- Dec. 

Total I. '< o< Total ~ r4 Total 

Jan. ~ ~ _.11.__ Jan. 34 ___.f2_ ---22..._ Jen. 
Feb. ~ _...2l. __ 4_o_ Feb. ~ _L.ll_ or Feb .. --re-

___ ,_ 

•r. __J.s_ ~ --2L_ l>tlr. -.J...!.L _ilL_ lt>r. 
Apr ... -'.Ul-- _..J'.2_ __ 4_P_ Apr. 

--,-,-
~ __:;:::__ Apr. 

Noy __ze__ _...Q;_ _-5.(__ 1't>y t:s ~ __u_ lt>y 
.Tune ~ --1tL ~ June ~ ~ ~ June 

1962 .1uly ---Zi- -1..UL _2.f_ 19FE July ?4 ~ _.3!L_ July 
Aug. __.i.__ -2...li.. _JL_ Aug. 2( -1.LlL. _.3i_ Aug. 
Sept. _.J._ ~ _.1.1)___ Sept. -~1-•_ -WU- __zs_ Sept. 
Oct. =::it= __:...:u_ -2L._ Oct. __ 2_0_ -1....X[_ _J!i_ Oct. 
!lov. _..1...£0._ -2.L_ Nov. ~ _wu___ _.2'J.._ Nov. 
Dec. 2~ --l..2L ~ Dec. --3£_ --1-D.L. -311- Dec. 

Total ~ "' ··~ Total ')P2 01 qo Total 

Jan. lB ~ ?1 Jan. Jan. 
P-eb. 29 --l...JJi.... _n__ Feb. Feb. 

Mor. 10 ----1-!llL 
-~10 __ Mor. lt>r. 

Apr. _.L_ --3.2lL __ 1_6_ Apr. Apr. 

Moy ___l!_ --Sl- __jQ__ ltly Moy 
,}_, ~ _-lfi._ ~ June June 

1963 July _.L_ -2..£.L __ e _ 
July July , 

Aug. _.L_ ___Ll;a_ ~ AU&• Aug. 

Sept. l~ --1..£L ---23__ Sept. Sept. 

Oct. __J_ --2.il. ___lL_ Oet. Oct. 

Jlov. _1.L. -~ ~ Nov. Nov. 
Dec. -2-.. ---l-1.L. ___a__ Dec. Dec. 

Total ?10 oO "'" Total Total 

Jan. __ 1e_ --1..QQ_ _JL_ Jan. JBh, 

Feb. ie _...2!:._ _u_ Feb. Feb. 

Mor. 2' _i..Q.L _____a_ lt.r. lt>r. 

Apr. _..ll_ ---.l..5.L ~ Apr. Apr. 

Nay --12.- _....fil:._ 
~ •Y Moy 

J\me __.lZL_ ~ .June June 

July __.Z2__ _..2L 
__ 2_e_ 

Jilly July 
1964 Aug. __Ji_ _.<:..J.1.._ n Aug. Aug. 

Sept. _£_ _2....:5... 
__ 1_1 __ Sept. Sept. 

Oct. ~ -2..ltL 14 Oct. Oct. 

llov. __lL ---2....U.. 30 llov. Nov. 

Dec. ---21.- ~ ~ Dec. Dec. 

Total Total Tootal 
356 .96 <41 

~o c"t-te.fo L-.c,/l :ulti!"-1.;' ?/F by 735 
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Table 3 
Colorado River Basin 

Flow and Quality of Water Doto 

Duchesne River near Randlett, Utah 
(Annual Summary) 

Units -1000 

Flow Cone en trn t ion T.D.S. 
Year (A. F.) (T.7A.F.) (Ng. /1) (Tons) 

-

1941 694 _o_._n_ 55~ 523 
1942 526 I 88 647 463 
1943 460 __ _t.22...._ 725 454 
1944 698 • 74 544 517 
1945 407 __ l.JW._ 795 440 

1946 324. 1116 851 375 
1947 569 .86 632 489 
1948 __ 2~ 1.14 836 339 
1949 641 • 78 570 497 -----
1950 574 .87 636 497 

1951 448 1.06 783 477 
1952 12035 .60 440 619 
1953 326 1.12 __ 81.L_ 366 
1954 188 1.48. 11087 -- 278 
1955 245 1.32 969 323 

1956 303 1.07 788 325 
--~ ----

1957 456 690 428 
19.58 416 • 79 581 329 
1959 166 1.33 979 221 
1960 160 1.20 882 192 

1961 145 1.35 994 196 
1962 505 .81 595 409 
1963 210 1.28 938 268 
1964 356 .96 704 341 
1965 905 • 80 586 721 ----
1966 306 1.24 910 379 --59T ___ ---- 497 1967 -- .84 _ 618 
1968 582 --.!'-~ 672 ----532 

Total __!3_,534_ 
--··---

--11,495 

A\'er~e 448 .92 --674- 41I 
Sampled quality record December 1950 to September 1951; November 

1956 to December 1968; remainder by correlation. 
Measured flow record October 1942 to December 1968; remainder by 

correlation. 

93 



.,, __ -· .. Jan. 
J'eb. 
..,r, 
Apr. 

*Y 
June 

-1941 July 
Aug. 
sept. 
Oct. 
Jrov. 
Dec. 

Total 

.Jan, 
Feb. •r. 
Apr. 
*Y 
June 

-1942 ~ 
Aug. 
sept. 
Oct. 
Jrov. 
Dec. 

Total 

Jan. 
Peb. 
Mlr. 
Apr. 
Mly 
June 

-1943 July 
Aug. 
Sept. 
Oct. 
trov. 
Dec. 

Total 

Jan. 
Peb. 
lllr. 
Apr. 
lily 
June 

-1944 July 
Aug. 
Sept. 
Oct. 
•ov. 
Dec. 

Total 

Jan". 
J'eb. 
ltlr. 
Apr. 
Mly 
June 

·1945 Ju1;y 
Aug. 
Sept. 
Oct. 
trov. 
Dec. 

Total 

Jati. 
Peb. ...... 
Apr. 
*Y 
June 

•1946 July 
Aug. 
Sept. 
Oct. 
.Jrov. 
Dec. 

'1'ota1 

Tobie 4 
Colorado River Basin 

Historical Flow and Quality of Water Dato 
Green River at Green River, Utah 

Units-1000 
Colleen- Concen-

J'lOlt tntion T.D.S. Plov tration '1'.D.S. 
IA.I'.\ IT.IA.I'.\ (Tons\ Year lt:>ntb IA.P.l IT.iA.r.I ITonsl lv.8 - ••--•C 

--l.QQ_ ~ ____.1fil_ Jan. _3L __J.,_Q7_ _..9L Jan. 
__J.22._ --l.3L J'eb. --15.L _B6_ _..J.3(l_ Feb. 
~ ---l.lll.. -2lL *r· _JilL_ ___.:z$L ---32.5- lilr. 
~~ ~ Apr. _!±2.iL _.....s;L ___.2!±g_ Apr. 
....l..l1L ___..53.. ~; May ~ ____..JL _,53a.._ lily 
-4ll6- ---la June -.l..3!ilL -..311- ---->2fi._ JuDe 

-359- __..6i _.22L ·1947 July ----6!ilL ----1'D.... _..262._ ·1953 ~ly 

_.afil_ _J,_Jl9_ ___m__; Aug. -----365.._ ____.1L -.259- Aug. 
__iflL ----1...aJ._ --1.8!!_ Sept. _..J.66._ _...:rJ_ ---1.2IL Sept, 
_JllL ---.l-00- --JJ.B_., Oct. ...........J.Bl ~ ~ Oct. 
_2lia.... -..$l. --2.l6...... Nov. -----UlL --4U- --1.6J__ Nov. 

--l.68-~ -~ Dec. ~ ~ ~- Dec. 
'- -- "' 'l'otal c --- rl. "~· Total 

--ll.2--~ ~ J!lD. ___ J..i>L --4L ---1.J2-· Jan, 
~ --98- -=-: Feb. ~ ~ _,?IL. Feb. 
-26L ~ --2Ji8_ Mor. ~ _f!ii_ ----lti... Mor. 

~ ~ ~ Apr. ~ ~~ Apr. 

~ ~ ~ May --l..,l.l6l.. ==±~ 
lil-y 

'·m ~ ~~g June ----'l52.. .hme 
___._'il. -1948 ~ ~ ___,31±_ ~ -1954 J\l,ly 

--lS2- __A _J..29_ Aug. __m__ _...§J._ _llL Aug. 
~ ---l.alQ. ~ Sept. _k. ___.§J__ _.5Q_- Sept. 
___ii.A_ _l.20.. _l!!L Oct .. ~ __l,QL ~ Oct. 
-.l2L __i.i8_ ___iJi6_ Nov. ~ ~ ~ Nov. 

" l!.~ ~ " :~: Dec. ---SL ~ _.lfil.. Dec. 
Total 0 ~~ ? """ Total 

_-UL -.J...ll ---121.. Jan. __l,QQ_ _bQL 101 Jan. 
_1.3Q_ _Wll. __Jjg_ Feb. 110 ~ ~ Feb. 

=m: _..:n,_ ~ Mar. 21t ~ 
254 Mor. 

~ ~ Apr. ~ ~ Apr. 
~ ltly _L£g.L_ _,1tl_ ~ May 

~ -----!lo. __JuL_ June ......J...5lU_ ___.li2_ __-65lL June 
_.612.-- ---U --26J._ -1949 July --55l2-. ---57- -----338_ ·1955 July 

~ --Bl. ~ Aug. ~ _..:n.. --132_ Aug. 

~ ___J_lJj._ Sept. -112... _-8$... _lilQ._ Sept. 
~ ~ -iJ6-. Oct. -20:l-~ --2llJ_ Oct. 
---lJi6._ ~ ~- !lov. _.l.9Q_ _.9Q_ ___ill_. Nov. 

'· !-;? ~ ~ ~3~ Dec. ~ ___i.m_ ___l.3L Dec. 
Total 

c '""' 
en 0 --- 'l'otsl 

_hL. ___L.2!l. _..¢._ Jan. ~ __i_ru_ ----1.li2_ Jan. 
__-lJ.j... ~ _.J.J.B_ 1'eb. ~ ---J..Ol-~ Feb. 

~ ~ ---2+L-' ll!r. 
~ ~ ~-

Mor. 

~ 
.-----&. ~- Apr. ~- Apr. 
---.!la. _.fil... lt>y __J.,ll26_ --5.3-. -----51ilL !ey 

_J..JgL. ---30. _Ju:Z_· June --1.$L ---35.- -.5lilL June 

~ _.-lW;. ~ -1950 .ru:cy ~ ~ ~ ·1956 July 

~ ~ 
___l.Oli... Aug. ~ M ~- Aug. 

--1L ____JjL. Sept. ___l.ll_ Sept. 
___ill_ _.Lil 

~! 
Oct. ~ 

__..&... _.1ll_ Oct. 
__llL ---1.o.1!i. Hov • _.&L ___J,QL Nov. .. ~ -4t Dec. ....J7L -...s&... __.I.Qi_ Deo. 

?~2 Total ' 476 'a ' 2?< Tote.1 

~ ____Ll!i. __lll.. Jan. __lll_ ___Ll.3_ ~ Jan. 
_.JZL __.gg_ --1ZI- Feb • ~ _.!J2_ ~ Feb. 

. -1llL _.L.ll .--l9l.... lt:r. ~ _.i9:L ---l9Q_ Mar. 

~ -----Jl!L --2liL Apr. --->l2- _..:JI1__ __26Q.._ Apr. 

)~ 
__..Ji!L ____m_ Mly ---8!l2._ -.!is.. ----39L- Moy 

-----39. ~ June ..J...3Q!L ____.!iQ_ ~ June 
_.1Ql_ __...u_ --2llL. -1951 July _.6ZL ~ __ ..ZilL •1957 July 

~ ---ZlL --2lllL Aug. ~ _..£!L ----26.L Aug. 

........J.63- __.:n_ _.J25_ Sept. __ua_ ____.19_ ___i!tQ_. Sept. 
_.J6J._ ~ -.J..5lL Oct. _2l..J._ ____.$.... ~ Oct. 

~ _____..$. _lJi8_ Nov. ~ --Lll5.. _.i:za. Nov .. 

'· -!7~ ~ - ~§!: Dec. ___.1.32._ ~ ______.ill_ Dec. 
Total ,, ~,. ~ ""7 Total· 

-lZL _...s:;_ _..lll... Jan. __.l.3L ~ ___jJQ__ Jan. 

HZ ___,_9J,_ ___J,Q6_ Feb. _.J.!tQ_ ______&__ _ilt.. Feb. 

-..9!2- ---Z.l.2- Mlr. _.l6a... __-1.,.QL ___l&._ M!r. 

__5,2fL_ _..6CL --3U.. Apr. _.$l!L ____&L ___ll6.\L Apr. 

~ __...ll. --3llL lily -2.,f/81_ _..l;IL _i.!lQ2_ Moy 

_:z!i6.... _.-J6. ~ .hm• ~ --...36.. ~ June 

_26L --la. ---l2L ·1952 July --5lL ___..6Q__ ---3QS_ -1958 July 

----1SL- _-BIL __.J,2fL Aug. ---315- __.89_ ~ Aug. 

~ ~ -----ll6- Sept. --1.BL ~ ---XU.. Sept. 

_J..liS- __l...QO. --1lill- Oct. ~ --1..!l5L --1!!Q_ Oct. 

--Ull- ___,ga_ m llov. 

~~ ---l.5l... Nov. 

--.1$- -:tt Dec. ---l55-- Dec. 

3,519 2,148 'l'otal 6_, 712 .62 4,172 'total 

To obtdn mg/1 multiply T/AF by 735. 
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COncen-
Flow tration T.D.S. 

IA.F.' IT. 1A.J'.l (Tonal 
~ . ----l..-ll5.- . :____i_u_ 

----11'1- --WlL ----.JJa_ 
---2J..L __.LllQ_ _ZJ.1.... 

--221-. ---4'- _21.2__. 
_!15.!L ___..5.5_ ~ 
-1.lJi:L __JL -'Ll2.... 
--3:If.. --1ilL _i8i__ 
___gg_ ----.Jl!±.... --11fL 

=:i:- -W- _Jlli_ 
-W!O... ~-

_..l2§.. ----L.J.5_ ~ 

0 ~';;' ~ ~ ?. "2S 

_-l.Q:L. --LQ9.... ~ 
---138. _:wa_ ~ 
--1£a_ _:wa_ --1lL 
_zm_ -...'.G-~ 
_..fU!L =:E iM _...376. 
---3!:!£. ~ ~ _.l.2Q. __za.,_ 
---UlL _l-02_ -1ll-
____J3g_ .....l....l.L ----1$_ 
--120. ___wii_ ---1ZZ-
or~ ~ ____J,llQ_ 

l AM 

___Ba_ _Wl6_ _.JlL 
----86. ----92--- ____Jg_ 
_.231. _____.$;___ _-2llL 
---.:3l.L __.:a_ _.2JS_ 
_____£zs_ ~ ---26!L.. 
-----65!1. ____.J6_ _.236.. 
--223. ~ __J.02_· 

-----1£L --..llL ~ 
--7J... ~ __QL 
__:n_ ....L.OiL ~ 
__Jlfi_ .....l.l.3.. ____9:J_ 

----l21.. -Wl.2._ ~ 
o "o• h~ , .7« 

-.l55.. _..£J... _.m.__ 
----1!lll.. -1..llS- __Jll!i_ 

----31lL. _81_ --255-
-----1i6!'.l. ~ ---2liL 
~~ ~ ___i..<m._ --a.3L 
---29!L __.,!a_ ~ 
~ ___..fa_ _J.ll._ 
_.J2.. __.12_ -.52-
_.IL __.gL -IL 
_...$.. _l.ll2_ _.1QL. 

4 3J ~ 2 o~~ 
--83. =± ~ ---100. 
---2J:i-~ -.2l..O.-
___29Q_ _.n__ ~ 
--913. _._I&_ _!i3L 
~ __.3L ~ 

J 3g6 __.3L ----396.-
~ ---3QL 

~ __._:r.6.. ---15.L 
----l.85. ___.sL _.i.:zL 
~ ___..26_ __2l,9_ 

r-1~2 ~ __l!±!t_ ,-= 
12e ~ _____lli_ 

~ft __.llL _..J.5L 
~ __m_ 

_Ji3a_ ___.:n.._ ~ 
--l.,Jll.- --1u..-~ 

'•ill t~ 
---1uJ_ 
_.uL 

_..lllL .-82... -.Ill-
_!lQ_ __i.Q1_ _.1Q3._ 
--9J... ~ ~ 
~ ....l...l.!L __llJ_ 
----1.l.ll.. ~ --12L 

4,212 .57 2,421 



Colleen-
nov tration. 

Te&P ltmth IA.F. l IT./A.F. \ 
.lln. ----31... ___.l....l3_ 
Feb. ---1.l!L. ..-..95.... 
ier. _..ili.. ~ 
Apr. --m-~ May 
June 163 .34 

-1959 JWy _3!16.. ___.5l_ 
Aug. 179 __..22_ 
Sept. l~ =::i: Oct. 
llov. ____l5E_ ~ 
Dec. 2~ ____L.Q£. 

Total 62 

.lln. ----95... _.L.Q5... 
Feb. _..J.Qg_ ~ 
Mor. ___3':Q_ ___Ji}_ 
Apr. -.53!.L ___.5l_ 
May ~~ -----.39.. 
JutJI! _.:..ll. 

-1960 July 1~g -~~ Aug. 
Sept. [=j[ ___..ro.. 
Oct. ____bQQ_ 
llov. 1gg ---ll!f. 
Dec. _J._Q2_ 

Total 0 "fiZi. q 

Jan. ---1!l... _______& 
Feb. -----2!:... _.....e:L 
Mor. _..u.. ~ 
Apr. ~ ___.:19._ 
Moy _..3!l2.. ~ 
June ~ _......3l. 

JUlT ~ ___.l!:l. 
-1961 Aug. ~ __.3l.. 

Sept. ----l.15.. ___.$.. 

Oct. ---23li.. ~ 
11ov. _.ill_ ~ 
Dec. ~ --* Total. 

Jan. 

~ 
___,_:a 

Feb. _...:u._ 
Mar. ---3!2. 
Apr. _i..ogi _..56.. 
Moy 

~ :§~ June 
-1962 July ~ 

Aug. __l1L ____..2l... 
Sept. ~ ____._!&. 
Oct. ---12£.. __ .l. ... 3."t 
11ov. -----2!:... __i.i>_ 
Dec. _.:z2.. 

~ Total. i;;: """11 

Jiln. __:u_ ____l.lll!_ 
Feb. ___JgQ_ _...il 
Mar. l~ ~ Apr. 
Moy _..329_ ~ 
June ---3lQ. ~ 

-1963 July ____51.. ___.u 
Aug. __E_ ~ 
Sept. ----22.. ---1..21. 
Oct. ____u __L.35. 
JIOT. --1!l ~ 
Dec. I~ ~ Total. 

Jan. _],.Q'l_ ____,_12. 
Feb. lM -~ lltr. 
Apr. -----1.(jQ. ~ 
Moy ----63lL --t5 June __m_ ---'-= 

-1964 July _..3!!!t. ~ 
AU&• ----l.9!2 =:i: Sept. -=Rl Oct. ~ 
llov. __.w. ~ 
Dec. --2fa_ -A 

'l'otal 3,242 .63 

Table 4 
Colorado River Basin 

Historical Flow· and Quality of Water Data 
Green River at Green River, Utah 

Units-1000 
Colleen-

T.D.S. Flow trat1on T.D.S. 
(Tons) Year lblth (A.F.) (T./A.F. l (Tons) I Year '°'"+.n 
-~ Jan • _..3QQ_ OJ] _£1L Jan. 
~ Feb. --3QL ~ Feb • 
____ill_.. Mar. ~ ~ ---3.l.L Mar. 
_.J.66....... Apr. ----2.l&_ _..J:L. _!±Q2_ Apr. 

202 May "_§a_ ~ --31L. ltly 
~ June ...l...5Q1_ __ ._2_ ___jQL_ June 
----Uii-. -1965 July ----2tL ~ ~ kly 
---.!fL_ Aug. 

~ -<.2L. ___gJ1±._ Aug. 
--.96-.. Sept. :sg ___l§Q_ Sept. 
___ill_ Oct. _2ll_ _B2_ Oct. 

~ llov. ~ =i= 
220 Nov. 

Dec. ~ Dec. 
l i. .. -urr- 3Ti2 Total Total 

~ Jan. 181 -ML ----1..5L_ Jan. 
Jl. J"eb. 166 _..an_ __l.ll_ Feb. 

Mor. _lll._ ---.aa_ ---llL ,.,r. 
----21;/.__ Apr. ___liL ----IifL_ --2.il.. Apr. 

~§ Moy ~ .--il_ -2.l2_ May 
J=e ___.lll_ --li._ ---1.22._ June ___.oo__ -1966 July 147 ----.SL __ll.L July 

---1!tL_ _5L Aug. _-i6._ ---1./U...:. Aug. 

§<! Sept. _.llL_ --1..0.L_ _.lli_ Sept. 
Oct. ~ --1....QL __.liL Oct. 

,~E% : 
llov. --1.l.L_ --1...!lf._ __J.6L ltov. 
Dec. ---1.!tL_ _W2_ _J..6L Dec. 

Total 2 a• ,. 2 "n Total 

g Jan. 196 __ .s_s_ --1.2L Jan. 
Feb. -m- .90 ---1.ll... 1'eb. 

__ill.__ Mar. ----m- --.9-5-
---2il_ Mor. 

_ili_ Apr. ~ --.-77-
--2QJL Apr. 

_.lllJL. Moy ----so;;- .54 ---2..22- Moy 
--l&... June 1,04 . 52 ----5.9lL. June 
-.5.5....... -1967 July ~ --.6-3-

----12lL July 
--1.L.. Aug. ~ --.9-9-

---2il.. Aug. 
---l..ll.-. Sept ~ l.06 ---2il.. Sept. 
_.!.76.... Oct. ---"EO l.07 --26!_ Oct. 
__llS__ llov. --y,;) ---u3 ---25lL Nov. 
__w.__ Dec. -nr --r:3l _.1QlL Dec. 1 4'<1 Totai "T,nl --.7-7-

' '" Total 

---21-· Jan. ~ .87 _llI_ Jan. 
__29Q._ Feb. _lifL_ .91 __.ua_ Feb. 
----36J.._ Mtr. _.2!t.l._ -1....QL __.2S1_ Mor. 
_£l.2_ Apr. ---2.25-~ --..2.S8- , Apr. 

~. Mty --10lL ____.}L __.4J.L_ Moy 
June -l.2il- __.lL ----4.ll_ June 

245 -1968 Juq ---"26- ___.ft._ ---2.U_ July 
~ Aug. ----3/U._ ~ ---lS2- Aug. 
~ Sept. ----24.J_ --U... --.224- Sept. 
----1l3-. Oct. --23Q_ ___..li_ -.22.a- Oct. 
__.l.QL Nov. --221- ___....il_ _.2Q6_ Wov. 

' of? Dec. ---20S- ---8L ---l.i4- Dec. 
Total • <AO 7ft ' ... Total 

__ 7L Jan. --- --- --- Jan. 
___ug_ Jl'eb. --- --- --- 1'eb. 
-.99-.. Mar. --- --- --- Mor. 
--1QL Apr. --- --- --- Apr. 
__lliL Moy --- --- --- Moy 
_lJQ_ June --- --- --- June 
_.32_ July --- --- --- July 
___gr_ Aug. --- --- --- Aug. 
___l!!2_ Sept. --- --- --- Sept. __ 62 _ 

Oct. --- --- --- Oct. 
----9.L llov. --- --- --- aov. 
-.r,- Dec. --- --- --- Dec. 

Total Total 

~ Jan. --- --- --- Jan. 
_..8:L l'eb. --- --- --- Peb. 
__llL Mar. --- --- --- lltr. 
~ Apr. --- --- --- Apr. 
-.2Bs- Ill)' --- --- --- !tty 
___gS1Q_ June --- --- --- June 
_1§L July --- --- --- July 
_..lll2... AU&. --- --- --- Aug. 
_..lJ.L Sept. --- --- --- Sept. 
_..lll. Oct. --- --- --- Oct. 

;;1 llov. --- --- --- IOT. 
Dec. --- --- --- Dee. 

2,044 Total S'otal 

To obtain mg/1 ,..ltiply T/~ by 735. 
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Colleen-
Flow tration T.D.S. 

(A.F.) (T./A.F.) (Tons\ 

--- --- ------ --- ------ --- ---
--- --- ------ --- ---
--- --- ------ --- ---
--- --- ------ --- ---
--- --- ---
--- --- ------ --- ---

--- --- ---
--- --- ------ --- ------ --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ------ --- ---

--- --- ---
--- --- ------ --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ------ --- ---
--- --- ---
--- --- ---

-

--- --- ---
--- --- ------ --- ------ --- ---
--- --- ---
--- --- ------ --- ------ --- ------ --- ---
--- --- ---
--- --- ------ --- ---

--- --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ---
--- --- ---



Table 4 
Colorado River Basin 

Historical Flo\¥ and Quality of Water Dai·a 
Green River at Green River, Utah 

(Annual Summary) 

Units-1000 

Flow Concentration T.D.S, 

Year (A. F.) (T.7A.F.) (Mg.fl) (Tons) 

1941 41608 o. 71 522 31271 
1942 42622 .65 475 _i,989 
1943 4i294 ---- .60_ 439 2 2565 
1944 4 2417 .58 430 __ 22§1__ 
1945 . 4,260 .60 441 2,558 

1946 _3,519_ .61 449 2 2148 
1947 5,523 .54 398 2,991 
1948 3,928 .58 425 2,270 
1949 5,129 .59 435 3,039 
1950 5,476 .59 433 3,223 

1951 4,738 .60 442 2,847 

1952 6,712 --_-gz- 457 4,172 

1953 3,334 .67 491 2,225 ------
1954 2,638 .68 503 1,807 

1955 2,791 .62 456 1,733 

1956 4,021 .51 374 __ £_,_.Q45 

1957 5,808 .53 387 3 2060 

1958 4,212 .57 422 2,421 
2,882';: .62 459 - __ h802 1959 

1960 2,S64 .57 42Z- 1,645 

1961 2,265 .64 471 1,450 

1962 5,601 .55 --4oz;-- 3 ,077 

1963 1,576 • 79 579 --f,241 

1964 3,242 .63 463 2,044 

1965 5,211 .65 --z+8Y- = 3~-4f2 
1966 --~~~ • 76 560 __ · -~269_ 
1967 4~227 

--.77-- --30-0-. __ 3,251_ 

1968 _ _!!.J58~ ---.m- 517 3,225 ------ --------
Total 115 ,455 71~359 ---·or- 454 2,549 A•Jcra:._ 4,123 • 

Samp e quality record entire period:-
Measured flow record entire period. 



Yee.r M:mth 
,Jm. 
Peb. 
Mir. 
Apr. 
ll!ly 
June 

-1gJ.1 Jul,y 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

.Jm. 
J'eb. 
ll!lr. 
Apr. 
lily 
June 

-1942 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
M>r. 
Apr. 

*Y 
June 

-1943 July 
Aug. 
Sept. 
Oct. 
Jlav. 
Dec. 

Total 

Jan. 
Feb. ..... 
Apx-. ... ,. 
June 

-1944 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. ..... 
Apr. ... ,. 
June 
July 
Aug. 
Sept. 
Oct. 
•ov. 
Dec. 

Total 

Jan. 
Feb. 
Har. 
Apr. 
ll!ly 
June 

-1946 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Tobie 5 

Colorado River Basin 
Historical Flow and Quality of Water Doto 

San Rafael River near Green River, Utah 

Coneen-
Plov tratioo T.D.S. 

IA.!'.l CT.IA.F.l ITonsl 

Units-1000 

Year tibnth 
Jan. 
Feb. 
Jar. 
Apr. 
Jay 
June 

-1947 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ll!lr. 
Apr. 
ll!y 
June 

-1948 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Tot.al 

Jan. 
Feb. ..... 
Apr. 
!tty 
June 

-1949 July 
Aug. 
Sept. 
Oct. 
l'lov. 
Dec. 

Total 

Jan. 
Ji'eb. 

*r· 
Apr. 
ll!ly 
June 

-1950 July 
Aug. 
Sept. 
Oct. 
!lov. 
Dec. 

Total 

Jan. 
Peb • 
ltlr. 
Apr • 
ll!l:y 
June 

-1951 July 
Aug. 
Sept. 
Oct. 
l'lov. 
Dec. 

Total 

~. 

Feb. 
ll!lr. 
.I.pr. 
M>y 
June 

-1952 July 
Aug. 
Sept. 
Oct. 
Sov. 
Dec. 

Total 

Conoen-

1~:;:, ,;j!:~, 7T~~;i 
J&n. 
1'eb. 
M>r. 
Apr. 
M>y 
June 

-1953 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan .. 
Feb. 
M>r. 
Apr .. 
lhy 
June 

-1954 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jen .. 
Feb. 
M>r • 
Apr. 
M>y 
June 

-1955 July 
Aug. 
Sept. 
Oct. 
Nov .. 
Dec. 

Total 

Jan. 
Feb. 
M>r. 
Apr. 
)jgy 

June 
-1956 July 

Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Tot.al 

Jan. 
Feb. 
M>r. 
Apr. 
Moy 
June 

-1957 July 
Aug. 
Sept. 
Oct. 
Jfov. 
Dec. 

Total 

-1958 

Jan. 
Feb. 
M>r. 
Apr. 
ll!ly 
June 
July 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

To obtain ag/l mJltipl:y T/AF b:y 735. 
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Concen-

,;~;:~ I 7T~~;i 
0 

6 __ ,_ 
2 

31 
_.2__ 
__2_ 

1 
~ 
--4-

_i__ 
81 

_i__ 

-+-
___L_ 

8 
__J,__ 
__ l _ 

__L_ 
__ 4_ 
___a_ 
---'
~ 

>6 

2 4.o 
--2- 3.5 
-r- __i,2__ -+- __u_ 
---..;- -H-
--0- --0-

__J__ 3-7 
0 0 

--0- --0-
--l- -s:c 
--2- --r;:s 
~~ 

__J__ 
__J__ 
__}__ 
____L_ 

-+ 
____L_ 
___l._ 

~ __ o_ 

_-5._ 
__Ji_ 
__£_ 

~ 
_-2_ 

-+---4-

~ 

_L 
112 

8 
_..1___ 

21 __ l_l_ 
__ 1_2_ 
__ 1_7_ 
--0-
__ l_l_ 

--0-
--0-

5 
__ 9_ 

101 

ll __ l_O _ 
__ l_O _ 

. 

__ 1_8_ 
lf 

4 _ ___,_ 
_..!l_ 
__o_ __,____ 
~ 

_J.3_ 
---22-
--2Q_ 

-1;3-
__..!!L 
__ 8_ 
__ 18_ 
____11_ 
_J_ 
__ 8 _ 
_J.3_ 

252 



Year .....; .... 
Jan. 
Feb. 
Jtar. 
Apr. 
ltly 
June 

-1959 July 
Aug. 
Sept. 
Oct. 
lfov. 
Dec. 

Total 

Jan. 
Peb. 
Mlr. 
Apr, 
May 
June 

-1960 July 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 

Total 

Jan. 
Feb. 
Mer. 
Apr. 
ltly 
June 

-1961 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
ltt.r. 
Apr. 
Mly 
June 

-1962 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Peb. 
Jtar. 
Apr. 
ltt.y 
June 

-1963 July 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Jan. 
Pel>. 
ltlr. 
Apr. 
lla7 
June 

•19& July 
All&• 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Table 5 

Colorado River Basin 

Historical Flow. and Quality of Water Data 
San Rafael River near Green River, Utah 

Units-1000 
Concen- Conoen.-

Plav tration T.D.S. Plov tration 7.;!:~, IA.r. l (T. /A.r. l (Tonal Year ltlntb IA,F. l IT.IA,F. \ Yoar --·" =±=-ra-~ Jan. 
__ _..._ 

_.hi_ ___!L_ Jan. 
__ 12_ Feb. _.3.__ ----1J__ __..u.___ J'eb. 

__J__ __ ._o _ _i_ ltlr. -----1.._ _j.lL_ ____l2___ ltlr. 
__ 2_ -3L Apr. ----2_ 

i:~ _l.L Apr. 
__ l_ 
~ -+- ltly _l8__ --2!L:_ ltly 

____L_ __ ._o _ 
Jll!le ---IL- __.g__ __.:zo__ June 

_.JL_ 
__ o _ 

0 -1965 July --3IL.. ~ __w_ July 
__ l_ ~ _.L_ Aug. -----16_ ~ _!&_ Aug. 
__ l_ 
~ -+- S<ept. ______.,____ _j.lL_ ___2'l__ Sept. 

--1._ .0 0.:,t. __JL_ ___i...s__ ---18__ Oct. 
__ 2_ -----i;:o --8-.-

llov. ___:_5_ 4.8 24 !iov. 
7.0 eI -H-~ -+-- Dec. ~ Dec. 

-l.Q Total 1 ~ Total 

---1..:__ ~ 6 Jan. _.L_ ___h!_ ll Jan. 
--2.-- __bL ___1_ F.,b. -+- ___h!_ -rr-- Feb. 
__ 8_ ~ __ 22_ 111.r. ~ ~ llor. 
__J__ ____l,L __ 10 _ 

Apr. ~ --!+ 
--12-

Apr. 
_JL_ ~ _li_ ltly ~ d ~ Mey 
__ll_ _LL __n_ June __a_ -----S--1 JUne 
_L-~ __ o_ -1966 July __:!_ _!t..L _.2_ July 
__ll_ ___a_ _lL_ Aug. ___L_ ---3.!L ____l_ Aug. 
____l___ ___lt&_ __ 4 _ Sept. __g_ ~ 10 Sept. 
_JL_ --kL _.l:Q_ O<:t. l 0 -a- Oct. 
-----2.__ _!L.L __q_ Nov. 1 ----r.o ~ Nov. 
-----2.__ --1wL.. __a_ Dec. ~ --2.&_ lD· Dec. 

w:; ~ F. "". Total 4.o n' Total 

__ 2_ ____l,L -t- Jan. _-l._ _JJ_ _-1_ Jan. 
__l__ ---2:J_ Feb, __a_ _L. Feb .. 
__ 2_ -Po-

--11-
liar. __a_ ~ __2_ ltlr. 

__ 2_ -a- Apr. _J._ __ 6 _ Apr. 
__J__ 3,0 _.2_ llay __s__ _3..2.._ __i6_ May 

2 ___&L ____L_ June ___Z!_ --2..&_ ~ JUne --0- 0 0 -1967 July _J__ ~ ___2l,_ Jilly 

i/3 2.9 --20-
Aug. ---3-~ __l.O__ Aug. 

-¥o- -li- Sept. --5.- _3..6_ ____ia_ Sept. 

-+- .o Oct. ___2_ _.!L.6:_ ---3- Oct. 
---r.5."" ~ llov. ___2_ --11.5_ ___!l_ Rov. 

·t! 4.5 --,-.&-- Dec. -+a- --5..Q_ __l.O__ Dec. 
....... Total ... , , ,;.; Total 

---2- 4.0 8 Jan. ___2_ ----5..Q_ . ____J,,Q_ Jan. 
_JL_ 2.5 20 Feb. --3- __Jw._ rn Feb. 
__6_ _.a.L __lL_ liar. --3- ---+.t- Mar. 
__u__ __.L3_ ---1L Apr. __2_ _.l&__ Apr. 
~ ~ --3.1.;_ Jlt'ly ___L_ 3.8 __il_ Moy 
--3l-:.- _i.lL ----3!- June ---ZL_ =ti:: ___li__ June 
---l--~ _.ia__ -1968 July 

__ 6 _ __ZI._ J~ 
~ _JwL _Ji._ Aug. ___lJ,_ ~ _.3.L Aug, 

-..1-- --3-lL ___g_ Sept. _Ji._ _J..!L ---1L Sept. 
____L_ _!i...L ____ia_ 0.:,t. _-1_ __..h1_ _2!_ Oct. 
---2--~ _.ll_ Nov. ____i_ ___hL __ 12 _ Nov. 

~ -t+- ---,T Dec. --2_. ---H- ___g_ Dec. 
Total 

.,.., .,,0 Total 

2 -t.f- ll Jan. --- --- --- Jan. ----..---- ---n- Peb. --- --- --- 7eb. --2- p ---n- Hor. --- --- --- Mor. --1- 0 -,,-
Apr. --- --- --- Apr. 

~ ~ ~ Moy --- --- --- Mey 
10 ~ ~ June --- --- --- JUne 
1 ~ -r- July --- --- --- July 

~ . !:; =F Aug. --- --- --- Aug. 
Sept. --- --- --- Sept. 

l .o ~ Oct. --- --- --- Oct. 
2 t-5 . 9 . llov. --- --- --- Rov. 
2 -~:~ ~ Dec. --- --- --- !)ec. 
~ Total Total 

____L_:. 6.o 6 Jim. --- --- --- Jan. 
_.L_ ~ --e J'eb. --- --- --- Feb. 
___L_ a:& 1t ltlr. --- --- --- lllr. 
___J,__ Apr. --- --- --- Apr. 
_JS._ H ---29_ Illy --- --- --- lily" 

_.2\1._ _33.._ June --- --- --- June 

--r- __12_ July --- --- --- July 

---* 
22. Aug. --- --- --- Aug. --,.-- Sept. --- --- --- Sept. 

--0- --o- --0-
Oct. --- --- --- Oct. 

--1- g il llov. --- --- --- lov. 

3 bee. --- ------- Dec. 
51. 2.7 157 . Total 'fatal 

To obtain Ilg.fl .. 1ttplJ T/il bJ 735. 

°""--Plov 1i~!~~' 
T.D.S. 

IA.P.) ITona) 

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ---
--- --- ---

--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---

------ --- ---
--- --- ------ --- ---
--- --- ---
--~ --- ------ --- ---

--- --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ------ --- ---
--- --- ---
--- --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- -·-- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---



Table 5 
Colorado River Basin 

Historical Flow and Quality of Water Data 
Son Rafael River near Green River, Utah 

(Annual Summary) 

Units-1000 

Flow Concentr.ation T.D.S. 
Year (A. F.) (T.7A.F.) (Mg./l) (Tons) 

1941 132 1.9 1,420 268 
1942 137 2.1 1 1 530 286 
1943 73 2.9 2.140 213 
1944 149 1.8 1.300 263 
1945 85 2.5 1,850 214 

1946 69 3.1 2.310 217 
1947 111 2.6 . __!,900 287 
1948 62 2.7 1,960 165 - -
1949 135 2.0 1 1490 274 
1950 53 3.2 _.1....11Q_ 171 

1951 75 2.7 2,020 206 
1952 314 1.5 1!090 466 
1953 81 2.9 2 1130 235 
1954 36 3.8 2 1 soo 137 
1955 29 3.5 2,560 101 

1956 33 2.6 1,940 87 
1957 189 1.7 1,280 ---,-~ 

- -
1958 172 1.5 1,080 252 
1959 21 3.9 2,840 81 

- 1,890 IIB 1960 46 2.6 

1961 48 3.3 2,390 156 
1962 112 1.8 1 :/~00 198 
1963 46 3.5 2,oOo 163 
1964 57 2.7 2,020 157 

184 1.8 1,310 -
1965 - -- 329 

1966 33 4.0 2,960 133 
1967 54 3.1 __ 2,250 165 
1968 

--72-- 3.0 2,240 21§ 

Total 2,615-. - 5,891 ------ --z-.-:r- -
U.~ra~t! 93 1,660 210 
Sampled quality record November 1946 to September 1949; November 

1950 to December 1968; remainder by correlation. 
Measured flow record October 1945 to December 1968, remainder by 

correlation. 
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Year lt:>nth 
Jan, 
J'eb .. 
Mor. 
Apr .. 
Moy 
June 

- 1941 July 
Aug. 
Sept. 
Oct. 
liov. 
Dec. 

'J'otal 

Jan. 
Feb. 
Mor. 
Apr. 
Mey 
June 

- 1942 July 
Aug. 
Sept. 
O<:t. 
Nov. 
Dec. 

'l'otal 

JB.n. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

- 1943 July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr .. 
Mey 
June 

- 1944 July 
Aug. 
Sept. 
Oct. 
Mov. 
Dec. 

Total 

Jan. 
1"e-b. 
ltlr. 
Apr. 
lliy 
J\lllC 

- 1945 July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Jan. 
P'eb. 
Mar. 
Apr. 
Moy 
June 

- 1946 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Concen-

Tobie 6 
Colorado River Basin 

H istoricol Flow and Quality of Water Data 
Colorado River near Glenwood Springs, Colorado 

Units-1000 

Yee.r Nol>th 
Jsn. 
P'eb. 
Mar. 
Apr. 
Moy 
Jlme 

- 1947 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jlln. 
Peb. 
ltlr. 
Apr. 
Moy 
J=e 

- 1948 July 
Aug. 
Sept. 
Oct. 
Nov. 
O.,c. 

Total 

J<in. 
Peb. 
Mor. 
Apr. 
Moy 
June 

- 1949 July 
Aug. 
Sept. 
Oct. 
1'ov. 
Dec. 

