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I) Introduction 

The goal of this report is to develop and present for the public a full understanding of the 
relationships between salinity, the Colorado River Basin and its reservoirs. Through a development 
of understanding ofthe historical and existing hydrological and water quality conditions, this report 
will examine what the future holds in store for the Colorado River Basin and its resources. 

Much research has been done in regard to salinity and the Colorado River by the 
government, water users and other organizations yet there is still much more to be done from other 
equally scientific perspectives. It is the feeling of the author that with the development of the 
Colorado River Basin, there comes a responsibility to understand how these recent developments 
will impact future generations, both human and others. While I do not intend to answer all of the 
questions about the future of the Colorado River Basin, I do believe that is important to raise these 
questions for further research. 

II) Objectives 

The objectives of this report are as follows: 

1) To develop an understanding ofthe background and historical hydrologic and salinity related 
water quality data of the Colorado River Basin. 

2) To outline the recent and existing hydrologic and salinity conditions of the Colorado River. 

3) To analyze possible future scenarios regarding the salinity levels Colorado River, in relation to 
the development of water resources, ever-changing hydrological conditions and the possibility of 
decommissioning Glen Canyon Dam. 

4) To discuss the effects and impacts of the salinity problem in the Colorado River. 

III) Methods 

The data found in this report is nothing necessarily ground breaking or new. The report is 
meant to be a summary of salinity conditions of the past, present and future with a discussion its 
implications. This report was conducted in order to be available to the public, so that they can get a 
better idea of the issue at hand. 

I have tried to footnote as much of the information as applicable so that it can be found for 
the purpose of further research, but perhaps I should explain a little. Most background information 
on salinity and the Basin come from personal knowledge and the Bureau of Reclamation (BOR) 
(through the help of David Trueman in the Upper Colorado Regional Office); either mandated 
reviews or updates on old reports. The bulk of the economic information comes from the BOR and 
Metropolitan Water District (MWD) and is as up to date as possible (sometimes data for a given 
year is not published until 2 or 3 years later). 

New information on Lake Powell reservoir evaporation comes from a report prepared for 
the Glen Canyon Institute (GCI) by Dr. Tom Myers. Professor Dean Blinn ofNorthem Arizona 
University was of great assistance over the telephone regarding biological issues. In addition, Dave 
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Wegner, Science Director ofGCI, provided excellent guidance and vision for this report and the 
author. This report was prepared for the Glen Canyon Institute and completed in August of i999. 

IV) Background 

1) Description of the Colorado River Basin 
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The Colorado River Basin encompasses portions of the seven Basin States: Wyoming, Utah, 
Colorado, Nevada, New Mexico, Arizona and California. The river flows more than 1,400 miles 
from its headwaters in Wyoming and Colorado and its drainage basin covers a 244,000 square mile 
area. 

The Colorado River is joined by its major tributaries in Utah and New Mexico, flows 
through the Grand Canyon, provides State boundaries for Nevada, Arizona and California, flows 
through the Republic of Mexico, and historically ends its journey in the Gulf of California. The 
mainstem of the Colorado River provides municipal and industrial water for more than 18 million 
people and irrigation water to 1. 7 million acres in the United States. i In addition, the river supplies 
1.8 million people and irrigates about half a million acres in Mexico. 

The construction and filling of the large mainstem reservoirs on the Colorado River have 
significantly altered the flow of the river. The reservoir system stores water to irrigate arid lands, 
provide flood control and produce hydroelectric power. Major storage began in 1935 with the 
construction ofLake Mead and concluded with the filling ofLake Powell in 1980. The reservoirs 
in the Basin have a combined storage capacity of approximately four to six times the total average 
annual virgin (undepleted and unregulated) flow of the Colorado River.ii 

• "The Law ofThe River" 

The building of large reservoirs and the apportionment ofthe use of Colorado River water is 
and has been dictated by a set of federal laws based on "equitable apportionment" commonly 
referred to as "The Law ofThe River". A quick overview is in order. 

The Colorado River Compact of 1922 divided water use ofthe river equally between the Upper 
Basin (Wyoming, Colorado and Utah) and the Lower Basin (Arizona, Nevada, New Mexico and 
California) states. Each Basin was allocated 75 million acre-feet (mat) over 10 years or 7.5 mafper 
year. 

The Boulder Canyon Project Act of 1928 commissioned the construction of Hoover Dam and 
Lake Mead in order to supply water to the booming California. 

The Mexican Treaty of 1944 promises delivery of 1.5 mafto The Republic of Mexico annually. 
The Upper Basin Compact of 1948 divides up the original allotment of7.5 mafbetween the 

Upper Basin states. 
The Colorado River Storage Project Act was passed in 1956 and commissioned the building of 

1 0 more dams on the Colorado River for the purposes of flood control, irrigation water and power 
generation. The Act also insured, through the building of Glen Canyon Dam, that the Upper Basin 
could use its full allotment while providing the Lower Basin with the water that it was owed. 

Later federal laws divided up the Lower Basin's water between the states after decisions 
were made in court over which states deserve how much water. 
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It is important to understand that "The Law of the River" was created using estimates from 
relatively wet years. This created the illusion that there was more water in the Basin than there 
actually is, on average. The apportionments ofboth Basins plus that of Mexico is equal to 16.5 maf 
and the 400 year average flow of the Colorado River is only 13.5 maf.iii Let the politics begin! 

In addition, it is important to understand that the environmental federal laws (National 
Environmental Protection Act, Endangered Species Act, Clean Water Act) that govern the way 
decisions must be made and projects built in order to protect US citizens and other species, were 
not passed until a period beginning in 1968. This was almost 30 years after the beginning of the 
creation of storage facilities on the Colorado River. 