Total 

J'en. 
P'eb. 
ltlr. 
Apr. 
Moy 
June 

- 1950 July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

'l'ctal 

Jan. 
l"eb. 
Mor. 
Apr. 
Moy 
June 

- 1951 July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 

*Y 
June 

- 1952 Joly 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

34 __ 3_2_ 

~ -w-
--ws-

791 

Jan. 
Feb. 
Hor. 
Apr. 
Moy 
June 

- 1953 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Hor. 
Apr. 
Moy 
June 

- 1954 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Jbr. 
Apr. 
ltly 
June 

- 1955 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb~ 
Jbr. 
Apr. 
Moy 
June 

- 1956 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
liar. 
Apr. 
ltly 
June 

- 1957 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

- 1958 July 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

To obtain mg/l multiply T/AF by 735. 
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now ... ___ 
~-~ (A.f~ ..... 
fe'b. Z' lllr. -----*-Apr. 
Mt7 ~ 
June ~ 

-1959 .Nly --i:2b 
Aug. 89 
Sept. ~ Oct. ..,... 69 
Doc. ~ 

Total 1- •41 

61 -· Feb. --;;-
lllr. ~ 
Apr. -----rn> 
Mt7 288 ,,,_ ----3ll._ 

- 19(:o .Nly ____J,gL 
Aug. 

~ Sept. 
Oct. ..,... =+i Doc. 

Total l.m-

..... ~ fe'b. 
lllr. ---1!-Apr. 
"'7 ~ 
.June ~ - 1961 .Nly 
Aug. --;;-Sept. 
Oct. ..,... 61 
Doc. _]]._ 

Total 1 ~~ 

Jan. __ So_ 
fe'b. _..2L ..... --l2L 
Apr. _ill_ 

"'7 __232.... 
.June -m--1962 .Nly 
Aug. -uo 
Sept. 7'4 
Oct. _gr_ ..,... 102 
llec. 

2 J9 Total 

..... 4 fe'b. 
Mor. 
Apr. ~ 

"'7 175 
June 122 

-1963 .Nly ~ 
Aug. 

¥ Sept. 
Oct. 5, 
lloT. 
Doc. ---;;!--

Total 

Jan. --1§_ 
fe'b. -----3L ...... -71-Apr. 
"'7 210 
.7lae ~ 

- 1961> .1ul7 =it: Aug. 
Sept. =I: Oct. 
lloY. =1I: Dec. 

Total 1,021 

Tobie 6 
Colorado Ri\fer Basin 

Historical Flow and Quality of Water Data 
Colorado River near Glenwood Springs, Colorado 

Units-1000 
Concen- Concen• 
tnt1Cl1 T.ll.S. Flow r~:i!~~l ~;~·s. 
<T-t~5-t> 1f Te.r -th IA.F. l on•l 

,,. ___ --·· Jan • -,;t-~ --3.6....__ Jan. 

-it-~ 
Feb .. ~f l'eb. 
Mtr. _.!!.2_ -......62._ Mtr. 

~ Apr. loli ~ ---2_ Apr. --:w: --rr- Mt:r -263.- -3lL_ ____:a_ May 
~ --a,- June _J.!;6_ ~ l~ June 
---:-Qr ~ - 1965 Jul¥ -21L _..ll_ Jilly 
--:ri 

'~ 
Aug. _.J.7.L --3!L- ___£]_ Au;i. 

J? Sept. --.35-~ ~ 
Sept. -,;r- Oct. ~ Oct. 

.55 --w- Bov • ~ li Jlov. 

.53 31 Dec. ~ ~ Dec. 

.42 •67 'l'ot.al mo Total 

--* 33 ----1lL o."8- .. 
__lL_ Jan • .Jan. 

0 ~ Peb. ____JQ_ ~ ___.R_ Peb. ----;r;r -.;i;- Mtr. -+ :~-
__ 42_ Mar. 

.32 _.2L_ Apr. __l2_ Apr. 

---!&... ~ May _ill6..._ .l~ ___;,6__ May 
_dL· June =::jt rs June 

~ -i- - 1966 .Nly ___:2L_ .Nly 
Aug. _:a_ ___.!;6_ __J5_ Aug •. 

--:F -----.0- Sept. ____68_ • l,b l~ Sept • 
--:b2 ~f Oct. -----1L Oct. 
----ri- llov • ~ 

_,ffi_ --2L Jlov. 
.54 --;i-- Dec. ____,_]L_ -d}- Dec. 
. •o Total l02il .47 Tatel 

__.:&_ ----3L Jan • _.!!.2_ __._6L ----3L Jan. 
__,,,a_ ____JQ_ P'eb. __il_ ___.fiL __.2fL Feb. 

:i'r ~ 
..... ---.bL _____tl2_ ___!UL_ Mar • 
Apr. ll!, _.!t5_ __lfi._ Apr. 
Moy -4 --21_ Mly 

~ '~ 
hue 250 70 June 

- 1967 .Nly ---1J2.... .47 65 Jilly 
.59 -2!1_ Aug. __3Q_ ----5.L ----5J._ Aug. 

.Zj_ =ft= Sept. ~ ____.59_ --*- Sept. 
Oct. ~ Oct. 

:Zi 40 lloT • _..69_ ----5.L __J.2_ Jlov. 
•6 Dec. ~ -*" --3L. Dec. 

.44 "0 Total «< Totol 

.44 §~ Jan. --il... __.2L ---1L Jan. 
~ Peb. _.a_ ___ill_ ~ Feb. 
__.32_ __.!&._ Mtr • ___62_ ,ij ~ Mir. 
_...3L ----1lJ._ Apr. ~ Apr. 
_&3_ ____ill_ Mly 

~ ----l6.. -----62.._ lhy 
_&3_ -it- hue --:&- _l_ June 
~ - 1968 Jilly _m._ .Nly 

:!. '~ 
Aug. ---1.2i... _.M.._ Aug. 
Sept. -----1!L __..53_ ~ Sept. 

--i- Oct. ~ ___..22.._ __ 42_ Oct. 
.111 JIOY • --1i!L __.a__ _-31_ Rov. 

-:.2L ~ Dec. ,--;;§! ----* ~ Dec. :n Total Totol 

.67 __ 37_ Jan • --- --- --- Jan. --:n- si Feb. --- --- --- Feb. 

.58 Mir. --- --- --- Mir. 
___.!ilL ::± Apr. --- --- --- Apr. 

:~ 
Mly --- --- --- Mly 

-tt- June --- --- --- June 
.Nly --- --- --- .Nly 

.liO ~ Aug. --- --- --- Aug. 

--1!- ~ 
Sept. --- --- --- Sept. 
Oct. --- --- --- Oct. 

~ llov. --- --- --- Jlov. 
~ ~ Dec. --- --- --- Dec. 

-" Total Totol 

.eo ~ Jan. --- --- --- Jan. 

=t: ~ Feb. --- --- --- Feb. 
Mir • --- --- --- Mir. 

ii Apr. --- --- --- Apr. 
~ *7 --- --- --- Moy 

~ ~ June --- --- --- June 
--&.. JUly --- --- --- .Nly 

-it- § Aug. --- --- --- Aug. 
Sept. --- --- --- Sept. 

__J_ Oct. --- --- --- Oct. 
__:.E_ ii ..,... --- --- --- llov • 
~ Dec. --- --- --- Dec. 

.52 529 Total Total 

To obUio -a/l •dt1pl7 T/AI by 73S. 
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Coneen-
FlDll tration T.11.s. 

IA.F.) (T./A.F.) 1-...1 

--- --- ------ --- ---
--- --- ------ --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ------ --- ---

--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ------ --- ---

--- --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---

--- --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ---

--- --- ---
--- --- ---
--- --- ------ --- ---
-- --- ---
--- --- ------ --- ---
--- --- ---
--- --- ------ --- ------ --- ------ --- ---

--- --- ---
--- --- ------ --- ---
--- --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ---
--- --- ------ --- ------ --- ---



Table 6 
Colorado River Basin 

Historical Flow and Quality of Watar Data 
Colorado River near Glenwood Springs, Colorado 

(Annual Summary) 

Units-1000 

Flow Concentration T.D.S. 
Year (A.F.) (T.7A.F.) (Mg. /l) (Tons) 

1941 l 2 713 0.34 25{t 591 
1942 1,903 .33 239 620 --
1943 1,827 .33 244 607 -· 1944 ll494 .35 257 523 
1945 1,764 .31 230 553 

1946 1,542 .36 262 549 
194 7 __ 2_,29~ .28 207 648 
1948 1 2881 .32 236 604 
1949 2,036 .32 235 652 
1950 1,45~- .38 276 548 ----
1951 1,891 .33 241 619 
1952 -·2,4-43-- ---~32- ~238 791 
1953 1;·563 .39 290 616 
1954 855 .55 404 470 
1955 __ l,05_!._ .49 364 __ 520_ ------

1956 1,455 .41 299 591 
1957 -2,462 .32 238 797 

1,680 26I ----
1958 .35 596 
1959 I,341 .42 3II 567 
1960 l,4i5b --~ 285 • 568 

1961 1,209 --~ 322 530 
1962 2,407 .3]_ 22'+0 786 

---9-22 392 -
1963 .53 492 

1964 1,021 .52 -""3Br- 529 ·-

1965 1,764 .38 ~79 670" 

1966 1,024 .47 347 483 
-r;no- ---- 337 1967 .46 555 

1,350 -- --nz-
1968 __ • .!±L_ 573 -----
Total 45,030 16 ,648 ----- ----- 272 1,608 .37 595 

Aver.<~ P<' - . er Sampled quality record Octob 19 
by correlation. 

41 toJrecemher llJbH • remai.naer 

Measured flow record entire period. 
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Historical 

Table 7 
Colorado 
Flow and 

River 
Quality 

Basin 
of Water 

Colorado River near Cameo, Colorado 

Units-1000 
Concen- Concen-

P1ov tration 1:cn::i Flov tration T.D.S. 
i're&r ltmt.h IA.'f'. \ (T.IA.'f'.\ Year M>nth IA.'f'. \ IT.IA.F. \ '"'onsl 

Jan. ____il__ 1.23 ~ Jan. 82 1.04 ~ 
Feb. __JU__ ----r:l5 ___JJ__ Feb. 

__ 8_2_ 
.99 _.BJ._ 

ltlr. ------82._ 1.11 ~ !Br. ---io7 ~ --1.lll.-
Apr. --1.ll_ .83 --1.l.Q._ Apr. --us .63 __lU_ 
187 --2il_ ~ ---3ZL- 187 ---ao9 --.2-8- __zn_ 
June --8ll.l.._ --.-28-

--22.5..- June 1.027 .25 -2.il__ 
-1941 Ju1y ---3.l.L_ .47 __u.a_ -1947 July 732 _,n_ --12.a_ 

Aug. ----1A!L_ .91 ___llJ_ Aug. --v;o .S8 -1li-
Sept. --1.U_ --.-9-7. 

---1.J.ll_ Sept. --u+3 --.7-8-
....J.U_ 

Oct. --16li_ 88 ---146- Oct. 153 80 __w._ 
Bov. _l.2!o_ .96 --1.ll- Bov. 135 .77 _ll!!i__ 
Dee. --1.Cll...... 1.11 ---1.1"- Dee. ---us ---:86 

' ~o~ Total ' "'" .SS <•• Total 3806 ---:43 

Jan. _.ill.._ _____hl!_ ___ill._ Jan. _J.lL .84 _!fl_ 
Feb. -- 1.19 ~ Feb. __llL_ 

--.8-1-
___2Q._ 

Mar. --1.Cll...... ---u3 _llL_ !Br. _lli._ --:go --lll!i_ 
Apr. ---13/o.__ .62 --121- Apr. ~ ~ --1!tL-
lla7 ___llL_ ~ ___lllL *Y --9.Z(L_ ~ ~ 
June -4215---~ ____ll2._ June _Bl.f.._ .26 --21L.... 

-1942 July 406 .44 ___!li_ ·1948 July ___.:u.z.__ .47 _liL_ 
Aug. ___lli_ ~ ---1.J.ll_ Aug. _.J.41_ ___.J_]_ _J.U._ 

Sept. __ 86_ _Lli _il_ Sept. _.as_ --1...Q.L ___u_ 
Oct. _li_ ~ --1ll- Oct. ~ _L.Ql_ --1l.l.-
Bov. --..2!L.... _Lli ---1.ll- llov. --1JlJ._ ~ __]fil_ 

Dee. ___!!{I___ _.J..26. _J1lA_ Dee. _go_ ~ 
__ 94 _ 

Total ' ... "· Total ... , l 604 

Jan. -1..L.. ~ __llllL_ Jan. 99 ~ ~ 
Peb. _____.u.._ ~ ~ Feb. 

--84-
_....2..L __ 7_7_ 

Mar. _li._ ~ ~ *r· 
--98-

__...il. 96 
Apr. _llJ._ ~ __.ill- Apr. ---zor- ___._u_ 131 
!By --51!9_ ---.lZ --1.6..3- *1 ----m-~ ~ 
June __ill__ __.u ___.Z.li_ June ~ ~ 281 

·1943 Ju1y --3ll... ~ _ill.... ·1949 July ---s94 _____.1!i_ 202 
Aug. _li2._ ____.ll _lill.... Aug. --w;-~ ___!ll_ 
Sept. ---1l.L_ ___..il --1JlA._ Sept. ---m- ___..2.l. __ 1_13_ 

Oct. -11..L ___LJ)j} ......l.J.L.... Oct. --m- ___...ll. ___llL 
Bov. --1l.S.... ____..jQ ~ Jov. --yos ---1.Ql.. 109 
Dee. ---101_ ____.23 --1Jlll.._ Dee. --iol ---1...QL --io6 

Total ..... <? ' ... Total 3368 4Q 1666 

Jan. ___JJL_ _L2!t 92 Jan. 91 ___.Lllit_ 95 
Peb. __26._ _Lil ~ Feb. ~ _____..2.L 84 
ltlr. _.1IL_ _Lil --'90 *r· ---us __.ll.L ---1Q1_ 

·. Apr. --lJ..8_ __M ---roe- Apr. ---m- ___...il. _.llL 
May -S64- _-3b -zo3 *Y ~ _.ail. _ill_ 
June ----890..... _-24 -m- June ---,g] _...21.... _llL 

·1944 Ju1y _;ua._ --3B --m- ·1950 July ---m- ----.S!i.. _.liL 
Aug. -.u1- -80 

--98-
Aug. ---us _-.SL --1QL 

Sept. _..J.a... _.J..l)9 
--8S-

Sept. 111 _-.il. --1llL 
Oct. ----$.9..... ----l...05 -w4 Oct. 97 __L..1.2.. __llL 
•ov. ~ 1.01 ~ Jlov. 

__ 9_8_ 
--1-li.. ---1lL 

Dee. 
? ,!~ 

---roz 101 Dee. _.2L. --1..llL --1JlL. 
Total 

---.S-3 1 415 Total ? ... .. , "" 

Jan. ---1.L. 1.15 __ 90_ Jan. _36- _i,Ql_ 97 

Feb. _..12._ 1.18 _ll._ Feb. __ 8_8_ ____..22_ 
--84-

ltlr. -"- ___ ._99 ~ *r· 
__ 9_9_ --1..QL ~ 

Apr. ---1.J.S._ ___.19 --1ll!t-- Apr. ~ ~ 106 

ltl7 _..6QL_ ___ ._36 ___lli_ 187 __llL_ ~ __ill_ 
June ---1lil_ .27 _llL. June ~ ~ 232 

-1945 Ju1y --"iJL. .33~ ·1951 July ___ill_ _...Th. ~ 
Aug. -Jiil.... __..2.2 _lil- Aug. _..lQl_ ~ ~ 
Sept. _..ll8... _.& _ll.... Sept. ~ _...22. 100 

Oct. -..u6... ~ _l.DlL- Oct. --12lL. __..il.. _llQ_ 
llov. ---US-.. ~ --1.llL... Bov. __l!l!t_ --ll. --.lQ.L 
Dee. ---1l.L _....ll. --1ll!t-- Dee. ., !~ ---"* .~~~ Total . ·-- <n ''"" Total 

Jan. --1llL _-ill. _ll.... Jon. __ 9_6_ ___bfil.. 97 
Feb. __n_ ___.ll __ 8_8_ Peb. __ 84_ 1.06 

__ 8_9 _ 

Mar. _.il., ----9lo. _..n_ !Br. __llL .99 ---rrr 
Apr. ---245.... --il _..ua.... Apr. __Jll_ ~ 188 
May _..4A9.... -....l1 --1.!lL. Noy ___ilL 

__ .li 
__ill_ 

June --689... ~ --1iJ_ June ...l.JZ.lL. ~ 343 

-1946 July -242... _..u _1J.6_ ·1952 July _Md... ~ --m-
Aug. --l2t.... _....ll _..lQL_ Aug. _nL ..-...1.Q. --m-
Sept. -----S2.... _.1.21 _..il- Sept. _llL ____.2A. ---m-
Oct. ---122... ___Ji --1l2i..- Oct. __ill_ ~ --u9 
Jloy. __.UlL __.ll _.li.... Bov. __llL ----1...Q!i. ----w-
Dee. ~ ----1!l __g9_ Dee. ____!IL ---1.....12. ___llL 

Total 2,S54 .54 l,™ Total 4,134 .so 2,051 

To obtain mg/I 1a1lt1ply T/AF by 73S 
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Data 

Concen-
l'lov tration T.D.S. 

lv-r -n'" IA.P. I IT. iA.F. I ITonsl 
Jan. __ 9_9_ 1.03 -1QL 
Feb. __aQ_ 1.06 __l!5._ 
!Br. ~ __ .9_6_ ---9L 
Apr. __ !_3_6_ . 78 _.lJlL 
!By 346 ~ -UL 
June 887 --.-27-

----13.L 
-1953 July __.l2L --.-S2-

_..llL 
Aug. _____lli_ 

--.-72-
__li!L 

Sept. 101 --.-99-
_..lQQ_ 

Oct. 101 1.06 --1Jll_ 

lfov. 99 1.13 ---1.lL 
Dee. -92 l":T7 ---1ll.L 

Total 2 S31 --.-S9-
I S02 

Jan. ~ !. 00 95 

Feb. __ 8_1_ ----us __ 8_S_ 

!Br. 94 ---r:ol 
__ 9_S _ 

Apr. 136 
--_-7_8_ ~ 

*Y ~ ---:-48 ---m-
June _ia:L 

--_-6_0_ ----rrl 
-19S4 July ~ 

--_-8_1 _ __ ll_B_ 

Aug. ~ .97 102 
Sept. --1.Q.L --.hQ2_ 110 
Oct. ---1l.L . 97 --1-21-

·!fov. -----2.L 1.07 ~ 
Dee. ---B2._ --1....1.L 101 

Total I <6< .83 I 303 

Jan. _.EL _LlL 91 
Feb. __..il_ 1. 2S ---84-

*r· _.M_ 1:13 ---9-7 

Apr. __ill_ 
--_-7_7_ -no 

*Y _.liL .42 ~ 
June ___liL . 37 ---w-

-19SS July .--1.lL 
--_-6_1_ -----rro 

Aug. __lil_ --.8-7-~ 
Sept. ~ -----:94" ---9-4 

Oct. ___n_ --r:o2 ---9-3 

Mov. 94 ~ ----WO 
Dee. 89 --r:o7 ---9-S 

Total I 946 --.7-0-~ 

Jan. ___ 81 _ 1.07 87 
Feb. ___ 7S _ ----r:u-~ 
!Br. _.lll!L. --.-98- -----ro2 
Apr. _U!L. .66 ~ 

*Y _.ili. ~ --m 
June ~ __ .3_1 _ ~ 

·1956 July --1.ll. . 70 ---12-1 

Aug. ---1J.5... .9S ~ 
Sept. ____n_ __ ._90_ ---7-9 

Oct. ---"- __ ._95_ ---8-8 

Jiov. ___ll. ~ 
---B-9 

Dee. _..23.. --1..ll.. 88 
Total ? •9 S9 1 398 

Jan. _-80. ---1....lQ_ 68 
Feb. ~ ___L_lQ_ 8S 
!Br. --8.1 ---.L.li. ___ 9_6 

Apr. ~ ___._BJ_ __u:; 
!By -...591. ~ ----11!! 
June ~ -~~2~7 382 

·1957 July ___Llill. __.n_ ~ 
Aug. --112.. ~ 170 
Sept. -1.ll -~~7~8 ___ 12_2 

Oct. ____ill. ~ ___ 1_21 

Rov. --1.ll ---il. 112 
Dee. ---1Q£ ~ 

---'1! 
Total . . ....-..: '·' 1 ••• 

Jan. __il ____,_ll ~ 
Feb. __ti __._9_3 ___ll 
*r· ~ ___.M. --1.l.ll-
Apr. _.J..ll. ___.]§_ ___D!l. 
!By _.at.1. __.ll ---2il 
June ---...BllJl __ ._2_7 _-2.ll 

-19S8 July _..ll.l __ ._6_7 ---.ll2. 
Aug. ~ ___._ll ___lil6. 
Sept. --1.llJ --1..fil ___lil6. 
Oct. 99 _.L..Q2 _.1lll!. 
Jlov .. 

---9-4 
_i,Q? _Jill 

Dee. ~ ---1..il _-3!> 

Total 2,820 .SS l ,S42 



Historical 

Concen-
Flav tratiOll T.D.S. 

ITr:e.r ...... th (A.F,) (T,/A.F,) (Tons) 
Jan. __ 9_4_ _!,0_2. __9_6_ 
Feb. __aL _bQ!_ ___u_ 
-.r. _...aL --1...QL --2Q__ 
Apr., 118 .83 __ 9_8_ ---m-~ Mly 157 
June ~ 29 _....lll_ 

-1959 July Z1~ __ ._5_9_ __l.ll__ 
Aug. 131 .87 114 
Sept. --los --:98 103 
Oct. --us _...n__ _lU_ 
Bov. -rrr .87· _!Q!_ 
Dec. ~ --:98 ___iL_ 

Total 2,262 --.6-1- 1 ]81 

Jan. 100 _..!L __ 8_9_ 
Feb. 

__ 9_1_ 
_,.!L __ 8_6_ 

llar. ----m- __ ._7_8 _ _ill_ 
Apr. ~ __ ._s_1_ ---1?L... 
lily ---m- ___..1L_ ___lio_ 
June ~ _..2lL ....lllQ_ 

-1960 July --m--~ _llQ_ 
Aug. ------rrr _-ll.._ _lJl{o__ 
Sept ----wz _,.!L __ 9_7_ 
Oct. ~ ~ ~ 
Rov. 

__ 9_9_ 
--1.&L _lJl{o__ 

Dec. too· _..l..llL --1llL.. 
Total 2.413 .. 11.M 

Jan, ---"-- ___..2L ~ 
Peb. ---"-- --2L _.JllL_ 

Mar. _...li_ --L..!IL --9.1...... 
Apr. _lllL _-ll..:_ ----*:r _.l5!t__ _M.__ _.lil_ 

June _A2L .34 ---1il_ 
·1961 July _.lJL ---:81 ---11.L. 

Aug. _J..1i.. .89 ..-lJl2..... 
Sept. _J.li_ ___JJ_ ---12lL_ 
Oct. ~ __..2.2_ --l.l.8.... 
llov. ---1.lL __,11_ ___li._ 
Dec. --12.L __.LL ~ 

Total • nn ..... 1 >OR 

.ran. 115 • 78. __ 90_ 

Jl'eb. ~ 74 -1QQ_ 
-.r. ----UC _._.ft_ _ll2_ 
Apr. 513 _..dO._ -----2lli._ 
ll!y ----12L ___.lL --1.ll_ 
June ~ _.J.L -UL. 

-1962 July ~ ___.JL ----2Q2_ 
Aug. _..llL _...IL _J..3{o_ 

Sept. --1ll_ ___..li;_ --lJ.5_ 

Oct. ---11.l.;. _-lL -12.lL... 
Bov. ___llL ____.l!L --111-
Dec. _m_ __...ll.. --1lJL__ 

Total ' QQC .. 1 ••n 

Jan, _..2i. --1..lL 105· 
Feb. _...ll_ _-It_ 85 
11!.r. _.2.8... ~ _J.Q!L_ 
Apr. ----1ZL _._29_ ---1l2!L 
Noy _..lZJ._ _-40... ___llL 

June --2.4L --5.3... ......llQ__ 

·1963 July --111.. _..!lL ---121.... 
Aug. ---1J.5._ __JU_ _J.06._ 

Sept. ..:-l.12... .69 ---1lllL-
Oct. --S6... ~ .........ll-
llov. ~ __Lil9... __.il_ 

Dec. ---1.L. --1...ll.. ~ 
'1'otal . ·-· ,. ., .. 

Jan, __ s_s_ _..L1L 75 
Peb. __ 5_s_ _.LlL 

__ 6_5_ 

Nor. __ 6_7_ --1.U.:. ---,g-
Apr. _..llli. _...u.. 97 
Noy _!QL ~ 165 
June _.ill._ _....u.. --m-
July _.nL --A2.;. -r38 

-1964 Aug. ---la.:. --4L ---w;-
---ioo Sept. _UL ---lllL 

Oct. _..laL ___wu_ ---ros 
lloT. __jL ---1..J.L -w;--
Dec. __JU_; --1-llL • 98 

Total 1,934 .68 1,310 

To obtain f/llC/l -ltiply T/AP by 735. 

Tobie 7 
Colorado 

Flow and 

River 
Quality 

Basin 
of Water Doto 

Colorado River near Cameo, Colorado 

Units-1000 
eon--

Flav tr&tiOll r~:i Year ltmtb (A.F, l (T.fA.r. l '"··- --·~ 
Jan, 92 ....!.:.!Q.;_ .....!J2!__ Jan • 
Feb. --1L _l...Q.2._ ~ Feb. 
lllr. -"- -1....ll_ _..il._ Mlr. 
Apr. __lil_ ___.li_ ---1ll._ Apr. 
!lily ___!ill__ ___.jL_ _ll§_ Mly 
J\me --...im_ ____.za:_ _....z.a_ June 

-1965 July _.6ll.2._ ___.J!t_ -2QL_ July 
Aug. 273· ____._&__ _ill_ Aug. 
Sept. 172 ___._a_ __llL_ Sept. 
Oct. --1fi1.._ -....2.L. ---1.ZL_ Oct. 
llov. ___llL._ __._IL_ _.lQl__ Bov. 
Doc. ---1..lL-. ---.D.._ -.NL Dec. 

Total ' OftO <n , .... Total 

Jan. ----1.lL ______.n_ ____ft_ Jan. 
Feb, ---22..... ___.n_ _Jll_ Peb. 
ltlr, -1.ll... _.n__ -1DL ltlr. 
Apr. --1il..... ~ ____ll_ Apr. 
!lily ___J_U_ ~ ___liL_ lily 
Jun<> --2.lL.. -..il.... --1lJ_ June 

-1966 Jul,y ---12.L. ___,]L_ __ill__ July 
Aug. ~ --llL.. --1lllL.. Aug. 
Sept. _.lQl___ ___.li._ ___ll_ Sept. 
Oct. -1QL. __JJL --1llL.. Oct. 
llov. _il.;_ -1..JlS_ ----"-- Rov. 
Dec. -----8i.;_ -1...2.2.... ---1llL. Dec. 

Total 1 AM ,, , '" Total 

Jan. 86 ....1..J.l_ --.ll..__ Jan. 
Feb. 

--74-
-1...Jl6__ ----1.IL. J'eb. 

lkr. 106 -"- ___il:_ lllr. 
Apr. 137 -12.... -----9.L.. Apr. 
!lily __llL --1Ll.- ---1J.L.. Mly 
J\lne 543 .:...-ll._ ---1..QJL_ June 

-1967 July ---"2s9 --il- ____lil_ July 
Aug. 137 -B:L. ---11.lo._ Aug. 
Sept. ---1.2.2.... __qa_ ___1.1.2_ Sept. 
Oct. ___lll_ --42- ---1Jl6.... Oct. 
!lov. _!l!!L__ _-li_ ___!l.!l_ lov. 
Dec. _Jl!Q_ ...l..JllL _..lllQ_ Dec. 

Total 
, ,...,. ,,. ' - Total 

Jan • __ 89_ _J...ll._ 100 Jan, 
Feb. _ll_ _9JI_ 85 Peb. 
Nlr; _.i§.:_ ....l....01- __ ._9_7 _ Nlr. 
Apr. _Jll.._ _:u_ __ill._ Apr. 
lily ~ _.u_ _.ill_ lily 
June --2ll.,_ -2L- _.lQ!!_ June 

-1968 Jilly ---2llc... ---.ll- ___ill_ July 
Aug. ----12L._ __-il._ --12lL Aug. 
Sept. ___llL_ -BL- --12L Sept. 
Oct. _ill.;_ ---ll.... __ill_ Oct. 
Nov. --1J.l...;._ -il- --12L !lov. 
Dec. _1ll{L__ _-li._ __llU_ Dec. 

Total • A>Q .,. 
1 '··· Total 

Jan. --- --- --- Jan. 
Feb. --- --- --- Feb. 
Mor. --- --- --- Htr. 
Apr. --- --- --- Apr. 
lily --- --- --- !lily 
J\me --- --- --- .fune 
Jul,y --- --- --- July 
Aug. --- --- --- Aug, 
Sept. --- --- --- Sept • 
Oct. --- --- --- Oct. 
11ov. --- --- --- lov. 
Dec. --- --- --- Dec. 

Total Total 

Jiu>. --- --- --- Jan. 
Feb. --- --- Feb. ---
ltlr. --- --- --- Mor. 
Apr. --- --- --- Apr. 
Moy --- --- --- Moy 
June --- --- --- June 

Jul¥ --- --- --- July 
Aug. --- --- --- Aug. 
Sept. --- --- --- Sept. 
Oct. --- --- --- Oct •. 
lov. --- --- --- !IOYo 

Dec. --- --- --- Dec. 
Total Total 
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eo..--
Flow ,;j~~;:} ~~-=i (A,F,I 

--- --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ -.-- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---



s 

Table 7 
Colorado River Basin 

Historical FloV\' and Quality of Water Data 
. Colorado River near Cameo, Colorado 

(Annual Summary) 

Units-1000 

Flow Concentration T.D.S. 

Year (A.F.) (T.7A.F.) (Mg.fl) (Tons) 

1941 3 2072 01SS 402 l,661 
1942 3,489 .S4 394 l,829 
1943 2,946 __ .g_ 379 l,521 
1944 2,680 .S3 3BS __ 1.!i:.ll_ 
194S 3,027 .so 3E>9 l,520 

1946 2,SS4 .S4 398 1,3~ 
1947 3,806 .43 JlZ 1.641 
1948 3,226 .so 365 1.604 

3.,36S ---
1949 .49 J6~ __ 1,666 
1950 2,516 .S9 433 1,482 

1951 2,948 .52 380 1,526 
~~ ----

1952 .so 365 2a0Sl 
19S3 2,53I .59 ~J6 11S02 
1951+ I,SE>5 .83 612 11303 
1955 I, 946 • 70 Sl3 l,3S8 

1956 22391 .S9 430 12398 
19S7 4,326 .4S 334 1 2966 
19S8 ---Z,-820 - .SS 402 l,S42 
1959 2,262 .61· 449 1,381 . 
1960 2,413 .SB 429 1,407 

1961. 2,033 .64 469 1,298 
1962 3,98S .46 338 1,830 
1963 1,571 • 79 S82 1,243 
1964 1,934 __ • ..§~- 498 1,310 -
1965 3,035 .so 369 1,_658 ----

1966 1,800 • 71 519 1,272 
1967 2,144 --~-

---468 1,364 
1968 2,li~ .60 439 --~ 

77,229 ----
Total 42~Sl 

2,758 ~---- --406 -
Av\•rat>P. .SS l,S23 

,led ualit' record entire enod. amp q y p 
Measured flow record entire period. 

-105 



Year ........_.,.. 
Jan. 
Feb. 
Mlr. 
Apr. 
Mly 
June 

-1941 Jul.J 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. ,..,.. 
Apr. 
May 
June 

• -1942 July 
Aug. 
Sept. 
Oct. 
lloy. 
Dec. 

Total 

Jan. 
Feb. 
Mlr. 
Apr. 
Moy 
June 

-1943 July 
Aug. 
Sept. 
Oct. 

"""· Dec. 
Total 

Jan. 
Feb. 
Mar. 
Apr. 
Moy 
June 

-1944 July 
Aug. 
Sept. 
Oct. 
Rov. 
Dee. 

Total 

Jan. 
Feb. 

*"· Apr. 
Moy 
June 

-1945 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
l'eb. 
Mar. 
Apr. 
Moy' 
June 
July 

•1946 Aug. 
Sept. 
Oct. 
llov. 
Dee. 

Total 

Table 8 
Colorado River Basin 

Historical Flow and Quality of Water Doto 
Gunnison River near Grand Junction, Colorado 

Concen-
Flov tration T.D.s. 

(A.F. l IT. /A.F. l (Tons\ 

Units-1000 

Year lt>nth 
Jan. 
Feb. 
Mir. 
Apr. 
May 
June 

-1947 Jul.J 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jon. 
Feo. 
Jar. 
Apr. 
Jay 
June 

-1948 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
l'eo. 
Mir. 
Apr. 
Mly 
J'une 

-1949 JuJ.y 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
l"eb. 
Jar. 
Apr. 
May 
June 

-1950 July 
Aug. 
Sept. 
Oct .. 
Nov. 
Dec. 

Total 

Jan. 
l"eb. 
Mar. 
Apr. 
Moy 
June 

-1951 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mor. 
Apr. 
l*'y 
June 
July 

-1952 Aug. 

Sept. 
Oct. 
llov. 
Dec. 

Total 

Concen-

1!~~\ l;J!:~~\ ~.;.~~~; 

2,672 .67 1, 781 

Jan .. 
Feb. 
Mir. 
Apr. 
May 
J'une 

-1953 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mir. 
Apr. 
May 
June 

-1954 July 
Aug, 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 

-1955 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mar. 
Apr. 
Moy 
June 

·1956 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dee. 

Total 

Jan. 
Feb. 
!Br. 
Apr. 
May 
June 

-195 July 
Aug. 
Sept. 
Oct ... 
Nov. 
Dec. 

To"tal 

·-195 

Jan. 
Jl'e'b. 
Mor. 
Apr. 
Moy 
June 
July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

'l'otal 

To obtain mgfl multiply T/M by 735. 
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..... 
r.1 .. ...... 
Apr. 
*7 
.a.-

-1959 July 
Aug. 
Sept. 
Oct. ...... 
Dec. 

Total. 

..... 
Peb. ...... 
Apr. 
*7 
J\me 

·1960 July 
Aue· 
Sept. 
Oct. ..... 
DH. 

-1 ..... 
Peb. 
liar. 
Apr. ...,. 
J\me 

·lt61 .llalJ' 
Aug. 
Sept. 
Oct. ...... 
DH. 
~ 

..... 
Peb. ...... 
Apr. 
*7 
~ 

-1'62 .Al.17 
Aug. 
Sept. 
Oct. ...... 
Jlltc. 
~ 

..... 
Peb. ...... 
.&pr. 
*7 
J\me 

-1963 .Al.17 
Ave· 
Sept. 
on. ...... 
Dee. 
~ 

..... 
Feb. ...... 
Apr. ...,. 
J\me 

•1964 .Al.17 
Aug. 
Sept. 
Oct. ...... 
Jlltc. 
~ 

Historical 

Table 8 
Colorado 
Flow and 

River Basin 
Quality of Water Dato 

Gunnison River near Grand Junction, Colorado 

Units-1000 
Colleen- Colleen-

n.... T,D,S, Plow T.D.S. 
A ~- th A. • 

----2I ~ ..... ~ ~ .Jan. 
~ --n Peb. ___..!i5_ -1...ZL- =I::: Peb • 
---52 ---712 •r. 2*-- ....h.ll.._ •r. 
~ _-61 Apr. :~ __lli_:" Ayr. 
----167 ___J,21, ... ,. 

~ 
210 ...,. 

-----256 -..169; June Jl 252 June 
-3l __ei; ·1965 July ~ July 
__JJ, ----1lll Aug. ~ AUii• 
~ __igi_ Sept. ~ Sept. 
--S6 ~ Oct. ~ ...L3L_ _jj1_ Oct. 
----l2 ~ JloT. ~ + 122 llov. 
~ ----Z/.. Dec. 

1 ~ Dec. 
2.T7l 

. 
1 Total Total 

-4i 1-"6 ~. 
..... ~ --L..61- Jan. ----r:e Peb. -ij- -1...lllL J'eb. 

=:J!1 ~ ~~· •r. l.3o ll!r. 
___m :il Apr. ~ ~5 Apr. 

__ill ...,. 2rr- ___,!fl_ l l ... ,. 
___..Ul. June . 125 ~ ~ June 

-f.M --11 -1966 July 

~ 
--Hi- July 

--i Aug. . ~ AUii• 
·~ Sept. l.99-~ Sept. 

=::1i 31.~ Oct. _..bQL ~ Oct • 
lloT. ~:! _..!Q2_ llov. 

___a Dec. --2.L_ ~ Dec. ~ T<>tal _m 1. l 2 Total 

~ ~ 
Jan. __u_ 1.63 77 Jiu>. 

-.iQ Peb. ___u_ 1.62 68 Peb. 

----" --1....29 --11 •r. _.il_ _h!L 72 •r. 
---67 ---1.C5 --lD Apr. -- _..1L 63 Apr • 
____2615 ---50 ~ ... ,. __.lil_ __.____.!L __llL_ ... ,. 
--2119 __.1,2 ---UC June ~ ___hQ!_ 157 June 
~ ~ --11 . -1967 Jilly _.611_ ___hlL ---ior- Jul7 

I . '.! 
__ua _,!ll, AUii• _..u_ _LlL 114 AUii• 
___i.66 ---lli6 Sept. _.zn_ ----L.ll._ 132 Sept. 
~ _..ull, Oct. --6L_ ____Lll_ -uz Oct. 
~ --1Q3 Jloy. __lllL_ _.h!L ---uJ llov. 
_.l.JI _____I§, Dec. --1.U.,_ ---=11... -r20 Dec. 

i.llti .i.121 Totml 1.20 T'27l Totml 

52 i.37 . 71: .Jan. ---1li._ _____,ll.._ 113 .Jan, 
==:3S i.;, ===ze: Peb. _JA._ --1...QL 99 Peb. 

.___S,3 _L%.2 _.JS •r. ---6.5...- _LlQ_ ____IL •r. 
-3!a __J1 ~ Apr. -68.- __..ll_ ____M_ Apr. 
,____m. __,:12 ... ,. ---268- __.ll_ --1.U_ ... ,. 
_..m ~ _J.76 June ---2S8- _..2L _ill_ June 
-.2l.SI ___.fU. ~ ·1968 July ~ ---1..iL ---2L Jul7 
--Si -.1...U ___Jig Aug. -J,Ol..._ ---1..li.. __liL_ Aug.. 
----63 -..l.S7 ~ Sept. _u,._ ---1..li.. _J.ZL_ Sept. 
_.:zg ----1.Jl!I ~ Oct. ~ --1...1.2.. ~ Oct. 
~ ~ _..llll BOT. ~ ---l.JllL _ill_ llOT. ----» _.lJll --32 Doc. -r:m- _..JL _,JJj_ Doc. 

Total Total 

li8 ---1:§! 8o Jan. Jan. 

=:I _!:l! 105 Feb. Peb. 
~ _-91 ...... ...... 
_..:rz ---13 Apr. Apr. 
__,_u ~ ... ,. ...,. 
~:=:i&. .!\me June 

July July 
--1., 99' ___lll!i AUii• AUii• 
_!.21i ___l.16 Sept. Sept. 
_2,.52 ~ Oct. Oct • 
_.i.:zg -----1l2 lloT. Bov. 
~--Bl! Dee. Doc. 

Total Total 

==18: .Jan. .Jan. 
Peb. Feb. 

_.JS •r. lkr. 
_____I§ Apr. Apr • 
---121 ... ,. .... ,. 

_--50 ---15§ June June 
_J...212 _.J,gg July Jul¥ 
~ _J.!111 Aug. AUii· 
_.1.Ji! ____,U,7 Sept. Sept. 

~~ Oct. Oct. 

~ _..l2Q lloT. BOT. 
---1.Mi --86 Doc. Doc. 

.96 1,298 T<>tal Total 

To ..... ,. -c/l -1upl7 T/AP by 735. 
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Tabla 8 
Colorado River Basin 

Historical Flow and Quality of Water Dato 
Gunnison River near Grand Junction, Colorado 

(Annual Summery) 

Units-1000 

Flow· Concentration 
Year (A. F.) (T.7A.F.) 

1941 2,493 .83 
1942 2,674 __ .7_]__ 
1943 11784 .88 
1944 _2_1225 .69 
1945 1,818 .82 

1946 11262 1.06 
194 7 _b938 .83 
1948 21361 .70 -
1949 21121 .76 
1950 1,335 -.99-

1951 1,136 1.03 
1952 2,672 --.~ 

1953 11312 1.02 
1954 645 1.65 
1955 1,017 1.13 

1956 1,101 .99 
1957 3,381 .61 
1958 -2,262 .71 
1959 981 I.21 -

1960 1,332 .88 

1961 l,106 1.06 
1962 __l_Jli__ .66 __ 
1963 892 1.32 -
1964 l,355_ ~96 

1965 2,673 __ .65 

1966 971 1.28 
1967 _1 1052__ 1.20 
1968 __ l,477 ·- .98 ----
Total 47,516 - -

Av.:-1-a PC 1,697 .86 . . Sampled quality record entire period • 
Measured flow record entire period. 
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(Mg./1) 

6ll 
565 
6~2 
SlQ 
606 

778 
609 
511 
555 
727 

754 
490 
75I 

1,210 
833 

726 
448 

·-524 
-if92 

l)Zj:Zi 

778 
486 
969 
704 
479 

938 
-SS4--

722 -----
628 

T.D.S. 
(Tons) 

2,072 
2,057 
1,576 
1,543 
1,499 

1,336 
1,605 
I, 643 
1,oOI 
I,320 

1,165 
I,7BI 

-b340 - ,~ 

I,152 

1,087 
2,062 
I,6I3 
I, !91 
I, I6 7 

1,171 
I,4Ir 
I,I76 
I,298 
r, r4z-

1,239 
~;zrr-

1,Zi'.sr 
4o,r>3r 

1,451 ·-



""-· ........ ...... 
l'eb. 
liar. 
Apr. ...,. 
June 

-1941 July 
Aug. 
Sept. 
Oct. 
loY. 
Dec. 