· Congress has, also, taken action to control salinity levels in the Basin. In 1972, Congress 
enacted an amendment to the Clean Water Act in P. L. 92-500, which required states to adopt, with 
EPA approval, basin-wide salinity standards, based on numeric criteria. In response, the Colorado 
River Basin Salinity Control Forum (CRBSCF) was created by the basin states in 1974 in order to 
develop a basin-wide salinity control implementation plan. The goal of this plan was and is to 
manage the salinity levels at or below the documented levels of 1972 and to offset the effect of 
water development on salinity. The standards set in 1974 are still in effect today; they are: Hoover 
Dam: 723 mg/L, Parker Dam: 747 mg/L, Imperial Dam: 879 mg/L. 

After ten years of deliberations, Congress added Minute No. 242 to the Treaty of 1944, 
which established salinity standards for water delivered to Mexico. The standard was set at no 
more than 115 ppm (1 ppm= 1 mg/L) plus or minus 30 ppm over the annual average salinity of 
water arriving at Imperial Dam. 

• Climate 

The climate ofthe Basin varies greatly from the headwaters to the end ofthe river in the 
Gulf of California. The northern portion of the Basin is characterized by short, warm summers and 
long cold winters with deep snow blanketing the mountains for the whole winter. The southern 
desert portion of the Basin exp'?riences long, hot summers, practically continuous sunshine and 
almost complete absence of freezing temperatures. Extreme temperatures in the Basin range from -
50 to 130 degrees Fahrenheit. Rainfall averages 2.5 inches per year in the southern end of the 
Basin while total precipitation in the mountain zones reaches 60 to 100 inches annually. 

• Geology . 

The geology of the Colorado .River Basin varies greatly. Igneous, sedimentary and 
metamorphic rock types are all present in the Basin and range from 500 million years old to 
relatively young alluvial deposits. The soils in the Basin are much like the geological formations 
from which they derived. In reference to salinity, it should be noted that because several of the 
sedimentary rock formations in the area were created during marine or brackish water 
environments there are occurrences ofbedded and disseminated halite and gypsum. The soils can 
contain appreciable soluble mineral content b~cause of residual and secondary mineral formation 
from the rock material they are derived from. Upon weathering and/or the leaching process caused 
by irrigation, salts may accumulate on or near the surface due to evaporation or consumptive use by 
plants.•v 
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2) Description of Salinity in the Basin 

The Colorado River is naturally more saline than most rivers in the United States. The EPA 
estimates that the natural salinity level in the Lower Basin was approximately 334 mg/L.v In 1995, 
however, the salinity level at Imperial Dam was reported to be 803 mg/L, a 469 mg/L increase from 
natural levels. vi This increase is due to the development of the Basin and of the Colorado River as a 
water resource. 

Development of water resources increases the salinity in the Colorado River in two major 
ways: (1) the addition of salts through water use and return flows, (2) the depletion or consumption 
of water. The major sources of salinity attributed to the development of water resources are: 
irrigation, accounting for 3 7% of salinity in the Basin, reservoir evaporation accounting for 12%, 
and municipal and industrial sources, accounting for 4%. In addition, natural sources account 
for the other 47% of the salinity in the ~asin.vii I will discuss each of these sources briefly. 

• Natural Sources a/Salinity 

As stated above, nearly half of the Colorado River's salinity comes from natural sources. 
The river becomes more saline as it and it's tributaries pick up and dissolve salts and minerals from 
soils and rocks over large surfaces of land, in riverbeds and in channels. It is difficult to identify 
the amount of salinity that can be attributed to these diffuse sources. 

The other natural contribution to the salinity of the Colorado River is from saline springs. 
These single point sources are much easier to identify and measure salinity amounts. A good 
example ofthis is the BOR's Glenwood-Dotsero Springs Unit in western-central Colorado, which 
contains about 20 surface springs. The combined discharge of mineral springs in this area is 
440,000 tons of salt, annually. 

• Agricultural Sources of Salinity 

Irrigated agriculture is the largest user of water in the Colorado River Basin and contributes 
3 7% of the salinity in the Basin. Development of irrigation has been occurring in the Basin ever 
since settlement began in about 1860 and has increased as settlement of the area has increased. 
Between 1905 and 1920 the development of irrigated lands in the lJ.pper Basin grew rapidly, 
increasing from 800,000 acres to nearly 1.4 million acres in 1920.vm Since 1920, development of 
irrigated agriculture has grown, leveled off, and then decreased. It was estimated that in 1985 the 
amount of irrigated acres was still 1.4 million. ix 

Development of irrigated agriculture in the Lower Basin began with settlement, at about the 
same time as it did in the Upper Basin. The development was, however, slower due to the 
difficulty in diverting water because of the fluctuating flows of the river. The building of large 
dams on the mainstem of the river, beginning with Hoover Dam in the 1930's, regulated the flow of 
the river making it easier·to divert water ·and irrigate greater amounts of land. ·By 1980, total 
irrigated lands in the Lower Basin were about.1.5 million acres.x 

The basic process through which irrigation increases salinity in the Colorado River involves 
the leaching out of salts from the naturally saline soils in the Basin. The water is diverted into 
irrigation ditches, from which it percolates through the irrigation fields. While irrigating the fields 
to grow crops the water dissolves the salts from the underlying soils and rocks. These salts are then 
leached into the groundwater or up to the surface. Much of the salt is added to the river with the 



return flow, thereby increasing the salinity. A technical report by the United States Geological 
Survey (USGS) found that irrigation in the Upper Basin adds about 3.4 million tons of salt to the 
Colorado River each year.xi 

In addition to adding salts, irrigated agriculture also increases salinity by consuming 
(depleting) water from the Colorado River. 

• Reservoir Evaporation 

According to BOR, reservoir evaporation accounts for 12% of the salinity in the Colorado 
River Basin. The reservoirs on the river make it possible to hold approximately four to six times 
the annual flow of the river. The storage system also, however, increases the salinity of an already 
saline river. 

Reservoirs increase the salinity in the Colorado River because of a significant amount of 
water is lost (depleted) in the form of evaporation. The creation of large mainstem reservoirs has 
greatly increases the surface area of the water flowing through the Colorado River. Lake Powell, 
for example, has a surface area of approximately 252 square miles. xii Before the reservoir was 
built, the surface area of the river was significantly less (only that of the water flowing through the 
canyons). 
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With more exposed surface area, more seasonal evaporation occurs. As water is depleted, 
the dilution of the saline inflows is decreased. The overall effect is a greater concentration of 
salinity in the river. 

The BOR estimates that, during the years 1981 through 1985, the average amount ofwater 
lost through reservoir evaporation and channel loss was over 2 million acre/feet per year in the 
Basin.xiii No distinction is made between the two, but it should be noted that the combination of 
these two losses (as combined by Reclamation) averages out to be the second largest water 
depletion in the Upper Basin and the third largest in the Lower Basin during the given years. 

The BOR estimates water loss from Lake Powell to be less than 48 inches/year. They base 
their reservoir evaporation numbers on a report prepared by the Upper Colorado Regional Office in 
1986.xiv An independent report by Dr. Tom Myersxv prepared for GCI in 1999 shows that BORis 
under-calculating, that is not calculating correctly, reservoir evaporation and that actual Lake 
Powell evaporation is close to 69 inches/year. 

The discrepancy lies in BOR's reductions for evaporation that would have occurred without 
the reservoir in place. They use the gross rate calculated for evaporation on the surface of the. · 
reservoir to measure evaporation that would have occurred on the pre-existing reservoir surface. 
Myers points out that the pre-dam river would not have had the same evaporation rate as the 
reservoir because most of the entire pre-dam river was shielded from the sun and wind by towering 
canyon walls. Because of this miscalculation the BOR has underestimated evaporation since 1963 
by more than 5 million acre-feeevi 

While Myers' report does not estimate reservoir evaporation for the whole Basin, the 
implications of his report could very·well have an impact-on the way-reservoir evaporation is 
measured throughout the Basin. Myers estimates that the total loss from Lake Powell due to 
reservoir evaporation since 1963 is approximately 23,500,000 af. This is almost two times the 
average annual flow at Lee's Ferry, AZ. These new estimates for reservoir evaporation have an 
impact on future analysis of depletions and could potentially effect the way we deal with future 
salinity in the Basin. · 



• Municipal and Industrial Sources of Salinity 

Municipal and industrial uses of Colorado River water add to the salinity of the river 
through the addition of salts. These source account for 4% of the existing salinity in the Basin. 
Though this percentage is relatively small in the grand scheme of things, it is estimated by 
Reclamation that these sources will be increasing salinity by 133,000 tons per year by the year 
201 0. xvii Municipal and industrial sources of salinity in the Basin increase as population increases. 
A USGS report estimates that municipal .and industrial users increased salinity by approximately 
100 tons per 1,000 people in the Basin.xvlll Population growth and estimates will be discussed later 
in this report. 

• Miscellaneous Sources of Salinity 

There are a few other sources of salinity in the Colorado River Basin that deserve mention. 
They are the exports of Colorado River water, energy development and erosion. 

Most of the exports in the Upper Basin are made at higher elevations where the water is 
considerably less saline. The depletion of higher quality water results in a higher salinity 
concentration downstream. The Lower Basin has almost totally developed most of their water 
allotment, but the depletions still have a similar effect on salinity concentration. x•x 
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Energy development may also play a significant role in increasing salinity in the Colorado 
River Basin. Untouched aquifers in the Basin are often very saline due to the geological formations 
of the area.xx The development of energy resources, specifically coal, oil, gas and oil shale require 
digging deep into the earth's surface to unlock these resources. The drilling and mining techniques 
used to get to these natural resources often provide a path of flow for the saline aquifers to reach 
the earth's surface and often times to the Colorado River itself. 

Erosion from the runoff of rainwater or snowmelt is a natural source of salinity. Studies at 
Green River, UT have shown that salinity remains unusually high during peak flows associated 
with snowmelt runoffperiods.xxi Studies conducted in the Price River Basin have shown that 
significantly higher salt concentrations occur in the first streamflow event after a period of little or 
no flow discharge.xxii The salinity created from natural erosion depends greatly on the geology and 
soils of the area of the runoff and is directly related to the amount of sediment brought into the 
nver. 

Each of these sources of salinity may play a significant role in increasing the salinity level 
of the Colorado River. If recent patterns of natural resource energy development and water exports 
are continued in the future, more salts may be pumped into the Colorado River. As this report will 
discuss, increased salinity levels in the Colorado River will have some negative impacts on the 
Basin and the country as a whole. 

V) Results 

1) Historic Hydrology and Salinity Levels in the Colorado River Basin 

For the purpose of this report, historic hydrology and salinity levels refer to the data 
collected in the Basin before development. Since the building of dams essentially spawned the . 



ability to develop the Basin, this period of time is commonly referred to as the pre-dam era. Much 
interesting research has been done in the area of comparing the pre and post-dam Colorado River, 
but this section of the report is meant to deal with the pre-dam era of the entire Colorado River 
Basin. 
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The United States Geological Survey (USGS) has been monitoring the flow and total 
dissolved solids (TDS) at 20 stations along the Colorado River and its tributaries since 1941. These 
records are very helpful in that they provide us with a glimpse of what the river was like before 
development. There is no arguing that the pre-dam river was much different than it is today, but 
the USGS data allows researchers to know exactly how different. 

Historically, the flow of the Colorado River, measured at Lee's Ferry, fluctuated greatly 
from year to year, season to season, and over longer periods of time. The natural flow of the river 
was characterized by a distinct pattern of seasonal variation, with more than 70% of the flow 
occurring during the months of May, June and July.xxiii This was due to the runoff of the melting 
snow in the Rocky Mountains during these months. It was common for these spring floods to peak, 
historically, at 80,000 cfs. During some years, these peaks exceeded 100,000 cfs.xXIV Annual 
variation in flow ranged from as large as 24 million acre-feet per year to as small as 6 million acre
feet per year. xxv 

Like the flow of the river, the salinity levels have also fluctuated significantly over the 
period of recorded history. Salinity fluctuation near Hoover Dam typically ranged from 300 to 
1 ,3 00 mg/L prior to regulation of the river. xxvi As stated above, the EPA estimates the natural 
salinity in the Lower Basin was approximately 334 mg/L. This is much lower than the salinity 
levels of today because natural sources were the only sources of salinity before development. 