Total 

...... 
l'eb. 
liar. 
Apr. ...,. 
.Time 

- l~ July 
Aug. 
Sept. 
Oct. 
lloY. 
Dec. 

Total 

..... 
l'eb. 
•r. 
Apr. 
.. 7 
June 

- 19113 July 
Aug. 
Sept. 
Oct. -· Dec. 

Total 

Jan. 
l'eb. 
liar. 
Apr. 
*7 
June 

- 19" July 
Aug. 
Sept •. 
Oct. 
loY. 
Dec. 

Total 

....... 
l'eb. 
liar. 
Apr. ...,. 
.Time 

- J.9115 July 
Aug. 
Sept. 
Oct. -· Dec. 

Total 

..... 
l'eb. 
liar. 
Apr. ...,. 
.Time 

- l9't6 July 
Aug. 
Sept. 
Oct. -· Dec. 

Total 

Table 9 
Colorado River Basin 

Historical Flow and Quality of Water Data 
Colorado River near Cisco, Utah 

Units-1000 
Concen- Concen-

now tratioo. T.D.S. 1i~~l ,;j!~~l 7~,;;i (A.f.l_ ~) {'l'ons) Year M:Jnth '--.- ~--' 

_.m. Jan. ~ ~ =:::fil Jan • -~ 
--1il. . _m__ l'eb. _____l5_0_ ---1...!!IL Feb. 
--201. --1...6!L ----332- Jtlr. ._...__.l.!l9.. ----l...3.9- ----263.. Jtlr. 
~ --1..JlQ.. ____!!l2.._ .Apr. _.316_ ~ __.26B._ Apr. 

-2.35.i. __.!i2_ ____2!12_ Jtly ----1..fil _...!.ill._ _562._ ltiy 
-W&. __..Ji6.. __72fL June ---1..59!!L ___..JSI. _..6a June 
-..57!!.. _...n. _m_ - 1947 July _.3ll5_ _...u ____!iQ3_ - 1953 July 
_..25J... --...l....6I. ___!u.2.._ .Aug. ---362_ ____i,_a _fil Aug. 

-.237.. _iJll,_ ____!i.29 _ Sept. --2!i2. __l.Ji!L ---3ll Sept. 
~ --1.lll. _.6J?_ Oct. _.J.28_ ----1.....!U. _Jo8l_ Oct. 

~ ~ --'6L llov. ____m_ ----1..2!1.. _.3h Nov. 

-..229.. ~ _..JS6_ Dec. ,~~ _.l....!ia._ --.: J~~ Dec. 
'7 ""1 Bil 5,653 Total .., Total 

~ __.J..&. ~- Jan. _..J.91._ _.J...3li. ___z;Q_ Jan. 
-----1..£5. --1....73- _.28.i_ Feb. --=- -.l...ll. _.J&L Feb. 
---Z<tl ---1...52.. _..J!a_ lt>r. ----2!i5.. ---WC- --3li lt>r. 
~ _...61... ____fl:20_ Apr. ----.83a. __-&. ~ Apr. 

~ ~ ---1IJ.L ltiy -1.359. _...J6_ _:zos. ltiy 

-i.Ol6L ~ ~ June ~ ___..JSI. ~ June 
-..57!!.. ___.:za_ ----'Ci1- - J.948 July __w.a_ ___.86_ ~ - 1954 July 

---- ---J..-$1... ~ .Aug. ~ ---1...52.. ~ Aug. 
_..J.JL ---2..li6.. ---.l29- Sept. --1.2l.. ----1...88. ----228. Sept. 
_.JJi2_ --2.33- --J7B.._ <>ct. ----1.Z!i-~ _JU Oct. 
_.l.86. ----1...S$. --$llL llov. =ft =ti ~~ Nov • 

.. lt! ~~ Dec. Dec. 
Total °6.2<>1 .-:;i; 4 6•~ Total 

____J,il_ ---l..& _m._ Jan. _JJl§_ ~ ~ Jan. 
----1!!6.. --2....85.. ---21l2.... Feb. _____.m_ ----l..,.li _-"53. Feb. 
----17!t.. _..L.II. _..3QL lt>r. ~ -----L!!9.. ------3!!Q. lt>r. 
_.lQ2.. ___.6!L ____!iSL. .Apr. ~ ~ ______IU2_ Apr • 
-.396.. __..Ji6.. ----"58- *:r ----Ufl2. ____.!i.l. ---529. Mo;y 
---1..365.. ___& ---5.lL June -1...9lQ. __,n_ _.JSll... June 
----5Q2.. __._Ill _.392.._ - 1949 Jul;y _..9llJl. ~ ___!122_ - 1955 Jul;y 
____36fl. ~ _i6l_ .Aug. _Z2!L _.w.a --.35!1. Aug. 
_.2J.2_ ~ _.392.._ Sept. ---15d. _2..Q6. --326. Sept. 
---l.tlL _.l.llL ---Jl9_ Oct. ____Zf>_ ~ ______ill Oct. 
_2J.5.. _i.ll. --3l.L llov • ___;__2J.Q_ ___J,_,_ll_ ----353. Nov. 

• !?P ~ ..-m Dec. -,:-~~ ----1..,.66_ 

-~ 
Dec. 

Total .7' Total 

_.JM2.. __.l....ll_ ~ Jan. -----122. ~ ~ Jan. 
-152- ----1..56. -...2ll..- Feb. --=- _.Ll!L _.282. Feb. 
~ --1..SL ~ lt>r. ____2Q9_ -.l...3l. ---21!L lt>r. 
--3CL -l..ll!1- -.331- Apr. ---5U. ___..6L _.3JO_ Apr. 

-47.llL ___.ll_ --ll2- ltiy -----W.L -----SL ~ lti;y 
-1..,lliJ.. _...JS- --.6!IS- June -W-U. -----.!i.2. _!ifil. June 
~ ----61.. ~ - 1950 July ~ --l....Cll. ~ - 1956 Jul;y 
~ _.J...&. _.a.i_ .Aug. ~ _2....Q2_ ---=- Aug. 
--4l5l-~ ~ Sept. ~ _2.J.2. ~ Sept. 
~ _2.J.8.. _..Jlr,:l_ Oct. ---.llS-~ ----2!iL Oct. 
~ _i..:za_ ___Jli,8._ liov. ----l.61. --Wl6. ____Jl6. Rov. 
~~ ---l.-.+ll-~ Dec • .. l~ ~ ,~ Dec. . "'-- ~ Total Total 

_J!2.. _L.1J.. ~ Jan. ____lll_ ~ ~ Jan. 
~~ ~ J'eb. ___,Jjl_ _l.:..5l_ __ 22_ Feb. 
~ ---1:.2Q. _m_ lt>r. _Jfil._ __.l:!!§_ ___?.J§_ lt>r. 
_328; ___& ___282._ Apr. ----1li ____i,_a ____m_ Apr. 
---1..lli.. _...J6.. ~ lt>;y _..na. ~ ___.!!Q2__ *>' 
....J..3U.. ___,_rz_ _:_ML June -...Lll1. _____,_u _-2Q5_ June 
_.616.. __,Ja_ __lli_ - J.951 Jul;y ----522. _..& ____.l6Q_ - 1957 Jul;y 
~ ~ ----'Ci1- .Aug. -..23ll ----Lil ----352.. Aug. 
~ ~ ___..m_ Sept. ---l.31.. ~ ___JUQ. Sept. 
-.2ll. ---1..lS.. __3&;L Oct. ~ ----1...32. ---336. Oct. 
--2:i!!L. --1...ll... ~ ](ov. -----118. ~ ---UQ. llov. 
----1113... ~ --. ~~ Dec • .~E ~ ,-~er Dec. . ·-· Total Total 

__.l1!L ~ ~ Jan. _..l2l... ~ m Jan. 
---1n.. :::ti ~ Feb. ~ ~ Feb. 
____.w._ __.236__ Jtlr. lt>r. 
---525.. __.61. --32IL .Apr. ----362. ____._u. ----5.l!!.. Apr • 
_.726.. _...ll. --35L .. 7 --2.JS2_ -----.li _153.. Moy 
-4112'.I. ~ ~ JI.me ~ _...Jl. ~ June 

~ ~ _3!lL - 1952 July _..ru... _..:ra. ~ - 1958 Jul;y 
_.l.96.. __i..66.. ---32L .Aug. __..na. --1.J.6_ __122. Aug • 
_J.35.. __:..2..lll.. ----2113- Sept. ---2U. ___.wa_ -.3.31. Sept. 
_..20.6... _iJli.. ----lBL Oct. ~ --.l......22.. __..3J.li. Oct. 
_..20.6... ---1...56... _,32L Jloy. m ~ ~ BOY. 
_.2C8.. ----1..Jl-~ Dec. --1...66.. --ll.l. Dec. 

lo,058 .91 3,680 Total 7,718 .66 5,063 Total 

To obtala -.fl .. 1uply T/"7 by 735. 
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Concen-
l'lov (~~!~~\ 7~~=i fA.I'. \ 

_J.§.2_ ----1......6i.. ---3Q.L 
----1!l3.. ---1.£3._ -23:3.... 
~ ___l..52... ----2fl!L__ 
~ --..l...QQ_ ~ 
____6Q6_ __..fiQ_ -3.6L.. 
~ _____..u_ ---Sa-
----3.53.... -----35.. ----335....-
~ ---1...23... ____3J.5._ 
----1.2fL ---2..22_ ----2fl!L__ 
_i:z:z_ ---1..llg_ --.33IL-
_2fJ1.. __i.n_ _.366._ 

.. -~ ____Ll5._ ---299-
.21 3 2'!4_ 

m _.k12_ ----llL 
____1.,_Qi_ ____gJQ_ 

161 ~ ___Eli_ 
___m_ ~ __gu__ 
_..!!.32_ ____,I!!._ -----lll..._ 
~ __Lil_ --25L 
___.d2Q_ --..!..:.22... _ga_ 
_..98... --2....3Q_ ---225.-
_.l1l_ ---2.&2... _.li!L 
~ ___,l,_,_li_ ~ 
---l.6IL _L..'.IQ_ _ZZlL_ 

~ !!? ~-~ '~ 
--13L ____l.,JlL ~ 
___ia_ ~ -2l5..... 
~ --2.....ll. _263,_ 
--3aL ---.Jl:2... ----26iL 
_Z52,_ ~ ~ 
_.6!!:L ___,_ii_ ---319...._ 
~ ----L..2.l... ----259_ 

~ ___.l....66_ --3Q1_ 
_llllL --2..1.6.. ----233...-
~ ---2..JS.. ---261...... 
~ ~ _.ll.L 

-rlts-~ ~-
--155... -1....62... ---262..._ 
_J.ll... ---L.ZlL --239-
----l.BZ... ---1...Sll.. _..2BJ._ 

---35.6-. -22.. ----25L 
~ ~ ~ 
----$2L. _...Jo!L ---1l.06.._ 

---U2- ---1.-11.+- -2SJ-
~ ~ ~ 
-----&..- ----2-JB-~ 
-.l2l... -.2-22.. ~ 
~ ---l.-81-- _.J06-

~ ~ -,-m-
____l6!!._ ......Jd!Q_ _.f12L. 
__u.a_ ___l..55.... ____ajQ_ 
_J.61.. ~ ____ajQ_ 
----321!... ____._ll6_ ---3.lt2..._ 
__i.:m_ -----l!!L ----6!lL 
~ _..a --622_ 
-1....25.2.... __._n_ --722..--
----6lil... __Jl3._ ---5!l9--
_.3J.L ----L..2.l... --3B!L 
--292.. --1..:UL __52Q_ 

-~ ---1...!ill..._ -----1i3l-
a·l'.12_~ _!ill!L - - -
~ ---1....2lL ---3.QL 
__J122... --1.:.Jlt... --3QL 
_____25!!_ ---l...22... __.32lL 
~ -----5l.. _.!!OJ._ 
---2,.llJ2._ ____.J.l._ ____.6lQ_ 
~ ___.Jig_ ___62!t_ 
_2.3!t.... ____.L2lL ~ 
---1Q2._ _2.J.1... _..236.._ 
----1il... ---Z.l!I... -32L 
____.l..SL --1.99... -3CIL 
_liQ._ ---1...66... ____3J.5._ 
_.i:zr._ --1...6J- ---2Bl-

6,0lll< .72 4,348 



Table 9 
Colorado River Basin 

Historical Flow and Quality of Water Data 

Colorado River near Cisco, Utah 

Units-1000 
Concen- Concen• 

1'lov ,:Jt1;n1 '1'.D.S. 
1!7~1 l;j!~~l T.D.S. 

ITeer -·· (A.~ . (Tone) Year lt>atb 1 .. onsl IT-r ll">nth 
Jan. ---1..Jl._ _Js:z__ Jan. _J§L ~ ____g2L_ Jan. 
Feb. -.153-. ---1.l!.L _-2l.6..._ Feb. _J.!iO_ -1...21.._ ~ Feb. 
ltlr. -----.J.JlL ---1.&... ---2l!l:L Mar. --l5L _.l..59...._ ---2!iL Mar. 
Apr. ---J.63.... ___i.J!l_ -2ZL Apr. ---29'..._ ____,_fil._ '$ 

Apr. 
!lily ~ ~ .:._J,lllL !lily ~ -..3L May 
June --92!L ___.so... ___ll62.._ June ~ -----38- ___[a_ June 

- 1959 Jul¥ _..2ll... ----1..l5.. ___2!t6_ - 19&.; July _i.iJL. ~ ----2ll!l_ JUJ.y 
Aug. _.l!Q... ~ ---3Q6_ Aug. ___ill_ ~ ___!!2Q_ Aug. 
Sept. _...ia_ ---2.J.IL ~ Sept. _J(e_ -1..2.L ~ Sept. 
Oct. ~ --1.JiJ_ ~ Oct. ~ --1..32- ----!UL Oct. 
llov. ~ ----...J...3L -.2'.Z5.... Rov. _$_ ~ --1tll.... Nov. 
Dec. ~ ~·;! 1 tr. Dec. 

? ::2 -1..39- -d~ Dec. 
'l'otsl Totu ~, Total 

Jan. 161< --.....k2!... 21<8 Jan. 200 l.31:l 

~ Jan. 
Feb. 11'3 ----1.:.R. ~ P'eb. 

~ 
1.34 l'eb. 

Mar. _m_ ___b_gg_ _.Jll_ Mar. _.....2§_ _..J.fil_. Mar. 
Apr. ~ ____.5,L __.m._ Apr. _____& ~ Apr. 
lloy _12§_ -----:*-~ May ___,a May 
June ~ ~ June _!iz9._ ___JU_ _322.._ June 

- 19(o Jul¥ _.fiQ._ ~ 26.0 - 1966 JUly _J.§L _LlQ_ ~ July 
Aug. _...ll15_ ~ ?Cb Aug. 120 ~ ~ Aug. 
Sept. --1!7.. _LJ.6._ _m_ Sept. 145 ~ _-"2J...... Sept. 
O.,t. ~ =±i= _m.. Oct. _.]15._ _.Ll1.. __..32!._ Oct. 
llov. --1TL _.i26... liov. --151_ ___Ll2_ ~ llov. 
Dec. __.i6.5.._ ~ ~- Dec. ---l1!L.. __Lll. _29fL Dec. 

Total • nrO .. '""'- Total 1 16> , . ,,., 1.471 Total 

Jan. _J56._ -.J.& ----22L: Jan. 146 _!:TI_ ~ Jan. 
Feb. ......--1.!llL ___k52_ __.m_ P'eb. i~ ----1Jl_ ~Q3 Jl'eb. 
Mar. ~ _.l.Jl!L --233... Mar. ~ Mar. 
Apr. _a_ --1.J.L --UL Apr. _m_ _.i.Jl. ~ Apr. 
Illy ---6IL.. ~ -.lll6... lily ~ ---16. ~ lt!ly 
June _fJ1L ____,_SJ._ _....l32... June --1l1.... ~ _!ill_ June 

- 1961 Jul¥ ~ _..l.£i2.. _.2ll... - 1967 July _321...._ _J...la _35.6..._ July 
Aug. _.l3lL _.uu... ---2IL Aug. _..l.15._ __i.zfi. _Jaa.. Aug. 
Sept. _-J,l6.. ~ ---UL. Sept. ~ ---Ht· m Sept. 
Oct. --357-~ --3lta- Oct. __:__.u!!_ Oct. 
Nov. ~ ~ ----3lQ.. Nov. 211 ~ ~ Jfov. 
Dec. -d~ _J.JiQ_ ~ Dec. --m- l Dec. 

Total l.05 'l'otsl ,-;u -,-,i;- ·= i'otsl 

Jen. ~ _l..:l2_ ~ Jan. -1QL _.hl§. 2li2 Jan, 
JPe-b. ____.26J.._ .......J...l2.. __.2$L Peb. _12l_ l.20 §c~- Feb. 
lllr. ~ _.J...C5.... -..25.S... lllr. _JlL i.41 Mir. 
Apr. ~ _.!!L _1l61L Apr. _..23Q_ ._.22. _.z2L Apr. 
lllly --4£i:l3_ _...Jll _£ai.. M>y _f;&J_ ___,_f&_ _.l!QQ_ Moy 
June -..J..!illl2... _...Jll ----5J2... June J..lZL ____.!!!!_ _.llL June 

- 1962 Jul¥ ~ -..sB.. ----1ill!o... - 1966 J\1]¥ _3QL _..J..Ql2. --33Q.... July 
Aug. ~ --...Lll2... ~ Aug. --362_ ___i..a _Mg_ Aug, 
Sept. _-UJ-_ ~ ~ Sept. ~ ___i.:za ----21L Sept. 
Oct. -263... __.l...A3.. ~7!>4 Oct. -.2l.l.... ~ ____m__ Oct. 
.lov. -2JllJ- __i.Jl.. --31.8.. Jh>v • ~ ---He- j~ 

llov. 
Dec. 6.~~ ==tt ~ Dec. Dec. ..... ~ --;;;:;-

'l'otal 'l'otal Total 

Jan. __Jfil__ _L.%. ____2!§_ Jan. --- --- --- Jan, 
J'eb. _J!ll... ~ ~ Peb. --- --- --- Feb. 
ltlr. ---2li... ~ Mar. --- --- --- ltlr. 
Apr. --2!15..._ ~ -..223.. Apr. --- --- --- Apr, ... ,, _..s.u... ____.&_ ---32!2... Moy --- --- --- Jloy 
June ~ _....21.. ---3Q2.. J=e --- --- --- June 

-1963.Tuly _J1!_ ~ _.22l... July --- --- --- July 
Aug. _.l£id... __.l.9li_ _.JZ6.. Aug. --- --- --- ·Aug •. 
Sept. __.l§l... ~ ----32!l.. Sept. --- --- --- Sept. 
O.,t. ---l3!l.... _2.J!L -.2B:Z.. Oct. --- --- --- Oct. 
llov. -.l7lL ~ --.2912.. Nov .. --- --- --- l_lov. 
Dec. "!~ -1..ll!L -..25!1.. Dec. --- --- --- Dec. 

'l'otal 1 " 
.. .,., 'l'otal Total 

Jan. _...J.3L ~ _.2!!!L Jan. --- --- --- Jan. 
Peb. ~ =Hi: _gu_ Feb .. --- --- --- Feb. 
Mor. ~ Mor. --- --- --- Mar. 

. ).pr. _..m... _..l..ll... _.23d.. Apr. --- --- --- Apr. 
lloy _Jl6l... ~ _.!l3Q... Mly --- --- --- Illy 
June _iaQ.. _....sit. _..JiO.. June --- --- --- June 

- 1961< July _m... __.L21_ ~ July --- --- --- July 

Aug. _m... __.l.....5l... =1tJ Aug, --- --- --- Aug. 
Sept. _.lil_ --1.Jla.. Sept. --- --- --- Sept. 
Oct. _.J.6!L _.WU_ _3ll.. Oct. --- --- --- Oct. 
lloT. _.l!lli.. _.u.._ ~ lloT. --- --- --- IDT. 
Dec. _J.BL --1-SSL _..2M_ Dec. --- --- --- Dec. 

Total 3,,33 1.06 3,639 'l'otsl Total 

To obtain •&ll ... 1ttply 'r/AP by 735. 
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COneen-
1lov ,;j!~;:, r~~i IA.P.) 

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ ---

--- --- ------~ ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---



Table 9 
. Colorado River Basin 

Historical Flow and Quality of Water Data 
Colorado River near Cisco, Utah 

(Annual Summary) 

Units-1000 

Flow Concentration 

YNtr (A. F.) (T.]A.F.) -
1941 71067 .SQ 
1942 _li_098 • 77 
1943 51214 -......!~-
1944 5 2 840 • 74 
1945 5,504 • 76 

1946 4 1058 .91 
1947 61258 • 73 
1948 6!291 • 74 
1949 6,338 • 75 
1950 41074 .94 

1951 3,986 .94 
1952 --7,~ • 66 

1953 41062 .97 
1954 2!293 1.44 
1955 3,185 1.07 

1956 3,568 .96 
1957 8,888 .63 
1958 61044 . n. 
1959 3,214 I.08 
1960 41002 .87 

1961 31395 1.05 
1962 __ 6_a_~76 .68 
1963 21585 1.31 
1964 31433 _hJ§__ 
1965 6, 722 • 73 

1966 31163 1.10 ----
1.14 1967 _..J.146 

--:92 
- .... 

1968 4,185 ------
Total 1371907 

Avcra1•e 4.925 --.-84--

Sampled quality record entire period. 
Measured flow record en~ire period. 

111 

(Mg.fl) 

588 
568 
634 
546 
562 

667 
539 . 
542 
555 
690 

693 
482 
714 

1,06() 
789 

706 
463 
529 
796 
642 

77C 
501 
962 
779 
535 

.807 
842 
6BO 

---~ 

T. D.S. 
(Tons) 

5 .6!P 
5.483 
41498 
41336 
41210 

31680 
41587 
41636 
4 1783 
31823 

3 1758 
5 1063 
3 1944 
3 1299 
3,420 

3!428 
5,602 
4,348 
3,481 
3,493 

31556 
41484 
31384 
31639 
4,892 

3,471 
3,602 
3,869 

116 ,422 
4'158 --
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·-~ -· .. .Jlul. 
Feb. ..... 
Apr, ... ,. 
~ 

• 1959 July 
A"ll• 
Sept. 
Oct. 
Jloy, 

Dec. 
'l'otal 

.-... 
Feb. ..... 
Apr. 
Jiit)' 
hie 

• 1960 July 
Aug. 
Set>t. 
Oct. .,.,., 
Dec. 

Tct.al 

JlaQ, 
Feb •. 
lllr. 
Apr. ..., 
~ 

• 1961 Jul7 
Aug. 
Sept. 
Oct. 
Jloy, 

Dec. 
Tct.al 

.-... 
Feb. ...... 
Apr. ..., 

• 1962 
hie 
Jul7 
Aug. 
Sept. 
Oct. 
Jloy, 

Dec. 
!Otal -· Feb. ...... 

Apr. ....,. 
JI.-

- 1963 July 
Alia· 
a.pt, 
Oct. 
Jloy, 

D.c. 
Tctal 

JlaQ, 

Feb. ...... 
At>r• ..., 

• 1961> 
~ 
July 
Aug. 
S.pt. 
Oct. ....... 
n. •• 

Tctal 

C<lllcen-
1'loor tration 

(A.P.l (t./A.P. I __ u_ o ... o 
-;-- =1F 
--37-~ 

=I= • 1~ __ .1_ 

~ 
34 :§£ 
~ ___,3lL 
_32.._ _..3Q_ 

..tt- _...31_ 
.27 

14 ~ 
_J.6_ :jt 175 

240 __:.!2_ 
--l2L. _..lL 
~ _.u_ 
__iL_ __:§_ 
_____fi_ _,fi_ 

~ ~ --4---yr 
14 '.s4 

l 029 .2~ 

ii -:it--1t-~ 
_m_ ~ 
~ ~ 122 

38 ~ 

~ .28 
_..a_ 

"__52_ _.a. :=r _&JL 

--+ ~n 

__l5_ __....31_ 
__.!!2_ ~ 

2~ ~ __dQ_ 
-22L _.lL 
~ _.lL 
_32.._ --.:12... 
~ ~ 

-ti- _..a_ 

--14-
_.:.JL 

~ 
__.3.L 
_...31_ 

.?l 

=f:: :cg 
~ _..32__ 
__..3l._ _...3L 
__l9_ ___.z.g_ 
___l2_ __..!2_ 

~ :~ 
---ro-
~ 

__&Q_ 

~ ---4t-.2 

Tobie 10 
Colorado River Basin 

Historical Flow and Quality of Water Data 
San Juan River near Archuleta, New Mexico 

Units-1000 
C<llloen-

T.D.S. Flov tration ';.;!:~j (Tons) Tear -th (A.P. l l'r,/A.P. l ·-- ........ 

* 
.Jim • __22__ ~ 2b Jan. 
Feb. __2L_ ~ 

28 Feb. 
lltr. ~ ___,.lL _!2....__ llor. _l_l_ 
Apr. 13~ ~ 4o-- Apr • 

16 ... ,. __,£2..._ ... ,. 
~ June ___lli_ .20 ~~ June 

- 1965 July 102 ----:J:8 J\11)' _l_l_ 
Aug. 136 .17 23 Aug. 

::Ji= Sept. 112 ~ __!2.._ Sept. 
Oct. t§8 ~ __ll_ Oct. 

_12 __ llov. _22...._ llov, 

uS--- Dec. 178 .18 ~ Dec. 
Total l.<11 .21 'ratal 

6 .-... 168. .21 ~~ Jan. 

--iJ- :P'~b. ___9L_ .26 Feb. 
lllr, -ill- ---1a- __..33__ lllr. 

--i;r- Apr. 2 ~ Apr. 
_li__ lit)' 130 ---:26"" --7-- Mo:r 
__.3Q__ June ~ .22 June 

13 • 1966 July -:ft- ---2_ Jul:r 
__L_ Aug. =:::K: __ .l_ ___,_2__ Aug. 

7 Sept. __gr_ -it-~ Sept. _l_O_ 
Oct. 

'~ 
l Oct. 

__L_ llov. ~ -t- llov. 
__L_ Qg~ .24 Dec. Dt.c. 
23~ Tct.al 24 ~ Tctal 

__L_ Jan. fg .26 6 Jan. 
__L_ Peb. ~ -12--

Feb. 
__l2_ Jtlr, ---1Q_ ___.z.g_ ~ Mlr. 
--12.__ Apr. __.z3_ __.zr_ _L_ Apr. 
__g2,__ ltly _ll_ _...3J._ _.5.,_ Mly 
__12__ June 18 ---ili_ __ 6_ June 

11 - 1967 July ~ _..3L -tr- July 
15 Aug. -* Aug. 

_ll__ Sept. __22_ .2 
_1_5 _ 

Sept. _12 __ 
Oct. __ 2_1_ .23 _2._ Oct. 

10 llov. ___li_ ~ -+- llav. ----r- Dec. 21 Dt.c. -,:;;:;-- Tctal -i;w- ----:27 ---wq- Tctal 

~ Jan. _l2_ :~i 6 Jan. 
Feb. 20 __j__ Feb. 

~ lllr. ~ __.a_ --it- Mlr. 
Apr. ~ Apr. 

-32-._ lily ~~ 13 lily 
_ll_ June ---:2b -+- June 
__L_ • 1968 July 30 .28 July 
__L_ Aug. --32_ ___,n_ _l_l_ 

Aug. 

-:-+-- Sept. ___ll_ ~ l2 Sept. 

--+-
Oct. ---1L __,£2_ --1> Oct. 
llov. --+-~ ---r- Jlfov. 
Dec. ~ Dec. 

~ Total ~ ,27 --wi;-- Tctal 

I Jan. --- --- --- Jan. 
Peb. --- --- --- J'eb. 
llsr. --- --- --- ltlr. 

_lL_ Apr. --- --- --- Apr. 

-t-- llsy --- --- --- Mly 
.r.- --- --- --- June 

.?. July --- --- --- July 

-io-
Aug, --- --- --- Aug, 

--r- Sept. --- --- --- ~pt. 

----r- Oct. --- --- --- Oct.' 
llov. --- --- --- llcn-. 

~ -.:@... =J= Dec. --- --- --- Dt.c. 
Tctal Tctal 

_lI_ _.JL ___L_ JlaQ, --- --- --- Jan, 
__a_ _..JL lo Peb. --- --- --- Feb. 
___u_ _.JL =:I::: llsr. --- --- --- lllr. 

; _.J2_ _.i._ Apr. --- --- --- Apr. 

~ 10 llll:r --- --- --- Illy 

--ror- .25 
23 June --- --- --- JUIDe 

:::!L 
....n__ July --- --- --- July 

_..a_ -1.J...._ Aug. --- --- --- Aug. 

=i:: ---a22... ::±: Sept. --- --- --- Sept. 
__.a_ Oct. --- --- --- Oct. 

::::i::: =:lt _.L_ .... --- --- --- llov. 
_.2._ Dec. --- --- --- Dec. 

1131 .21 117 Tctal Tctal 

To mt&la roc/1 -ltiply T/D by 735. 
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Concen-
Pl av ,;j;:~) T.D.S. 

(A.P. l f'folla l 

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---

--- --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ----- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ----·-- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---



Table 10 
Colorado River Basin 

. Historical Flow and Quality of Water Doto 
San Juan River near Archuleta, New Mexico 

(Annual Summary} 

Units-1000 

Flow Concentration T.D.S. 
Year (A.F.) (T.7A.F.) (Mg. /l) (Tons) 

1941 2 1574 0.17 123 430 
1942 11366 .19· 143 266 
1943 818 • 21 155 173 --
1944 1,251 • 18 133 227 
1945 891 .21 153 185 

1946 456 .28 205 127 
1947 760 .22 161 166 
1948 1,203 .18 134 220 
1949 1,420 .19 142 276 
1950 564 .24 180 138 

1951 413 .28 208 117 
1952 I ,55"2 .21 152 321 
1953 563 --:·u- 195 149 
1954 545 .28 202 _159_ 
1955 537 .24 178 130 

---·-~---·--

1956 539 .22 164 120 ----
11647 .20 14 7 1957 330 
1,332 .24 174 -

1958 315 
1959 436 .27 199 118 
1960 1,029 .23 166 233 

1961 750 .24 173 177 ---:21- -----
1962 872 151 179 
1963 232 .28 206 65 

1964 437 .27 197 117 -----· 
1965 1,511 .21 158 324 ----
1966 961 .24 175 229 

1967 402 -·--:z-r-- 199 ro-r--------. ··-· 
1968 392 ---~].7_ 195 lOZj: 

25,453 -----
Total 5,495 

L.t\vC'rage 909 .22 I.SS- 196 __ .. ~ 

Sampled quality record, October 1945 to December 1968; re
mainder by correlation. 

~asured flow record entire period. 
Adjusted quality and flow record for station near Blanco, 

October 1945 to November 1954. 
114 



.Jui. 
l'eb. ...... 
Apr. 

*7 
JUne 

-1941 July 
Aug. 
Sept. 
Oct. 
llOY. 
Dec. 

'l'otal 

..... 
Feb. ...... 
Apr. 
lla7 
June 

-1942 July 
Aug. 
Sept. 
Oct. 
JloT. 
Dec. 

'l'otal 

..... 
Feb. 
i.r. 
Apr. 
lla:r 
June 

-1~3 July 
Aug. 
Sept. 
Oct. 
lloY. 
Dec. 

'l'otal 

.Jui. 
Feb. ...... 
Apr. 
lla:r 
.June 

·1944 July 
Aug. 
Sept. 
Oct. 
JloT. 
Dec. 

'l'otal 

..... 
l'eb. ...... 
Apr. 
Ila)' 
.June 

-1945 July 
Aug. 
Sept. 
Oct. 
lloY. 
Dec. 

'l'otal 

Jan. 
Feb. ...... 
Apr. 
Ila)' 

·1946 
June 
July 
Aug. 
Sept. 
Oct. 
lloT. 
Dec. 

'l'ota1 

Table II 
Colorado River Basin 

Historical Flow and Quality of Water Data 
San Juan River near Bluff, Utah 

Units-1000 
Concen- Concen-

nov tration '!'.D.S. Flow trat1oa '!'.D.S. 
A.F. '!'. A.F. Tear lb:lth A.F. '!'. A.F. 
~ _J.....QJ_ .Jui • ____3L_ --1.J.L 
~ ~ Feb. ---1iL _i.m_ 
_2J.L. "__ill_ i.r • --+ :; Mlr. 
____E_ ____.2L ~ Apr. Apr. 

...J....3':L ----&5!L. Ml7 ~ Mly 
_$5._ _J2_ ---21L June ---!.lL June 
_.526_ ____.3L ---1SL -1947 July ___llQ_ _____,.!!!__ ·1953 July 
--1.1L ___.llL ~ Aug. -m- ____hQL Aug. 
.......2QZ._ __.fil_ Sept. ___.n_ Sept • 
~ --6L _!+lg_ Oct. 207 ____J9_ Oct. 
-19J.__ _....6L --ll.7- llov. g ~ =± lov. 
~ __Jll.._ _JiL. Dec. Dec. 

9 ?---6< $ 'l'otal 1 6 --.6- l o8 'l'otal 

_llL_ -.3L _...l5_ Jan • ______R_ -4t- --* Jen. 
_.68_ -.3L _-63_ Feb. ____]2_ Feb. 
_..126_ ~ _lZC_ Mlr. ~ 

.83 74 Mlr • 
__f&J2._ ~ --3llL Apr. _____._n_ __J.li_ Apr. 

~ -JIL --1.82- Mt:r _-5J.9._ ___.il_ __J,!!Q_ Ml)' 

~ _-26,... ~ June ~ ~ _-1.fi9_ JUne 
~ -lllL ___:zz_ -1948 July ----1!!1- __.!U._ ~ ·1954 July 

~ ---Ba- ----"2---- Aug. ______66_ ______.:& _ ____a Aug. 
---J8-__ --1...CC_ __J8..... Sept. ______36_ _J.,ll_ ______!iQ_ Sept. 
~ -1..22_ ~ Oct. __li_ __l&L ____:I5L Oct. 

=it:~ 
_.Jia_ JloT. ~ ----1...IIl- -..!iSI- lov. 
~ Dec. _J.1_ -----l..12... ---116_ Dec. 

'l'otal 0 lKj 976 'l'otal 

-1'l- ......l..ZL --5L Jan. --2.L 1.11 --1Q_ Jan • 
---L --l...1lL --5L Feb. _.lL .99 _Ji_ P'eb. 
~ --1...Q!L --1CL Mlr. ~ 

___&L ____]£3_ Mlr. 
~4- --il.. __1J8_ Apr, ____.__!tL 

~ Apr. 
__JJ2_ ~ ~ ... ,. ----503- _...3J._ Mly 
-ZL --38- _.9Q_ June ---1!&.. ___.3L _2_3L June 
~ ~ ---6iL ·1949 July __3!i2_ ____.__33_ ___lll_ ·1955 July 
~ --1..LlL.. --$.- Aug. ~ 

____._22_ __-2l.... Aug. 
---6a... ~ --.$.. Sept. ~ ---1iL Sept. 
__:;a_ --l..lXl- __:;a_ Oct. ~ ---1..JlQ_ _.!L Oct. 

~ ~ -SI- Jlov. ___li_ --1...0L ______!&_ llov. 

--41- --l....1.2.... -SI- Dec. --~5_ ____i.,__a_ -----1!.L Dec. 
4 'l'otal 4 168 'l'otal 

_.3L. --1..lL _.ll._ Jen. i.1 1.12 46 Jen • 
______!i9_ -----WL _..56.._ Feb. 31 

---r:oa- ----;r Feb. 
___:z6_ ---Wl6.... )gg Mlr. :U ~ llor. 
______20!;._ ~ Apr. -----;2 Apr. 
___£L ----3L ~ Mly ----:40 ~ lla:r 
---lll5- ---25..... ---176.... June __!2L ~ 73 June 
--2fl3._ --.35,_ __gg_ -1950 July _______fifl_ _..:z2_ -la. -1956 July 

=1t ~ ---5L Aug. ----1.L --1..J..3_ _.i:z_ Aug. 
~ 61 Sept. ---32_ --1..J.L _!18_ Sept. 

--12__ ~~ Oct. ~ __1..QL _.3Z_ Oct. 

'3_ ___!.:jg_ ::::::::3L J(ov. __.£L _LlL ___32.... Jlov. 
--l..l2.... _2L. Dec. ____32._ ~ _____u_ Dec. 

48 'l'otal 'l'otal 

. 41 i:22 __..2L Jan. '_3Q_ ___L__3Q_ ---3!L Jan • 
63 1.13 _.IL Feb. _2!L --1...!IJ._ 

i 
Feb. 

-1L -1.Jl.L _.:zL_ ltlr • __.3L ---1..lL Mlr. 
~ _.&._ __lZ\L Apr. __.3L ~ Apr. 
~~ --1CiQ__ *>' 

__m_ ------5L Ila)' 
__m_ _.a_ ---1QL June ---l.fl8_ ____.36_ June 
_l.2!L __.5Q_ ~ ·1951 July -.3L ___..ao_ -1957 July 
_.9Q_ _l..J.L ~- Aug. _Ji;L ~ Aug. 
___u_ __i.ifL _.aL Sept. _li.. ___.l..llL Sept. 
__.62._ -1.lC,_ ___fia_ Oct. -35- --1..23... Oct. 
__!t6_ ---WlL --1llL Jlov. ~ ---1...J.C_ _..J.J_ 1'ov. 
~ ---1.ZL -.3IL Dec. ______36_ __L2lL __lKj_ Dec. 

'l'otal 'l'otal 

_..Jl_ --1.J.L --112... Jen. _llfL -l.-1.L ---lQ2_ Jen. 
__J6_ --1..lS- __u_ Feb. _.i.o_ _.J...2Q_ __118_ Feb. 
_.Ja_ -1..0L ~ Mlr. 

4®\ 
)~ --3C...i Mlr. 

---2L ____._Q2_ Apr. --190-I Apr. 

~ ~ ~ Ml7 .--6llL ___.JO_ _lfl5_' Mly 

~ :::1: _Jl -1952 
June ~ __:____._a_ ___.l.85_ ·1958 

June 
July _.a3fL _____._!lZ._ _.lCQ_ July 

_.IL --LlL _L Aug. __ia._ ____.6!L --..51... Aug. 

--"- ---&33- _!IL Sept. .-----56- ---!U- --!i2- Sept. 

-+~ __a_ Oct. ---36... ~ --1llL Oct. 
__.§1_ llOY. _JU_ ~ Jloy. 

~ _.L.ll2_ _.u_ Dec. ___jlJ_ -1..26.... Dec. 
687 ·TI 681 'l'otal 2,551> .45 'l'otal 

To ob~in ag/1 mltipl:r T/ AP b:r 735. 
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CDaeen-
Flew tration '!'.D.S. 
A.F. 'I'. A.r. '!'ODs 

~ ~ ___g__ 
____:L _w:z_ ______!i2_. 
---5L ~ -----5:L-
__.l.QL_ ______.2!i_ ____fil__ 
__J.!i2_ ~ ~-
-2.6L ______.Z/_. -----Jz._. 
___::rz__ _____.8L ----65...-
______1l,_ -1..lL ~-
__.12._ -l.....5Q_ ---lfL-
~ _L..28_ _____£;i_. 
--55- --1...ll... --62_. 
___$_ ~ _li_. 

7 l 

---J2-- --1...JL --U--
_JL --1....U- --1<2...-
_.JilL __l..02_ ~-

=fil= ~ __£,a_. 
___._32_ ~ 

---l2lL __JL ____sa_. 

171 ~ ___lil_, 
_-J:lci.... _s:J_ 

____§2_ __J_,J,2_ _J,QQ_ 
____!lL ___.IL -it-__32_ i:~ ____li_ 44 

l 011 

__jL __L.g§__ _.,li_ 

~ ___Lli_ _____.3§_ 

=li::: l.VO __iil_ 

:Tu 
l,6 

~ _____ll_ 
_2QL __.j2__ _Ja__ 
~ ___JlL _.il_ 
_-l!tz_ ___.l..llL_ _____.l.!lL 
_.28_ ___.._82_ ----23-
~ _J..llQ_ -..2S-
-...lL _.w;6_ __39_ 

----3L. -1....3L _.Ja_ 

__£l)__ -1..22_ __ 4!!__ 

~4- ) §ll ~ 
___iL _.6l_ 

----1.Cl- --5!l- ---5L 
--2liJ_ ~ ---1lL 
--.2!ll- ---31- -.6:i-

36 
-WJL_ ~ _L.11_ 

____L _i.5Q_ __L 
____ll_ --1...5L _.2Q_ 
___JQ_ ~ _____u_ 
~ --l...!i!L -.3.!i-

838 64 535 

--£- 1.26 48 
1.05 

* 
--1L ____,.21_ 

·~~ _____!2L 
----:28 __£gQ__ 

=+ _ilL 

142 ~ ~ _.!il_ 

lfil --:r ___m_ 
_____lll_ • 72 ____!Q_L 
__ 88_ ___,§!_ ----1L 

9 

---53- .....l.Jla_ ---5L 
---1J3_ ~ _lQ9__ 
____.J$_. ____._a:z__ ____.l.J5L_ 

~ __i.a__ ----1Sl8-
---1il- --2L _.J9i_ 

--!iCL ----25- _____l2ti_ 

---2li.-~ _J.IL 
_.J.l_ --1..02- --il-
_ll_ ~ _:;IL 
----loL. ~ _Ji.SL 
-_J.3._ --1...23- -.il-
-~ --l..'18.-~ 

2,298 ,49 1,116 



Historical 

Table 11 
Colorado 

Flow and 
River 

Quality 

Basin 

of Water 
Son Juan River near Bluff, Utah 

Units-1000 
Concen- Concen-

Jl'lov tration T.D.S. 
{~~~\ ,;j!:~~\ T.D.S. 

IYear lbnt.h (A.JI'.) (T./A.F. l (Tons l Year Month (Tpi) 
Jan. ___.lQ_ ----1....JL 42 Jan. . ____jE._ __QJL 
Feb. _.3J._ ___w6_ ----1iL Feb. ~ ____,JQ_ 
Mlr. ~ ~ _____..!u_ tttr. ~ ____,_:zj__ _____EJ_ 
Apr. ____32__ ____,_2!;__ ----3L Apr. ~ ___&__ io2 .... ,. _ll!._ ____,5g__ ~ May ~ 130 
Jilne _.l5L _..J9._ _.Ql._ June 419 ___,_j§_ ____l2:l...._ 

-1959 July _JL ~ __is__ -1965 July ~ ~ -1.ll_ 
Aug. __ 6_4_ -l..l.L -.1L Aug. 218 ----*" ----1!±L 

177 Sept. _____.lJ,__ ---l...5.L _i:z...... Sept. _____,_22._ ___.22._ 
Oct. -----32- ____.ll6_ _:zg__ Oct. ---19Q_ ____,,SiQ_ -1.l..L 
llov. -----6L ___.ll2._ ____.£iL_ Nov. ~ _____,.2Q_ _g§_ 
Dec. __!iii._ --1..lJ2._ _!u_ Dec. ~ -----5.L ___gr__ 

Total 712 .R1 -~ Total 2 ,46 _,4 1-;;;;; 
-

.Jui. -----31- ----1...26._ _!u_ Jan. ___..l$L ~ ----4-Peb. ______u__ ----1....Q9__ _Ju_ }"eb. ~ 
Mlr. ___2QQ__ ___JL _____l9Q__ Mar. ~ ___,_fil._ ___ll5_. 

/.pr. 9i .~e 
----l.08__ Apr, ~ .48 121 

Mly _5lJ.._ May __ga_ -----:42 -u2 
June ___,n_ _lQ.L June ~ ~ _n_· 

-1960 July _.3.L ~ _!±L -1966 July -----2L ---1.&.l.. _2L 
Aug. =i ---1...lL --"°- Aug. --2tL ---1..:JQ_ _.21._: 
Sept. 1.24 ~ Sept. 42 :::::2J: =it=-Oct. -r:l} Oct. ~ 

~ ---ire __]Q_ ____,_!2§__ __ 6o_: llov. ----i;o- 1.27 51 
llov. 

Dec. Dec. ___E_ ____L.1L ~-Total l:bOT .~i 847 Total l 8 .64 

Jan. ___li_ _h.1:L __ll_ Jan. __ s_s_ ---1...Ql_ ____ll_;_ 
l'eb. 41 ___L..lL ~ Feb. 64 __.n_ ~-
Mor. --"bb 1.02 ____§]_ Mar. 

__ 7_9 _ 
___._IL ----2L. 

Apr. __..J.il_ ,56 88 Apr. --1.L _..l..l.L ___Jfl.__ _ 

lily -----2!5_ _...JL ----2L.. May __ 78_ __._IL __li_ _ 

June 227 ____,_ll__ --1SL June _fi_ __.il_ ____Ill_ _ 

-1961 July _____ll_ ____.ia_ ----3L -1967 July __ 3_9_ __L_ll_ ~-
Aug. __j]_ -----l....Q5_ ----2L.. Aug. ~ __l.lL -----1.iL_ 

Sept. ___.l.jl9_ _.Jl!L _..3fi.._ Sept. __ 94_ __....2.L _2lL._ 

Oct. ___g.6.._ ____.:n_ -.2L Oct. 31 ~ _.u_ 
Jlov, -----12.._ _...il_ __fil_ Nov. __lS_ --1....2!L __il__ 

Dec. 44 ~ ----2L Dec. ~ ___LZlL __!U__ 

Total , -,;/;4 77: 8<6 Total 701 1 n .. 
Jan, ____J6.__ ---1....24-~ Jan. _.16_ --1.....2.L _.M_ 

Peb. ---9L ~ ----£l9.-- Feb. ~ ~ -.ilL... .... ______J3_ ____.gg_ ~ Mir. ____j_Q_ --1.2.L -----62_. 

Apr. ____.1lL -------ll- _J.U_ Apr. __u_ .-....ll:... ---6L.-. 
Moy ~ --JC_ ---10lL_ Mly -----1.i.JL ~ _.aa..._ 

June 297 ----32.- --S5- June ~ __ .3_7 _ __ 89_ 

-1962 July ___ea_ ~ ~ -1968 July _.a2._ __ .9_3 _ __ 76_ 

Aug. ~ -l...JlL Aug. ----1lL ____hQL _!ll__ 

Sept. ______2fi_ ----1....!LL -----lL Sept. ----1lL ___hQQ_ 41 

Oct. --.l.QL ~ --1..3J_ Oct. ---5L -----1...QL 61 

llov. ___!i5_ ___l..3..4_ __£Q_ Nov. ----.il_ ___!,j&_ 58 

Dec. , ,J1A ~ -----"£_ Dec. ----il_ ___hQL 48 

Total R77 Total 1 n<n .82 874 

Jan. _.22_ ~ 42 Jan. --- --- ---
Feb. ---+ _1_. __ s6 Feb. --- --- ---.... ~ _..2Q_ Mlr. --- --- ---
Apr. ~ ___,llL _..2Q_ Apr. --- --- ---
Mly --2L ___,:ra_ 68 Mly --- --- ---

-1963 June ____...!jL_ l:~ . ~4 June --- --- ---
July -----1L July --- --- ---
Aug. _..!llL ___l.,_U_ _.li.._ Aug. --- --- ---
Sept. _:_JQ_ ~ ___:zL Sept. --- --- ---
Oct. 41 ____J,_,JL _-5.L Oct. --- --- ---
lov. 47 _J,_,_ljL. ......_____2L Bov. --- ----- ---
Dec. 48 ___l&;L__ ~~'.! Dec. --- --- ---

Total -..;a on Total 

Jan. ___!iL ~ -----50- Jan. --- --- ---
Job. _.JO.._ --1....2:L --3L Feb. --- --- ---
*r· ~ __i.JiL ____il_ Mlr. --- --- ---
Apr. -..10- .......J.-.!oll _____lo2_ Apr • --- --- ---... ,. ---1Ll3-~ ~ lily --- --- ---
June ----12J._ _:;a_ -----3!L June --- --- ---

-1964 July ~ __;z£_ ~- .Nl.y --- --- ---
Aug. ~ ~ ----1.lil:L. Aug. --- --- ---
Sept. --:.6.- ----W6- _____:iL Sept. --- --- ---
Oct. -JZ- ~- ____u_ Oct. --- --- ---
SoT. _11.2_ ----1..ll..- ____£io._ llov. --- --- ---
Dec. ~ ~ -;i2- Dec. --- --- ---

'l'otal '195 .98 781 Total 

·-
To obtain llg/l .. 1uply T/13 by 735. 

ll6 

Data 

O::mcen-

1!~~\ tration T.D.S. 
lvaap ~-·· IT./A.P. l (Tonal 

Jan. --- --- ---Peb. --- --- ---Mor. --- --- ---
Apr. --- --- ---May --- --- ---
June --- --- ---
July --- --- ---
Aug. --- --- ---Sept. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- ---- ---
Feb. --- --- ---
Mar. --- --- ---
Apr. --- --- ---
Moy --- --- ---June --- --- ---
July --- --- ---
Aug. --- --- ---
Sept. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- --- ---
Feb. --- --- ---
Jttr. --- --- ---
Apr. --- --- ---
ltiy --- --- ---
June --- --- ---
July --- --- ---
Aug. --- --- ---
Sepi. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Tot.al 

Jan. --- --- ---
Feb. --- --- ---
Mor. --- --- ---
Apr, --- --- ---
Moy --- --- ---
June --- --- ---
July --- --- ---
Aug. --- --- ---
Sept. --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- --- ---
Feb. --- --- ---
Mar • --- --- ---
Apr. --- ---
ltly --- --- ---
June --- --- ---
July --- --- ---
Aug. --- --- ---
Sept- --- --- ---
Oct. --- --- ---
Nov. --- --- ---
Dec. --- --- ---

Total 

Jan. --- --- ---
Feb. --- --- ---
Mar. --- --- ---
Apr. --- --- ---
Mly --- --- ---
June --- --- ---
July --- --- ---
Aug. --- --- ---
Sept. --- --- ---
Oct. --- --- ---
Rov. --- --- ---
Dec. --- --- ---

Total 



Table 11 
Colorado River Basin 

Historical Flow and Quality of Water Data 
Son Juan River pear Bluff, Utah 

(Annual Summary) 

Units-1000 

Flow Concentration 
Year (A. F.) (T.7A.F.) (Mg. /1) 

-

1941 4,892 .59 3911 
1942 2,241 153 3BB 
1943 1,424 .64 !l72 
1944 2,221 .48 353 
1945 ·1,588 .59 433 

1946 881 ·11 569 
1947 1 16J:I .65 476 
1948 2,140 .46 335 
1949 2,487 .47 345 
1950 854 .~8 _4.21L_ 

1951 691 • 79 579 
1952 51554 .45 333 
1953 9b7 .73 533 
1954 1,011 .77 566 
1955 910 .73 539 

1956 838 .64 462 
1957 2.909 .51 378 

2!298 .149 -
1958 357 
1959 712 .BI 597 
1960 i 1l>o7 .53 387 

1961 11264 .66 486 
1962 11480 .59 436 
1963 579 1.10 806 
1964 795 .98 122 
1965 2,54l) .54 398 -
1966 1,548 .64 473 
1967 791 1.0~ 772 
1968 l,060 .82 ~ol> 

Tota1 45,124 
l_}._yg_[<'H•c 1.612 .60 439 

Sampled quality record entire period• 
Measured flow records entire period. 

117 

T.D.S. 
(Tons) 

2,62~ 
11185 

959 
11101 

935 

681 
i,087 

216-
11168 

579 

544 
1115i> 

101 
1.79 
667 

535 
1,498 
l ,lll> 

578 
847 

836 
877 
035 
7BI 

1,379 

996 
531 
e rti 

26,976 
962 



Jan. 
P'eb. 
ltlr. 
Apr. 
Moy 
J\m,e 

-1942 July 
Aug. 
Sept. 
Oct. 
Bov. 
!lee. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

-1943 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Peb. 
ltlr. 
Apr. 
Moy 
June 
July 
Aug. 
Sept. 
Oct. 
lov. 
!lee. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

-1945 July 
Aug. 
Sept. 
Oc:t. 
BOT. 
Dec. 

Total 

Jlln. 
Feb. 
ltlr. 
Apr. ... , 
June 
July 

•1946 Aug• 

Sept. 
Oct. 
lloT. 
Dec. 

T<>tal 

Tobie i2 

Colorado River Basin 
Historical Flow and Quality of Water Dato 

Colorado River at Lees Ferry, Arizona 

T.D.S. 

Units-1000 

Year th 
Jan. 
Peb. 
ltlr. 
Apr. 
ltly 
June 

-1947 July 
Aug. 
Sept. 
Oct. 
liov. 
Dec. 

Total 

Jsn. 
Peb. 
ler. 
Apr. 
ltly 
J1111e 

-1948 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jilli. 
Peb. 
Mar. 
Apr. 
May 
June 

·1949 July 
A,.g. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb .. 
Nor. 
Apr. 
ltly 
June 

·1950 July 
Aug. 
Sept. 
Oct. 
lfov. 
Dec. 

Total 

Jan. 
Pel>. 
Mir. 
Apr. 
Mly 
June 

·1951 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

'r'otal 

-1952 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 
July 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 

!l'otal 

Flov 
A.P. 

Concen
tration 
T. A.P. 

Mor. 
Apr. 
ltly 
June 

-1953 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
!er. 
Apr. 
ltly 
June 

-1954 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

-1955 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mu. 
Apr. 
May 
June 

-1956 July 
A,.g. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mar. 
Apr. 
ltly 
June 

·1957 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Peb. 
Mir. 
Apr. 
lto.y 
June 

·1958 Jufy 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

To obt&in rcfl -ltiply T/13 by 735. 
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Flov 
A.fl. 

13,139 

Concen-
tration T.D.S. 
T. A.fl. Tons 



l:iistorical 

Table 12 
Colorado 
Flow and 

River Basin 

Quality of Water Data 
Colorado River at lees Ferry, Arizona 

.Jan. 
P'eb .. 
lllr. 
Apr. 
ltty 
June 

-1959 Jul.y 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

.Jan. 
l'eb. 
lllr. 
Apr. 
ltty 
June 

-1960 Jul.y 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

.Jan. 
Peb. •r. 
Apr. 

*1 
June 

-1961 ~ 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Jan. 
Peb. ...... 
Apr. 
ltt7 
June 

-1962 ~ 
Sept~ 

Oct. •ov. 
Dec. 

Total. 

Jan. 
Feb. 
lllr. 
Apr. 
Moy 
June 

-1963~ 
Sept. 
Oct. •ov. 
Dec. 

Total. 

Jan. 
r~b. 

lttr. 
Apr. 
ltty 
June 
Jul.y 

-1964Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total. 

Concen-
J'l.ov trat.icm T.D.S. 

{A.I',) {T. /A.J'. l {Tons) 

To obtain ,.!l .. 1uply T/AI' by 735. 

Units-1000 

Year M::mth 
Jan. 
Feb. 
lttr. 
Apr. .. ,. 
June 

-1965 Jul.y 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Jon. 
Feb. 
lttr. 
Apr. 
ltly 
June 

-1966 Jul.y 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
lttr. 
Apr. 
ltty 
June 

-1967 July 
Aug. 
Sept. 
Oct. 
ltOT. 
Dec. 

Total-

Jan. 
Peb • 
lttr. 
Apr. 
ltly 
June 

-1968 Jul.y 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total. 

Jan. 
Feb. 
ltlr. 
Apr. 

*1 
June 
Jul.y 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 

•1 
June 
~ 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total. 
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I Tear Y.... ... +~ 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 
July 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 

Total 

Jan. 
Feb. 
Mor. 
Apr .. 
May 
June 
July 
Aug. 
Sept. 
Oct-. 
l'lov. 
Dec. 

Total 

Jan. 
Feb. 
llor. 
Apr. 
lloy 
June 
July 
AIJ8• 
Sept. 
Oct. 
1'ov. 
Dec. 

Total 

Jan. 
Feb. 
lttr. 
Apr. 
Moy 
June 
July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

'1'otsl 

Jan. 
Feb. 
ltlr. 
Apr. 

*1 
June 
July 
Aug. 
Sept. 
Oct. 
ltov. 
Dec. 

Total 

Jan. 
Feb. 
•r. 
Apr. 
•y 
June 
July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Concen-
Plov tratioo T.D.S. 

IA.F.l IT.IA.J'.l ITonsl 



Table 12 
Coloradc River Basin 

Historical Flow and Quality of Water Data 
Colorado River at Lees Ferry, Arizona 

(Annual Summary) 

Year 

1941 
1942 
1943 
1944 
1945 

1%6 
1947 
1948 
19!+9 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

Flou 
(A.F.) 

17 ,857 
~.793 

11,413 -u-;ow 
11,769_ 

9,901 
17 ,903 

8,729 
6,165 
6,966 

8,658 
_ __l:!3 • 70 0 

13,139 
1,061 
8,790 

7 314 
14~39 
1,3~ 
3,242 

__ !-1,5~_ 

7 ,739 
7 ,560 -

--o:ro2, --_ 
1%8 

1966 
1967 

Units-1000 

Concentration 
(T./A.F.) (Mg./l) 

.10 

.63 
_._..73=---

.65 

.84 
-.bB-

.66 

.68 
• 75 

.79 

.64 
~0--

1.04 
.9IJ 

.75 

.68 

.1r--

.81 

.97 

.71 
1.27 
I.lo 

.78 

.70 
~4--··-

--.--88------

514 
_466_ 

539 
481 
531 

617 
498 
487 

~l.--

551 

581 
468 
630 
761 ---
691 

553 
_Jfil__ 
_5-19_ 
_.10:_4:___ 

593 

710 

811 
_--21£_ __ _ 

517 
621. 

-bli7 ·-= 
Totnl _£9.1...29_Q__ __;75___ -----------

_Ayr l"iH'~:._ ---· 10 ,642 __________ .5_52 

T.D.S. 
(Tons) 

12,481 
9,38L 
8,375 
a.525 
A,501 

7,346 
9 ,51.3 
8,531 
9 ,954 -
8,098 

7,833 
11,396 
1.485 
6,386 
6,548 

6,513 
12 ,646 -
9,280 
6,766 -
7,092 

1,065 
10,319 
1,758 
3,578 
9,008 

Sampled quality record November 1942 to October 1945, October 
194 7 to December 1968; remainder by corre1at ion. 
Measured ~low record entire period. 
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Table 13 
Colorado River Basin 

Historical Flow and Quality of Water Data 
Colorado River near Grand Canyon, Arizona 

Units-1000· 
Concen- Coneen-

Plov tration T.D.S. Flov tration T.D.S. 
_{A.F.) .J!./A.~ Tons Year M:!nth (A.F.) (T.fA.F.) (tons 

____!fil_ ~ Jan. _lQl_ i:~ _k Jan. 
----5l5.... _.l...Jl_ ---1ill..... Feb. _.TIL Feb. 

1*r. ~ ...J...ll_ ~ M!r. -----65.1... ____w.§_ __:m.__· M!r • 
Apr. ~ ____.ll1_ -l...&5L Apr. __]§2_ __,_2g_ ~ Apr. 
1*y .....!WrZ6-~ -2..lfl6.._ 1*y ~ ___._!&_ ~ M!y 
June -11..lm.. ~ ~ June _3.,.23.L ____...!&_ ~ June 

-1941 July _i.:m.... --->.>.- --.9611.. -1947 July _J..9.2.. ___.jQ_ _-5ll£.. -1953 JUly 
Aug. --1l6L. --1..a-~ Aug. ---1...liL _UL ~ Aug. 
Sept. _£52_ __.l..ll_ -----2!!a. Sept. ~ ~ ~ Sept. 
Oct. ~ ....J..il._ -2.1.:lL Oct. _.89l<._ ----1...2.Q_ -1..ill.. Oct. 
Rov. ----353.... ___..98._ ----93.],_ Nov. _.£!&_ ___l._l!±__ ~ Nov. 
Dec. ~ -1-22- _...:z25... Dec. _!±9:)_ ----1...2.Q_ _fia_ Dec. 

Totol Total 4 <4 1 Total 

Jan. t;~ 1.40 602 Jan. 427 1.27 542 Jan. 
Feb. l.33 _-212. Feb. ~ ~ ~ Feb. 
1*r. 

d'1 -4t-~ M!r. 660 1.25 836 M!lr. 
Apr. Apr. ----L1.3L ____.iL ~ Apr. 
1*y .49 ......L.2:iQ_ M!ly ~ _..J:j_ ~ M!ly 
June ~ l.i~ June ~ ____.k ....J...ili_ JUne 

-1942 July ~ ~ -1948 JUly 

~ 
__,_n_ m -1954 JUly 

Aug. --1...li_ m Aug. ___J,_,_ll_ Aug. 
Sept. 

~ ~ 
Sept. 2 2 -Ht _.19.2_ Sept. 

Oct. =i= Oct. -m . 612 Oct. 
llov. . Nov. 3g5 ~ ~ !fov. 
Dec. Dec. ~ Dec. 

14 10 1 100 ~ 
Total Total Total 

Jan. --* iii:tfi 517 Jan. 363 L51 548 Jan. 
1'eb. ___jli__ Feb. ' 374 1.36 _.:m_ Feb. 
Mar. i.Gi ±il.~ _13.L M!r. i ---1!){;__ ~ _..225_ M!r. 
Apr. ~ Apr. •-1...llL __,_2g_ _l...23.Q_ Apr. 
May --Ll6l... ~ _.l.,..23.a_ M!y --2.352- _.J&. ----W.20- M!y 
JUne ~:fl~ ~ ~ JUne _!WQl_ _.....!&._ ~ June 

-1943 July -1949 July ~ _...5!.L ___i..lli_ -1955 JUly 
Aug. ~~ _.3:1{,_ Aug. ___::_Q3L __l,,j,L ~ Aug. 
Sept. _!t3!L ~ _____62g_ Sept. ---3!&. __l...6.2._ _.5JSl... Sept. 
Oct. _.!!2§_ --1&_ _.6:J2._ Oct. _2l._ ~ __ea Oct. 
11ov. ___l;11_ ~ _.1QL lfov. 488 ~ -~ Nov. 
Dec. ----2!l:Q_ _WL --6ll.. Dec. >81 ~ ____jJl_ Dec. 

Total Total 14 2 11 2 4 Tot.al 

Jan. _B_ _LlL 48o Jan. m __l,jQ__ ~ Jan. 
Feb. --3.6.L ----1..23_ _!f!!6.._ Feb. _Lli_ __.25.2.. Feb. 
1*r. ~ --1..!IJ.._ _____m_ lllr. ___fiIQ._ ___i._a _..6ll._ lllr. 
Apr. ~ __.s:;_ U6§ Apr. :tlEt _..Jld.. i;~t5 Apr. 
1*y ~ ~ lily _..:.22... lily 
June t:~tt 

___.,ll_ ~ JUne r.~t ~ ±Mt June 
-1944 July 1*- -1950 JUly -1956 July 

Aug. ___hl_ ~ Aug. 
343 ~ Aug. 

Sept. _ill_~ --- Sept. Sept. 
Oct. ~-t.!- ~ Oct. ~ ~ Oct. 
11ov. _!!QL _1_. - ~ llov. ----*" -+.i- Jiov. 
Dec. __ru_ ....l-5a-~ Dec. ~ 1 Dec. 

Total 0 Total Total 

Jlln. __,126_ -+.i-~ Jan. ~ ~ ~ Jan. 
Feb. _.ID_ _l. __ 

Feb. 
t29 
~ --2lL Feb. 

lllr. ---1£lL _i._._!!l._ ~ Mor. _.hli.. ----22- lllr. 
Apr. __lklL _.l..Ql_ _lllZ... Apr. ---13.2. ~ ~ Apr. 
Moy ~ __.5L ~ Moy ~ __,a_ ___LQ!!Q__ Moy 
June --'..l5L ~ ~ June ~ ____,_!!2_ ___w,:rg_ JUne 

-1945 July .....i...:m.... ___..56_ _.m.. -1951July _,,jL ~ -1957 July 
Aug. ~ ~ ~ Aug. __.l...l!L _--2§3_ Aug. 
Sept. _..l2L _l..JlL ____fil_ Sept. ~ ___fi2Q_ Sept. 
Oct. _.52L -l....63._ __a5!t_ Oct. ___Lfil_ ----1lQ_ Oct. 
lov. __..!162... .....l....5L ---1Q.a... 11ov. ---1.A.. --15Q_ llov. 
Dec. ~ J..!!:L ~ Dec. _LlL ~ Dec. 

Tntal Total Tntal 

Jan. _.l§!!_ l.~l ----2!!1.. Jlln. _22l.. 1.28 --122.. Jan. 
Feb. =fil: _wa_ 

~ Feb. l~ H~ ~:m 
Feb. 

Mar. ~ 1*r. Mar • 
Apr. ....l.&l.6... ---222.. Apr. ~ • 84 Apr. 
Ill)' -1..1li.. _..iL_ ._fil_ 1*7 ~ 3 May 
June ::m: ::::l: ~ 

June ~ ~ June 

·1946 Jul.7 -1952Jul.7 ~ _!..2JJ._ ·1958 Jul¥ 
Aug. __2QI_ J...5!L Aug. _m_ ---l...l.6.. _.2fl3.._ Aug. 
Sept. 

t£9 ......L1L ~ Sept. _5S6_ -Wi3... _.fl2. Sept. 
Oct. -1....6L :=m: Oct. _.3!ll.. ---l...5lL. --.59:Z.. Oct. 
.loY. ~ -1:.32...... IDT. ~ --1..6!L ~ lov. 
Dec. ......l.Jl_ -.6U.. Dec. _.loocL --1-sa.. ~ Dec. 

Total 9,119 .96 8,742 Total 18,806 . 75 13,582 Tntal 

To obtain 1111/l ..,ltlply T/M by 735. 

!/ Correlated. 
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Flow 
A.F. 

Concen
tration 
T. A.F. 

T.D.S. 

9,854 



Historical 

Table 13 
Colorado 

Flow and 
River 

Quality 
Basin 
of Water Data 

Colorado River near r.rond Canyon, Arizona 

Jan. 
Feb. 
liar. 

-1959 Apr. 
llll7 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
,Feb. 
ltlr. 

-1960 Apr. 
Moy 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan, 
Feb. 
Mor. 

-1961 Apr, 
Moy 
June 
July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Jan. 
Fe?. 
lls.r. 

-1962 Apr. 
Moy 
June 
Jufy 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total. 

Jan. 
Feb. 
Mor. 

·1963 Apr. 
ltly 
June 
July 
Aug. 
Sept. 
Oct. 
Mov. 
Dee. 

Total 

-1964 

Jan. 
Feb. 
Mor. 
Apr. 
Mo7 
June 
July 
Aug. 
Sept. 
Oct. 
lov. 
Dec. 

Total 

Concen-
Jl'lov tro.tion T.D.S. 

(A.1".) (T. /A.F. l (Toos l 

3,582 i.24 4,450 
To Ol>taia m&ll ""'ltiply T/AF by 735. 

Units-1000 

Year M:lnth 
J$.n. 
Feb. 
lls.r. 
Apr. 
lls.y 
June 

-1965 July 
Aug. 
Sept. 
Oct. 
Nov .. 
Dee. 

Total 

Jan. 
Feb. 
Ms.r. 
Apr. 
Moy 
June 

•1966 Jitly 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
lt!r. 
Apr. 
Moy 
June 

-1967 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Totsl 

-1968 

Jan. 
Feb. 
Mor. 
Apr. 
lt!y 
June 
July 
Aug. 
Sept. 
Oct. 
Nov .. 
Dec. 

Total 

Jan. 
Feb. 
lls.r. 
Apr. 
Moy 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Peb. 
Mir. 
Apr. 
Mly 
June 
July 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Concen-
Flov tration 

lA.F. l IT·. /A.F. l 
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~ 
__,M_ 
__ ._9_7 

~ 
__L_QQ_ 
----LQ1, 
__ .9_2 
_..R, 
_--1Q 
~ 
_______.fil_ 
_..2Q_ 

0, 

'!'.D.S. 
ITonsl 

___&&_ 
____5jj__ 

~ 
.1.-lJllL_ 

-1.lIBL
~ 
-1llliL_ 

-6.2a-
___5'.JL_ 

~ 

~ 

. m 

Jen. 
Feb. 
Mor. 
Apr. 
Jey 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Js.n. 
Feb. 
ltlr. 
Apr. 
IO!y 
June 
July 
Alli!. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
IO!r. 
Apr. 
Moy 
June 
July 
AIJ8. 
Sept. 
Oet. 
Nov. 
Dec. 

Total 

Jeh. 
Feb. 
Mor. 
Apr. 
Illy 
Ju.ne 
July 
Aug. 
Se-pt .. 
Oct. 
Nov. 
Dec • 

Total ' 

Jen. 
Feb. 
Mor. 
Apr. 
Moy 
June 
July 

All8· 
Sept. 
Oct. 
llov. 
Dec. 

'Total 

Jan. 
Feb. 
Mor. 
Apr. 
Illy 
June 
July 
Aug. 
Sept. 
Oct. 
lfov. 
Dec. 

Total 

Concen-

(~:~~) <~~1~~\ ~T~~!\ 



Table 13 
Colorado River Basin 

Historical Flow and Quality of Water Data 
Colorado River near Grand Canyon, Arizona 

(Annual Summary) 

Units-1000 

Flow Concentration T. D.S. 
(Tons) Y~ar (A.F.) 

t--"----'----f---· 
(T./A.F.) (Mg./i°Y 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

18,796 
14,925 
11,624 
13,330 
12 ,115 

9,119 
l.4 ,347 
13,009 
14,622 
l.O ,836 

9,934 
l.8,l.06 

8,804 
6,300 
7,287 

0,77 
.68 
.86 
.75 

,79 
,75 
,77 

·-.07· 

.92 
,75 
,99 

l,l.4 
l..03 

613 

705 
579 
554 
566 
642 -

676 
551 
726 

756 

l.4 ,503 
10,186 
l.O ,033 
9 ,948 

l.O ,097_ 

8,742 
ll,295 
9,799 

11,254 
9,462 

9,133 
l.3,582 

8,693 
7.175_ 
7,494 

8 t 773 e 82 6oi 7 1].74 
18,910 .70 516 _13.263 
13,461 • 73 538 -~9 L:'.,82!!_ 
7 ,308 1.05 769 7.648 
9 ,l.54 • 86 629 7 .833 

7 I 739 __b._0..1__ 784 8 ,252 
14 ,839 .73 536 10 ,817 
1,630 1.41 1,030 2,291 
3 ,582 1,24 913 4 ,450 

11 ,773 • 86 636 l.O ,185 

1966 8 ,230 • 77 566 6 ,333 
1967 8,032 .93 681 7,438 
1968 9 1 373 ,94 691 8,Bl.7 
Total ___305

1
958 _

184
_ ____ 255,751 

Aver a PC' 
4 
___ _,,,l=0_...9""2:...a7 ________ __;6::.::l.:..:4 ___ _-=.9....!.,_13::....4_-_ 
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Year M:>nth 
Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

-1941 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
M!ly 
June 

-1942 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
l'eb. 
ltlr. 
Apr. 
ltly 
June 

-1943 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

-1944 July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Jan. 
Feb. 
i..r. 
Apr. ... , 
June 

-1945 July 
Aug. 
Sept. 
Oct. 
Jov. 
Dec. 

Total 

Jan. 
Feb. 
liar. 
Apr. ... , 
June 

-1946 July 
AIJ8. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Concen-

Table 14 
Colorado River Basin 

H istoricol Flow and Quality of Water Doto 
Virgin River at Littlefield, Arizona 

Units-1000 
Coacen-

r!~~\ ,;:i!:~) ~T~;i Year M:>nth t!:~, ,;~:~~) 7T~~!' 

-1947 

Jan. 
Jl'eb. 
liar. 
Apr. ... , 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

-1948 

Jan. 
Feb. 
ltlr. 
Apr, 
ltly 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

-1949 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
J\Jne 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
lloy 
June 

-1950 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
P'e-b. 
llor. 
Apr. 
May 
June 

-1951 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

'rotal 

Jan. 
Fe-b. 
liar. 
Apr. 
Mly 
.hme 

-1952 JIU)' 
Aug. 
Sept. 
O~t. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
liar. 
Apr. 
ltiy 

-1953 June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltir. 
Apr, 
ltiy 

-1954 June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
llor. 
Apr. 
ltiy 

-1955 June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
llor. 
Apr. 
ltiy 
June 

-1956 July 

Aug, 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

-1957July 

A1J8. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb .. 
ltir. 
Apr. 
ltiy 
June 

-1958.Tuly 
Aug. 
Sept. 
Oct. 
ftov, 
Dec. 

Tot.al 

ro obtain mg/l .,ltiply r/M by 735. 

1
Flov 
A.F.' 

----15.... __ 12_ 

---ll... 
.-2.l... 
--....lD... 
~ 
-1L 
~ 

--S-
-_,\I... 
~ 

~ 
__ l?._ 

___!?__ 
---l.l.... 
-----6.... 
--5.... 
__ 4_ 
__lQ_ 

----1llL 
--5-
-----!i-
-.liL 

~ 

Concen-
tration T.D.S. 

(T.IA.F, \ ITons\ 



Jan. 
Feb. ...,.. 
Apr. 
Noy 
kDe 

-1959 July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
Jt>7 
.J-.-

·19 60 JuJ.r 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Jan. 
Feb. 
lllr. 
Apr. 
Ill)' 
June 

-1961 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
Nor. 
Apr. 

*Y 
June 

-1962 July 
Aug. 
Sept. 
Oct. 
•ov. 
Dec. 

Total 

Jan. 
Feb. 
!tu'. 
Apr. 
!lay 
June 

-1963 JuJ.r 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

-1964 

Jan. 
Peb. 
liar. 
Apr. 
111.7 
June 
July 
AlJ4!. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Ccxu:en-

Table 14 

Colorado River Basin 

Historical Flow and Quality of Wafer Data 

Virgin River at Littlefield, Arizona 

Units-1000 
Concen-

l'low tretion T.D.S. (~~l ,~j!~~l ~~~i CA.JP.) {T./A.I'.) {Tonal Year tbl:tb 
Jan. 
Feb. 
lllr • 
Apr. ,..,. 
Jlme 

-1965 July 

Aug. 
Sept. 
Oct. 
Jov. 
Dec. 

Total 

-1966 

Jan. 
J'eb. 
111.r. 
Apr. ... ,. 
June 
July 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

'l'otal 

Jan. 
Feb. 
Nor. 
Apr. 
Noy 
June 

-196 7 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
lllr. 
Apr .. 
Noy 
June 

-1968 July 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 

Total 

Jan. 
Feb. 
111.r. 
Apr. 

*7 
June 
July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
l'eb. 
Mir. 
Apr. ,..,. 
June 
JuJ.r 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

13 
--9-
__ l_O_ 
__ l_l_ 

20 
7 

--4-
--7-
__ 1_4_ 

--7-
--9-
__ 1_3_ 

-iv;-

13 __ 1_5_ 
__ 1_2_ 

15 
11 

5 
__ 6_ 

14 
__.L_ 
__ 6_ 
__ 1_ 

----.H--

34 
--25-
--29-
--30-__ 3_7_ 
__ 1_9_ 

~ 
--25-
--46-
--z1-
--2s-
--32-
-nr-

33 
--n--
--27-__ 3_0_ 
__ 3_0_ 
__ 1_3_ 

--20-
--45-
--12-__ 2_0 _ 
__ 2_2 _ 

__lQ_ 
314 

Jan. 
Feb. 
*r· 
Apr. 
M>y 
June 
July 
Aug. 
Sept. 
Oct. 
liov. 
Dec. 

Total 

Jan. 
Feb. 
Mir. 
Apr • ... ,. 
June 
Jul7 
Aug. 
Sept. 
Oct. 
Bov .. 
Dec. 

Total 

Jan. 
l"eb. 
Mir. 
Apr. 
*7 
June 
July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 

*•· 
Apr. 
Ml)' 
June 
July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
Mir. 
Apr. 
Mly 
June 
July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 

*r· 
Apr. ...,. 
June 
July 
Aug. 
Sept. 
Oct. 
•ov. 
Dec. 

Total 

To obtain mg/l -ltiply T/AF by 735. 
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Table 14 
Colorado River Basin 

Historical Flow and Quality of Water Data 
Virgin River at Littlefield, Arizona 

(Annual Surnmory) 

Units-1000 

Flow Concentration T.D.S. 
Year (A. F.) (T.7A.F.) (Mg.fl) (Tons) 

1941 427 1.37 11000 583 
1942 18~ 2.01 - l148Q_ 375 ----- -----
1943 179 2.15 11580 385 
1944 181 1.92 11410 347 
1945 181 2.43 l, 790 441 

1946 162. 2.42 1 1 780 409 
1947 131 2.56 12890 336 
1948 J J] 2.l>5 12950 294 
1949 163 ~.17 12600 354 
1950 118 2.65 1,950 313 

1951 ll2 2.93 2,150 __ ll§__ 

1952 22Z l.~2 1,070 _ __ 390 
1953 9.8_ 3.00 2,l9Q_ __292 
1954 l~Q 2.61 l,22Q 365 
1955 133 3.16 2,330 421 

1956 62 J.Q5 21230 249 
1957 133 2.61 11920 347 
1958 272 1.68 l 1 230 457 
1959 91 2187 21100 260 
1960 84 2.79 2,060 236 

1961 1Q8 J.14 2,300 J38 
1962 _ _l.3L_ 2.14 1,570 293 . 
1963 --~- 3.14 2,300 266 
1964 Bl J.Ql 2~200 261 
1965 154 __ 2.12 . 1,560 327 

1966 162 2.30 1.2690 372 
1967 124 2.72 1,980 337 --·-- ···-- ··-· 
1968 - 124 

~ 

~53 ____ 1,860 314 -
Total 4 1 239 - 9 1 690 

Avcr.'lgc 151 ~29-- --1;£,so 346 
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Tobie 15 

Colorado River Basin 
Historical Flow and Quality of Water Data 
Colorado River below Hoover Dam, Arizona - Nevada 

th 
Jan. 
Feb. 
lllr. 
Apr. 
ltly 
Jllne 

-1941 July 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 

Total 

Jim. 
Peb. 
ltlr. 
Apr. 
Mly 
June 

-1942 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

JIU>. 
Peb. 
ltlr. 
Apr. 
lely 
June 

-1943 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Peb. 
lllr. 
Apr. 
ll!y 
June 

-1944 July 
AUB• 
Sept. 
Oct. 
lov. 
Dec. 

Total 

Jao. 
Feb .. 
lllr. 
Apr. 

*<I' .run.: 
-1945 July 

Aug. 
Sept. 
Oct. 
llov. 
Dec. 

'l'otal 

Jan. 
Feb. 
Mor. 
Apr. 
Moy 
June 

-1946 Ju1y 
Aug. 
Sept. 
Oct • .,,,, . 
Dec. 

Total 

Coneen-
Flov tration T.D.S. 
A.P. T. A.F. 

•10,585 .91 

To obtain mg/l -..ltlply T/M by 735. 
*l.evlaed 
11 letiaated or partially estimated. 
!/ Ave.rage of adjacent values. 

Units-1000 

Year Jt:mtb 
Jon. 
Feb. 
Mor. 
Apr. 
Mly 
J\me 

-1947 July 
Aug. 
Sept. 
O<:t. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
Mly 
Jtme 

-1948 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
1'eb. 
ltlr. 
Apr. 
ltly 
June 

-1949 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
ltor. 
Apr. 
Mly 
June 

-1950 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Ji'lov 
A.l'. 
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Concen-
tration T .D.S. 

• A.F. Tons 

-1953 

h 
Jan. 
:Peb. 
Mor. 
Apr. 
lt>y 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

-1954 

Jan. 
Feb. 
lt>r. 
Apr. 
Moy 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mor. 
Apr. 
Moy 
June 

-1955 July 
Aug. 
Se:pt .. 
Oct. 
Nov. 
Dec. 

Total 

Jan. 
Feb. 
Mor. 
Apr. 
Moy 
June 

-1956 July 

Aug. 
Sept. 
Oct. 
Nov. 
~c. 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
J\lne 

-1957 July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

Flow 
A.P. 

---.hm_ 
----1.&±.L 

l 046 

--2IL. 
_22L 
~ 
~ 
~ 

968 -e;p 
-----1!!9... 
~ 

Concen-
tration T .D .s. 
T. A.P. Tons 



Historical 

Table 15 
Colorado 
Flow and 

River Basin 
Quality of Water Data 

Color!]do River below Hoover Dom, Arizona-Nevada 

.im.. 
l'eb. ..... 
Apr. 
1117 
June 

·1959 ~ 
Sept. 
Oct. 
:loY. 
Dec. 

'fote.l 

·1960 

Jim. 
l'eb. .... 
Apr, 
1117 
.JI.me 
~ 
Aug. 
Sept. 
Oct. 
JloT. 
Dec. 

!'Otal 

•1961 

Jim. 
Feb. 
ar •. 
Apr. 
1117 
.JI.me 
.Tuq 
Aug. 
Sept. 
Oct. ....... 
Dec. 

Total 

.im.. 
Feb. .... 
Apr. 
1117 
.JI.me 
July 

·1962 Aus· 
Sept. 
Oct. -· Dec. 

Total 

..... 
l'eb. 
liar. 
Apr. 
*7 
.JI.me 
~ 

·1963 Alig. 
Sept. 
Oct. -· Dec. 

Total 

...... 
hb. 
Mir. 
Apr, 
*7 
.JI.me 
July 

·1964 Au&· 
S.pt, 
Oct. ....... 
Dec. 

!'otal 

Concen-
YlC!ll trat1Clll T.D.S. 
A.F. T. A.F. 