2) Recent and Existing Hydrology and Salinity Levels in the Colorado River Basin 

It is quite obvious that the entire Colorado River system has changed since the construction of the 
large mainstem dams. The BOR calls this a change from a "flow through system to a mixed reactor 
system".xxvii As the entire river system was altered from its natu.ral state, so were the hydrologic 
and salinity conditions. 

Many studies and much research have been conducted on the "new" Colorado River. There 
have been, however, in recent times quite a few different stages of the "new" system. For example, 
with the completion of the construction of each of the large mainstem reservoirs comes its filligg 
period. During the initial filling periods, low amounts of water are released were released from the 
respective dam in order to flood the area which would become the reservoir. These actions had 
significant impacts on the salinity levels and hydrology of the entire Colorado River system. 

In 1980, we entered another significant period marked by the conclusion of the initial filling 
period of Lake Powell, the last of the mainstem reservoirs to be built. Now that all of the reservoirs 
on the mainstem of the Colorado River are full, we can expect to see a new set of trends in 
hydrology and salinity levels. · 

Like each reservoir, the entire Colorado River-storage system also had a -filling period. This 
is generally considered to be between the years 1963 and 1980 for the major Upper Basin 
reservoirs.xxviii They now have a combined storage capacity of approximately 42 cubic km. 

A decrease in salinity has been documented during the period of 1972 through 1980. 
Although this can be attributed to a number of things, the most significant reason for this js 
considered to be the filling of the Colorado River storage system and the resultant initial dilution of 
salts in the system.xxix Studies conducted on both Flaming Gorge reservoir and Lake Powell during 

.. 
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their filling periods Cxx) have shown that these reservoirs retained high TDS waters in the 
hypolirnnium (on the bottom of the reservoirs) and routed the lower TDS water through the system 
and on down the river. This occurred because of a chemical density barrier called a chemocline, 
which prevents the mixing of the bottom layer of water (high TDS) with the water flowing above it 
(low TDS). 

With the end of the Basin-wide filling period in 1980, the impacts of the reservoirs on 
salinity were looked at from a new perspective. With a new retention time estimated to be between 
4 and 6 years for the entire system; a trend was beginning to form in which the salinity levels in the 
Colorado River were no longer fluctuating as much seasonally. This trend is widely recognized as 
a general effect of reservoirs on salinity in the Colorado River system. 

Reservoirs have this effect on salinity levels in rivers because of the way they store vast 
amounts of water. The reservoirs capture and mix the high quality and quantity of spring runoff 
water with the lower quality (more saline) water from the rest of the year. This mixing greatly 
reduces the natural variation of fluctuation of salinity levels. As stated above, natural salinity 
fluctuations near the site of Hoover Dam ranged from 300 to 1,300 mg/L annually; now the 
variations average less than 50 mg/L throughout the average year in the same area. xxxi The average 
salinity level below Hoover Dam in 1995 was 654 mg/L.xxxii 

Although seasonal fluctuation has been greatly reduced in the Colorado River, large annual 
(year to year) fluctuations can still occur. Salinity can, at times, almost double year to year in the 
river due to natural and climatic variations in snowmelt and rainfall in the Basin. xxxiii 

Salinity in the Colorado River is extremely sensitive to the amount of water flowing through 
the system and the amount of rainfall or snowpack in the headwaters still has a direct influence on 
salinity levels. 

Reservoirs have initially decreased the peak salinity levels in the Colorado River but it is 
important to recognize that this is not the only trend occurring. To quote the BOR; "A century of 
water resource development has also had some serious negative impacts".xxxiv These negative 
impacts can be seen when we look at the big picture of salinity in the Basin. The fact is that the 
average salinity levels in the Basin have more than doubled from the estimated natural levels (334 
mg/L at Imperial Dam).xxxv If the development of the Basin and its water resources continues and 
is not offset, salinity in the Colorado River can be expected to increase. 

While high water years and flood control releases in recent years have helped keep the 
salinity levels in the Colorado River relatively low, salinity control measures are necessary in order 
to keep levels at or below the standards set in 1974. The Colorado River Basin Salinity Control 
Program (CRBSCP), established in 1974, has attempted to reduce salinity through canal lining, 
groundwater protection, erosion control on saline lands, a desalinization plant, land retirement, 
irrigation efficiency and management programs, deep well injections of brines, and well plugging. 
Currently, the only methods of salinity control which have proven to be cost effective are lining or 
piping of irrigation delivery systems, deep well injections of brines (salt and water mixture), 
plugging of flowing brine wells, erosion control on saline lands, and irrigation improvements.xxxvi 

At the present time, salinity ·control measures in place will prevent 621 ,400 tons of salt from 
reaching_the river. The existing salinity control needs are, however, 1,039,600 tons (as of 
1 /95txxvu. This leaves the salinity control program with a current shortfall of 418,200 tons of salt. 
With this in mind, let us consider the future. 
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VI) Potential Future Conditions and Scenarios for Salinity in the Colorado River Basin 

While it is impossible to predict the future, it is possible to make an educated guess as to 
what the future may hold in store. In the case of the Colorado River Basin, there is no way to know 
for sure what will happen to the salinity levels in the river. Salinity is directly related to the amount 
of water flowing through the system and although flow is largely regulated by a series of large 
dams, annual hydrology can still play a substantial role in shaping the availability of water. The 
Basin could experience a severe sustained drought period next year or the area could experience 
more wet years for decades to come. The only thing that we know to be constant is change. We 
know that there will be wet years and decades and dry years and decades at some point in the 
future. Because of this knowledge, it is important to consider the implications that a change in 
hydrology or water use would have on salinity in the Colorado River Basin. 