To obt&1D ..tl •1Uply T/Al l>y 735, 
!flot1-tod or pani&lly Htiaattd. 

Units-1000 

-1965 

Rov. 
Dec. 

Total 

·1966 

Jen. 
Feb. 
liar. 
Apr. ... ,. 
June 
July 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 

total 

Jan. 
Feb. 
Mar. 
Apr. ... ,. 
June 

-1967 ~ 
Sept. 
Oct. 
lfov. 
Dec. 

Total 

Jan • 
Feb, •r . 
Apr. ... ,. 
June 

-1968 ~ 
Sept. 
Oct. 
Jfov. 
Dec. 

tota:i. 

Jan • 
Feb. •r. 
Apr. ... ,. ,,_ 
July 
"ug. 
Sept. 
Oct. ....... 
Dec. 

Total 

.Jiln • 
Feb. 
ltlr. 
Al'r• ... ,. 
June 
.1u17 
Aug. 
Sept. 
Oct. ....... 
Dec. 

Total 

128 

Jan. 
Feb • 
lllr. 
Apr. ... ,. 
June 
Jul,y 
Aug. 
Sept, 
Oct. 
lov. 
Dee. 

Total 

Jan. 
Feb • 
Jlar. 
Apr. ... ,. 
June 
July 
Aug. 
Sept. 
Oct. 
lov. 
Dee. 

Total 

Jan, 
Feb, 
Mar. 
Apr • 
Mly 
June 
July 
Aug. 
Sept. 
Oct. 
lfov • 
Dec. 

Total 

Jan. 
Feb. 
Mlr. 
Apr. .,. 
June 
JulJ 
Aug. 
Sevt. 
Oct. 
lov. 
Dee. 

Total 

Jan. 
Feb. .... 
Apr. 
Moy 
.tune 
~ 
Aug, 
Sept. 
Oct. 
lov • 
Dec. 

Total 

...... 
Feb. 
..,r, 
Apr. 
lla7 
June 
~ 
Aug. 

~· 
Oct. 
lloY • 
Dec. 

total 

Flow 
A.P. 

Ooneen-
trat1Clll ·T .D.S, 
!'. A.P • 



Table 15 
Colorado River Basin 

Historical Flow and Quality of Water Data 
Colorado River below Hoover Dam, Arizona, Nevada 

(Annual Summary) 

Units-1000 

Flow Concentrat.j_on T.D.S. 
Year (A.F.) (T.7A.F.) (Mg./l) (Tons) 

-
1941 ___ 1_4,889 LOO 735 142897 
1942 -15 '762_ .98 717 15.381 
1943 12, 715 __ .90_ 665 112502 
1944 14,427 .94 693 13.607 
1945 12,512 .92 676 11,512 

1946 10,585 .91 -- 668 9 1 626 
1947 10,959 .94 690 102283 
1948 13,051 .90 660 112 713 
1949 13,566 .83 610 11,250 
1950 12,016 .84 __ 6~- 10,046 

1951 9,870 • 91 671 9,005 
1952 151816 .85 623 13,401 
1953 ll,302 .89 656 102093 
1954 10,514 .94 693 9,913 
1955 82589 1.09 804 9,393 

1956 7,812 1.14 839 8,918 

1957 9,323 1.04 763 9,i>SI 

1958 11,877 .86 634 Io,24'.J 
1959 9,282 .84 621 7,82iI 

1960 8,997 .91 671 B,209 

1961 8,586 .95 697 81139 
1962 8,61~ .93 685 8 1033 
1963 8,533 .92 677 72882 
1964 B,163 .98 722 81014 
1965 7,792 1.10 ------ 809 8,574 

1966 71 777 1.01 743 7,857 
1967 71932 .92 675 7,282 
1968 7,839 .95 699 7,457 - -----
Total 299.101 279 '752 

Aver:H•e 10~682 .94 68i- 9,99f 

Measured flow record entire period. 
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Historical 

Table 16 
Colorado 
Flow and 

River 
Quality 

Basin 
of Water Data 

Colorado River below Parker Dam, Arizona-California 

Units-1000 
Concen- Concen-

(~~;:, (•tration T.D.S. 
'~~~\ tration T.D.S. 

Year lbntb T.IA.F. I ITonsl Year lt>nth IT.IA.F.) ITons) '•··r --·· Jan. --6.2.L --1..Q2._ __ill_ Jan. ___liL -1l..J!2__ Jen. 
Feb. 

____ll'tlL 
Sil_ -1...J..2__ ---62.8_ Feb, _Jl9.'L _.2(}__ ---1l£lL Feb .. 

ltlr. _L5.Q_ _1.ll_ -----6.J..L Mar. _..2iQ_ __ .9_2_ ~ Mar. 
Apr .. 608 l. 09 663 Apr. 797 .95 757 Apr .. 
May l 359 ~ 1 481 May ~ --.-96-~ May 
June _Ll1_L 1.08 -s60 .96 -----s26 -L.1.2.L June June 

·1941 July ____llL _LQ1__ --1....QQL ·1947 July 844 __ ._95_ ~ -1953 July 
Aug. __LllL 1.01 .....!...l!2_ Aug. 892 . 94 ----sJB Aug. 
Sept. ___L21L --.9-5-

-...Ll.2.L Sept. ~ --.-95- --ns Sept. 
Oct. 95 837 89 745 .J....}.!lL .....l..2Q.L Oct • Oct. 
Nov. -1....liL __ ._92_ ~ Nov. 880 . 85 748 Nov. 
Dec. ---1....Qil_ __L.QQ__ --1....J)l,_l__ Dec. 1.037 . 81 840 Dec. 

Totel '= 14 749 l. 02 15 052 Totel 10 663 .91 9 725 Total 

Jan. -1.....tiL ___.:n_ ~ Jen. --1..!ll... __ ._93_ ~ Jan. 
Feb. ~ ___.:n_ --1..Ali.. Feb. ~ __ ._89_ .....!....QR Feb. 
Mar. .....l..Jill._ ~ ~ ltlr. ____Llfil_ . 89 985 M9r. 
Apr. --1..UL ___._ll_ --1..lll_ Apr. .....l...ML 90 975 Apr. 
lilly ~ __._2.lL --1..2.2L May -1...lli... __ ._89 _ ---2ll... M9y 
June --1...llfL. __._2.lL -1....5.ll.L June ~ ____.ll__ ~ June 

-1942 July -1948 
Aug. 

......Ln2_ _...2.2...._ .......1...l§.L July __LlQ!L __ ._88_ ---212... -1954 July 
___aaa_ __L.OL_ --9.ll.. Aug. ~ ____.fil__ _filL Aug. 

Sept. ~ - 1'll_ ~ ----1.LL Sept. ___,_M__ ___J!QL Sept. 
Oct. ~ ___._2L_ ____fill_ Oct. 918 . 84 771 Oct. 
Nov. .....l..Q/lL _9.fL_ ____il2_ Nov • 978 79 773 Nov. 
Dec. --1...2ll- _l!l__ -1...ll.5.L Dec. ~ ---2lL. _.2il.. Dec. 

Total .. '"' • 96 14 662 Total 12,651 . 88 11,144 Tote! 

Jan. __LfilL __ ._91_ 924 Jan. ~ . 87 ~ Jan. 
Feb. 746 __ ._86_ ~ Feb. ~ 

--.-83- 989 Feb. 
lillr. ---as& __ ._95_ --s42 Mar. ~ 

--.-82- l 014 Mar. 
Apr. 877 . 93 -ru-. Apr. ~ 

--.-8-6- 960 . Apr. 
ltly _...2il... _...2.2...._ 909 May 983 . 86 845 M!y 
June 976 .96 937 June ~ . 87 803 June 

-1943 July 1.086 . 89 967 . ·1949 July ~ 
--.-8-7- -----s2s -1955 July 

Aug. ___tiQ_ __.JlL_ 881 . Aug. 1 013 
--_-8_2_ ~ Aug. 

Sept. -1....QQL ___.ll__ 885 . Sept .. ~ . 81 ~ Sept. 
Oct. ___1...lliL ___._!!L_ __J,_.Q.ll_. Oct. __Ll!!.§_ . 78 ~ Oct. 
Jtov. __Llil_ __ ._8_5_ _m_ Nov. __!...Q!l_ 

--_-7_5_ ~ Nov. 
Dee. ....l...11L __...li_ ~- Dec • ~ 

--_-7_2_ ----a34 Dec. 
Total 1? "'" . 90 in 8'" Total 13 060 --.-8-2- lQ,716 Tatel 

Jan. _Llil_ __.§.L --1...&lL Jan. ~ .84 907 Jan. 
Feb. -1...llL ---.2lL. --1..lQL Feb. ----1...m_ --.-8-3-~ Feb. 
Mor. _..l..2.ll. ____._u_ ~ Mar. ~ 

--.-8-2-~ ltlr. 
Apr. .....l...lii!L. _.li_ -1...lllL Apr. ~ . 86 -----SSS Apr • 
lilly -1...lliL _.li_ ~ 

ltly ~ __ ._8_6_ -----n7 ltly 
June _ill. ~ ~ June 900 __ ._8_5_ ----ns June 

-1944 July --1..IUL ----2.J_ ~ 
-1950 July 897 __ ._8_3_ ~ ·1956 July 

Aug. .....l..Jil_ ----2.J_ ....i..Jlf>.L Aug. _nL __ ._8_2_ 683 Aug. 
Sept. .....l..l.li... _.a.z_ ----9.il. Sept. ---12!L -~8~2- __ 5_77_ Sept • 

Oct. --1..lllL __.aa_ .......J..Jll.L Oct • 651 ~ 547 Oct. 
llov. -1..UL ____.Jlli_ ~ Nov. 542 ~ ---;;66 Nov. 
Dec. --L.lll- ---il_ _i.n8ll... Dec. ___ill_ _...fil_ 485 Dec. 

Total )3 81.2 9:1 12,5 96 Totel 10,473 .84 8,801 Total 

Jan. .....!..lli... .92 ~ Jan • 550 .87 479 Jan. 

Feb. __hQll_ ,89 944 Feb. -sor ---:-gg- 441 Feb. 

Mar. .....l.,.2ll... __.ll_ --1..llL M9r. _13JL ___.filL_ _ML ltlr. 
Apr. __.i8i.. __.il_ ~ Apr. ---1fL5.... _11.1.._ _.Jibb.... Apr. 

May __.lllL __.il_ ----822.. May ---6.ll.. -lUL. -llL M9y 

June _.ill_ __.!ll_ _JU_ June _.l!f>.L -lUL. ---2li.. June 

-1945 July ___.ill_ ~ ~ 
-1951 July _.2il_ -.B..L.. _.1lil. -1957 July 

Aug. ~ __._llL_ -!i.lA... Aug. _.2il_ _11.1.._ _J!2.Z.. Aug. 
Sept. 824 __ ._89_ ~ Sept. _.m.._ ..........M_ _.21L Sept. 

Oct. --r:m- . 83 862 Oct. 709 __ ._88_ 624 Oct • 

Jllov. ~ 
--.-8-7- 901 Nov. 560 ___,_ll_ 493 Nov. 

Dec. ~ -:SS 967 Dec. 707 _J!L . 629 Dec. 
Total 12 033 ---:90 10 808 Total -s67" 88 ---:;-rn- TOtal 

Jan. -1..J!il_ __...ll._ _.212... Jan. __J._.lll!t._ ~ ~ Jan. 

Feb. 
~ ~ ~ 

Feb .. _Llli.. _...fil_ _.ill. Feb. 

lillr. _m_ ___..8.L_ _fil.L M9r. .......l..!i2iL _..Jl1_ --1..2.32- ltlr. 

Apr. _..llJJL ..-.ilL.. _.l!t..L 
Apr .. --1..lOlL -!llL. --l+llJL Apr. 

lilly _li.1._ __..u_. _.lllU_ Moy __l..J<4J_ _.!JL.. --1..32.IL ltly 

JI.me 754 .90 679 June .......!..i!2.. .92 -1.dQL June 

-1946 July ~ --.-89-~ -1952 July ~ . 88 _LllL -1958 July 

Aug. ----m- --.-87- ---m- Aug. -....h.lli... __ ._83_ ......!...ill.. Aug. 

Sept. -no --:89 ~ Sept. ---1....llL __Ji._ .....Ll!!t't... Sept. 

Oct. ~ --:89 ~ Oct. __Llli_ ___J!L_ _.ill.. Oct. 

llov. -"789 --.-89- 702 llov. __LllL __ ._69_ _.!!QL Jlov. 

Dec. ----m- --er 774 Dec. ~ __.il.... _.§11_ Dec. 

'l'otal . 10,141 .89 9,075 Total 15,413 .83 12,838 Total 

To obtain mg/l -..ltiply T/AF by 735. 
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Concen-

l~~~l tration 7:r~;i (T. /A.F.) 
____l.,..l.9§__ ~ -m---1..,,QgQ_ 
~ .88 833 

8o8 __,21__ 

H~ __.22.L ___,9.Q_ 
~ ____.2Q_ 

__,§1._ 951 ......Lfil3... 
~ .84 m m :~a _23.1_ 
_EL --:-85 448 

,n{~~ .85 __:i3:L 
.84 8 044 

_J91_ ___.llL ~ 
_____Q§L_ ___&L ----2!!.L 
-182... __.&L __§51__ 
___.M_ =k __12.L 
.....Lfil2._ ----22L 
-il83... ~ -1ll2.__ 

~ ---'2L ~ __.3.J.._ ~ 
_IB... ---:.21-. 686 
...........232. ~ g~L ~ ~ 

Q ~~i ~ ___QQQ_ 
8.584 

734 ---=.21... 683 
598 __.3L 562 . 

-111.. ____.9L ---7QL 
__-15lL ---8]_ ------13L 

~ .........9'.L __:r§L 
.2:.2L ___§2g_ 

e~ -Ht- ...LQ.1Q_ 
__3QQ_ 

~ ___E_ 
_!±99.... -1.QL ~ 
_..322... -1.&L ___ljQg__ 

286 -1.&L ~ ""8:141 l.Ol 

3H l.10 ~ -WO 
628 l.10 691 
684 -1.&L __1!±2._ 

_.fil... ....l..fil_ ........1llL 

~5 ......Lm_ _§.2L 
.....4l.Q_ 
~ ~ ......J...m_ 

~ -tM- __.1lQ._ 

s~t 3?l ""T.11 

~ -1...iL __32fL 
1.10 7.'i<2 

_.2ll. ~ ---21'L 
_..3!±9.. ......l..lL. ~ -----38$.... -1..ll:L 

m ~ m 
~ l.05 -e22 
~ .....hQL ~~§ ~ .....kQ1._ 
~ ~ _§2L 
---5.Q3._ -1.&Q_ --2Q3__ 
__.1l!J.... __l.,QQ_ ___fil_ 
__LQQ5... -1..QL. .bQ1L 

7 007 ' n4 BORA 

-1..E§.2.. ____dL_ ..hfil§__ 
____222._ ~ ~ --L..3.1±2.. ~ .....LJli. __,§1_ -==--
-l..Jlll. ~ _ML 
~ ____..§L _.1ll._ 
--33Q._ ___A._ _m__ 

~l -if- m 
--2J.Q... __..§L _..5QQ_ 

~ :~ ~ ----15.l. --62.5-. 
10,892 .86 9,4l2 



,Jan. 
Feb. 
llt.r. 
Apr. 
lily 
J'uDe 

-1959 Ju1;r 
A"I!• 
Sept. 
Oct. 
llc>Y. 
Dec. 

'l'ot.ol 

.Jan. 
Feb. 
llt.r. 
Apr. 
lily 
.lime 

-1960 Ju1;r 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 

TOtol 

.Jan. 
Feb. 
lllr. 
Apr. 
lily 
June 

-1961 Ju1;r 
Aug. 
Sept. 
Oct. 
llc>Y. 
Dec. 

TOtol 

.Jan. 
Peb. 
llt.r. 
Apr, 
lily 

"'-
-1962 Ju1;r 

.Aug. 
Sept. 
Oct. 
llc>Y. 
Dec. 

'l'otol 

.Jan. 
Feb. 
llt.r. 
Apr, 
lily 
June 

-1963 Ju1;r 
Aug. 
Sept. 
Oct. 
llc>Y. 
Dec. 

Total 

Jon. 
Feb. 
•r. 
Apr. 
lily 
June 

-1964 ~ 
Sept. 
Oct. 
lloY. 
Dec. 

Total 

Table 16 

Colorado River Basin 
Historical Flow and Qualitv of Water Data 

Colorado River below Parker uom, Arizona -California 

Units-1000 
Ccneen- Coaoen-

n,., tnt1<111 '1'.D.S. Fl.av tration T.D.S. 
A.I'. T. A.I'. 'l'on• Year ll:iath A.I'. '1'. A.I'. 

~ ~ Jan. ~ ...2:..21L 284 

~ Feb. 

~' 
___.99_ Ml! ~ _.2€2.... Mtr. _bQQ__ lllr. 

_.filS .83 ___2gL Apr. --t£- 1.01 ~ Apr. 
----1Q6._ ~ _.fiQL lll7 i.06 11117 
_.:&/_ ___..e:z._ --6!U... June =m:: __Lll!i_ _1!±6._ June 
_Jl6a. -ll!L. -1lclL -1965 J1J4 ~ ~ __Jlgr_ JuJ.:r 

-m-~=m= 
AQg. _ML_ ...J..,,QQ_ ----'l.l9- Aug. 
Sept. Ws ~ =fil:::: Sept. 

~ .63 ___.!!23..... Oct. Oct. --m- .84 ____3!!Q_ Bov. 220 ___kQ1L_ -231_ lov. 
ll .83 -& Dec. 6 19! 

_hQ2_ __w__ Dec. 
ll.'ili6""" • 8 Totol 1.04 6 61 'l'otol 

428 .62 _32L Jan • ~ o.82 WJ.45 Jan. 

i -:Bl~ Feb. _____ilL ____wa_ __.!t.3Q_ Feb. 
-:Bl 1 Mtr. -----1illL ___L.l&_ _!i2_ ... r. 

~ -~ ~ Apr. _.E2_ ~ ---11.1.. Apr. 

~ 
. ---23§_ lily ___222_ ___L_Qi._ __BL lloy 
.68 _:m._ June ---1!llL _.wa.. -----6.l!L J\lne 

~ ~ ~ -1966 July __<l!ll._ _.wa.. ~ J\117 -m- :~ 
____:r6!!._. Aug. _ll5L ~ ____MB_ Aug. 
__...jil_; Sept. ·~ ----1...QQ_ ~ Sept. 

~ 421. Oct. . ____.32L_ _hQQ_ ---32L_ Oct. 
__3il_ =:A __ill.: lov. ~ ----1...QQ_ ~ lfov. 

-1i- _.m._ Dec. ~- ----1...QQ_ ~ Dec. 
Totol TOtol 

IB __,2!_ ~ Jan. 306 ___!.Q9_ ---1QL Jen • 
__.,gg_ ~- Feb. ~ _L.Q2._ 431 Feb .. 

=! ~ 
_..66a... Nor. --m- ---1...QL ~ Nor. 

__.,gg_ -m-· Apr. 608 ___.iL _.aL Apr .. 
~ =I lll7 _.fil.._ _..il_ __ill_ lloy 
~ June _llL _-211.... _.§ll_ J\lne 

~ ___ill._ -1967 July __ill_ _...n_ _____llL July 
__.9l.. Aua. ___]ft_ _-211.... ____liL Aug. 
~ 545 Sept. 490 ___,jjL. ~ Sept. 

412 ~ ~ Oct. ---m-~ 400 Oct. 
_312... ___.!l!!... ___3QQ._ Bov. _.1il_ __..2L __ng_ 1'ov. 

___.!l!!... ~ Dec. _..1.ZD.... ____.,ll_ _1iL Dec. 
• 1 Total 6 322 TOtol 

Jen. _llL __..2L ___llL Jan • 
Feb. _!a_ ____.ll_ ~ Feb. 
Mtr. ____jJ2._ ____.ll_ ____llL Nor. 
Apr. _..1M.. ~ __llL Apr. 
lll7 __6li_ ___u_ _____ilL Noy 
June --1lL ___JL ____ill_ June 

-1968 July ---111-~ _llL J\117 
Aua • _.n_ ___ilL Aua. 
Sept. _,,UL _JL _.s5lL Sept. 
Oct. ~ _-lllL _____lll_ Oct. 
Bov. _lQL ~ __llL lov. 
Dec. __llL _.n_ _IlL Dec. 

Totol TOtol 

~~· ..... Jen • 
Feb. Peb. 

_:§1 r6 *r· Nor. 
Apr. Apr. 

_____.:.22.. 72 : lily lloy 

---;& ~- June June 

~ :=i=3t'. 
July July 
Aug. Aug. 
Sept. Sept. 

~ ~ ~: Oct. Oct. 
11o ... BOY. 

~ ~· Dec. Dec. 
Totol 'l'otol 

____& ~ __fl. ..... Jen • 

~~~: 
Feb. Feb. 
•r. Nor. 

-fi- ==l Apr. Apr. 
lily •:r 

~__,,a . June June 

~~~'. 
Ju1;r Ju1;r 
Aug. Aug. 

___1!22_ -~ . 
Sept. Sept. 
Oct. Oct. -m- =:2£ . ..,,. . ·""· _..2!1.2.. __l.&O.,. 244 . Dec. Dec. 

6,651 .92 6,147 Totol 'fotal 

To obtain -a/l -ltipl7 T/AP by 735. 
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Ccmeen-
Plov tratiOD T.D.S. 
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Table 16 
Colorado River Basin 

Historical Fl0w and Quality of \A/ater Data 
Colorado River below Parker Dam, Arizona - Ca I ifornia 

(Annual Summery} 

Year 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
Total 

_l~vC'r:tPt' 

Units-1000 

Flow Concentration T.D.S. 
(A. F.) (T. 7 A. F.) (Mg. /1) (Tons) 

14 2749 1.02 750 15,Q52 
15,159 .96 709 __1_'4.§§..L ----12,079 .90 661 10,a.5.8_ 
13,842 --:-9~ 669 12 .526_ 
12,033 .90 ----- 660 10,808 

10,141 .89 658 91075 
10,663 .91 670. 91 725 
12 ,651 .88 647 111144 
13,060 .82 603 10 I 716 

-10 ,4---=rs- .84 618 8,801 

8,672 .88 645 7,612 ----- .83 151413 612 122838 
101649 .Sli 617 81944 

91671 • 89 652 81584 
__ 8,141 1.01 745 8,255 

~869 1.10 806 72532 
_l_i_'iJ]_ 1.04 762 8,288 

10,892 • 86 635 9,412 
8,186 .83 609 6,786 
7,794 .86 631 6,696 -
6 2975 .91 669 6 2350 
72159 1/ .95 699 62810 
7,251 .93 681 6,718 

-- 626.51 .92 679 6,147 
6,356 1.04 765 6,615 -

6,683 1.03 755 6,863 
6,322 .94 -689 --5,929 

--6~643 -·.9z;- 692 6,252 
--·-- ·----- - 250-;008 273,210 

9,75S ---:g2- 673 -~91r 
- ·-

!/ Partially estimated. 
Records furnished by Metropolitan Water District of 

Southern California 
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Historical 

Tobie 17 
Colorado 
Flow and 

River 
Quality 

Basin 
of Water Doto 

Colorado River ot Imperial Dam, Arizona -California 

l<rear --t.b 

I 

Jan, 
Feb. 
ltlr. 
Apr. 
ltly 
JUne 

-1941 Ju1;y 
Aug. 
Seyt. 
Oct. 
aov. 
Dec, 

Total 

Jan. 
Feb. 
ltlr. 
Apr. 
ltly 
June 

-1942 Ju.l.;y 

°"'«· 
5ept. 
Oct. 
aov. 
Dec. 

Total 

..... 
Feb. 
ltlr. 
Apr, ... ,. 
June 

-1943 Jilly 
Aug. 
5ept. 
Oct. 
aov. 
Dec. 

'total 

...... 
l'eb. 
ltlr. 

"er· ...,. 
June 

-1944 Ju.l.;y 
Aug. 
Sept. 
Oct. 
aov. 
Dec. 

Total 

...... 
J'eb. 
ltlr. 
Apr. ...,. 
June 

-1945 Jilly 

""II· sept. 
Oct. 
aov. 
Dec. 

Total 

...... 
l'eb. 
ltlr. 
Apr. 
Moy 
June 
Jilly 

-1946 Aug. 

Sept. 
Oct. ....... 
Dee. 

Total 

To obtain ,.Jl .,ltiply T/AP by 735. 

Units-1000 

Year ll:lnth 
Jan. 
Feb. 
ltlr. 
Apr. ... ,. 
J\me 

-1947 July 
Aug. 
Sept. 
Oct. 
liov. 
Dec. 

Total 

Jan. 
Feb. 
lllr. 
Apr. 
Ill)' 

Jum. 
-1948 J\lly 

AU41. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Jan • 
Feb. 
lllr. 
Apr. 
lily 
June 

·1949 Ju1;y 
Aua. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Jan • 
Feb. 
lllr. 
Apr. 
lily 
June 

-1950 July 
AU41. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan • 
Feb. 
lllr. 
It.pr. 
ltly 
June 

-1951 Ju.l.;y 
A'llg. 
Sept. 
Oct. 
11ov. 
Dec. 

Total 

-1952 

.)In • 

Feb. 
lllr. 
Apr. 
lily 
.Time 
Jilly ...... 
Sept. 
Oct. ...... 
Dec. 

Total 

Concen-
Flow tratton T.D.s. 

IA.F.I IT./A.F.l ITonsl 
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Jan. 
Feb. 
!er. 
Apr. 
lily 
June 

-1953 July 
Aug. 
Sept. 
Oct. 
Jlov. 
Dec. 

Total 

Jan. 
J'eb .. 
Jt>r. 

· Apr .. 
May 
June 

-1954 July 
Aug. 
Sept,. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
ler. 
Apr. ... ,. 
June 

•1955 July 
Aug. 
Sept. 
Oct. 
Jlov .. 
Dec. 

Total 

Jan. 
Feb. 
!er. 
Apr. 
ltly 
June 

-1956 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Total 

Jan. 
Feb. 
!Br. 
Apr. 
!By 
June 

-1957 July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 

Tot.al 

-1958 

Jan • 
l"eb .. 
!Br. 
Apr-. 
Mly 
June 
July 

"Ill!· 
Sept. 
Oct. 
Bov • 
Dec. 

'1.'ot.al 

Con.cen-

l~~;:' 1 l~J!~~I 7~;i 

10,SOO 

~ 
_,91;_ 
_,91;_ 
_....9!L 
~ 
--L..Q3_ 
--l..:..QL 
......J...iU_ 

~ 
~ 
~ 
~ 

M 

Loi 

--1.&._. 
~ 
~ 
~ 
_..9..::.'.L
-6Za..
~ 
--'l.L'....
~ 
~ 
~ 
~ 

q "'\'.)), 

l0,626 



Concen-
Pl.ow trat1on 

Year ltmth (A.r. \ IT.IA.r.) 
Jan. ~ ~ 
Fob. _.22£._ __,_$._ 
lllr. 618 ----1,.Qg__ m; Apr. ----hQL 
lily ---hQ2_ 
June 679 ---W2l-

-1959 July 824 ~ 
Aug. ~ 1.04 
Sept. ~ ~ 
Oct. ~£ l ~ 
Nov. .o 
Do,e. ~ ----rm:-

Total """T,b95 ~ 

.>m. 449 1.02 
Feb. 436 ~ 
lllr. ~ _.,39_ 
Apr. _Tu2._ ~ 
Mly ___MQ__ ---LQL 
Ji.me _n2.. ---L2L 

-1960 ~ .--Jl!!.2_ ---LQL 
Aug. __7IJ_ _____L.Q2_ 
Sept. ' 6o6 _hQ2_ 
Oct. ~ 1.10 
llov. ~ r.14 
Dee. -..l5L ~ 

Total 7 "'' 1.o6 

Jan. ~ 1. 18 
Peb. ----r:T5 
ltlr. ~ ~ 
Apr. --w;- Lo8 
ltly =m::: ---1.J!L 
June .-..£2L l. 08 

-1961 ~ _:ill_ l.09 
Aug. _.ill_ ~ 
Sept. _.2!!L ~ 
Oct. ~ --W.Q.. 
llov. ~ ~ 
I>ec. 222 ---Li§_ 

'!'<>till 6 20< l.12 

Jan. m 1.11 
J'eb .. 1.14 
Mor. --5'IL. ~ 
Apr. _.ua. ~ 
ltly ~ -L.lL 
June ~ ~ 

-1962 ~ _m.. --l..lL 
Aug. _no.. ---L.12.. 
Sept. ~ ----hll.. 
Oct. t~ -Ht-llov. 1.1 
!lee. --.l9J... i.18 

Total 6 4'i8 l.U 

Jan. ---1ll._ _w.L 
Peb. --391.. ---l..ll.. 
111.r. ~ti ---LlQ.. 
Apr. --hQ2.. 
Moy f>o2 -Hl-June 691 . 

·1963 July ---112.. 1.04 
Aug. _J51.. --Wl2... 
Sept. _.fil_ ~ 
Oct. ~ --.Ll§.. 
Rav. _3!!Q_ -LJL 
Doc. -d~ -.i.J.3_ 

Total lnA 

Jan. ~ --l..J,2_ 
Peb. ~ --LJl'.L 
Mir. 

~ 
_wi6_ 

Apr. -1:.Ql.. 
Moy ~ ___J,dQ_ 
J\Jne --'-2I§_ _U2.. 
July . m _hQ2_ -19~ Aug. -Ht-Sept. 

=i= 
1.1 

Oct. -r.22"° 
llov. ~ 
Doc. 257 1.27 

Total 5,900 1.12 

Tobie 17 

Colorado River Basin 
Historical Flow and Quality of Water Data 
Colorado River at Imperial Dam, Arizona - California 

Units-1000 
Concen-

T.D.S. Flow tration T.D.S. 
(Tons) Year ltmth IA.F. \ IT.IA.F. \ ITons \ IY•ar "'--·~ 

~ Jan. l__gIL_ l.26 341 Jan. 
Feb. ..:....hlL 418 '--33Z_ Feb. 

~ Mu. I~ ~ ~ Mar. 

m Apr. -2§§__ _k12_ ___Q2L_ Apr. 
... y ----5hlL -1..22_ -----6fa_. Mly 
June ~ --1..22- _£frL_ June 

816 -1965 July _JSa_ ----1.26.... _§21_ July 
~54 Aug. I~ ___l,_g§_ _.ill_ Aug. 
~ Sept. ....Li.L ~ Sept. 

~ Oct. ~ ~~ Oct. 
Nov. ___ga._ 

_h.ll._ ~ Nov. 
~ Dee. _gu_ ~ 2 Dec. ~· Tot.al ' " --- 1.2" 7 lOQ Tot.al 

458 Jan. 203 1.13 229 Jan. 
436 Feb. • 334 1.21 -.;04 Feb. 
644 Mir. --21L ~ j;~ Mar. 
754 Apr. 622 1.22 Apr. 
~ lily -51[,__ ___.L2!l_ __JJ.5_ Mly 
----1§!L. June ~ --1..3L-~ June 
_.2Q!±_ -1966 ~ _EL 1.20 July 
~ Aug. _1li_ --us ~ Aug. 

661 Sept. g~~ ~ ri~ Sept. 

2~& Oct .. 1. 23 Oct. 
Nov. ~ 1.28 _lli.. Nov. 

~ Dec. ,__ill_ 1.18 ~ Dec. 
7 '<11 Tot.al I -<; 840 1.22 7 ,,, 

Total 

404 Jan. 301 I. 21 364 Je.n. ----i;oo Feb. ~ -rT6 ~ Feb. 
713 . Mor. ~ ~ ~ Mir. 

_1ll- Apr. -SSS- l':lS -w- Apr. 
_lQL M!y ---sso ---1.JL ~ Moy 
_1'&.. June -s95 --L.lL ~ June 
.....Ja_ •1967 July ---rn- -hQL -11]_ July 
_:J5L Aug. ~ -LQL -21L.. Aug. 
_2J.L Sept. -;;so- --L.lL _ilL_ Sept. 
_IflQ__ Oct. "1;12 _h!L ____ilL_' Oct. 
_..3!±2_ Rev. -m- ---Ll.L ~ Nov .. 

262 Dec. --u;;- -1..lL _.ill._ Dec. 
7 020 Total 5615 l 15 6 4'" : otal 

__ill.. Jan. --1il_ -1..ll_ _4.0£L__ J'an. 
--3!!1- Feb. )66 __L_!Q_ _JJU_ Feb • 
___ill_ M!r. . 566 --1...12_ --llJ_ Mor. 
~ Apr. ~ ...l.&L _.il6_ Apr. 
~ Miy ~ _wa_ ----!>Za.... M!y 
~ June 580 __L_!Q_ ~ June 
_&2..: -1968 July 625 --1..lL __iu_ July 

. ~~ Aug. 609 -1.li_ __lilL Aug. 
Sept. 494 -1..lL. ~ Sept. 

_XL Oct. ~ ---1JL_ _AaL_ Oct. 

7 r~, 
Nov. 297 _...WL --11L. Nov. 

-"3o9 Dec. --L.1L ~ Dec. 
Total 5741 I. 15 6 6_!!_. Total 

_3ll!L Jan. --- --- --- Jan. 
_!UQ_ Feb. --- --- --- Feb. 
~ M>r. --- --- --- M>r. 

g~ Apr. --- --- --- Apr. 
M>y --- --- --- M>y -mo J\llle --- --- --- June 
July --- --- --- JuJ.y 

_JI2... Aug. --- --- --- Aug. 
_212... Sept. --- --- --- Sept. 
_!t9!L Oct. --- --- --- Oct. 
___3ID... Nov. --- --- --- Nov. 

7 ;,~ Dec •• --- --- --- Dec. 
T<ltal Total 

~ Jan. --- --- --- .Jen. 

~ Feb. --- --- --- Feb. 

j! 
lllr. --- --- --- lllr. 
Apr. --- --- --- Apr. 
ltly --- --- --- Mly 

-m-' June --- --- --- June 

=1=1 
July --- --- --- July 
Aug. --- --- Aug. ---
Sept. --- --- --- Sept. m, Oct. --- --- --- Oct. 
Bov. --- --- --- Nov. 

326 =j Dec. --- --- --- Dec.· 

6,616 Total Total 

To obtain mg/l 111.1ltiply T/AF by 735. 
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Coneen-
Fiov 

c~".i1:~, 7.n.s. 
(A.1.) Tonis \ 

--- --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---

--- --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ------ --- ---
--- --- ---

--- --- ------ --- ------ --- ---
--- --- ---
--- --- ---
--- --- ------ --- ------ --- ---
--- --- ---
--- --- ---
--- --- ---
--- --- ---

--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ------ --- ---
--- --- ------ --- ---

--- --- ------ --- ------ --- ------ --- ---
--- --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---

--- --- ---
--- --- ------ --- ---
--- --- ------ --- ------ --- ------ --- ------ --- ------ --- ------ --- ---
--- --- ------ --- ---



Table 17 
Colorado River Basin 

Historical Ftow and Quality of \Voter Data 
Colorado River at Imperial Dam, Arizona - California 

(Annual Summary) 

Units-1000 

Flow Concentration T.D.S. 
Year (A. F.) (:r.7A.F.) (Mg.fl) (Tons) 

1941 142024 1.07 785 l~,280 
19!+2 142 714 1.08 795 JS..,917 
1943 112345 .94 692 10,679 
1944 132205 .95 698 __11_,..fil_ 
1945 112390 .95 700 10,841 

1946 9 1486 --·~ 701 2.Q~l 
1947 102041 .97 711 9, 711 
1948 122036 .93 687 u.2~2 
1949 122567 .88 649 11, 104 
1950 9 1906 .90 659 8,887 

1951 - 8,053 .96 ---- 709 7,764 
1952 14,815 .91 669 13i485 ·--- -
1953 102045 .2~ 689 2.~11 
1954 9 1030 l.QQ 735 9,024 
1955 7,708 1.14 839 8,797 

1956 6,266 1125 918 72828 
1957 7,344 1.17 860 8 1598 
1958 10,500 _1_.Ql_ 744 10,626 
1959 7,695 1.02 749 7 2843 
1960 7' 107 1.06 777 7 2511 

1961 6,293 1.12 820 7,020 - -
1962 -~458 1.11 818 7,189 --
1963 62522 1.08 791 7,016 
1964 5,900 _1.12_ __8f4_ 6,616 

1965 5,703 _ ___L_?_5 - 916 7,109 

1966 5,849 1.22 896 7,133 

1967 ___ _Ll_!2_ 1.15 --~ 6,Zj:j() 

1968 _-2.i141 1.15 846 6,on 
- ------

Total 255,358 260,958 

._J~vcre11·r 9,120 --1.02- --751- 9,320 
-



PAGE NOT 

AVAILABLE 

DIGITALLY 



'J'a.bl.e 1.9 
Projects dep1etg>s Col.orado River water 

Project and state 
Above the gage Green River at Green River Wyoming 

Seedslaldee, Wyoming • • • • • • • • • .'. • • • • • • • • • • 
Westvaco and others, ~ • • • • • • • • • • • • • • • • 

Between the abcrve gage and the gage Green River near Greendale, Utah 
4'man, Wyom1.og • • • • • • • • • • • • • • • • 
Utab Power & Light and others, Wyoming •••• 

Above the gage Duchesne River near Randlett, Utah 
Central Utah Project, Utah 

Bonneville Unit • • • • 
Upslco Unit • • • • • • 
Uintah Unit • • • • • • 

Between the gages Green River near Greendale, Utah, ;nd_ Du~h;s~e • Ri.v~r • n~ ;..;,.u,.tt; Utab, 
and the gage Green River at Green River, Utah 

l"lur COUI!ty, Colorado ••• 
Hayden steamplant, Colorado 
Cheyenne-Laramie, Wyolllng •••• 
Sa.very-Pot Hook, Colorado-Wyolllng 
CeIItral Utah Project 

Jensen Unit • • • • • • • • • • • • • • • • 
Above the gage San Rafael near Green River, Utah 

utah River & Light, l'lnery County, Utah • , • • • • • • • • 
Above the g88e ColOl"Mo River near Gl.enwood Springs, Col-orado 

Denver-~evood., Colorado •••••••••••••••• 
Green Mountain lim:l, Colorado . . • • • • . . . . 
Homestake Project, ColoradO • • • • • • • • • • 

Between the above gage and gage Col.ore.do River near ea.nee, Colorado 
Independence Pass E:qansion, Colorado 
FryiDQ>&n-Arkansas, Colorado 
Rued1 M&l, Colorado ••••••••• 
We et D1 vide, Colorado • • • • • • • • 

Above the gage GIUlilison River ~ear Grand Junction, Colorado 
Fruitland Mesa, Colorado ••••••••• 
Bostwick Park, Colorado • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Dallas creek, Colorado • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Between the gages Colorado River nea:r Cameo, Colorado, e.nd G>mnison River near Grand 
Junction, Colorado, and the gage Colorado River near Cisco, utab 
Dolores, Colorado ••••••••••• , , • 
S&n Miguel, Colorado • • • , • • • • • • • • • • , , , 

Abcrve the gage San Juan River near Archuleta, New Mexico 
San Juan-Ch..,,.., New Mexico ••••••••••• , • 
Ro.ve.jo Indian Irrig<Ltion, Ne" Mexico •••••••• 

Between the above gage and the gage San Juan River near Bluff, Utah 
Ani-s-IA Plata, Col.orado-Ne" Mexico 
El<pansion Hogback, Nev Mexico ••••••••••••••••• 
Utah Construction Co., Nev Mexico • • • • • • • • • • • • • • • • • • • • 
Return fiov·-Dolores and Navajo Indian Irrigation, Colorado and Nev Mexico ••••• , • 

Betveen th" gages Green River at Green River, Utah; San Rafael River near Green River, Utah; 
Colorado River near Cisco, Utah; and San Juan River near Bl.utt, Utah; and the gage 
ColoraQ.o River at Lees Ferry, Arizona 

Resources, ln.c. , Utah 
Arizona M&I, Arizona • • • 
salvage ••••••••• 

Subtotal u~ Basin • • • • • • • • • • • • • • • • • • • • 
Between the abOve ga.ge and the gage Coloxado River near Grand Canyon, Arizona 
Above the gage Virgin River at Littlefield, Arizona 

DUie Project., utah • • • • • • • • • • • • • • • . • • . • • • • • • • • • • • • • • 
lletveen the gages Colorado River near Gr&Dd canyon, Arizona, and Virgin River at Little

field, Arizona, and the gage Colorado River bel.ow Hoover Illun, Arizona-Nevada 
Southern lle......i& Water Project, Nevada. • • • • • • • • • • • • • • • • • • • • • • • • 

Between the above gage and the gage Colorado River bel.ov Parker Jla.m, Arizona-C&liforn1a 
Fort. Mohave and Chemehu:;?J, Indian, Arizona, California, and Nevada. • ' • 
Central. Arizona, Arizon&i/ • • • • • • • • • , ~ > • • , • • • • • • • • 
Reduced Metropolitan Water District DiversionW • • , • • • • • • • • 
.IC1?lgman, Arizona • • • • • • • • • • 
Mohave Valley I&D District, Arizona 
IAke Jravaau. I&I> District, Arizona • 
Salvage •• , • , ••••••••••• , ••• 
Reduced Metro:politan Water District Diversio~ •. 

Between the above gage and the gage Colorado River at Imperial Dem, Arizona-C~orado 
Colorado River Indian, Arizona-California 
Salvage ••••••••• 

Subtcrtal. Lover Basin 
Total Colorado River 

New 
depletion 
(ac.-:!'t.) 

145,000 
86,ooo 

1.0,000 
8,ooo 

166,000 
10,000 
30,000 

40,000 
12,000 
24,ooo 
27,000 

15,000 

5,000 

21.6,ooo 
12,000 
49,000 

14,ooo 
70,000 
38,000 
76,000 

28,000 
4,ooo 

37,000 

'J/11i-0,ooo 
85,000 

146,ooo 
10,000 
25,000 

-31.1,000 

i02,ooo 
35,000 

·8o OOo 
r,892:000 

0 

§/21+o,ooo 

83,000 
433,000 

-433,000 
18,ooo 

6,000 
7,000 

-87 ,000 
-199,000 

New irrtga.. 
tion land 

(acres) 

58,000 
!I 
0 

!I 

2/ 
0 

7,Boo 

15,8'70 
1,610 

15,000 

32,000 
26,000 

y 
ll0,000 

350,lli-O 
0 

6,900 

y 
II. y 

1 In-be.Sin depletion without irrigated l.ands. 
"'!./. Transo>ounta1n di version. 

. 1/ In--be.&in transfer from Dol.ores River drainage to the San Juan River drainage-•estilmted 53,000-acre-foot re-
turu fiO'I to the San Juan River. 

!} Diversions at HavaJo Reservoir, est:l.mllted 258,000-acre-foot return nov to the San Juan River bel.ow the 
81141e near Archuleta, New Mexico. 

5/ Includes a tranSIDOWltain di version to Great l!Uin. 
"fl Pl!!nding fUll develOJ1Dent, the MOhave 1'henoal. Plant vill use pa.rt of this water which will be diverted belov 

lloo\rer Dam. Ji Tbe Ceiltral. ArizOD& Project diversions wil.l vary, depending on the d@pl.et1ons by other projects on the 
river. Under present modified conditions maxi.mum diversions to Central Arizona coul.d be 2,172,000 acre-feet but 
with fl1ll depletions by the projects tabul.&ted, the max1lmJm. diversions woul.d be 433,000 acre-feet. Also with tl1ll 
depl.etions by the projects tabulated, the diversions to the Metropol.itan Water District of Southern Cal.iforll1.a would 
be reduced to an amrua1 550,000 acre-feet from its present diversions of 1,182,000 acre-feet. This V1ll provide 
1.99,000 acre-fee't needed to develop the other tabul.ated proJects in the L<Ner Basin 1n addition to the 433,000 
acl'e-feet deli..-ered to the Central Arizona l'r<>Ject. 
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Table 20 
Units: l ,ooo!.I Dissolved constituent loads of Green River at Green River Utah 

Ionic loads in tons eguivalent 
Cal• M&g- Bi car- Sul- Chlo- Kx106 

nesium Sodium. bonat-e fate ride at 25° c. T.D.S. 
(M ) (Na) HCO s Cl s>.C/ 3 Tons m /1 . 14 20 21 28 6 1.9 *775 3 ,271 522 

1942 4,622 20 13 17 20 25 5 l. 7 *715 2,989 475 
1943 4,294 17 11 15 18 21 4 1.6 *670 2,565 439 
1944 4,417 18 11 16 20 21 4 1.6 682 2,582 430 
1945 4,260 18 11 14 20 20 4 1.5 679 2,558 441 
1946 3,519 15 9 12 17 16 4 1.6 689 2,148 449 
1947 5,523 21 13 17 24 23 5 1.4 615 2,991 398 
1948 3,928 16 10 13 17 18 4 1.5 647 2,270 425 
1949 S,129 22 13 17 24 23 5 1.5 671 3,039 435 
1950 5,476 24 14 17 27 24 5 1.4 669 3,223 433 
1951 4,738 20 12 15 22 22 4 1.3 656 2,847 442 
1952 6, 712 30 18 22 33 31 6 1.4 692 4,172 457 
1953 3,334 15 10 13 16 18 4 1.6 730 2,225 491 
1954 2,638 12 7 11 12 15 3 l. 7 755 1,807 503 
1955 2,791 12 7 11 12 14 3 1.6 695 l, 733 456 
1956 4,021 15 9 11 16 15 4 1.3 575 2,045 374 
1957 5,808 22 13 17 23 24 5 1.3 587 3,060 387 
1958 4,212 16 11 14 18 19 4 1.5 640 2,42.1 422 
1959 2,884 12 7 11 12 15 3 1.7 696 1,802 459 
1960 2,864 11 6 10 12 13 3 1.5 604 1,645 422 
1961 2,265 10 6 9 10 12 3 1.6 707 l,450 471 
1962 5,601 21 12 17 22 23 4 1.4 621 3,077 404 
1963 1,576 7 5 8 7 11 2 2.2 854 1,241 579 
1964 3,242 14 8 11 14 15 3 1.6 686 2,044 463 
1965 5,211 22 14 19 22 28 5 1. 7 721 3,412 481 
1966 2,966 13 10 13 13 20 3 1.9 820 2,260 560 
1967 4,227 21 13 18 18 30 4 1.8 811 3,257 566 
1968 4,589 20 13 18 •<; 28 4 1 7 741 1 m 517 

Total 1151455 485 300 406 509 572 113 71,359 

Hean 4 123 17 11 14 18 20 4 1.6 684 2,549 454 

l,oooll 
Table 21 

Units: Dissolved constituent loads of Colorado River near Cisco, Utah 
Ionic loads in tons ~uivalent 

Cal en- Mean Cal· Mag- Bicar- Sul- Chol- Kxl06 
d&l" dis<::harge CiUlll nedum Sodium booate fate ride at 25° C. T.D, S, 

1ear (a.f.} (Ca} !!Isl {Na} {HCQJ} (~l (Cl} SAR!:/ 3/ Tons ~ll 
1941 7,067 35 22 34 24 51 15 1.8 *900 5,653 588 
1942 7,098 34 22 33 24 49 15 1.8 *870 5,483 568 
1943 5,214 28 18 27 19 41 13 1.9 *960 4,498 634 
1944 5,840 30 16 26 22 37 14 1.7 848 4,336 546 
1945 5,504 28 16 25 21 36 14 1.8 867 4,210 562 
194(; 4,058 24 15 22 16 34 11 2.0 1,010 3,680 667 
1947 6,258 32 17 27 22 39 14 1.7 821 4,587 539 
1948 6,291 33 18 27 24 38 15 1.6 826 4,636 542 
1949 6,338 32 18 29 24 39 16 1.8 859 4, 783 555 
1950 4,074 24 15 24 16 33 14 2.l 1,040 3,823 690 
1951 3,986 23 14 23 14 32 13 2.1 1,010 3,758 693 
1952 7,718 34 19 27 26 39 15 1.4 724 5,063 482 
1953 4,062 24 15 25 15 34 15 2.2 1,060 3,944 714 
1954 2,293 19 13 22 10 30 13 3.1 1,570 3,299 1,060 
1955 3,185 21 13 22 12 30 14 2.4 1,180 3,420 789 
1956 3,568 22 13 21 13 30 13 2.1 1,060 3,428 706 
1957 8,888 42 18 31 29 44 19 1.4 721 5,602 463 
1958 6,044 29 15 26 19 36 16 1.6 814 4,348 529 
1959 3,214 22 13 22 12 31 13 2.4 1,200 3,481 796 
1960 4,002 23 13 21 14 31 13 1.9 964 3,493 642 
1961 3,395 24 12 22 12 32 13 2.2 1,150 3,556 770 
19'2 6,576 33 14 26 22 35 15 1.6 764 4,484 501 
1963 2,585 21 11 21 10 30 13 2.8 1,390 3,384 962 
1964 3,433 22 13 21 13 28 14 2.2 1,110 3,639 779 
1965 6,722 32 17 28 22 37 17 1. 7 807 4,892 535 
1966 J,163 20 l3 22 12 30 13 2.4 1,170 3,471 807 
1967 3,146 22 12 24 13 31 14 2.7 1,210 3,602 842 
1968 4,185 23 15 23 15 32 14 2.1 921 3,869 680 

Total 1371907 756 430 701 495 989 398 116,422 

Kean 4!925 27 15 25 18 35 14 1.9 934 4,158 620 
11 Bacept SAil, apecific conductance, and mg/l. *Correlated 
!/ Sodium adsorption ratio 
1/ Specific conductance. 
Mg/l of ion • 735 x Ionic load x atDlllic st. of ion discharge (af). 
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Units: l ,oooJ/ 
Table 22 

Dissolved constituent loads of San Juan River near Bluff, Utah 
Ionic loads in tons eguivalent 

Calen- Mean Cal· Mag- Bicar- Sul- Chlo- Kx.106 
dar discharge ci- nesium Sodium bonate fate ride at 250 C. T.D.S. 

,I ear {a. f.} {Ca) (Mg) (Na) (RC03} (S~l (Cl) sABll 3/ Tons m11Z1 
1941 4,899 23 8 12 18 23 2 1.1 608 2,625 394 
1942 2,247 10 s s 8 11 l 1.0 582 1,185 388 
1943 1,494 8 4 5 6 ll 1 1.3 699 959 472 
1944 2,291 10 4 5 8 10 l .9 537 l,101 353 
1945 1,588 8 4 5 6 9 1 1.2 647 935 433 
1946 887 6 3 4 4 7 l 1.5 818 681 564 
1947 1,677 9 4 6 6 11 l 1.5 694 l,087 476 
1948 2,140 9 3 5 7 9 1 1.0 498 976 335 
1949 2,487 11 4 5 8 11 l 1.0 516 l,168 345 
1950 854 5 3 3 3 6 1 1.3 724 579 498 
1951 691 4 2 3 3 6 1 1.6 812 544 579 
1952 2,554 10 4 5 8 10 l ,9 488 l,156 333 
1953 967 6 3 4 4 7 1 1.5 754 701 533 
1954 1,011 6 3 4 4 8 l 1.6 803 779 566 
1955 910 5 2 4 4 7 1 1,6 769 667 539 
1956 838 4 2 3 3 5 1 1.3 673 535 469 
1957 2,909 13 5 7 9 13 2 1.2 555 1,498 378 
1958 2,298 9 4 5 7 10 l 1.0 527 1,116 357 
1959 712 5 2 4 3 6 l 1.8 853 578 597 
1960 1,607 7 3 5 5 8 1 1,2 563 847 387 
1961 1,264 7 3 5 5 8 1 l,4 702 336 486 
1962 1,480 7 2 5 4 8 1 1.4 637 877 436 
1963 579 4 2 3 2 7 1 2,1 1,110 635 806 
1964 195 5 2 4 3 8 l 2,1 979 781 722 
1965 2,546 10 5 6 8 13 l 1,2 589 1,379 398 
1966 1,548 7 4 5 5 10 1 1.4 683 996 473 
1967 791 5 3 5 4 8 l 2,3 1,040 831 772 
1968 1,060 6 3 5 4 9 1 1.6 835 874 606 

Total 45.124 219 96 137 159 2!i7 30 26,9'5Z 

Mean 1,612 8 3 5 6 9 1 l.J fi41 963 439 

Units: i ,ooo!/ 
Table 23 

Dissolved constituent loads of Colorado River a't Lees Fer!!:", Arizona 

Calen- Mean Cal- Mag- Bicar- Sul- Chlo· Kxlo6 
dar discharge cium nesium Sodium bonate fate ride at 250 C. 
ear a, f. Ca Na ICO S04 Cl sAB1.I 3{ Tons 

1941 17,857 91 48 60 68 115 24 *770 12, 81 
1942 14, 793 62 39 46 51 84 19 *700 9,381 466 
1943 11,413 52 33 49 39 74 21 1.8 808 8,375 539 
1944 13,019 54 33 50 42 74 22 1. 7 732 8,525 481 
1945 11, 769 57 33 48 44 71 22 *800 8,501 531 
1946 8, 751 52 29 39 39 64 20 *910 7,346 617 
1947 14,046 72 38 48 55 82 20 *760 9,513 498 
1948 12,885 61 32 48 48 71 21 1.5 748 8,531 487 
1949 14,604 71 38 54 58 82 24 1.5 769 9,954 501 
1950 10,802 55 33 45 44 70 20 1.7 844 8,098 551 
1951 9,901 54 30 43 41 67 20 1.7 882 7,833 581 
1952 17,903 82 43 61 70 92 24 1.4 710 11,396 468 
1953 8, 729 49 29 44 36 66 20 1.9 943 7,485 630 
1954 6,165 42 22 39 29 57 18 2.3 1,130 fi,386 761 
1955 6,966 45 24 38 33 56 18 2.0 1,020 6,548 691 
1956 8,658 48 24 36 37 52 18 1.6 840 6,513 553 
1957 18,700 101 41 58 82 92 25 1.3 766 12,646 497 
1958 13, 139 71 30 47 58 70 22 l.4 782 9,280 519 
1959 7 ,061 44 22 39 30 55 18 2.0 l,010. 6,766 704 
1960 8,790 51 20 38 36 54 l7 1. j 851 7,092 593 

1961 7,314 51 21 38 31 59 18 1.9 1,030 7,065 710 

1962 14,439 76 31 52 61 76 22 1.5 763 10,319 525. 

1963 1,384 10 6 11 6 15 6 3.0 l,35o· 1, 758 934 

1964 3,243 23 l1 21 13 31 11 2.4 1,200 3,578 811 

1965 11,585 61 29 51 41 78 23 1.9 865 9,008 572 

1966 7, 739 37 20 32 26 49 13 1.9 802 5,439 517 

1967 7,560 41 22 39 27 57 18 6,3&7 621 

1968 8,782 !t9 2a 47 33 70 21 7,725 647 

Total 297,990 1,~2 !lll2 1,221 1,178 1,883 545 223,929 

Mean 10,642 :Hi 22 44 42 67 19 1.7 831 7,997 552 

1/ Except SAR, specific conductance, and ag/l. *Correlated 

""%.! Sodium adsorption ratio. 
3/ Specific conductance. 

load x atomic of ion discharge (a.f,), Mg/l of ion • 735 x Ionic 
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Table 24 
Uni ta: l,oool/ Dissolved constituent loads of the Colorado River below Hoover, Dam, Ariz,-Nev, 

Ionic loads in tons ~uivalent 
Kxl06 Cal en- Mean Cal- Mag- Bicar- Sul- Chlo-

dar discharge cium nesium Sodium bonate fate ride 
s>.Fll at 21/ C. T.D.S, 

!:ear {a.f.) !Cal !!!Bl (Na) (HCOJ) (S~) {Cl) Tons ~71 
1941 14,889 107 44 Bl 50 143 43 2.1 1,110 14,897 735 
1942 15,762 109 48 88 56 146 43 2.1 1,070 15,381 717 
1943 12,715 80 37 67 44 108 31 2.1 1,010 11,502 665 
1944 14,42.7 90* 44* 77* 52* 122* 39* 2.1 1,040 13,607 693 
1945 12,512 76* 36* 64* 45* 98* 34* 2.1 1,020 11,512 676 
1946 10,585 63* 32* 54* 38* 83* 29* 2.1 1,010 9,626 668 
1947 10,959 66* 33* 59* 40* 87* 31* 2.2 1,020 10,283 690 
1948 13,051 80* 38* 67* 47* 104* 34* 2.1 989 11, 713 660 
1949 13,566 79* 39* 69* 48* 104* 35* 2.1 947 11,250 610 
1950 12,016 10* 35* 59* 43* 89* 32* 2.0 963 10,046 614 
1951 9,870 56 31* 53* 37* 76* 28* 2.2 978 9,005 671 
1952 15,816 86 45 79 55* 116* 40* 2.1 938 13,401 623 
1953 11,302 66 31 58 41* 85* 29* 2.1 974 10,093 656 
1954 10,514 65 30 58 39* 85* 29* 2.2 1,030 9,913 693 
1955 8,589 61 27 56 33* 81* 31* 2.5 1,190 9,393 804 
1956 7,812 54 29 54 30 76* 31* Z.6 1,230 8,918 839 
1957 9,323 61* 30* 58* 35* 82* 33* 2.4 1,140 9,681 763 
1958 11,877 68 31 58 41 87* 30* 2.0 948 10,243 634 
1959 9,282 52 25 44 33 67* 23* 2.0 944 7,841 621 
1960 8,997 55 25 48 32 10* 26* 2.2 1,000 8,209 671 
1961 8,586 54* 27* 48* 31* 71* 28* 2.2 1,040 8,139 697 
1962 8,615 55* 25* 48* 31* 71* 26* 2.2 1,100 8,033 685 
1963 8,533 52* 24* 45* 31* 66* 25* 2.1 1,020 7,882 677 
1964 8,163 51* 25* 48 28 69 29 2.4 1,070 8,014 722 
1965 7,792 54 26 54 28 71 32 2.6 1,220 8,574 809 
1966 7,777 49 26 52 27 69 30 2.7 1,150 7,857 743 
1967 7,932 47 24 47 27 64 27 2.4 1,060 7,282 675 
1968 7,839 47 26 42 211 6:! 28 2.5 1,100 BSZ 699 

Iotal ~22,lQl 1,853'0 89ll' l ,§!i!t* l,QZll! 2,~:i:i* §73* 2791752 

Mean lQ,6!!~ 66* 32* :!2! Jll* IHI* ~l* 2,2 1,040 91991 687 

l,oooll 
Table 25 

Un1U: Dissolved cona1tutent load• of Colorado River at ~rial Dam, !\[iz I -Calif I 
Ionic loads in tons ~uivalent 

Kxl06 Cal en- Mean Cal- Mag- Bicar- Sul- Chlo-
clar diacharge Cill8 DH1118 Sodiwa bonate fate ride at 25° c. T.D.S, 

UM ~a.f~ {Ca} !!!al {Na} {H!<QJ) !!!9rtl (Cl} s~/ 3/ Tona 111ll 
4,o 95 42 89 48 130 49 2.4 1,14:> 14,980 785 

1942 14,714 102 45 91 51 139 46 2.4 1,140 15,917 795 
1943 11,345 73 34 64 40 98 31 2.2 1,040 10,679 692 
1944 13,205 82 42 77 49 114 39 2.3 1,070 12,545 698 
1945 11,390 69 38 66 41 98 36 2.3 1,070 10,841 700 
1946 9,486 56 . 31 56 34 80 31 2.4 1,060 9,041 701 
1947 10,041 62 34 60 37 86 34 2.4 1,080 9, 711 711 
1948 12,036 73 38 69 45 100 36 2.1 1,060 11,242 687 
1949 12,567 73 38 64 46 96 35 2.1 986 11,104 649 
1950 9,906 57 30 54 37 76 30 2.2 1,010 8,8117 659 
1951 8,053 47 26 49 31 65 27 2.5 1,060 7,764 709 
1952 14,815 82 46 83 54 113 44 2.3 1,010 13,485 669 
1953 10,045 51 32 57 38 79 31 2.3 1,030 9,411 689 
1954 9,030 53 29 56 35 74 31 2.5 1,070 9,024 735 
1955 7,709 51 29 56 29 75 32 2.7 1,230 8,797 839 
1956 6,266 45 24 51 24 67 31 3.0 1,350 7,828 918 
1957 7,344 53 27 56 28 73 34 2.8 1,310 8,598 860 
1958 10,500 65 30 69 39 87* 37* 2.6 1,100 10,626 744 
1959 7,695 47 22 49 28 63* 28* 2.6 1,100 7,843 749 
1960 7,107 46 20 48 26 60* 29* 2.7 1,160 7,511 777 
1961 6,293 42 19 47 23 57* 29* 2.9 1,220 7,020 820 
1962 6,4S8 43 21 51 24 61 31 3.0 1,270 7,189 818 
1963 6,S22 44 19 49 24 S9 29 2.9 1,220 7,016 791 
1964 5,900 38 19 47 22 SS 28 3.1 1,270 6,616 824 
1965 S,703 40 20 so 21 59 31 3.2 1,390 7,109 916 
1966 5,849 40 21 53 22 60 32 3.4 1,380 7,133 896 
1967 S,615 36 19 48 22 53 28 3.3 1,310 6,430 842 
1968 51741 36 20 i2 2l 54 29 3.3 1,310 6,611 846 

Total 2551538 11607 815 l.fi:ill 941 2,131* 928* 260,958 

Jleaa 91120 57 29 :i2 34 80* 33* 2.5 1,120 91320 7:!1 
!/ Except SU., apec1f1c conduc:taDce, and mg/1. *lsti .. ted or partially eatf.aated. 
!/ Sodi- ad.aorptioa ratio. 
11 Specific conduatance. 
Mg/l of ion • 735 x Ionic load x atomic at. of ion ~ diacbarge (a.f.). 
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Table 26 
Temperature of Water 

Green River near Green River, Wyoming 
(Units: °F) 

Year Jan Feb Mar A2r Mai June July Aus Se2t Oct Nov Dec Total Mean 

1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 54* 56 65* 63 56* 44* 34 33 
1952 33* 32 '33 41 56* 64-* 66* 66 61* 48* 35 33* 568 47 
1953 34- 34* 37* 47* 53 63* 7l 70 63* 50 40* 33 595 50 
1954 34 34* 35* 47* 54* 58 68 64* 58 46 40 33* 571 48 
1955 34 34 34 !!1 :iZ* 2:!* 67 68* 56 48 35* 34* 571 48 
1956 34* 34* 37* 44 55* 62 66 63* 57 44 Y+* 
195 7 46 54 61 68 69 56* 
1956 57 64 66 68 59 47 
1959 52 63 67 65 58 45* 
1960 72 69* 
1961 48* 68* 73* 72* 5~* 45* 
1962 53 61 67 65 57 49 32 
1963 32 33 36* 46* 58 6J 68* 69 63* 53* 32 
1964 32 32 40 55 59 69 66 58 49 36* 33 
1965 32 33 33 M! !!~ !!B 65 67 55* 49 38* 32 561 47 
1966 33 35* 44 57* 63 71 67 61* 45 37 33 
1967 33 33 35 44 53 58 68 68 58 46 36 32 564 47 
1968 32* 34 36 4;! 22 29 68 61 57 SO* 36 32 562 47 

Total 363 333 351 627 935 1,043 1,225 1,200 992 758 401 392 
Mean 33 33 35 42 :i:i 61 68 67 58 47 36 33 571 48 

*Incomplete Record 

Table 27 
Temperature of Water 

Green River near Greendale, Utah 
(Unit: "F.) 

Year Jan Feb Mar A£r Ma:z: June Jul:z: Aug se2t Oct Nov Dec Total Mean 

1941 
1942 
1943 
1944 
1945 
1946 
194 7 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
195 7 
1958 
1959 33 33 34 46 54 64 68 67 48 36 32 

1960 
1961 
1962 
1963 43* 53* 47 

1964 41 37 38* 41* 41 42 45 47 48* 54* 53* 46* ·533 44 

1965 41* 38 ~9* ~Q ~~* !!!i !!2* ~Q* :il 23* z3* 49 551 46 

1966 44 41* 39 39 39 39 41* 42* 44 4.S 46* 46 505 42 

1967 41 39 38* 39 40 41 43 45 46* 46* 48 46 ~;12 43 

1968 41 32 39 ~2 :!2 J2 !!1* !!:i* !!6 :iQ 2l: 46* 516 43 

Tot.al 241 227 227 244 255 271 287 296 235 339 341 312 

Mean 40 38 38 ~l !ti !t~ !!!! !t2 !! 7 !ta 49 45 44 

*Incomplete Records. 
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Table 28 
Temperature of Wa.ter 

Green River at Greeb River, Utah 
(Unit: or.> 

Year Jan Feb Mar Aer Max June Jul)'. Aus seet Oct Nov Dec Total Mean 

1941 
1942 
194) 
1944 
1945 
1946 
19'7 
1948 
1949 60* 65* 75* 76* 69* 54* 44• 35* 
1950 33* 37* 40* 53* 5~* 66 73• 74* 67* 42* 35* 
1951 34* 44* 54* 61* 67* 77* 75* 68* 40* 33* 
1952 33* 35* 39* 48* 59* 43* 33• 
1953 34* 36* 52* 59* 67* 77* 73* 68* 33* 
1954 34 39* 44* 58* 65* 68* 77 74* 70* 51* 46* 34* 666 56 
1955 32* 32* 36* ~Q* 59* §7* 7~* 77 69 51* 40* 35* 
1956 35* 35* 44* 53* 62* 68* 15* 73* 64* 58* 39 Jl* 639 53 
1957 32* 37* 43* 52* 59 65* 73• 75* 36* 
1958 47* SS* 64* 72 79* 80* 71* 
1959 48 58* 64* 72 76* 
1960 
1961 
1962 
1963 
1964 
1965 48* 74* 
1966 78* 15* 67• 53* 42* 33• 
1967 32 33* 38* 50* 51* 62* 72 73* 63* 54* 39 32 605 50 
1968 32 32 37 ~O* ~9* 64 72* 64* 59 52 43 32 596 50 

Total 331 316 460 681 727 803 l,053 889 735 444 418 404 638 
Mean 33 35 42 Q'.5 §1 67 7S 74 67 S6 42 34 53 

*Incomplete Records. 

Table 29 
Temperature of Water 

Colorado River near Glenwood Springs, Colorado 
(Unit: "F.) 

x~•r Jan Peb Kar Al!:r Max June Julx Aus se2t Oct Nov Dec Total Hean 

1949 51 54 62 65 60 49 41 36 
1950 35 35 39 46 ~Q· ~ 63 6J* 59 ::il 41 3~ ~71 !!§ 
1951 33* 33 39* 47 51 53 62 62* 51* 47 34 32 S50 46 
1952 33 33* 34 45 so SS 62* 62• S8 48• 36 32* 548 46 
19S3 32 33 39* 45 49 SS 64* 62* 57 48 38 32 554 46 
1954 32 35* 3S* 50 54* 59* 68* 65 60 49 39 32 581 48 
1955 32* 32 36 45* ~2 ~§* 66* 66* 59 ~2 ~6* 33* ~63 !!7 
l9S6 33* 32 37 47* 52 59* 65 62 S1 47 34 32* SS7 46 
1957 32 33 38 45 4s 52* 5S 61 54* 47 35 32* 5)5 45 
1958 32 34 37 43 49 55 61 65* 56 46 37 33* 548 46 
1959 32 32* 39* 47 52 56 64 64* 56* 45 35 32 554 46 
1960 32 32* 38 46 ~o 56 63 63* 59* 42* 37* 32* ~57 46 
1961 33* 39* 47 53 58* 65* 66 53* 46 36 
1962 36 44 48 53 60* 61 51* 49 40* 32* 
1963 32 33 37 45* 53* 58 67* 65* 60* 55* 44 34 583 49 
1964 34 36 41 50 52 55 65 65 61 47• 36* 32 574 48 
1965 32 32 36* 45* 49* 22* ~8* 60* ~2* 47• 40* J2* ~3~ 4~ 
1966 32* 33* 39* 47* 51 51* 66* 65 59* 46* 38* 34* 567 47 
1967 33* 34* 37* 46 so 54 64* 62* 57• 47 36 32 552 46 
1968 32 33* 38* 44 51* 54 §2* 61 ~~· 46• 35* 32* ~3 !t~ 

Total 553 598 717 874 1,015 1,105 1,265 1,265 1,146 959 748 621 
Mean 33 33 38 46 21 5~ 6~ 63 ~7 4!! 37 Jl 2~7 46 

*Incomplete R.ecord 

Table 30 
Temperature of Water 

Colorado River Below Colorado-Utah State Line 
(Units: °r) 

Year Jan Feb Kar AE:r Ma)'. June Julr. Aus SeJ!!: Oct Nov Dec Total Mean 

1962 63 69 73* 67 57 45 37 
1963 34 37 44 51 60 68 73 74 67 59 46 35 648 S4 
1964 34 34 41 52 57 62 76 72 65 54 40 34 621 52 
1965 3~ 37 43 21 56* 59 68 70 61 55 4s 35 615 51 
1966 32 34 45 54 62 67 75* 73 54 43 
1967 33 37* 47 52 58 62 72 73 62 52 41 34 623 52 
1968 32 36 52 64* 63* 57* 

-Total 200 215 220 312 293 381 433 499 385 388 260 175 
Mean 33 36 44 52 59 64 72 71 64 55 43 35 628 52 

*InctWplete 1.ecord. 
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Table 31 
Temperature of Water 

San Juan River near Archuleta, New Mexico 
(Units: Of) 

Year Jan Feb Mar A2r Ma:z: June Jul:z: Aug Se2t Oct Nov Dec Total Mean 

1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 48 55 58 69 69 62 52 39 34 
1950 33 £tQ !l:!i 29: 5~ 67 74 72* 64* 59 44 37* 648 54 
1951 33 38* 47 53 58* 65 76* 75 67 54* 42* 33 641 53 
1952 33* 36* 41 51* 55 61 70 75* 66* 40 
1953 38 48* 57 59* 67 76* 69* 43* 
1954 34* 39* 47* 60* 64* 69* 80* 73* 72* 
1955 32 33 41 48 5!± 6Q 67 72 63* 55 39* 33* 597 50 
1956 37 38 44 50 56* 65 72 69* 62 52 35 32* 612 51 
1957 32 36 42 45 51 54 61 66* .59 52 39* 34 571 48 
1958 33 33 39 44 51 59 66 69 61 53* 36* 
1959 37 43 50 54 57* 67 67 60 50* 38 
1960 32* 32 37 46 52 27 70 73 68 54 42 36 599 50 
1961 33 37* 45* 51 57 68 74* 74 64 53 41 34 631 S2 
1962 32 34 43 51 S5 64 7S 75 68 61 50 42 650 S4 
1963 35 42 43* 60 64* 64 64 62 52* 45* 
1964 39* 39 41 45 53 54 62 59 60 59 48 43 
1965 42* 4S* 49* 53 61* 55* S2 47 
1966 41 40 40 44 48 55 62* 57 S8 51 so 43 S89 49 
1967 37 39 41 46 51 55 SB* S2 50 S2 so 43* 574 48 
1968 39 41 39 43 48 59 61 S5 55 52 46 43 581 48 

Total 555 672 809 931 1,088 1,211 1,289 1,347 1,190 809 790 615 
Mean 35 37 43 49 54 61 68 67 63 54 44 38 613 51 

*Incomplete Record 

Table 32 
Temperature of Water 

San Juan River near Bluff, Utah 
(Unit: °F.) 

Year Jan Feb Mar A Er Ma:z: June Jul:z: Aug Sei:!!: Oct Nov Dec Total Mean 

1941 
1942 
1943 
1944 56 44 34* 
1945 35* 40 44* 20* 52* 68* 72* 72* !i7* 54* 42* 33* 642 54 
1946 34* 39 47* 59* 70 78* 76 67* 54* 42* 37* 
1947 32* 40 48 54 64 66 75* 73 68* 58 40* 35* 653 54 
1948 34* 39* 43* 52* 61 67* 75* 73 67* 55* 40* 
1949 34* 36* 48* 56* 60* 65 74 73 69* 54 44 35* 648 54 
1950 34* 42 21 67 611 74* 76 74* 28 61 45 41* 701 58 
1951 38* 43* 62* 
1952 35* 39* 42 54 61* 65* 74* 75 67* 60* 43 35* 650 54 
1953 36 39 47* 52 59* 68* 75 71 63* 54* 43* 
1954 36* 42* 44 58* 64 68 76* 72 68* 56* 44* 
1955 34* 44 5Q* 52 62 n Zfl f!6 56* 41* 40* 
1956 39* 38* 45 54* 61 69* 74* 69 65, 53* 34* 
1957 43 47 57* 64 76* 72 68* 56* 41* 35 
1958 35* 41* 44* 51 61 68 76 75 66 57 43* 40* 657 55 
1959 36* 40* 47* 56* 60* 71* 74* 72* 63* 55* 42* 
1960 33* 37 £17* 2~* 61* 68* Z5* 12* 69* 54* 43 34* 646 54 
1961 33* 39* 47 53* 60 70 76 72* 63* 
1962 
1963 
1964 
1965 39 41 47* :ill* 62* 66 72 Z5 66 58 50 41 678 56 

1966 36 39 48 57 66* 73* 81 78* 71 56 47 37 689 57 
1967 33* 40 50 56 55 70 77 75 70 57 41 32 656 55 

1968 32 41 48 !if!* 63 7Q 12 n 68 27* 43 36 663 55 

Total 698 798 928 1,044 1,223 1,365 1,513 1,468 1,339 l, 121 818 579 
Mean 35 f!Q 46 :i:i 61 211 72 23 f!7 :i6 43 36 55 

*Incomplete Record 



Table 33 
Temperature of Water 

Colorado River at Lee• Perry, Ari&ona 
(Unit: °' .) 

Year Jan. Peb. Kar. !:er. Ma:r: June Jul:r: Aug. Se2t. Oct. Nov. Dec. Total Mean 

1949 76 72 S8 47 37 290 
1950 36 42 49 S8 62 68 77 77 70 62 48 40 689 57 
1951 36 40 4B S9 63 67 7B 77 70 6B 44 36 676 S6 
19S2 3S 39 4S 54 61 67 7S 7B 70 63 37* 624 
1953 36 41 49 S7 61 67* 80 7B 61 47 36 613 
1954 37 44 48 63 6B 74 80 76 71 61 4B 37 707 S9 
19S5 ~ J§ ~§ ~ lil li2 M 79 70 60 46 40 671 S6 
19S6 41 40 4B S7 63 70 78 74 72 60 42 36 681 51 
1957 38 4S S2 S7 61 67 73 7S 6B S9 44 3B 677 S6 
19SB 36 4S 49 SS 63 69 76 80 71 6S 49 40 69B SB 
19S9 37 4S S2 6S 74 B2 B3 74 70* S82 
1960 S9 4B 38* 14S 
1961 34* 42* Sl* S9 66 7S 80* 79 67* S6* 45* 36* 690 SB 
1962 34* 40* 46 S7* 60* 68* 76* 77 72 61 SO* 40* 681 S7 
1963 34* 40 4B* SO* S6* SS* 63* 67* 66* 63* 60* 60S SS 
196S 47* 4S* 46* 4S* SO* S6* 60* S6 74* 70* 61* S6* 666 S6 
196S ~2* ~Q! ~Q! :iQ! 51* :i:i* §7* 68* 67* S2* 42* 604 
1966 SS* S2 S3 SB 64 6S 65 63* S7* 50* m 
1967 44* 42* 46 47 S2 S7 64* 67* 68* 66 S7 4B* 6S8 SS 
1968 4~* {iii* ~a! :ill* :iZ* liJ* flfl* 6B* 68* 66* S9* S2* 688 S7 

Total 6S6 722 879 9B9 l,OB2 1,190 1,316 1,391 1,184 l,17B 904 739 12,230 
Hean a 42 u :i:i Iii! lili Zl 73 70 62 so 41 S7 

*Baaed on Incomplete l.ecorda 

Tabla 34 
Ta.perature of Water 

Colorado River near Grand Canyon, Arisoae 
(Unit: "r.) 

Year Jan, Peb. Mar; A2r. Ma:r: June Jul:r: Aug. Se2t. Oct, Nov. Dec. Total Mean 
1941 41 46 Sl SS 63 69 76 77 6B SB 41 40 68S S7 
1942 37 40 47 S7 60 68 77 77 70 S33 
1943 62 47 43 152 
1944 39 43 so S7 6S 69 7B 77 73 63 so 39 703 S9 
194~ 39 44 48 S6 64 66 72 76 69 62* 44* 36 676 S6 
1946 36 39 46 61 64 71 78 77 75 S8 46 41 692 SB 
1947 3S 43 S2 S8 6S 68 76 77 73 62 46 39 694 S8 
1948 36 39 47 5S 63 70 79 77 74 62 46 39 6B7 S7 
1949 36 37* 49* 59* 66* 71 79 78 74 60 so 40 699 S8 
19~ 37 43 50 S8 64 71 79 76 71 64 so 42 70S 59 
1951 39 42 50 59 65 71 79* 77 72 60 47* 38* 699 58 
1952 37 41 46 57 65 71 78 79 71 63 50 3B 696 58 
1953 39 41 so SB 62 68 79 77 72 61 50 3B 69S 5B 
1954 38 45 so 62 69 72 80 77 72 62 so 40 717 60 
195S ~7 ~7 4Z ~~ 63 70 78 79 73 64 so 42 695 5B 
1956 44 43 50 S9 67 73 78 1S 75 63 4S 37 709 59 
1957 39 45 Sl S7 62 67 74 78 70 62 47 39 691 S8 
19S8 37 4S 48 56 63 70 76 79 71 63 49 39 696 SB 
1959 37 42 so 62 67 73 79 78 72 60 49 40 709 59 
1960 a n ~!I ~8 6~ 73 !!:!! 79 7~ 62 so 40 709 59 
1961 37 44 51 S7 64 75 79 78 69 58 4S 3B 695 SB 
1962 35 40 45 56 60 69 74 77 73 62 53 43 687 S7 
1963 36 40 49 59 63 69 75 77 72 6S 55 46 706 S9 
1964 44* 4S 47 49 61 71 77 70 70 68 58 50 710 59 
196~ ~!I H ~!I :iZ ~ :ill H :m 68 65 60 S3 69B SB 
1966 48 48 50 54 SB 62 6B 70 70 64 58 48 698 S8 
1967 45* 47* 50* 49* 57* 62* 69* 70* 69* 66* 59* 50* 693 5B 
1968 45* 48* Y! n~ ~~· 63* 68* 70* 70* 66* 57* 54* 696 5B 

Total 1,059 1,157 1,322 1,527 1,694 1,860 2,054 2,0S2 l,93l 1,685 1,352 1,132 18_,B2S ,...., 39 4~ 49 a 6~ 62 76 76 72 62 50 42 58 
*Incampleta Record 
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Table 35 
Temperature of Water 

Virgin River at Littlefield, Arizona 
(Unit: °F.) 

Year Jan Feb Mar A~r Mal!'. June Jull!'. Aug Se~ Oct Nov Dec Total Mear 

1947 60* 51 46 15 7 
1948 46 49 52 58 63 71 72 70 68 62 52 48 711 59 
1949 42 46 55 60 64 72 72 69 68 61 54 47 710 59 
1950 46 51 56 61 67 69 76 72 69 65 56 53 741 62 
1951 49 54 58 66 66 70 73 72 69 64 55 48 744 62 
1952 48 51 52 56 63 68 73 76 70 65 55 51 727 61 
1953 51 53 58 63 67 70 79 74 70 62 57 49 753 63 
1954 49 54 55 63 69 70 76 76 73 63 56 49 753 63 
1955 48 49 S:i 61 65 69 73 15 71 62 55 51 734 61 
1956 52 49 58 66 68 68 71 70 70 65 56 54 741 62 
1957 54 SB 63 68 63 68 74 71 66 61 52 49 74 7 62 
1958 48 52 51 54 63 69 71 74 68 66 54 51 721 60 
1959 50 51 57 67 69 72 77 74 69 64 55 51 756 63 
1960 48 52 58 63 67 70 72 76 77 68 58 52 761 63 
1961 53 59 64 71 77 81 81 79 7l 68 58 52 814 68 
1962 53 52 57 65 71 78 80 78 76 70 63 54 797 66 
1963 51 60 63 69 76 75 79 79 75 71 59 50 807 67 
1964 54 56 61 66 70 76 81 79 75 74 57 55 804 67 
1965 56 :11 62 63 68 76 81 82 74 69 58 48 794 66 
1966 49 52 60 64 75 77 81 81 76 68 59 So /92 66 

1967 51* 56* 62* 60* 68* 74 83* 82* 76* 72 59* 46 789 66 
1968 48* 27 63 64* 66 79 82* 77* 77 70* 61 50* 794 66 

Total 1,046 1,118 1,220 1,328 1,425 1,522 1,607 1,586 1,508 1,450 1,240 1,104 
Mean 50 53 28 63 68 72 76 75 72 66 56 so 63 

*Incomplete Record. 

Tebl.e 36 
Teccperatu.re of Water 

Colorado P.iver belov HooYer Dao, Arizona-Nevada 
{Unit: oF.) 

Jan. Feb. Mar. A2r• ¥.&· June Jul.;i:: Aulii• Se-~t. Dec. 
60 

Tot el Veen 
1P7 

56 55 '59 60 6l. 640 
55 55 57 5e 69 60 692 5e 
55 54 60 61 62 55* 696 5e 

6 e• 
55• 5 • 664 55* 
55• 55* 699 58* 
55• 55• 695 5e• 
52• 52• 6PG 57* 

2• 2• 2• • 
57" 55* 55• 5 * 
55" 55" 54* 112 59* 
55* 55* 55* 67e 57* 
56* 56• 56• 679 57* 

• 6* 
• 55* 

60• 57* 
57• 56• 
5e• 56• 
55• * 
55* 55* 
54* 54• 
56* 56• 
56* 56• 

* -· 
55• 55• 
~i.· 54• s~· 

Total l. 1506 1,41e 1,464 l.,464 1,471 l,499 l ,477 l.,544 l.,565 l,63A l.,635 l,594 ie,335 

l':ean ~6 ~~ ~4 ~4 5li 56 SI ~z ~e 5e ~E ~I ~6 

•IncCllllpl.ete Record 
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Tabl.e 37 
Temperature of Water 

Col.orado River bel.ov Parker D&J:, Arlzona-CoJ.ifornia 
(Unit: oy .) 