Perhaps the best way to address the future is through a set of possible scenarios. By using 
this method, it is possible to consider the impacts that different changes in the future hydrology, 
development and management of the Basin could have on the salinity levels in the Colorado River. 
The scenarios discussed in this report include 1) no change in hydrology with no more development 
or along BORpredicted development levels in the Basin, 2) changes in hydrology andfuture 
development levels of the Basin, and 3) changing historic management plans of the Basin through 
the decommissioning of Glen Canyon Dam. The effects that these scenarios could have on the 
Colorado River Basin are based on historical understanding of the river system, present data and 
knowledge of how the salinity in the river reacts to certain changes. The scenarios also take into 
account the ability of the Basin states to meet the numeric criteria for salinity levels set in 1974. 

• Scenario #1- No change in hydrology, with no more development or along BOR predicted 
development levels for the Basin 

If there were no change in hydrology and all future developments were called off; salinity 
would not increase, according to one BOR report. As it concludes, "Until further development 
occurs, average or wet periods, combined with _the reduced capacity to store excess amounts of 
water, will continue to keep salinity down".xxxvm This is a comforting though, but we cannot count 
on the next century to be made up of entirely average or wet periods. 

In addition, further development is and will continue to occur in the future. When these 
depletions come on line, we can expect to see less water flowing through the system and salinity 
levels rising. 

As the Colorado River continues to be developed as a water resource, the salinity problem, 
if not offset by salinity control, will get worse. The BOR, in trying to figure out how to offset 
future development, puts together depletion projections for decades to come. These projections 
include anticipated depletions, which are already online or relatively certain to proceed in the near 
future, and potential depletions, representing depletions at full development by projects which are 
still in planning stages,\:>r supplies which are reserved for-future development,-at-some uncertain 
point in the future. · 

When anticipated and potential depletions for the entire Basin are scheduled for the future 
and summarized by Reclamation, it is possible to realize the grand effect future development could 
have on the salinity in the Colorado River Basin. The total scheduled depletions, according to the 
BOR, for the entire Basin are as followsxxxix: 



1990: 
2000: 
2020: 
2040: 
2060: 

11,050,000 af/year 
11,708,000 af/year 
12,5 51 , 000 af/year 
12,971 , 000 af/year 
13,504,000 af/year 
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In the next 60 years, it is predicted that the consumptive use of water will be increased by 
nearly 2 million af/year. This is a sobering though when one considers that the consumptive use 
(depletion) of water reduces the dilution of saline inflows, thereby further concentrating the salinity 
in the river system. 

In 1996, the CRBSCF estimated (using projected depletions above) that 1.48 million tons of 
salt would have to be removed annually by 2015 to meet the standards set in 1974. As the BOR 
states in its 1997 water quality report, "In other words, approximately 45,000 tons of new salinity 
control measures must be added each year if the program is to meet the numeric criteria at the year 
2015 ". xl This statement is one of the few things printed in bold letters in the entire 90-page report. 
It is not an easy task; it may not even be possible. At full development levels, 1.8 million tons of 
salt would have to be removed in order to meet the standards. It should be mentioned again that at 
the present time, salinity control measures in place remove 621,400 tons of salt from the river 
system. 

In addition, the scheduled depletions produced by Reclamation do not include the 1.5 
million af/year allotment of the Colorado River apportioned to Mexico. When one considers that a 
more realistic long-term average of the annual flow ofthe Colorado River is 13Smaf'1i, as opposed 
to the 15 maf estimate used in 1922 to create the Colorado River Compact, the scheduled 
depletions take on a new light. It then becomes more than a question of salinity, it becomes a 
question of whether or not there will be enough water in the future to support the development 
predicted for the next half century. 

• Scenario #2- Changes in hydrology and/or future development levels for the Basin 

Scenario #2 involves the inevitable change of future hydrology and the possibility of change 
in the development levels of the Colorado River Basin. Hydrology could change in two ways: 
future years could be either wetter or drier. Development levels could, also, vary from the levels 
predicted by BORin two ways: development levels could increase or decrease. It should be noted 
that an increase in development levels would have the same effect as would the predicted levels 
being lower than real levels of development in the Basin. The converse is also true. 

As noted in this report, salinity levels are directly related to the hydrology of the Basin. 
While the effects of no change in hydrology have been discussed in the previous scenario, a change 
in hydrology will bring about new salinity conditions. Because of the nature of the salinity 
problem and its relationship to the water flowing through the system, wetter years in the future 
would have a positive-effect on the salinity-in the Basin. -That is; wet years would produce more 
water flowing through the system and ther.eby dilute the concentration of the salinity in the river. 
With the retention time of the storage facilities in place, it could take over six years for the 
freshwater to work its way through the entire system and have an effect on the salinity levels at 
Imperial Dam. Wet years, in general, will help to ease the effects of the salinity problem in the 
Colorado River Basin and increase the ability to meet the salinity standards of 1974. 



Dry years, conversely, will make the salinity problem in the Basin worse. With less water 
flowing through the system, salinity will be concentrated. Salinity levels, throughout the Basin, 
would rise reflecting the concentration. Although one dry year in a cycle of wet or average years 
would increase the salinity levels of the river, a few dry years together can reek havoc on the 
system. 
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Though the effects that a severe sustained drought would have on the salinity in the 
regulated Colorado River are not known, the subject is being researched. The BOR has used its 
Colorado River Simulation System computer model to simulate a relatively large drought.xlii By 
programming into the computer the driest 5 year period on record and starting it in 1995 
(continuing the historical sequence for a total of 20 years), it is possible to see what this particular 
sequence of hydrology would do to the salinity in the Basin. After two years of the drought, 
salinity at Imperial dam would increase more than 150 mg/L. During the next year, salinity would 
increase by approximately another 100 mg/L. Under the particular hydrologic sequence, the 
salinity levels in the Colorado River would peak 12 years later at approximately 300 mg/L above 
the initial 1995 salinity level, and than begin to decline back to a relatively normal salinity level. 
Such a drought would cause the salinity in the river to greatly exceed the numeric criteria standards 
set in 1972. Although these standards can be exceeded on a temporary basis, the effects of such a 
drought on the salinity levels in the Colorado River would have huge impacts on water users (these 
impacts will be discussed in the next section ofthis report). 