Year JllD. F'eb. Mar. AJi!:r• M!!Z Jutie J!!!z A!!£j Se;et. Oet. Nov. n..e, Total. Mee 

l.954 56• 57 64 Tl. 71, TI 78 77 72 64 56 746 

122~ ~l 4e §~ 6o 67 74 n• P2 ze I2 64 57 7p3 65• 
l.95 52 64 69 75 11 79 11' 74 62 53 793 66 
l.957 52 53 6o 64 68 71, 78 8o 1e 73 63 54 797 66 
l.958 52 57 59 64 Tl. 73 77 79 71\ 74 64 57 Po5 67 
1959 53 54 58 65 7l. 74 T9 79 76 Tl. 64 56 eoo 6T 

~m ~l. 22 §A 6~ 66 68 68 I~ I" IO 64 53 763 64 
50 54 65 7l. 74 16 79 16 Tl. 61 53 tPP 66 

l.962 50• 53 56 65 68 T2 75 T6 76 73 65 59 7pp 66• 
l.963 51• 52 58 63 67 72 75 79 eo 74 66 56 T93 66• 
l.964 50• 50 54 6l. 68 72 77 71\ 76 T3 65 55 779 65• 

12~ ~4 ~2 §t 
64 69 72 T6 I~ I4 72 6~ 55 79l. 66 

l.9 5l. 52 65 7o 74 16 77 71; T2 6 55 tf5 65 
l.96T 50• 52• 5P 62 6P• 72 7T 7P 7A 7? i;p 57 792 6€ 
l.968~ ~o· ~5· 6l. 64 70 12• Ts• T5· 77 T2 64 54 71'9 66 

Total. 7l.7 795 86o 955 l.,034 l.,092 l.,l.40 l.,172 l.,l.50 i,oe5 962 e30 U,792 

"SD ~l. 2J 27 64 69 73 76 78 77 72 (11 55 66 

*InCOltplete record. 

Tabl.e 31\ 
Ter-p .. ratlll'! of •Rter 

Col.oraco Piver at l~rl&l I'RI::, Arhona-C•li!'orni• 
(Unit• oF.) 

'11ar Jan, Feb. Mar. A:er• "!Z· June Jul.;i: '-E:ei· s~Et· Oct. Nov. ~e. Tctel l~•an 

• 1956 57• 54 61 6T 74 Pl. P4 e4 P.2 72 57 51 e24 69 

l.957 53 59 64 6T 72 Bl. P6 1'5 Pl 71 61 54 p3J, 70 
195e 52 57 6o 6T 7T eo 84 86 P2 74 61 55 e3s TO 

l.959 52 54 6o 69 74 e2 85 P6 i'o 72 62 54 830 69 

l~O ~4 24 62 68 I4 eo 83 84 f<l. 72 6l. ~3 P26 69 

l9 1 52 56 60 6e .74 I.Ii 1\4 st 79 76 se 53 821 SC 
l.962 5l. 5e 58 70 74 Ao ~ 1'4 83 73• 64 57 e36 70 
l.963 51 58 62 67 75 79 !<Ii 85 83 76 62 54 e36 70 
1964 l.P 51 58 66 72 8o 84 e6 po 75 63• 55 Pl.fl 68 

!,26~ 2! ~~ 60 68 I4 77 2 R6 eo 7l. 64• 54• e2B 69 
196 50 5l. 59 68 75• 7!1 F5 00 ti• 634 5,1 !!19 68 

l.967 52 56• 62 64 72 TB E\5 e-6 ei• 75 64• . 52• 827 69 

1968 ~2 ~T 64 68 I~ 82 86 1'4 e2 72 64• 54• P40 70 

Total 678 720 790 877 962 l.,039 l.,098 l.,l.07 l.,054 944 8o4 70l. l.O,T74 
l'ean ~ 55 6l. 67 74 eo 84 es P-1 73 62 54 69 

*Ineoepl.ete Record 
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Jan. 
Feb. 
March 
April 
liq 

-Jµne 
JUly 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 
Total 

Jan. 
Feb •. 
March 
Apr1l 
Mq 
June 
Jul¥ 
Aug. 
Sept. 
Oct. 
!lov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
Mq 
June 
July 
Aua. 
Sept. 
Oct. 
11o ... 
Dec. 
Total 

Jan. 
f9'b. 
ll&l'Cll 
April 
liq 
Jome 
~ 
Aug. 
Se"pt. 
Oct. 
11oV. 
Dec. 
!ot&l 

Jan. 
F&b. 
llt.rch 
April 
liq 
ollme 
~ ..... 
Sept. 
Oct. 
llcrr. 
Dae. 
Tl>tal 

.r.n. 

"'"· Jlal"dl 
.AF11 
~ 
~ 

JulT ...... 
Sept. 
Oct. ...... 
Dae. 
'fot&l 

Table 39 
Colorado R:ver Basin 

Historical Flow and Sedimentation Data 

Green River near Jensen, Utah 

Weighted 
mean 

Weighted 
mean 

nov concen- IDad Flow concen- load 
(1,000 tration (l,000 (l,000 tr&tion (l,000 
A,F.) fD.n.m. l tonel A.F. l fn,n,m. \ tonol 

72 

Jan. 
l'eb. 
March 
April 
~ 
June 
~ 
Aug. 
Sept. 
Oct. 
Rov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
Ma.y 
June 
Jul,r 
Aug, 
Sept. 
Oct. 
itov. 
Dec. 
Total 

Jan, 
Feb. 
March 
April 
liq 
June 

·Jul.T 
Aug. 
Sept. 
Oct. 
!loV. 
Dec. 
Total 

Jan. 
Feb. 
Ma:rch 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
May 
June 
Ju.l,y 
Aug • 
Sept. 
Oct. 
Nov. 
Dec. 
Total 

Jan • 
Feb. 
M&rch 
April 
May 
June 
July 
Aug • 
Sept. 
Oct. 
Nov .. 
Dec. 
Total 

147 

~ighted 

Jl'lov concen• Load 
(1,000

1 
~!ion (l,OOC/ 

A-P .m,) U...01 



Monti! 

Jan. 
hb. -April 
lle,y 
June 
~ 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 
Total 

Jan. 
hb. -Aprll 
Ma;r 
JuM 
JulJ 
Aug. 
Sept. 
Oct. 
1lov. 
l>ec. 
Total 

Jan. 
Feb. -April 
~ 
J\lne 
3"17 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 
'rot.al 

Jan. 
Feb. 
March 
April 
l'Ay 
June 
Jilly 
Aug. 
Sept. 
Oct.' 
Nov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
May 
June 
Jul,y 
Aug. 
Sept. 
Oct. 
lfov. 
Dec. 
Total 

Jan. 
Feb. 

ch 
pril 

June 
JulJz 
ug. A 

Se 
Oc 
!lo 
De 
Tc 

pt. 
t. 
v. 
c. 
tal 

Weighted 
mean 

now concen- Wad 
{l,000 trat1on (l,000 
A F. \ (n,n.a. \ tonal 

Year 1941 
100 ~ 57 
~ ~ ~ --m- --r:roo --r,560 --m- --r,%0 -r,m-
--r:nz z.oso 12,~90 
l";'i4b I ~ ---m- -r,3iO 641 
--rr:r l2,13o "4";4i'6 
--rnr --r,roo -r,m-
---nT ~ ---r,m-
~ -r;m- ---SW 
~ --no ---9-9 

4,608 ~ lT,TIT 
ye;;:--TI42 ---

112 ~ 91 
~ ---rnr ~ 
---w;- 3 ! 799 !, 363 --m- 10,420 ~ ---ggo ~ ~ 

l ,l71 --2....lli.. ~ 
14 ~ 795 --m- 560 --m-

---gr ---s10 ---7-1 

---ns 1,280 ~ 
-m- 260 ---44-
__ 1_1_6 ----no ~ 

4,622 4,390 27 ,'>91 
Year 1943 

112 ~ 23 
~ ~ ~ -m I 670 ---m-
~ ~ 3,208 --m- -1....lli.. -1...ill.. 

I 074 ~ ~ 
612 ~ -1...ill. ---roo ~ -1..fil. --1-16- --1..!!lQ.. 232 -m-~ ~ 
~ 920 ~ 
~ ~ ---3-7 

4,294 2 750 16 054 

Year 1944 
80 3oO 32 __ l_ll_ 
~ 44 ---m- 3,600 I 237 --m- --1..llQ.. 7 060 

~ ~ 7 .604 
1 391 ~ 5 373 

591 -W.!2.. l 134 
~ 390 75 
~ ~ 14 -m- ----no 89 
~ ~ 28 
---88- ---90- 11 

4,-...16 3, 780 l2 701 
Year 1945 

109 100 15 
~ -m- 45 
~ 1 220 309 
~ ~ 1 420 
~ ~ 4 182 

~ --2..lli.. 3 304 
701 --l..2iQ_ l 660 --rrr _LliQ. 2 169 
~ --1..lli.. 299 
--1-61- 600 175 
~ ---m- '>l __ 1_13_ ---no n 

4,260 2,360 --rr:6IT 
Year 1946 

123 ~ 30 
--1-17-~ ---sr -m 1';200 385 ---m-~ 2 ·l9A --m- -1...!2.9_ 0 
~ ~ l,~s3 -w;- 540 19 --m- 6,540 ~ ---ras --1.Q2Q. 440 
~ ~ 774 
~ __LlQQ_ .418 
~ 640 135 
~ ---r.190 --w,m-

Table 40 
Colorado River Basin 

Historical Flow and Sedimentation Doto 

Green River at Green River, Utah 

Weighted Weighted Weighted 
mean mean mean 

Fl.ow concen- Load Flow conc:en- Load Flow concen- Load 
(l,000 tration (l,000 (1,000 tration (1,000 (1,000 tra.tion (l,000 
A.I'.\ ln.n.m.) tons\ Month A.F.) (n.n.m. l tonal A.F. l (n.1'.m. l tons) 

Year 1947 xear .&..'.1..22. Year 2.222.... 
92 ~ 84 Jan. lliO 100 

~ 97 90 12 ---rrr 1,310 --m- Feb. -w --r20 ~ --rw ~ 
-m ~ 6, 181 March ---m ~ 259 ~ ~ ~ --;;rr -1....Qli __w2Q. April -m ~ 20:_ 

~M l 120 t~4 
l 400 <.;.;:;..; ~ ~ 2"0 

~~ 

~ -Llil. May ~ bl 
~ -1....llQ_ --1...ill.. June 1 lei ~.~~~' .... O"-C ~ --Ll22.. -1-m-

656 ~ -1..lli. July 37t :·\.. l,i~f ~ ~ ~ --m- ___i,1lQ_ -1.fil Aug. 212 ~ ,9)C) --WO ~ 2,192 
~ 880 199 Sept. --n7 ---m ~; ~ 2 200 311 -rn 1,870 ---;;IT --Et 3 .. 0 ~ 4:010 ~ Oct. 
~ 540 -rn Nov. 125 230 ---w ~ 090 3 

152 ~ 74 Dec. ----1Q..L ~ "7 ~ ~ ~ 
-2..lli. 3 ,700 ~ Total ---1...iU. l I 75:! -L.21.\L 2,&15 1,730 6,798 

Year 1948 Year 195-1 Year 1900 
141 no 44 Jan. ~~~ 

220 32 ___li. 270 _-li. -m ~ ---rr9 Feb. 470 ---ab 102 170 23 -m 4 670 1 994 Marcb _ill _..llQ. 
-.,.....,... --w N& 2,815 .LO'+ 

558 --2..llQ. ~ April 270 l' t>lO ~ ~ ~ --1..Qil ~ _Llll May 640 2 450 2 l~O --w i:420 7 
952 --2..l2Q. -l....2ll Jw>e 216 ___:@Q_ 4~1 ~ 

~ i'.2~~ -ns ~ 386 Ju~ ~ 2,2f' 1 o¥4 ---no 5 
~ ___Ll2Q_ 

__ 6_7_1 
Aug. _.n2. -1........2. ~ ---b-9 ~ --WO 

69 ~ ---rs Sept. --1.3.!:. ~ ~ ----w l,g10 -m-
___ 9_2 -1...!.Q.2. ---1J1. Oct. _1J.2. ~ ~ ----ro 3, 60 ~ 
~ --1.iQ. _-12. Nov. ---1:& _.E. ~ --ro5 ~ --rr 
___ 9_7 --2!9. ~ Dec. ~ ~ ----J.l. -so ~ ~ 
-1....ill. ~ -1Llil Total ~ --1.r..2.1Q. ~ 2 86~ 2 O&Cl J.Q.ll. 

Year 1949 Year~ Year .l2§l_ 
--1QQ. ~ 41 Jan. __ 8o _ __2Q. ~ 

~ ~--"* ~ 270 41 Feb. 86 <10 _-1... 
--1.Zi -L.QlQ -1..lli! Marcb ~ 5.9fu ~ ~ --000 ~ 
-...!ill. ~ --L...ill April __;;u~ ~ ----w;-~ ---z?4 
--l...lli ~ ---2.....fil May --*--Hf§-~ ~ 1,370 ---;w 
-1..fil --i..QQQ. ---LilQ. June _ti:. ---L.l:Q ~ ~ ~ ~ 
~ -1...2JQ ---1....!2!!. July ~~--1- ~ 5•0 ~ 
__ill. ---L.QlQ. --1.il Aug. lbl ~ __Lgf ---m- 8,210 

4/ --1.ll ~ ___ill Sept. ~1~~ 

~sc ~ ~ -.l2l ~ ---J....W Oct. --M 220 __il 
~ ~ ~ ---llQ Nov. ~ _-21. lbl ~ 

127 ----rio ~ 
2 

5fo 
__ga 

-ill __ll9. ___ 2_8 Dec. --1l ~ ~ ---1....llQ 23.640 Total ~ 2,010 ~ 2.2o5 
Year 1950 Year ~956 Year 1~2 

141 ---1li!. 51 Jan. ~~ 128 U4 t&5 1S2 
--m- 260 53 l'eb. 100 _21£. 42 4o< ~ 4 06h 

356 2 ,560 1 241 March ~ 7 220 3 Ots7 ~ 
ivro 

" R4R 
_ilQ. _2,..QlQ.. 4 227 April -tto 3 llC! l 9'-'0 ---L.Q.il_ 12 5/j7 

--1....lli.. __Ll1Q_ 4 632 May _222.. 3:520 5 1() 1 ~so __.Ll&. 7 2~7 

--1..2li ~ 5 250 June ~ 2 '72f; ....... b3 l,~78 ~ 2 ""l 
---1li. _..Ll.ZQ. 2 372 July ~ ~ 

201 -m-~ 1 oo; 
_fil _lQQ. 100 Aug. ! '.:Ii'-' 0 "" ___ill_ ~ 148 Sept.. ----m-~ .:...2 ~ 1['4~ 1 091 

-ill _11Q. 46 Oct. ~ --ow 70 763 
166 -....ll!L 33 Nov. ~ '.:>O 94 'mo 23 __ 1_7_1 

140 33 Dec. 
4 o£t --rro rn 72 130 13 

5 476 2 440 18 186 Total 2,909 lS.O'">l 5,599 4,7~ 3b 282 
Year 1951 Year .l2.2I_ Year~ 

__fil loO 15 Jan. ~ 130 14 __ll_ _2lQ. 26 
--..ill. 230 52 l'eb. 100 250 ~ 120 l,m 253 
_ill_ ---112. --m- Marcb ~~~ i§t b3 
_..ill. --1.llQ. 1 102 April _12Q_ ~ 

0~2 200 
___m. ---1...l!Q. ---1...ill. May -cl* ---"'-= ~ _m_ ~ 930 
---W.Q2. __Ll]Q_ 4 155 June --HR- -l..QlQ. 7 722 _..Jl2. 720 302 

627 ----1..!!lQ. 1 222 July l ,~86 -H* ' 9tl 51 ~ 9 
379 --LlQQ. 4 019 AlJ3• ~ 

4 (>4 -w iN10 i,302 

---1!! ~ 447 Sept. 202 

r:m 
1 n --9-5 ..l=J2. 1 761 

__ 2_1_1 ~ --1..l!l Oct. 18~ 97 --i:7 
~ 19b 

~ ~ 120 Nov. __ 2_2_ ~ 1l 07 

--ill. 270 48 Dec. ~ 100 84 3.210 314 
-hill. 2,450 15 ! 763 Total '~ 2t,753 LS76 ~ ~.2§3 

Year 1952 ---Year~ Year _l2£L 
-lli 240 43 Jan. 128 2 0 42 

~ tt~ 11~ 
~ --UC ---5-0 Feb. lf) t:m ~ 411 

----ill. 430 94 March 2 0 '"" ~ l 290 222 
__1M --!...lli. 11.360 Aprtl Z32 

l:(l§ ---Wsf-- ~ g:910 i,010 

---Lill. ~ _!hill. May -H* 1 634 _hll2. 5,491 
_.LlQ2. __Lili. _.Ll2l June ~ ~ 

"l-~ -ffi- -2.zl2. 2, ibi5 
___fil 960 673 JulJz 22 <00 --.2.. =i d! !ibli 
--ill ---;;:roo l 758 Aug. ---uo m _12._ 1 2~1 
~ --1....lli 559 Sept. ~ ~ 21? < b 
~ 

___ 1_0 13 Oct. _--21. ---21Q. lo ~ ~ 
Q!:l 

__ill ___ 9_0 15 ' Nov. 102 --m- 12 200 ~:2 -...ill. _..llQ 23' Dec. ---rrr 25 
3.m 2.m 

1~2 

--L1.ll --1..ill 31 140 Total 4,211 2,730 ~ 12,596 

148 



TABLE 4o 
COLORADO RIVER BASIN 

HISTORICAL FLOW AND SEDJl.fENTATION DATA 
For Green River at Green RiYer, Utah 

Weighted Weighted 
mean mean 

Flow concen- ID ad Flow concen-
(l,000 tration (l,000 (1,000 tration 

Month A.F.) (p. p.m.) tons) A.F.) (p.p.m.) 
Year 1262 Year l~o~ 

Jan. 300 ~00 124 2~9 J.~Q 
Feb. 30~ 540 222 J96 fiAl 
March ~bl 2z110 lz034 2!U 522 
April 218 32300 2,327 212 ;JJi4Q 
May 8l9 3.130 3z48o :roa ijiQO 
.June l. ~Q:Z: 3.'.i30 ~1804 ~4e l'iIQ 
July 246 ~.440 21222 26 ~40 
Aug. 22B z510 1,399 342 ~gIQ 
Sept. 182 2 2 320 590 241 l.6Q 
Oct. 253 12120 384 230 31Q 
Nov. 

~~~ 3b0 117 221 10 
Dec. 420 143 20~ l4Q 
Total 5z211 2,570 18,191 52( ~IC 

Year l9'2'2 Year 
Jan. 181 200 50 
Feb. i66 120 35 
March 323 22110 2zI~O 
April 3~0 1 1020 2:Z:2 

1 1420 1 1 11~ May 5 6 
blO 2b§ June 32~ 

July 14 1'40 14 
Aug. i46 2 2200 4~7 
Sept. 121 2 1 0~ 4 2 
Oct. 193 332 1 12 
Nov. 128 1 1 bb0 ~21 
Dec. 148 4 1020 2~ 
Total 2,969 1,810 7,317 

Year 1967 Year 
.Jan. 126 430 115 
Feb. 169 400 93 
March 256 1,440 503 

24S April 260 IQQ 
May ~04 2,P50 l 952 
June J.. ;i. 3li 3 1 630 s:to2 
July SQP 2,210 1,571 
Aug. 24:Z: 1,910 ~I.1 

561 Sept. ~3.l. 1,790 
Oct. 25Q 450 152 
Nov. 243 l20 39 
Dec. 22!2 1(l0 36 
Total 4 .~?:Z: 2.QQQ 11,513 

ID ad 
(l,000 
tons) 

42 
161 
lQ'i 

c;~B 

ic;;4o 
-;;~62 

~72 

?191 , 
~2 
26 
20 
32 

19~CL 

-

-

-

-

-

-

-

-

-



Weil!l>ted 
mean 

71.ov concen- I.oad 
(l,000 tntion (1,009 

Jlaatll A 1' ) ln,n,•. l ton• 
Year~ 

Jil.D. :::it: ~ ___a 
hb. ~ _J:lll._ 
Mllrcll 

~t:m ~:! April ..., 
June =1:t~ Jul1' ~ ___ill_ Aqg. ___m_ _jQ_ 
Sept. _m_ ~ _.li. 
Oct. 
lloY. =Ht __J,lQ_ -tr-
Dec. _w_~~ 
'!l>tal _um_~ 

Te&l'~ 
Ju. ::::fl: ~ -tt-hb. 
March _.lJL =it~ April ~ --l...!!3Q_ ..., ::r:m: ~ ~ Jw>e 
.1UJJ' ~:ii Aua. 
Sept. :::m: ~ 3.~ 
Oct. 
JIOv, __,m_ i.t~ __m. 
Dec. __m.. ~ -dt-
'l'c>tal ~~~ 

Te&l' _12!!!. 
.T&D. -1.':2.. ~ __2.., 
:1'9'b. 

-1ti- ~ Narcb 

lit --1£ 1 1 April 
""1 
J'\me i'.f3 ~ -W1L 
.1111.7 -m- _-11&., ----E!L q. ~_!IQ...~ 
Sept. _2)_ -it§- _a 
Oct. =ii: _k-i-llov. 
Dec. ~ 100 -1tL 
'l'c>tal ~ ~ 15,702 

Year-~ 
.Jan. _...J.!a_ ~ :><) 

h'b. ~~ ' 
March ~~ April -cl*-~ ""1 ....l..!!25- -1....WL 2 
Jlme 

~~ .1111.7 -~ 4 Aqg. 2 
Sept. 4 
Oct. _..m._ ~ -~ 

llov. =ft: =:m: ll 
Dec. , 
Total ~~ 7 7~ 

Tear ..J.Sl!l!I_ 
46 .Jan. --ill... _22Q_ 

Pe'b. __m_~ 109 
llarch --.l.21... _.J2!L 101 
April 

~~ 
2 

""1 
Jlme .-J..m_ --l..232.. l 
Jul,r 

=it:~ Aug. 2. 
Sept. 

;t ,,I , Oct. 
lroY. 
Dec. 
'll:>tal 

y.,...~ 
.Jlln. ___ill_ _.li.. 
hb. =m: -r,oo- ill llarcb --- 2~2 
.April ~ ~:I ,:.~ ..., 
Jlaw =*~~ ~ l:n<>? ... ~ '·~~ Sept. ~~ ~. ----E!L. ~ 2 ...... 
~~ Dec. 

6,2J l,910 'l'J>t&l lb.: 2 

Table 41 
Colorado River Basin 

Historical Flow and Sedimentation Date 

Colorado River near Cisco, Utah 

Weil!l>ted 
mean 

7lov concen- toad 
(l,000 tntion (l,000 
A,7',) 

'"·"··· l 
too•l 

y~ 
-12L =i= 
m 1f =dt 
~ ~ 
~~....J...m_ 
---1t!;;L ~ ---1.li... 
~~_w..... 
-12.L _.ll.Q_ ~ 

_m_ =:it ::± ::I: _.llQ_ _..L 
~~~ 

Year ..J3!a 
_.J.§!L _lfQ._ _Jig_ 

~ij L~ lr 
~~~ l l 2 

~~~ 
Z? 2 ~ ·~ 

:=TI!l: l: ~ to@ 
~~ l 

210 1 ---i;r-
180 ~~ 
~ .....l..SlllL ~ y± ---l.2.2.... __..:&.. 
__.i:Ql_ ~ 

_m_ ~ --2l.... 

i$t .....l..SlllL ~ 
-Llll. ~ ~ 
~ -!illL 
~_li!_~ 

_.J...m.... ~ 

-ri HE =t 
lj 6t -+a l ~~ ll,610 

Year~ 
_l2J._ __lQQ._ 21 

=it: :::fit °"' 'lll 

--l:ll.. ~ Ill 

~~ ' 'q( 

.J...lll_ ~ 1 '""' 
~~ "' 
~~ ' ;o 

~ lm 1 
~ __....llQ_ 
~ _.!tJQ_ 
~~ ~ 4 

Ye&r~ 
-.lil.... _.!aQ_ ,.,, 

l~ l.~~ 
l <;4 

'"" 
-222 :ti§: ~.04T 

~ l 4 . "'' 

~ ...h2!2_ 3 171 

~ ion 
358 ~ """ II ~-__ 1 _ __j£_ 

11 
-.111.... __j£_ 

__ l_l_ 

~~ 4 
-l..1li... -l..Ji!t!L 15, l t,. 

Year~ 
__ili_ __jQ_ _ll_ 
_J.!!L ----22.. 5 
~ _..lQ_ 17 

~~~ 
~ -U!llL. , 4,, 
--l..m.. ~ __LlZl.. 
__m_ --li.l.Q_ 198 
~~-kw... 
~ _l.llQ... '" 

~~ 
1 >/,n 

179 

--dfr- _.!2Q_ 14 

~~ b,722 

Month 

Jan. 
Feb. 
March 
April 
liq 
June 
July 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
liq 
June 
July 
Aug. 
Sept. 
Oct. 
?fov. 
Dec. 
Total 

Jan. 
h'b. 
March 
April 
""1 
June 
July 
Aug. 
Sept. 
Oct. 
lov. 
Dec. 
'rotal 

Jan. 
Feb. 
March 
April 
liq 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Total 

Jan. 
!"et. 
March 
April 
Mq 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Total 

Jan. 
l'eb. 
March 
April 
Mq 
June 
July 
Aug. 
Sept. 
Oct • 
lov. 
Dec. 
Total 

150 

n.ov concen- toad 
(l,000 tration (l,000 

.I. F \ ln.n.a.) ton•\ 

lleighted 
mean 

n..ov .!Oncen- L::>ad 
(l,000 tration (l,000 
A.1'. l In.,, .... \ ton•\ 

2'i 

21 
473 

4 ,Pil4 
i,008 ,,9 
2 ,,.,., 

104 
11 
22 

115 
9.950 



TABLE 41 
COLORADO RIVER BASIN 

HISTORICAL FLOW AND SEDIMENTATION DATA 
For Colorado River near Cisco, Utah 

Weighted Weighted 
mean mean 

Flow cone en- Load Flow concen-
(1,000 tration (1,000 (1,000 tration 

Month A .F.) (p.p.m.) tons) A.F.) (p.p.m.) 
Year J.266 Year 

Jan. 200 640 J.:Z:4 
Feb. 16s 400 22 
March 27 2z220 838 
April 438 2z24o lz3ti1 
May 097 lz200 l~l 1 
June 422 410 ~31 
July 1B2 220 63 
Aug. 120 200 32 
Sept. 145 650 122 
Oct. 172 230 ~~ 
Nov. 153 110 23 
Dec. 174 42400 lz041 
Total j, Ioj 1 2200 2zl62 

Year 12E7 Year 
Jan. 146 140 2:r 
Feb. 136 l40 2~ 
March 1P:2 2J.Q 53 
April 12P 260 ~2 
May 46? 2,620 l,Q45 
June 713 2,220 2 .;i.e~ 
July 327 2,2?0 1,141 
Aug. 175 7. .220 1,12!. 
Sept. 17~ 1,620 323 
Oct. 174 lPO 43 
Nov. 211 200 28 
Dec. 241 220 124 
Total 3.146 l,:Z:PO :r ,62f 

Year 19t~ Year 
Jan. 205 3Po 101 
Feb. 193 740 192 
March 171 210 62 
April 230 l,P20 "i21 
May bb7 3,040 2,763 
June 11171 1,260 2,4PJ. 
July 30t l,360 565 
Aug. 3b5 9.140 4,537 
Sept. 159 Po J.P 
Oct. 213 350 101 
Nov. 257 210· 73 
Dec. 2I~p PQ 2e 
Total 411P5 2,Q20 ll,52l 

151 

Load 
(1,000 
tons) 
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TABLE 42 
COLORADO RIVER BASIN 

HISTORICAL FLOW AND SEDIMENTATION DATA 
For San .Tuan Biyer near Bl pff. Utah 

Weighted Weighted 
mean mean 

Flow concen- Load Flow concen-
(l,000 tration (l,000 (l,000 tration 

Month A.F.) (n.p.m.) tons) A.F.) (n.n.m.) 
Year J 965 Year 1268 

Jan. J 22 9,SJ o J , S:Z8 ~6 2 .3l0 
Feb. • 24 J 2Q 6.!i:ZQ J .056 2.0 0 
March 85 6.6@ :Z:ZQ ~o 3a210 
April J65 J :z I 56Q 3 ,91!3 R3 6.750 
May 28~ 22.:Z4Q a.9io i4P 6.550 
June l!J g 6.Q5Q 3 • !!!!8 240 71730 
July 295 5 .a:w 2 .355 P2 151130 
Aug. 2l6 3 5 .9QQ J Q .65Q 1'76 531150 
Sept. J :Z7 6. 5:ZQ J ,583 41 b10t0 
Oct. l9Q 5 I J !iQ l.328 56 31390 
Nov. 232 s.~2Q l.:Zl2 49 11~00 
Dec. 235 6.6JQ 2,115 45 770 
Total 2,51!6 J] , !:8o 39 .!:!:8 110b0 i4 124o 

Year J 966 Year 
Jan. J98 3,23Q 669 
Feb. ] 29 2oO:ZQ 363 
March J99 6,sibio ] ,8:Z8 
April 252 3,02Q J,036 
May 26:Z 2,!:60 8~!! 
June ] 2:Z J ,SJ o 3J2 
July 51! 6,530 !!Bo 
Aug. l!l! 23 ,:z:zo ] , !!23 
Sept. !!3 J 2 .32Q :Z2J 
Oct. -9.5- ~,030 ~2J 
Nov. :ZQ 2,030 J93 
Dec. :Z2 :z .69Q :Z53 
Total J oSSQ !i .l!w 9, !!!:3 

Year 196'7 Year 
Jan. SP f lQ 64 
Feb. t4 2 ,Ql:Q lJ.P 
March 7q l,S~Q 166 
April 31 4QQ 11 
May 7'f5 4,l2Q 431 
June P9 r,o:zo 211 
July 39 l5,33Q PlJ 
Aug. l51 4:z: ,130 2.61Q 
Sept. _94 25,EEo ~ 1 JOP 
Oct. ~l J.,Eoo 322 
Nov. 3R 9,JSO 413 
Dec. 39 3,0~0 J.6J. 
Total '791 15,1130. 16,602 

153 

Load 
(l,000 
tons) 

113 
370 
266 
762 

11319 
2,5]3 
l,6t''7 

12,7?2 
33P 
25~ 
l?O 

41 
20 z 5 35 



Month 

Jan. 
Feb. 
Y.arch 
April 
l'.ay 
June 
July 
Aug. 
Sept. 
Oct. 

Dec. 
Total 

Ja...,,. 
Feb. 
March 
April 
May 
Ju..,e 
July 
Aug. 
Sept. 
Cl.ot. 
Nov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
May 
June 
JulJ' 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Total 

Jan. 
Fet.'
March 
April 
11.ay 
Ja.."le 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Tctal 

Jan. 
Fe1'. 
March 
April 
May 
JU!le 
Ju!y 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Tot.al 

Jan. 
Feb. 

Mar"' April 
May 
June 
Jul,y 
Aug. 
Sept. 
Oct. 
llov. 
Dec. 
'l'otal 

Flov 
(1,000 
A.F.) 

~ 
~ 
~ 
~ 
~ ,..,, ... -=-~ 
~ 
____::r:._ 
~ 
~ 
~ 

"JO::: 

~ 

';fe:ghted 

ccnce:1-
tration 
(o.p.m.) 

Load 
(1,000 
tons) 

Year 10.:..-.; 

!~ _.52L 
~~ 

::.. :::;,." :.i c:o::: 

~~ 
~~ 

. .:;,r.~ 

~.~6c; ~ 
7 -:"-."" 7.0:..-: 
':; 3:..... ') ~:::,'.';. 
.'.. 2~,.... 2 172 
'.'; t-6" -1.i£.L 

---..L.12.Q. 02 ~ 
~ &.. 9::4 

!.'ear ~al.~ 

___z;E._ ~ __.::i5._ 
~ ~ __z.l.:.._ 
~~ ~7t\Q 

~ .:::-:-i::i_,..,~ 

~ f.,~'").'"\~ 

~ ~ ~"2•i'"' 
~~ ::::.::.o~ 

__llL ~ ~ 
~ ---6:& ~ 
~ 

*Estil!IBted 

.. ::- ~ ..... ...., ___.__...__ 
_!l.:.L 
~ 

Table 43 

Colorado River Basin 

Historical Flow and Sedimentation Dato 

Colorado River at Lees Ferry, Arizona 

Flcv 
(1,000 
A.F.) 

Weighted 
mean 

CO:i.Cen

tration 
(n.n.m.) 
Year~ 

~~ 
~~ 
-~ ~i::::::,.., 

~~ 
c:c..R.,~ 

~ ~";(~" 

~ 2':''1·" 
f:'.::~ ~ 

Load 
(1,000 
tons) 

4 812 
4 ~:s: ~·;;~ ~10 

~;~ i ~~ t; 
~ !..C:l.C' ll(';.,.C:6 

Year~ 

~ l ?"'"' ___fii_ 
~ 1''·~ c;,......,:, 

~ ii.61 ~ 
~ ~ ____.l._J_.Ql_ 
~ -2....3.1..Q_ ~ 

000" ~ ~ 
~~ "JQO':i: 

~ 
~ 
~ 

~ 
--".....ill_ 
~ 

__.::..l.i. ~ 

-~ 
~ 
~ 
----1fu_ 

44 I '3~;;; 

~70 
b.321 
.. 060 

13 02C 
t 107 

154 

Month 

Ja:i. 
Feb. 
March 
April 
¥.ay 
June 
July 
A:.:g. 
Sept. 
Oct. 
~:ov. 
Dec. 
Total 

Jan. 
Feb. 
11.arch 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
!';ov. 
Dec. 
Tctal 

Jan. 
Feb. 
March 
April 
May 
June 
JulJ' 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
May 
June 
... TUly 

A:.:g. 
Sep,. 
Oc:. 
::cv. 
Dec. 
Tot.al 

Jar.. 
Fe't. 

April 
J.'.ay 

July 
Aug. 
Sept. 

!i:ov. 
Dec. 
Total 

Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Total 

F!.c.w 
(1,000 
A.F.) 

Weighted 
mean 

c':lr..cer.
tration 
(u.n.:n. l 

:.Cad 
(1.00C 

.. ~ens\ 

-----·t·_.· ~ 
~~~ 

";(IC:, 

~ 

~ 
~ 
~ 

Z .C':/~ 

~ 
20:::'-

;:~ 
~ .. c: 

. '1' 
8,~i 

~ 
1 ::;33: 

<6c 

-·' 
____:s;_ 

Year }Ot"•.' 

~ 
~ 
~ <@ 

.. ~~~ 
---.-,c-
---,--
~ 
~ 

? 2:.:' 
-. ~ .::: " 
~ 

~ 

~ 
J -~ ::6: 

:.. . .;:.:-

--.---.-.-. 

---.--.. 

--:-·-

~ ~ -~:: 
- -=3~ ~ ----· 
~ !_,;::;,::' _-:-:;::._!;. 

!:ea:- ~ ·,-.t.;:: 
~~~ 
~ cir:6.:-· :i·-.i..c 

~~~ 
~ oo::::~ 
~c;-=-=~~ 

:_:: ~·-6 ---"~···~· ~ 

F'..1..0'W' 

(1,000 
A.F.) 

~ 
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TABLE 44 
COLORADO RIVER BASIN 

HISTORICAL FLOW AND SED1MENTATION DATA 
For Colorado River near Grand Canyon, Arizona 
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JAMBS L OGILVIE 
Secretary-Manqer 

March 14, 1972 

':Board ol ctDater eommi66ioner6 
144 Wett Col£u: Avenue Denver, Colorado 80202 Phone 222-5511 

COMMISSIONERS 
..\NDREW HORAN, JR., Pre1i.i-t WILLIAM G. TEMPLE, 1st Vice-Pre1ident 
JOHN A. YELENICK A. ASBORNO CHARLES F. BRANNAN 

Mr. Murray Stein, Director 
Enforcement Proceedings Division 
Environmental Protection Agency 
Crystal Mall Bldg. 2 
Washington, D. C. 20460 

Dear Mr. Stein: 

On February 17, 1972, at the close of the Colorado River Enforcement 
Conference, it was announced that 30 days from that date would be allowed 
for interested parties to submit statements to you to be included in the 
official record of that hearing and conference. Therefore, we respect
fully request that this letter be considered_ as a statement of the Board of 
Water Commissioners of the City and County of Denver and be included 
in and made a part of the record of the hearing and conference held in 
Las Vegas, Nevada February 15 through 17, 1972. 

The Board of Water Commissioners of the City and County of Denver is 
charged with the responsibility of supplying water to the Denver metro
politan area for all the municipal uses associated therewith. Presently 
the water system created by the Board of Water Commissioners is 
serving nearly three-quarters of the people of the Denver metropolitan 
area, that is, more than 800, 000 people are dependent upon this system 
for this most necessary commodity to sustain life. Although growth in 
this metropolitan area has occurred at a high rate for some years, the 
growth experienced in recent months has been at such a high rate that 
it is almost unbelievable. 

At the present time more than half the people served by this system 
receive water diverted from the Colorado River and its tributaries. 
This water is transported through the various tunnels of this system 
from the Western Slope to the metropolitan area, Water to meet the 
needs of future growth of the area, must necessarily come from the 
Colorado River and its tributaries through the systems presently con
structed or additional facilities now in the planning stages of the Board 
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of Water Commissioners. These diversions from the Colorado River 
to the Eastern Slope, commonly called transmountain diversions, are 
accomplished under the constitution and laws pertaining to water rights 
of the State of Colorado. Such diversions are also recognized to be 
within the provisions and intent of both the Colorado River Compact and 
the Upper Colorado River Compact. 

As a major user of waters from the Colorado River, the Board of Water 
Commissioners is concerned with what many consider to be a serious 
problem on that river, that is the salinity problem. Because of that 
concern, we have reviewed the report of the Environmental Protection 
Agency, dated 1971, entitled "The Mineral Quality Problem in the Colo
rado River Basin." Although numerous comments could be made regard
ing the content of that report, many would, no doubt, duplicate those al
ready voiced at the hearings, and to avoid such ·duplicity, only the few 
following comments are submitted at this time. 

1. In appendix A of the report, on pages 10 and 11, reference is 
made to the present quantities of water diverted outside the 
Colorado River Basin, and estimates are given regarding 
plans for future increases in the amount of exportation in the 
various states of the Colorado River Basin. The following 
statement is found on page 11 of that appendix: 

"The increase in out-of-basin diversions, particularly 
those in the Upper Basin, will result in further degra
dation of mineral quality in the Colorado River system 
unless some means are found for augmenting the basin's 
water supply with good quality waters." 

It should be pointed out that, in Colorado the amount of water 
planned for exportation out of the Basin, falls within the allotted 
share of Colorado River water to Colorado by the Colorado 
River Compact and the Upper Colorado River Compact for 
beneficial consumptive use within the State of Colorado. In 
other portions of the report it is indicated that waters ex
ported from the Basin in Colorado contain a salt load which 
is taken out of the Basin. If these waters were to remain 
in the Colorado River Basin, the salt load contained in those 
waters would also remain in the Basin. The waters would, 
at some time in the future, be used within the State in a 
manner which would cause them to be consumed thereby 
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leaving the salts in the remaining flows of the Colorado River. 
It is also within the realm of possibility that those waters, or 
a portion thereof, would be used for irrigation purposes, and 
the return flows therefrom would, in addition to the above, 
contribute to the salt loading, that is, carry back to the stream 
additional mineral salts from the lands. 

2. From Table 4, page 39 of appendix A, it is evident that the total 
dissolved solid concentrations during the run-off months is sig
nificantly less than during the base flow months. In Colorado, 
due to the priority doctrine, in most instances transmountain 
diversions from the Colorado River Basin occur primarily 
during the high run-off months and thereby have only little, 
if any, effect upon the flow of the river during the base flow 
months. The report seems to indicate that the intent is to 
manage the river so that the total dis solved solids concentrations 
will not go above a certain level during any month of the year. 
Table 4 seems to indicate that the base flow months would be 
the critical months with respect to such an intent. 

3. In the Summary report, Chapter 7, under Alternatives for 
Management and Control of Salinity, an approach is suggested 
which would limit economic or water resource development 
that is expected to produce an increase in salt loads or stream 
flow depletions. Elsewhere in the report are contained lengthy 
discussions including estimates of the economic and other 
impacts of the present and increased salinity levels of the 
Colorado River. However, the report contains no estimates 
of economic and other impacts which would occur if the above 
approach, unrealistic as it may be, were allowed to occur. As 
stated earlier in this letter, this metropolitan area is growing 
rapidly, and its water supplies for that growth must come 
from the Colorado River. Curtailment of those hecessary 
supplies is unacceptable. 

4. In Table l, page 15 of the Summary report, three percent of the 
salt concentration of the Colorado River at Hoover Dam is 
attributed to exports out of the basin in the amount of 465, 000 
acre feet per year. In comparison, on page 17 the following 
statement is made: 

"Blue Springs, located near the mouth of the Little Colorado 
River, contributes a salt load of about 547, 000 tons per year, 
or approximately five percent of the annual salt burden at 
the Hoover Dam. 11 
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Such a comparison, pointing out that only one of the many point 
sources, according to the report, causes nearly double that 
associated with exports of water from the Basin, should cause 
consideration of solutions to the problem with a more realistic 
perspective applied to exportations from the Basin. 