The second possible change in Scenario #2 involves a change in the level of development in 
the Colorado River Basin. It is possible that, during the next sixty years, rates of development in 
the Basin could increase or decrease from the projections set by BOR, listed above. Similarly, it is 
possible that the BOR projections are not based on correct or current growth rates for the Colorado 
River Basin. 

Predicting water depletion through population growth is no easy task when Basin water is 
used in some of America's fastest growing. Receivers of Colorado River water include Denver, 
Phoenix, Los Angeles and Las Vegas. The population of Las Vegas is expected to increase by 
115% by the year 2030.xliii Ifthis percentage is slightly off, the difference in future populations 
could be enough to need a significantly greater depletion of water (and a greater salinity problem to 
handle). The difference between an annual growth rate of2% or 3% could add up to hundreds of 
thousands of people when dealing with populations in western cities. 

I do not mean to say that the BOR projections are wrong. It should, however, be noted that 
with rapid population growth, necessary future depletions could easily be more than presently 
expected. While this would present its own set of problems, it could cause a serious salinity 
problem in the Colorado River Basin to sneak up us quicker than expected. 

• Scenario #3- A change in historic management plans of the Basin through the 
decommissioning of Glen Canyon Dam 

There has recently been a-surge of interest-on the part of the-public--and environmental 
organizations about the decommissioning of Glen Canyon Dam (GCD) for environmental purposes. 
The operation of GCD has many documented negative downstream impacts on the riparian and 
aquatic ecosystems of the Grand Canyon. The dam traps the sediment which provide essential 
nutrients for aquatic species downstream, changes the temperature of the water flowing 
downstream to an extreme which makes endangered native fish unable to spawn and takes out the 
natural fluctuation of flows that have shaped the riparian areas ofthe Grand Canyon. 
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It is the purpose of this scenario to consider the potential effects of decommissioning GCD 
on salinity levels in the Colorado River Basin. There are two basic assumptions made in this· 
scenario as to how decommissioning GCD would effect the salinity levels in the Colorado River 
Basin. The first is that without Lake Powell, there would be a reduction in the overall reservoir 
evaporation in the Basin. Reservoir evaporation concentrates salinity. The second assumption is 
that the salinity level at what is now inflowing to Lake Powell will stay approximately the same for 
delivery to the Lower Basin and essentially all the way down to Lake Mead. · 

A new report conducted by Myers ( 11v) found that total reservoir evaporation up to the 
present time has been approximately 30 maf, which equals two and a quarter years the annual flow 
of the Colorado River at Lee's Ferry, AZ. With more relevance to future scenarios, the report found 
that reservoir evaporation will continue at a rate of approximately 570,000 af/year.xlv This is more 
water than is annually exported from the Colorado River to the Metropolitan Water District 
(MWD) of California, and almost double Nevada's entire annual allotment of 300,000 af of 
Colorado River water. 

It is possible to get an idea of the amount of salinity added to the system by Lake Powell 
reservoir evaporation by utilizing the information presented by Tom Myers and BOR. 

BOR estimates the total annual evaporation for the Basin to be 2,067,900 af.xlvi The 
570,000 af of annual evaporation from Lake Powell estimated by Myers is approximately 27.5% of 
the total annual reservoir evaporation in the Basin recognized by BOR. BOR states that reservoir 
evaporation accounts for 12% of the salinity in the Basin. xi vii By taking 12% of the 1995 salinity 
levels at Imperial Dam, 803 mg/L, it can be estimated that reservoir evaporation accounts for 96.36 
mg/L of the 1995 salinity levels in the Basin. Recalling that Lake Powell reservoir evaporation 
accounts for approximately 27.5% of the total reservoir evaporation estimated by BOR, we can take 
27.5% of the 96.36 mg/L of salinity created by reservoir evaporation throughout the Basin. This 
shows that Lake Powell reservoir evaporation accounts for approximately 26.5 mg/L of salinity per 
year in the Colorado River Basin. 

While there are obviously shortcomings with such a simple analysis, the goal of the analysis 
is to loosely approximate and develop a basic idea of the affect that Lake Powell has on the salinity 
levels in the Lower Colorado River Basin. 

Under the scenario of the decommissioning of GCD and the draining of Lake Powell, it can 
be assumed that without the reservoir salinity levels would not significantly rise from the levels that 
flow into the reservoir today. There is very little, if any, significant development, irrigation return 
flow or water depletion between Lake Powell and Lake Mead. The only increase in salinity 
between the start of the restored Glen Canyon and Lake Mead would come from natural sources 
and runoff. 

It cannot be ignored that if GCD were to be decommissioned, the management of the 
Colorado River reservoir system would drastically change. This report attempts to envision some 
of the ramifications that this change could have on salinity in the Basin. The biggest change would 
likely be in the operation and management of Hoover Dam and Lake Mead. The hydrology and 
salinity levels above· Mead would revert back towards their·natural states discussed earlier in this 
report, with more seasonal fluctuations. Hoover Dam would be managed to accommodate flood 
control and seasonal river levels. The likelihood is that Mead would have a reduced retention time 
and more frequent reservoir turnover. 

Let us consider the salinity in an average year's operation of the Colorado River around 
Lake Mead without the flow regulation from GCD. During the winter months of the year, 
December, January and February, there would be cold, saline, low flows entering Mead. These 



flows would position themselves near the bottom of the reservoir. There would be an increase in 
the concentration of salts in Mead during these winter months. 

Come March, the spring runoff begins at low elevations. The runoff flows gets 
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·progressively larger as springtime heat melts more of the snow, creating high flows throughout the 
Colorado River. This large amount of fresh water would flow into Mead causing high flow dilution 
of the salinity in the reservoir. Reservoir turnover would probably be stimulated d.uring the spring 
and dilute the salinity. 

All in all, a larger volume of fresh water would reach Lake Mead without GCD. The 
retention time of the reservoir would be altered to accommodate higher flows. The BOR would 
need to determine the proper way to alter the operations of the reservoir system in order to adjust to 
the loss of Lake Powell storage. 

There is sufficient evidence that the decommissioning of GCD could reduce over time the 
salinity levels in the Colorado River Basin. While the assumptions and analysis made in this 
section are relatively basic, it is the feeling of the author that these assumptions warrant further 
research into the issue of a significant decrease in salinity due to the decommissioning of GCD. 

In an era of increasing development and salinity in the Basin, federal agencies should not 
dismiss the idea of decommissioning GCD as radical environmentalism, but should research how 
the idea could help deal with the problems that they will inevitably be facing in the next 
millennium. 

VII) Discussion 

1) Economic Impacts of Salinity 

Up to this point, the subject of this report has been the actual and possible salinity 
conditions of the Colorado River. It is time now, however, to discuss what all this information 
means and how it effects the Colorado River Basin and water users. The best way to illustrate the 
impacts of the salinity problem on people is through an understanding of the economics of the 
situation. When salinity leveis are transferred into dollar values, it is possible to realize the huge 
scale of the effect that a rise in salinity of Colorado River water has on water users and on their 
bills. 

A BOR study conducted in 1988 estimated the economic impacts of salinity ofthe Colorado 
River. The s~udy estimated damages to be $311 million per year l:>ased on 1976-1985 salinity 
levels in the Lower Basin and 1986 dollar values.xlviii In 1995, however, the salinity level at 
Imperial Dam was 803 mg/L. Daniages at this level of salinity exceed $750 million per year.xlix As 
salinity continues to rise, its monetary implications will do the same. It is estimated that damages 
will amount to approximately $I" billion dollars when salinity is at the numeric criteria standards of 
1972.1 

These estimates are based on the costs incurred by water users as salinity levels rise. The 
costs fall on all users of Colorado -River water,-and the damages have been separated to show how 
different user groups are effected. Househol.d damages add up to 50% of the total annual damages, 
agriculture damages account for 36%, management accounts for 11%, and municipal and industrial 
damages account for 3% of the total damages. I will briefly discuss how each of these water users 
is affected by higher salinity levels. 

Damages to households depend on a number of factors that are related to salinity or that can 
be aggravated by salinity. The primary factor is water hardness, which is directly proportional to 
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salinity in the Colorado River. 1
i Water hardness can cause scale, as well as noticeable effects on 

cleaning and unpleasant taste. Because of water hardness there is an incentive for water softening, 
which can affect the corrosivity of water. Iii Household damages include the corrosion of water
using appliances and utensils (Water heate~, dish washer, faucet, pipes, etc.) which has been shown 
to occur at levels a,s low as 50 mg/L TDS.1111 In addition, damage to automobile cooling systems 
and the purchase of bottled water and filtration devices due to saline or hard water is included in the 
costs incurred by households in some estimates. 

Damages to agriculture account for 36% of total salinity damages in the Colorado River 
Basin. The damages measured include the reduction in crop yield due to saline irrigation water and 
reduction in acreage planted. Other damages such as higher labor costs, resulting from the need to 
irrigate more often or clean irrigation ditches are not included because they are relatively site 
specific and cannot be measured on a Basin-wide level.1

iv High salinity effects crop growth and 
yield when the level is above a given crop' salt tolerance level. 

11% of the total economic salinity damages are listed as "management". These damages are 
costs incurred through the regulations and/or policies that were set to control salinity levels in 
certain watersheds. The main example of this sector of the costs is the Santa Ana watershed in 
southern California, where a substantial part of its water comes from the Colorado River. The 
Santa Ana River Watershed Project addresses salinity as part of its overall water planning function. 
They have adopted regulations concerning the salinity of the water that could necessitate capital 
costs in upwards of$30 million. The building of water treatment plants to meet regulations dealing 
with salinity falls under the category of management damages, thus adding to the economic impacts 
of salinity regulation .. 

Municipal and industrial damages account for 3% of the total economic damages from 
salinity. Increases in salinity reduce the useful life of equipment and systems that use water, such 
as wastewater treatment facilities, or industries that use water to produce their goods. Since saline 
water is more corrosive than non-saline water, its use creates the need to replace equipment more 
often. 

A recent report (Draft- January, 1999) done by Metropolitan Water District of Southern 
California (MWD) and BOR has shed new light on the economic impacts of salinity. It concludes 
that a 1 00 mg/L decrease in salinity in imported water supplies would have an annual benefit of 
$95 million.1

v It can also, therefore, be assumed that a 100 mg/L increase in salinity would cost 
residents of the district $95 million, annually. 

Estimating economic impacts of rising salinity levels is probably the best way to inform the 
general public that there· is a salinity problem in the Colorado River Basin. To put it crudely, most 
people are not concerned with rather scientific issues unless it directly affects their wallets. As 
salinity rises and the costs incurrep because of it rise, salinity levels in the Basin will become more 
of a public issue than something discussed only in BOR reports. 

2) Salinity Control Funding 

The Colorado River Basin is entering a crucial period in regard to the salinity problem. In 
order to meet the numeric criteria standards in the future the Basin states and agencies inust give 
utmost attention to salinity and therefore salinity control. In addition, this attention must come in 
the form of improvements in, that is, more salinity control or protective measures. 