The resolution of the conferees of the Colorado River Basin states developed 
during the hearing and conference of February 15 through 17, 1972, suggests 
a positive approach to resolving the salinity problem, which appears to be 
the most logical approach at this time. We do, however, wish to emphasize 
the int_ent of paragraph 2 found on page 3 of the resolution, which is, that 
the Upper Basin must continue to develop its compact portion of the water. 
The program for controlling the salinity problem suggested in the resolution 
must go forward. However, in the meantime, this Board has no alternative 
but to provide those additional waters necessary for the growing population 
of this metropolitan area. 

The Board of Water Commissioners of Denver recognizes the need to 
maintain the rivers and streams of the West in ·quality conditions, and 
is interested in this problem on the Colorado River. Therefore, this Board 
desires to cooperate with the Environmental Protection Agency, the Colorado 
River Basin states, the Bureau of Reclamation, and other agencies involved 
in order that efforts may be directed to resolution of the salinity problem. 

Sincerely, 

J/.~; 
tJS. L. ~l:~::anager 

JLO/em 



) DIVISION OF WATER RESOURCES 

DANIEL F. LAWRENCE 
Director 

BERT A.PAGE 
Controlkr 

Mr. M..irrey Stein, cra.irmm 

435 State Capitol 
SALT LAKE CITY, UTAH 84114 

Tel: 328-5401 

Marcil 14, 1972 

Conference in the M:itter of Pollution of 
the Interstate Waters of the Colorado River 

U. S. Envirormental Protection Agercy 
Office of the Administrator 
Washington, D. C. 20460 

Dear Mr. Stein: 

JAMES G. CHRISTENSEN 
Auirfant Dinctor 
RAY H. ZENGER 
Auirtant Dincror 

The statanent of Utah Division of Water Resources concerning the 
report on the Mineral Quality Problems in the Colorado River> Basin is 
t:rensmitted herewith far> the recoro. 

This statanent is in agreanent with that nade by Lynn M. Thatch.er 
far> am in behalf of the Utah Division of Health. It is also in keeping 
with the intent of the resolution of the Conferees of the Colorado River 
Basin states at las Vegas, Nevada, February 17, 1972. 

ly, 

~~7~ 
Ianiel F. Ui~ _. 

DFL:kb 

Enclosure 



DANIELF. LAWRENCE 
Direcaor 

BERT A.PAGE 
Controller 

435 State Capitol 
SALT LAKE CITY, UTAH 84114 

Tel: 328-5401 

M3reh 10, 1972 

JAMES G. CHRISfENSEN 
Amltant Director 
RAY IL ZENGER 
Amnant Director 

The Utah Division of Water Resources is in complete agreement rdth 
the statement of the Utah Conferee in tfie matter of po Zlution of the 
interstate wters of the Colorado River and its tributaries, as folloos: 

STATEMENT OF UI'AH CONFEREE AT SEVEN'IH SESSION 
OF 'IHE CONFERENCE IN 'IEE MATTER OF POLllil'ION 

OF 'IEE INTERSTATE WATERS OF 'IEE COLORAro RIVER 
AND ITS TRIBUI'ARIES* 
las Vegas, Nevada 

February 15 - 17, 1972 

I want to begin by expressing thanks to the F.nvironmenta.l Protection 

Agency of the Federal G:>vernment, arrl its predecessors, for their accanplish

ment in naking available the report on the Mineral Quality Problens in the 

Colorado River Basin. This report resulted fran one of m:my recarmerdations 

nade by the conferees, exemplifying the need far Federal resources to acccmplish 

developnent of info:rnation required to set up a fair, practicable, am enforce

able program for control of pollution in the Colorado River. 

I must point out that while I served far a period as temporary chairman 

of the Colorado River Conferees during the t:ime that an agreanent was being 

developed for selection of water quality standanls, I do not at this time 

*BY tyiiil ThatChei', Deputy Director of Health, Utah State Division of Health 
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have any such relationship to the group and my statement is not in any way 

related to any fonna.l action by them. In fact, since the agreement on 

develoµnent of standards was achieved by the Conferees in 1967, no further 

fonnal action on this matter has been considered necessary, pending canpletion 

of studies under way at that time. 

The previous action of the Conferees to set standards, but to temporarily 

exclude specific standards on salinity, was based on the concept and aclmowledgement 

that ultimately, when sufficient information becanes available, specific standards 

will be set for all essential parameters. The Mineral Quality Problems report 

mentioned provides part of the information needed to accanplish pollution control. 

Our deliberations on this report should guide us on a continued course of action 

toward the ultimate objective of water quality management. 

The three recorrmendations which emerged in the f ina.l EPA report lead 

me to propose more speci fie recorrmendations as follows. These are in harmony 

with Utah's previous ccmnents on the report. 

1. A salinity policy should be adopted for the Colorado River 

System that will have as its objective the rraintenance of 

salinity concentrations at or below levels presently found 

in the lower ID3.in stem. 

2. Implementation of this salinity policy objective for the 

Colorado River System should be accomplished with acknowledgement 

that the salinity problem must be treated as a Basin-wide 

problem that needs to be solved to rraintain lower Basin 

water salinity reasonably near present levels while the 
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Upper Basin continues to develop its compact-apportioned water, 

recognizing that salinity levels rray rise until control measures 

are rrade effective. 

3. The adoption of numerical criteria should be deferred until 

the potential effectiveness of the Colorado River salinity 

control program is better known and because with the present 

level of information it is not possible to establish equitable, 

practicable and enforceable mmierical starrlards. 

4. The Bureau of Reclamation should be assigned the primary res

ponsibility for investigating, planning and implementing a 

Ba.sin-wide salinity control program in the Colorado River 

System, in order trat Federal furrls can be properly assigned 

for solution of this truly interstate problem. 

5. The Environmental Protection Agency should continue its dedi

cation to the program by consulting with and advising the 

Bureau of Reclarration, accelerating its on-going data collection 

and research efforts, and transferring funds to the Bureau of 

Reclama.tion. 

6. The Off ice of Saline Water should contribute to the program 

by assisting the Bureau of Reclama.tion as required to appraise 

the practicability of applying de-salting techniques. 

7. The Congress and Mni.nistration should be urged to accelerate 

the salinity control program, including appropriation of adequate 

funds. 
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In support of these recommendations it is pointed out that language of 

the Federal Act under which the Conference was called seems to lead ultimately 

to the concept of "remedial action" with respect to pollutants entering the 

River Sy.stem. The proposed salinity control.program by the Bureau of Reclc3ID3.

tion certainly can be regarded as remedial action arrl seems to satisfy the 

intent of the law an:i also to support the concept of no numerical standa.rrjs 

at this time because the very accanplishment of the suggested objectives of 

the Bureau will provide us with necessary infonration to establish such standards 

in a fair and equitable mcmner. It should be pointed out also that every 

State has been in the process of taking .important remedial action since the 

Conference was first organized, and even before the seven states came to an 

agreement on the establishment of water quality standards. This consists of 

reviewing plans for new developments and imposing necessary controls. Without 

such controls, many new sources of salinity could have developed and increased 

the salinity problem throughout the Basin. 

It must be stressed that delaying establishment of numerical 

salinity standards will not d:iminish these remedial actions, but that 

setting such standards with present inadequacies of knowledge could result 

in. unsound, inequitable and unenforceable standards. 

Let me also throw out the caution that the concept of singling out the 

salinity problem an:i taking action with respect to it alone, apart from other 

Conference activities, denies the basic fact that no part of a pollution 

problem can be separated from other parts. Salinity, radioactivity, heavy 

metals, bacteria, viruses, are all part of the pollution picture and have to 

be considered as an integrated whole. 
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.Much has been said in the past about the need to augment the Conferees 

by bri.Pging in representation of other resource interests in each State. This 

has always been recognized as a valid concept, and to my knowledge has been 

implemented in most cases. If the water resource groups in the various states 

feel they have not had adeqU3.te representation in the quality problem, certainly 

something must be done about it, and I, for one, would accept practical 

suggestions as to how the Conferees gruup could be properly augmented by others. 

I do not feel this problem has occurred in Utah, but I still would be receptive 

to some irodif ied approach which satisfied all groups in all states. 

Another specific subject of today's session is the stabilization of 

uranium tailings. This was discussed at length at the Sixth Session held in 

Denver July 26, 1967, and we are considering today some suggested regulations 

prepared by EPA. 

At the Sixth Session it was agreed, am::mg other things, that a long-range 

program for tailings control should be developed and that any control procedures 

adopted should be reasonably uniform among the Colorado River States. We 

believe these are still valid points, and we can generally support the proposed 

regulations. 

I would like to close by strongly urging that this entire problem be 

kept in proper perspective. It is truly an interstate problem, andit is 

truly a water quality problem encompassing all aspects of water quality and 

water pollutants. 

ION OF WATER RESOURCES 

Director 



r,.~YMO·~D R. RUMMCNOS 
CHAIRMAN AHO Ci;L::>lltA.00 

Rt'tlFR CCMl.flSSICNFR 
COACHl.:..LA VAL.L'EY COUNTY 

WATER DISTPtlC:T 

RAYMOND E. BADGER 
SAN DIEGO COUNTY 

WATt.R AUTMCRIT\' 

.JOSEPH JENSEN 

IX 

I s~ FM.'7Z 

VIRGIL L. JONES 
PALO VERDE IRRl•~ATION DISTRICT 

EDGAR L. KANOUSE 
DEPARTME.NT 0,. WATER ANO 

POW[R. CITY OF" Los ANGt:LES 

CARL C. BEVINS 
IMPERIAL IRRIGATION OISTA:ICT 

T!'IE MtTRQP'OLITAN WATER DISTRICT 
OF' SCUTHERN CALIFOlllNIA STATE OF CALIFORNIA 

MYRON B. HOLDURT 
CHIEF' £NGINEl£R 

HAROLD F. PELLEGRIN 
EX~CUTIVI: Sl:C:RETAR:Y Colorado ~iver Board of California 

302 CALIFORNIA STATE BUILDING 

217 WEST FIRST STREET 

LOS ANGELES. CALIFORNIA 90012 

Mr. Paul DeFalco 
Regional Administrator, Region IX 
Environmental Protection Agency 
760 Market Street 
San Francisco, California 94102 

Dear Mr. DeFalco: 

March 21, 1972 

During a regular meeting of the Colorado River Board 
of Cali.fornia held on March 15, 1972, a resolutio·n was 
unanimously adopted by the Board urging that the Congress 
and the Federal Administration accelerate the Colorado River 
Basin Salinity Control Program. 

A copy of the resolution is enclosed. 

Very truly yours, 

) · 17~·,j-7 ,, 1 c:c y ~fd-u/// /J /E!-Uµt.uM~L~,, 
RAYMOND R. R ONDS 
Chairman and Colorado 
River Conunissioner 

enclosure 



Resolution of 

COLORADO RIVER BO.ARD OF CALIFORNIA 

March 15, 1972 

lffiEREAS, a joint Federal-State Colorado River water quality 
enforcement conference was held on February 15, 16, and 17, 1972; 
and 

lffiEREAS, representatives of the Colorado River Basin states 
testified at this conference in support of an acceleration in the 
on-going Bureau of Reclamation Colorado River Basin Salinity Control 
Program; and · 

WHEREAS, the Conferees of the Colorado River Basin States 
unanimously adopted a resolution, dated February 17, 1972, at 
this conference supporting such acceleration·and, in particular, 
resolving that the fiscal year 1973 budgeted amount be augmented; 
and 

WHEREAS, the sum of !'.Pl,055,000 was agreed upon by the Colorado 
River Basin states as the amount by which the fiscal year 1973 bud
get should be increased in order to permit an efficient acceleration 
of the Salinity Control Program; and 

WHEREAS, the Federal Chairman of the conference stated that 
the Environmental Protection Agency believes it to be lcperative 
that salinity control measures be accelerated in the Colorado 
River Basin; ru1d 

llHEREAS, the Environmental Protection Agency can materially 
assist in the development and implementation of salinity control 
measures by funding the construction of demonstration salinity 
control projects; 

MOW, THEREFORE, BE IT RESOLVED that the Colorado River Board 
of California hereby urges the Congress and the Federal Administra
tion to accelerate the Colorado River Basin Salinity Control Program 
by: 

(1) Augmenting the Bureau of Reclamation's fiscal year 
1973 budget for the program by ~l,055,000; and · 

(2.) The Environmental Protection Agency adopting and 
funding, as demonstration projects, the plans, now 
under development by the Bureau of Reclamation, for 
salinity reduction measures at La Verl::in Springs, 
Grand Valley, and Paradox Valley. 



State of California ) 
) s~ • 

County of Los Angeles ) 

I, HAROLD F. PELLEGRIN, Executive Secretary of the Colorado 
River Board of California, do hereby certify that the foregoing 
is a true copy of a resolution unanimously adopted by said Board 
at a Regular Meeting thereof, duly convened and held at its 
office in Los Angeles, Californi~, on· the 15th day of March 1972, 
at which a quorum of said Board was present and acting throughout. 

Dated this 16th day of March 1972. 

HAROLD F. PELLEGRIN 
Executive Secretary 



INTERESTED lfl SAYING SOUTHERN UTAH'S ENVIRONMENT 

Mr. Erwin Dickstein 
Environmental Protection Agency 
Suite 900, 1860 Lincoln Street 
Denver, Colorado 80203 

Dear Mr. Dickstein, 

POST OFFICE BOX 728 
• CEDAR CITY, UTAH 84720 

February 14, 1972 

We are unable to send a representative to the Water Conference in Las 
Vegas this week, but we have an item we would like to submit for 
consideration. 

One of our correspondents lives in Moab, Utah, and is concerned about 
the possible effects of certain solar evaporation ponds built immediately 
adjacent to the Colorado River. 

He has submitted an article for publication in our periodical; we would 
like to excerpt the relevent portion for inclusion in your hearing record. 

We will also inclose some previously published material on the project, 
which will more clearly identify the project, and who is involved. 

Sinc~re)y, 

ti·< /tf/.(;!~ Llo~rdon 
Executive Director 

.. . TO COLLECT INFORMATION ABOUT OUR ENVIRONMENT 

.. . TO MAKE THAT INFORMATION AVAILABLE TO THOSE WHO CAN DO SOMETHING 



ISSUE? -- Page 2 
THOUGHTS OF A CONCERNED MOAB CITIZEN 

by Lee Turpin 

Another serious factor in this matter is the very real threat of ecological 
disaster in case one or more of the salt ponds were to lose its contents. 
National Park Service authorities, who would have to deal with such a 
disaster in Canyonlands National Park, Lake Powell, and other downstream 
areas, have written analyses concluding that the probability of 11 earthquake" 
destruction of the pond walls is low, and that in any event, the Colorado 
River ecology would be self-correcting. 

True, earthquakes are ..:ruite unlikely in canyonlands, but uncontrollable, 
massive and devestating glash floods are NOT! Such unpredictable floods can 
and do ravage major roads, tear out bridges, toss house-sized boulders around 
like corks and cause massive land collapses and slippages. Those who live 
in Canyonlands country get regular reminders of the awesome and unpredictable 
power of such flash floods! 

The earth-walled salt ponds, which contain hundreds of thousands of gallons 
of heavy brine, were b uilt directly across an entire system of normally dry 
water courses. One good storm, of the kind that hits once or twice every year 

v 
in the Moab vicinity, could, if it struck just to the east of the Dead Horse 
Point plateau, .:ruite easily breach one or more of the ponds and dump their 
contents into the Colorado. And anyone who asserts that diddling with a little 
table-sized, scale model test set-up could "prove" the ponds resistant to such 
a flash flood just doesn't know the first thing about meaningful engineering 
research. 

What would be the resultant damage to the ecology of the Colorado and 
its dowriver lakes in case of such a disaster? Only a lengthy scientific study by 
a highly trained team of ecologists could say with rearo nable certainty, but 
the damage could very easily by heavy and long-lasting in Lake Powell. Marine 
ecosystems are notoriously delicate. 

But one thing is very certain --- Park Service officials who arbitrarily decide that 
the Colorado River ecology would be in no serious danger from such a disaster, 
and who limit their estimates of the probability of such an event to earthquakes 
as a source, are being facetious at best, and blindly stupid at worst. With so 
much in the way of sport, recreation and various water uses dependent upon the 
Colorado River downstream of these unsightly, threatening salt ponds, isn't it 
about time someone took a really serious look at the problem, a look divorced 
from wishful thinking, shortsightedness and politics? . 



Mr. Curtis M. Everts 
Acting Regional Administrator 
EPA Region IX 
100 California Street 
San Francisco, Calif. 94lll 

Dear Mr. Evertsa 

Box K Lander, Wyoming 825 

BWE 
February 15, 1972 

I wish to take this opportunity to heartily endorse the statement 
by the Rocky Mountain Center on Environment on "The Mineral Quality 
Problem in the Colorado River Basin." The referenced statement was 
presented at the Federal-State Enforcement Conference on the Colorado 
River at Las Vegas, February 15-17, 1972. 

In spite or the fact that l have not read the report, I am quite 
familbr with problem areas in Wyoming. At the present time, I am pro
testing the marginal irrigation projects to be activated by the China 
Meadows Dam of the Bureau of Reclamation's Lyman PrQject in Wyoming; 
the taking of any more Desert Land Entries in the Soaphole Basin of 
Sublette County, Wyoming, and the continued high salt-sediment run-off 
of the :Eden Project in Sweetwater County. All of these are environ
mental folly. 

Ir possible I would like to obtain a copy of the report cited 
above. I would like to have it for reference material on the salinity 
problem. 

TAB•mmd 

cc Sen. Gale McGee 
Sen. Clifford P. Hansen 
Rep. Teno Roncalio 
Gov. Stanley K. Hathaway 

Sincerely, 

~ill&£( __ 
Thomas A. Bell 
F..ciitor 
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Mr. Curtis M. Everts 
Acting Regional Administrator 
Environmental Protection Agency 
Region IX 
100 California Street 
San Francisco, California 94111 

Dear Mr. Everts: 

The Board of Directors of the Rocky Mountain Center 
on Environment has voted to request that the enclosed 
Statement be included in the Proceedings of the 
Federal - State Enforcement Conference on the Colorado 
River, Las Vegas, Nevada, February 15-17, 1972. The 
Statement was entered at the Conference as a ROMCOE 
Staff Statement; the Board of ·Directors desires that 
the Statement represent a formal Board Statement. 

Following the Statement is an Appendix reflecting added 
comments by Dr. Estella Leopold, a Member of the Board, 
as she has "requested. 

Sincerely yours, 

f9GZ:JF $:=1Ro~NT 
~:~Han~ .. 
ExecutL~e Director 

RPH:bb 

cc: ROMCOE Board of Directors 

Associate Oifflt:tor of Oallllaprn1mt 
Julie L. Barke< 

Bobbie L. Bishop 
Betty L. Egon 
Pat Kern 
Debbie Milner 

FORUMS • CLEARING HOUSE • ENVIRONMENTAL INVESTIGATIONS • PLANNING • COMMUNICATIONS 
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The Rocky .lountain Cc11ter on Environment (RC.IC.vi:) has reviewed the Report on 
11 The i:iineral Quality Problem in the Colorado :<.iver Basin 11 of 1971, and appre
~iates the oppc,:~tun· ty to subm-;t these r"'.T!'.:;0nts fo:· i"1clusion in the Conference 
! ··oceedi ngs. 

Rt'i·lCOE is a private, ran-profit regional environmental service center, providing 
ii 1ro-ad ·range of env-: ·on•11enta. l assistance to government, conservation groups, 
;,- ·1strv and the qen~ral public in the eiqht Rocky .. 1ount::in States. 

ROHCOES r"C:rOgi'dzL..i and been concerned about Colorado River Basin salinity 
-~- ~- .·al years. "':e extremely rapid multiplication of the salt load in this 
century. s another f' .ample of a stress on the ecosystem resulting from man~s 
abuse of .~he princi_Jles of ecology. The basic cause of this stress is the ex
_r.eedinq o~ "carryi.19 capacity" of the land. The efforts to manipulate natural 
Jrocess ;, toe~ .. ·act more resources and biological production than the region 
can su~. rt wit in naturally-created limits is causing the collapse of an 
£ lement ,f the ~cosystem. i-lan in the Rocky ;-iountain t·!est must learn to live 
1 .thin .e ca,,oilities of.natural systems. 

"''" . 

-~~e 1091: of the water development syndrome, which is the first cause of the 
.~inity >rr )lem, goes like tilis: 

(1) Eron mic growth, development and population growth are vital to the 
fL tu ~ of the 'Jest. 

(2) Ee. ·nc lie grml/th and development depend almost entirely on development 
an< r-rJistribution of water supply. 

l1) In1·n-.ised water supply \·Jill require considerable accelerated \·1ater 
de 1 eiopment and redistribution projects. 

(i) l·Ja· ~r development and redistribution will assure ever-expanding economic 
gr 1th and pooulation expansion. 

(5) L'F:tnding populations and economic grm1th will generate new demands 
ft,· increasing ·:ater development and redistribution projects. 

(6) r~~ .. , tn to Step l. 

·~- r:~c:ta·:i'ons of ot;1er root causes of the ;salinity problem are: Uestern water 
1a•.; the false alchemy of turning land into money by liberal sprinklings of 
·12 er; and acce 1 erati ng growth ethic pressures for more water-re 1 ated "pork 
l>a ~el" projects. 

We~tern water law evolved at relatively the same time and under the same frontier 
c-i.cumstances· as the i·lining Act of 1872. Both are in need of drastic revision_. 
It is imperative that Western states recognize v1ater quality control and ecol
ogical processes, as well as recreation, fish and wildlife and aesthetics, as 
"beneficial uses" of water resources. It is e~sential that priorities of 
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appropriated uses be restructured to balance beneficial uses. It is to EPA's 
credit that this issue is identified in -~he Report; Western states can no 
longer duck the question. 

Current water \·Ji sdom and water 1 aw generate exploding developments that turn 
"land into money. 11

. The massive water projects which stimulate rapid and 
uncontrolled growth, to the primary benefit of_ a: small number of people and 
to the detriment of the general public, are not predicated upon sound princi
ples of land use. And the creation of new land use patterns is the ultimate 
result of the projects. It is time to relate planning and development of 
water resources to proper land use planning. -Federal-·money should no longer 
be used to perpetuate past mistakes which fail to recognize the inextricable 
relationships between water resources.development and land use decisions. 

Hater policy which has caused the TOS problem of the Colorado Basin needs to 
be re-examined in a \'/hole ne\·1 perspective~ Projects have been developed with
out a· true asses·sment of total social- :costs and total social benefits. Re
sulting salinity is but one •idisbenefit 11 ··~hich has been ignored in the 
accounting system for project justification. · 

In specific response ~o the Report, we wQuld suggest a number of actions: 

(1) There should be a moratorium,. perhaps permanent, on any federal assist
ance or approval of diversions out of the Basin. Federal money or 
authorization should not be involved in any ·project which is part of 
a system resulting in such diversion. The projects mentioned in the 
Report are not a complete listing; for example, the Bureau of Reclama
tion is planning diversions. from the Green to the i>lissouri Basin in 
Wyoming and i-lontana. The EPA Report discusses the fact that these are 
high-quality head\'Jaters which will be diverted, reducing Colorado 
River flows but not'salt loads by an equivalent amount. Additionally, 
most of these projects involve reservoirs, which increase evaporation 
losses {although such losses are small compared,:to Lake i·1ead . .and 
Lake Powell). Interbasin transfer economics often are not favorable 
when subject to close scrutiny, as is indicated by a r~cent book by 
Howe and Easter. 

(2) An Interstate Commission should be created to address the salinity 
problem comprehensively. This Commission should be a State-Federal 
partnership. If left to their own devices, the states individually 
will probably never resolve the problems and· achieve the necessary 
results in salinity control ..... The.history of water q·uality control to 
date substantiates this thes·is. ; Proposals f-Or lfning frrigation 
ditches, 11.f.lushing 11 salt-laden streams and bui.ldir:ig desalinization 
plants are piece-meal a_pproaches that avoid the basic issues. 

In fact, we are dismayed by the. ~iscussi on of ~evera·l -Of the .al terna .. 
tives to reduce the salinity problem. We <;annot condone, at this point, 
any approach \iJhich pefipetuates too~present philosophy of -treati0:g the 
symptoms:rather than.the disease .. i .The-approach of out-basin diversions, 
augmentati'On into the basin, more storage and evaporation, and salinity 
control and removal may well become a technological-economic treadmill. 
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(3) 1~umeri:::~ criteria should be established. It is recognized that addi
tiona~ rEsearch is needed, but this should be conducted as rapidly as 
possible. Again, the absence of numerical standards historically has 
r2su1ted in an absence of pollution control in America. 

Additional ne~ and inno~ative approaches should be investigated. A discharge 
permit program for irrigation run-off might be established. To overcome the 
problem of over-irrigation because of the fear of losing water rights, the 
federal government might acquire water rights in lieu of irrigation water 
payrr.ents. Such ri gl1ts cou 1 d then be used for the beneficial uses of quality 
control (although such rights might be dm·mstream of the areas 1:1here the 
maximum need for ecological beneficial uses occurs). 

1Jew m"thocs of control"iing and delivering irrigation \•1ater, such as those 
used in Israel, should be implemented. (Water can be metered and piped to plant 
roots, using water with TOS concentrations of l ,OQO to 2,000 ppm, apparently 
based on Israeli experience.) Federal monies might better be spent on approaches 
such as this rather than a continuation of the "conventional t·Jisdom 11 methods. 

P.Oi·~n;;:: b;lieves that the ilational Environmental Po"licy Act's phraseology about 
wis.:: ::;te.'l'.liJship c.1.d future generations must be taken seriously. Any program 
which dc2s not h~ve specific elements for control of excessive consumption must 
be rc-ex~mi nee. Any program \·1hi ch does not demonstrate definite means for 
cons~rvRtion of re.:;ourcl'.:s is deficient .. l·!estern water use, both agricultural 
ar.d 1.:•Jni ci pJ. l , at µr.::scnt does not conform to the intent of r~EPA. 

1·1c~t c~r·~~iniy, .::.::; mr:•1tioned in the Report, land suitability should be a major 
factor ir ~~sessing federally-funded projects. Irrigation of lands of high 
s~~~r.~ty 0r r.1arginal 2gricultural productivity should not be permitted. 
Simil?r1y, fErl~~~lly-assisted water projects for municipal and industrial use 
shr:uld i ::c::ignize the erosion and salinity suitabilities of land proposed for 
d~·;2icp;"ii::nt. Even ~hough the total municipa1 contribution of salt load to the 
Co1oracc, R·iver ·is lovJ, it is more readily susceptible to control than many 
natun l SC''J~<:es. 

Ac!ditiona~ fL::&'.Ji;lfi fo;~ research and control is in ·order. It is i.ndicative of 
th? r:y.:t u.•ise o{ the problc1n that the Bureau of Reclamation has a higher-than
u~!.!al ~·1c!:,:t -,:ff rroject development, Which Hill aggravate the \vater quality 
prC'l-ilr:. A \\,~al".cc::!ti'1n of funds from development to research and control is 
in ·: · · 

Th~ :;·..;urj ~r-'-~ild irlentify 'future consumptive losses more accurately. Massive 
t!.C:"IT!?.-. ;~~·::~1~ plc;.n+:s t:.ric! oil shale development (\'1ith l 1/2 to 3 barrels of 
w~t~r s~~~~~;. j ~:r bJrr2l of oil produced) will have significant ~ffects. 

The study should identify secondary impacts more carefully. If removal of 
salt frc·m irr·igi:tcd land is accomplished by flushing, additional fertilizer 
must~·~ a1.;1L:.:ci. This v1il1 cause a higher nitrate level in both s~rfa~e and 
grcun~ wat~rs, with pJtential adverse effects such as l~ke eutroph1cat~on and_ 
methe7.'JglC':,;in-:..rn·;a.··This is but one example of a potential secondary d1sbenef1t. 
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The incidence of costs of salinity might be more precisely described. The 
Report states that the cost incidence of salinity is largely assignable to 
farmers. Yet the August, 1970, report by the Colorado River Board of Cali
fornia states that water users are continuing to make large investments in 
drainage facilities to maintain productivity. The costs are passed on to the 
consumers. The cost incidence may therefore be assignable to a broader seg
ment of society, including low-income people to whom increased food prices 
are a major burden. · 

In institutional matters, a positive program for public participation should 
be identified. This Confer~nce is but one form of participation; other types 
should be utilized as well. 

It is noted that the study used a 5% discount rate in determining present worth 
of investments in s·alinity reduction programs. ·If a more realistic 10% "oppor
tunity·c'ost11 \'lere used as the disto'unt rate, the-;nvestments would be much higher 
in' present worth. This argues againsfthe high:..inVestment technological control 
alternatives and in favor of the alternative· of "limited development." The· 
latter alternative is also an appropriate approach as regards numerical criteria 
for salinity because the salinity vs. time curve flattens and becomes constant. 
Also, it conforms most closely to the use of ecological principles in planning. 

The Report states that this "limited ·C:tevelo~me·nt" alternative may cause benefits 
to be foregone. In some cases .. this may oe· 't'rue. However, because past benefit/ 
cost ratios have not assessed total costs, tn~ ·"benefits foregone" may well be 
11 disbenefits foregone 11 in many cases. The use of a more realistic discount 
ratio will yield lm·Jer net dollar benefits; ·ma·ny past projects have been 
funded on the basis of an artificially low discount rate. 

fhe alternative of limited development would reduce the difficulty of the control 
cost allocation question, where Upper Basin states contribute the salinity but 
Lower Basin states suffer the costs. 

Some of the methods contemplated for control of natural diffuse sources will 
start another round of technological band-aids: Sealing of ground surfaces, 
contour ditches to pick up run-off and carry· it rapidly to streams and similar 
methods will be quick-fixes, the secondary tesult of which will be disbenefits 
in·a broad range of categories. The study team should proceed farther in 
identifying these secondary impacts and effects. 

Alternatives involving desalinization which requires electrical power (such as 
distillation or electrodialysis) should be discouraged. 

The Report discusses out-basin diversions in terms of helping the Colorado River 
quality problem. These diversions should be viewed in another way: the Colorado 
River salinity problem diminishes the merits of further out-basin diversions~ 

In summary, ROi·1COE finds much to praise in the EPA Report and work. Its con
clusions and recommendations merit support. ROMCOE is directly involved with 
only eight Rocky i·iountain states, not including California. However, parochialism 
or regional chauvinism have no place in the problems addressed by the Report. 
The ecosystem knows no political boundaries. Mexico and America are not separable 
in terms of ecological processes, and the problem of salinity must be considered 
in this frame o~ rererence. 
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APPENDIX 

Corrunents by Dr. Estella Leopold 
Hembe:c 

Board of Directors 

The proposed Interstate Commission should be asked to compile 
comprehensive data on the entire mineral quality problem 
using technical assistance frorn USGS. This infcrmation should 
be available to the public. 

The cornments in the Statement about Israel's syster::i. should be 
strengthened. It should be asked that a similar system be 
attempted in the Colorado River Basin, that the proposed Commission 
should try to implement this, or that EPA should urge that USGS 
be funded to do this or at least to lay i:he groundwork for such 

I a system. 

Solar evaporation (black tents and collection pipe system) is 
used successf~lly in Australia, and should be investigated as 
a method to improve water quality. before ;::oet:.1:rn £lm1s enter the 
river. This could be the responsibility of the water user. 

Emphasis should be given to the paragraph on page ·3 of the State
ment starting "Additional funding ·:i.:or research and control is in 
order. 11 The research and con1:.rol ·:>hould be funded as l1 igher 
p:c iori ty tl:an Deve 1092en t of ;nore i-~·rOj 2cts, .:lnd rel a tcd to the 
comments on hie Israeli syster.1 and USGS studies. 



EDlJCATION' .•_'; CONSERVATION 

A''ILIATE 0, NATIONAL WILDLIFE FEDERATION 

410 Woodworth Ave. 
Missoula, :r-t>ntana 
Feb. 18, 1972 

Mr. Curtis M. EVerts, 
Acting Regional Administrator 
EPA Region IX 
100 california st. 
San Francisco, Calif. 94111 

Dear Mr. Everts i 

'!be EPA is to be eommended for its interest in the 
mineral quality problem in the Colorado River :ea.sin 
and for offering concerned citizens an opportunity 
to comment. 

Unwise development and use of water for irrigation 
has rendered a large portion of Montana's better 
agricultural land almost useless. At the present 
time farmer, rancher and agriculturally oriented 
agencies are attempting to implement programs to 
restore these lands. 

'!be comments prepared by the Rocky Mountain Center 
on Environment for the Conference on the Mineral 
Quality Problems of the Colorado River express the 
philosophy of the Montana Wildlife Federation and 
I would like to concur in that paper. 

'!be 46 affiliated organizations spread throughout 
the state is composed of representation of industry, 
commerce, agriculture, labor and youth groups. We 
are dedicated to a quality environment for man and 
wildlife. We feel that the wise use of our basic 
resources, water and land, must be our primary 
objective. 

'Il1ank you for this opportunity to present our views. 
Woula you please include our endorsement in the 
conference record? 

Sincerely, ~ 

~~L~Q 
Donald Aldrich 
Executive Secretary 

Montana Wildlife Federation 

THE WEALTH OF THE NATION IS IN ITS NATURAL RESOURCES 

CONSERVATION DOES NOT END WITH CONVERSATION 



STATE OF ARIZONA 

ATOMIC ENERGY COMMISSION 

Commerce Building First Floor 1601 West Jefferson Street Phoenix, Arizonct 85007 

PHONE: (602) 271-4845 

February 17, 1972 

Mr. Paul De Falco, Jr. 
Regional Administrator 
EPA - Region IX 
100 California Street 
San Francisco, CA 94111 

Dear Mr. De Falco: 

Your letter to Louis Kossuth, M .D., ColTITli ssioner of the 
Arizona State Department of Health concerning model 
regulations for the stabilization of radioactive tailings 
piles has been forwarded to this office for comment. 

Enclosed, please find a copy of our critique. Copies 
of this information have also been made available to 
James Channell in Region IX, and Dr. McBride at iJERL. 

Thank you for this opportunity to cormient. 

Sincerely, 

/p;,JJ !rz/:.a.1-
Donald C. Gilbert 
Executive Director 

DG/cg 
Encl. 
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MEMO 

To: Donald C. Gilbert 

From: Lynn FftzRandolph 

Date: February 2, 1972 

Re: EPA Draft Regulations for Stabilization of Tailings Piles 

I have reviewed the draft regulations sent to us by Mr. Paul DeF~lco Jr., 
Regional Administrator, EPA Region VIII, which regulations were also 
provided to us by Mr. E. C. Garthe of the Arizona State Department of 
Health. I offer the following comments: 

In the definition section on page 2, these regulations begin 
with the definition of'tailings pile~ It is not clear from 
this definition whether they mean to apply these regulations 
to Uranium tailings piles or whether they would also apply 
to such activities as Copper tailings piles which contain 
small amounts of Uranium or other source materials. The 
definition talks about radioactive material in concentrations 
exceeding the existing background radioactivity of the surface 
material adjacent to the pile, but gives no numbers with re
gards to actual concentrations in terms of curriage per unit 
weight or per unit volume. 

Next, the definition of erosion includes the process of 
transporting tailings material from the pile. Of course 
this is not erosion and when erosion is discussed further on 
in the regulations, with regard to stabilization, this 
concept is not dealt with. 

Next, the definition of an active tailin~s pile is unrealis
tic. The following statement appears,· "an active tailings 
pile will remain in an 'active' classification until the 
owner or assignees request in writing reclassification as 
an inactive pile from the Atomic Energy Commission or the 
Appropriate State Regulatory Agency." It is obvious that 
an active tailings pile is actually as defined in the pre
vious sentence reading, "a pile either (1} currently re
ceiving material, or (2} currently within the boundaries 
of an active or operating mill." This realistic definition 

. appears to conflict with the further definition of an active 
tailings pile and in any event a regulation such as requiring 
~hat all piles are active until deemed otherwise, does not 
belong in the definitions section. 

On page 4 a statement of intent or policy· is given. It 
states first of all that this regulation is intended to 
apply only to tailings piles defined as "inactive" by this 
regulation. This statement, if it is appropriate, should 
appear in a scope section of the regulations, that is at 
the beginning of the regulations and before the definitions. 
It would seem to be more reasonable to write regulations 



MEMO (Cont'd) 
Page Two 

for both active and inactive tailings piles, however, if they 
intend to apply this only to inactive tailings piles, they 
need to refer back to the definition of an inactive tailings 
pile versus an active tailings pile to figure out exactly 
which is which. From the definitions, one pile could be 
both active and inactive at the same time, and it should 
also be noted that no where in the regulations that follow 
is there a formal process for approval by the appropriate 
agency of transfer of status from an active to an inactive 
category. Further, it would se~m feasible that there could 
be an inactive tailings pile (by a realistic definition} 
within the site boundaries of an active mineral mill. In 
such case it would seem appropriate to stabilize this in
active tailings pile. However, the definition of the 
inactive tailings pile does not allow for such a possibil
ity. 

The statement of intent on page 4 confuses the issue further 
by stating that all tailings piles containing radioactive 
materials are subject to this regulation on the date pro
mulgated. The prior sentence said only that the regulations 
applied only to inactive tailings piles, \'1hatever they are. 

Paoe 5. The actual regulations> number 2, states that the 
State agency will determine, within six months after the 
effective date of the regulation, whether inactive piles 
.in the State require additional stabilization; in such 
case the State is to run after the owner of the pile or 
pre~us owner, to effect stablization. In the event, 
suctV1;he Tuba City pile, where the ovmer has gone and 
abandoned the pile to the Indians, and has had the license 
terminated, it would appear that such a regulation would 
be ex~post-facto, hence Unconstitutional. There is no 
escape clause in this regulation as written to get around 
this problem. 

Regulation number 4 states that ne\·J mills and reactivated 
mills must submit plans for stabilization of any tailings 
piles for review and· approval. It further states that.no 
tailings pile build up will be allowed until stabilization 
plans have been approved. This would appear to apply to 
active mills, however, the previous intent page stated 
that these regulations applied only to inactive piles, 
whatever they are. 

Regulation number 7 requires the prior written approval 
of the agency must be obtained before any tailings pile 
is removed from an ;nactive pile. It is not clear whether 
this regulation is meant to apply only to licensee's or to 
anyone who happens to drive up to the pile with a truck. 
If it is the latter, this regulation would need to be put 
in a book seperate from our "Regulations for the Control 
of Ionizing Radiation," in as much as these regulations 
apply only to licensees and registrants. Hence, if someone 
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were to remove material from a pile, never having had a license. 
for same, we could ·only site them for not having a license. 
This type of regulation as stated actually belongs in the Statues. 

Regulation 8 looks good. I wrote it. 

Regulation 9 speaks in terms of long-term maintenance require
ments such as clean-out and repair of ditches, repair of fences, 
;rrigation)reseeding and replanting. It would appear more 
appropriate to stablize a pile in such a fashion that no follow
up work is necessary. 

In conclussion I think our Regulations Part I is much better and 
note that it has beer. adapted verbatim by at least one other 
State 
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Sierra Club Southern California Regional Conservation Committee 

April 20, 1972 

Paul :Je~'alco, Hegional A(L-ninistrator 
Environment Protection Agency, ~{egi on 9 
760 1~arket Street 
3an ~rancisco, Ca 94102 

!,:y dear Sir: 

·.7ill you please include the following statement in the record of 
the :'Iearing on Colorado ?..i ver Salinity: 

3e it resolved by the Southern California Regional Conservation 
Committee that: 

1) a salinity policy should be adopted by the u.s. Enviro~
mental Protection Agency and the States of Arizona, 
California, Colorado, nevada, !!ew nexi co, Utah and 7/yo
ming to maintain salinity concentrations in the lower 
main stem of the Colorado River (below Lee's Ferry) at 
or below levels presently found there; 

2) "numerical water quality" criteria should be adopted by 
the appropriate states for key points throughout the 
Colorado River Lasin to assure that the maximum mean 
monthly salinity concentrations at Imperial Dam are 
maintained below 1000 mg/1; 

3) implementation of the recommended policy and criteria 
should be accomplished in a basin-wide salinity control 
program aimed primarily at man-caused increases in the 
salt load. Limitation of further water resource develop
ment should be considered as one means of imp;)ementing 
the policy and criteria; 

4) emphasis should be placed on control methods such as the 
following: maintaining Lake ~owell at 3600' level, 
irrigation "scheduling" and improved agricultural prac
tices such as use of tile drainage fields. 

Be it resolved, further, that the SCRCC strongly opposes any 
salinity control project aimed at natural resources of salinity 
which would result in impairment of scenic beauty in Grand 

/.~J4--1• 



Canyon National Park, Grand Canyon :rational lionument or 
in neighboring defacto wilderness areas. In particular, 
SCRCC opposes any development within the canyon of the 
Little Colorado River to control the flow of Blue Spring. 
The SCRCC reaffirms its opposition to channelization pro
grams on the Lower Colorado River which adversely affect fish 
fish and wildlife habitat and the scenic values of the 
River. 

Dated and adopted: April 15, 1972 

~r/1.uYr cu:&/ 
Harriet Allen, Chairman, SCRCC 
3?50 El Canto Drive 
Spring Valley, Ca 92077 

F:..A/r 

1" U. S. GOVERJOID."T PRINTING OFFICE: 1972 722-920/462 