In light ofwhat ought to be done, it is hard to understand the rational of what is actually 
happening in the federal government. Funding for salinity control in the Colorado River Basin has 



dropped dramatically in recent years. While Bureau of Land Management (BLM) funding of the 
CRBSCP has remained fairly constant at $800,000, BOR funding for the program has declined 
from almost $33 million in 1994 to slightly over $8 million in 1996.1vi US Dept. of Agriculture 
funding has declined from $13.7 million in 1994 to $9.2 million in 1996.1vii 
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According to the 1996 Triennial Review Report of the CRBSCF, these sharp cuts in funding 
jeopardize "the ability ofthe Plan of Implementation to be implemented in a manner that assures 
compliance with the numeric criteria" .1v111 In recent years, Congress has appropriated $77 million 
for Basin salinity control program, while CRBSCF has recommended a funding level of$138 
million.lix 

As development increases in the future, it is necessary that salinity control increase with it. 
In order to do this, the funding for salinity control must meet the demands of the Implementation 
Plan. 

3) Impacts of Salinity on Aquatic Species 

As human development continues to raise the salinity levels in the Colorado River, humans 
must consider the impacts that this change has on the species in and around the river. Salinity 
levels effect the osmotic relationship, that is, the ability for water to move across and through cell 
membranes. Salinity is one part of the TDS and as salinity increases the whole spectrum of other 
ions that make up the TDS also increase. Potentially, this could add more biomass to the river 
system in the form of organisms and nutrients.1x While this could be considered a positive change, 
it should be noted that the chemical composition of the river is changing from its natural state 
because of human development. The Colorado River Basin evolved as a closed basin environment 
and similarly, the native species that evolved in the Basin have adapted to the natural conditions pf 
the Colorado River Basin. The rise in salinity associated with human development is rapidly 
changing the river system as a whole with little regard for these species. 

Higher salinity levels tend to chan~e the composition of the algae in the river system, 
specifically the diatoms and invertebrates. xl This in noticeable as one moves down the river 
corridor towards the sea. The composition of algae at Lee's Ferry, AZ, is quite different than the 
composition at Imperial Dam, where salinity levels are significantly higher because of 
development. 

As future development occurs and salinity in the entire Basin rises, this change could 
potentially work its way up the river changing more of the system from its natural state. As you 
move up the trophic levels from algae to fish, it is noticeable that fish, for example, respond 
negatively to a rise in salinity faster than invertebrates do.lxii 

While current salinity levels do not pose a significant threat to aquatic habitat, monitoring 
and research will be necessary as salinity levels rise. 

VIII) Summary 

Development ofthe Colorado River Basin increases salinity of the river in two ways; (1) the 
addition of salts from water use and return flows and (2) the consumption (depletion) of water. 
With the increase of salinity due to development of the Basin, there comes a responsibility to 
understand the effects that an increase in development, and therefore, salinity will have on future 
generations. 
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Salinity has more than doubled from its estimated natural levels (334 mg/L) in the Colorado 
River due to human development. As human development continues, the salinity problem in the 
Basin, if not of set by salinity control, will continue to get worse. 

As of January 1995, there were 621,400 tons of salinity control in place. The needs for 
salinity control were, however, 1,039,600 tons leaving a shortfall of 418,200 tons of salt. The 
CRBSCF estimated in 1996 that 1.48 million tons of salt would have to be removed annually by 
2015 to meet the standards set in 1974. BOR states that 45,000 tons of new salinity control must be 
added each year to meet the standards. 

In light of these estimates, it is alarming to see a sharp decrease in funding of Colorado 
River Basin salinity control programs. This decrease jeopardizes the ability of the Salinity Control 
Implementation Plan to be implemented in a manner that assures compliance with the standards set 
by the CRBSCF in 1974. In recent years, Congress has appropriated $77 million for the Basin 
Salinity Control Program while CRBSCF has recommended a funding level of $138 million. 

Salinity in the Colorado River Basin has many adverse effects on water users; the most 
noticeable of which is the economic effects. Annual economic damages due to salinity in the 
Colorado River were estimated to be $750 million per year in 1995. At the levels of the salinity 
standards set in 1974, economic damages to water users will be approximately $1 billion. In 
addition, MWD estimated that a 1 00 mg/L decrease in salinity levels of the water used in their 
district would save their consumers $95 million, annually. 

The salinity levels in the Colorado River Basin are increasing. The Salinity Control 
Program funding is decreasing. Because of the combination of these two issues, there is the 
potential for a severe problem in the future. As stated in a CRBSCF Supplemental Report to the 
1996 Triennial Review Report, "for the first time ... with the long term mean water supply in the 
system ... flow adjusted salinity concentrations in the river system presently exceed the numeric 
criteria" .1xiii This is not a good sign. 

When we combine this problem with the economic implications of salinity in the Basin, it is 
probable that the effects of salinity levels in the Colorado River Basin could be felt throughout the 
entire Western United States. With all of this in mind, there is ample evidence that government 
agencies ought to consider new, possibly radically different, ways of combating the salinity 
problem in the Basin. 

One possibility to consider is the decommissioning of Glen Canyon Dam. This issue has 
recently gained much support from the public and environmental groups because of the negative 
environmental impacts of the dam. There is evidence that decommissioning of Glen Canyon Dam 
could significantly reduce salinity in the Basin. It is loosely approximated in this report that the 
reservoir evaporation in Lake Powell, the reservoir created by GCD, accounts for 26.5 mg/L of the 
salinity in the Basin per year. Decommissioning of the dam would take this salinity out of the 
picture. Without the dam, the way the rest of the Colorado River Storage System is operated would 
be drastically changed, but could be operated so that there is no significant backlash of salinity in 
the lower reservoirs. 

To quote Tom Myers, -~'Only.a detailed analysis will resolve the question of whether the 
increased flow in the river that would result from draining Lake Powell would be more important 
than the decreased certainty caused by the lost reservoir storage.". The same holds true for the 
effect it would have on salinity levels in the Basin. There is, however, sufficient evidence to 
support further research of the subject by government agencies. 

Salinity is a major environmental and economic issue in the Colorado River Basin. Unless 
drastic measures are taken by various federal agencies, the salinity problem in the Basin will 



worsen, eventually becoming a very severe problem. The environmental and economic issues 
associated with salinity will reflect the severity of the problem as salinity levels rise. 
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