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(µS/cm at 25°C).

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L).

Water year is defined in this report as the surface water supply for the 12-month period 
October 1 through September 30.



Abstract
In 1974, the Colorado River Basin Salinity Control Act 

was passed into law. This law was enacted to address concerns 
regarding the salinity content of the Colorado River. The law 
authorized various construction projects in selected areas or 
‘units’ of the Colorado River Basin intended to reduce the 
salinity load in the Colorado River. One such area was the 
Grand Valley Salinity Control Unit in western Colorado. 
The U. S. Geological Survey has done extensive studies and 
research in the Grand Valley Salinity Control Unit that provide 
information to aid the U.S. Bureau of Reclamation and the 
Natural Resources Conservation Service in determining where 
salinity-control work may provide the best results, and to what 
extent salinity-control work was effective in reducing salinity 
concentrations and loads in the Colorado River. Previous stud-
ies have indicated that salinity concentrations and loads have 
been decreasing downstream from the Grand Valley Salinity 
Control Unit, and that the decreases are likely the result of 
salinity control work in these areas. Several of these reports; 
however, also document decreasing salinity loads upstream 
from the Grand Valley Salinity Control Unit. This finding was 
important because only a small amount of salinity-control 
work was being done in areas upstream from the Grand Valley 
Salinity Control Unit at the time the findings were reported 
(late 1990’s). As a result of those previous findings, the U.S. 
Bureau of Reclamation entered into a cooperative agreement 
with the U.S. Geological Survey to investigate salinity trends 
in selected areas bracketing the Grand Valley Salinity Control 
Unit and regions upstream from the Grand Valley Salinity 
Control Unit.

The results of the study indicate that salinity loads were 
decreasing upstream from the Grand Valley Salinity Control 
Unit from 1986 through 2003, but the rates of decrease have 
slowed during the last 10 years. The average rate of decrease 
in salinity load upstream from the Grand Valley Salinity 
Control Unit was 10,700 tons/year. This accounts for approxi-
mately 27 percent of the decrease observed downstream from 
the Grand Valley Salinity Control Unit. Salinity loads were 
decreasing at the fastest rate (6,950 tons/year) in Region 4, 

which drains an area between the Colorado River at Cameo, 
Colorado (station CAMEO) and Colorado River above 
Glenwood Springs, Colorado (station GLEN) streamflow-
gaging stations.

Trends in salinity concentration and streamflow were 
tested at station CAMEO to determine if salinity concen-
tration, streamflow, or both are controlling salinity loads 
upstream from the Grand Valley Salinity Control Unit. Trend 
tests of individual ion concentrations were included as poten-
tial indicators of what sources (based on mineral composi-
tion) may be controlling trends in the upper Colorado. No 
significant trend was detected for streamflow from 1986 to 
2003 at station CAMEO; however, a significant downward 
trend was detected for salinity concentration. The trend slope 
indicates that salinity concentration is decreasing at a median 
rate of about 3.54 milligrams per liter per year. Five major 
ions (calcium, magnesium, sodium, sulfate, and chloride) were 
tested for trends. The results indicate that processes within 
source areas with rock and soil types (or other unidentified 
sources) bearing calcium, sodium, and sulfate had the largest 
effect on the downward trend in salinity load upstream from 
station CAMEO.

 Downward trends in salinity load resulting from ground-
water sources and/or land-use change were thought to be 
possible reasons for the observed decreases in salinity loads; 
however, the cause or causes of the decreasing salinity loads 
are not fully understood. A reduction in the amount of ground-
water percolation from Region 4 (resulting from work done 
through Federal irrigation system improvement programs as 
well as privately funded irrigation system improvements) has 
helped reduce annual salinity load from Region 4 by approxi-
mately 7,400 tons. This amount is equal to about 5.9 percent 
of the total decrease (125,000 tons, or about 6,950 tons/year) 
estimated to have occurred in Region 4 during water years 
1986 through 2003. A geographic information system was 
used to quantify the change in the amount of irrigated land 
upstream from the Grand Valley Salinity Control Unit from 
1993 through 2000. These data indicated that the amount of 
irrigated land did not change substantially, thus indicating that 
the downward trends in salinity load did not result from land-
use change.

Salinity Trends in the Upper Colorado River Basin 
Upstream From the Grand Valley Salinity Control Unit, 
Colorado, 1986–2003

By Kenneth J. Leib and Nancy Bauch



Introduction
Salinity is generally defined as concentration of dissolved 

mineral salts or dissolved solids in water. Elevated concentra-
tions of salinity can cause numerous issues for water users 
including soil dispersion, taste and odor, costly desalinization, 
and corrosion of infrastructures that convey irrigation and 
potable water supplies. The Colorado River Basin Salinity 
Control Act of June 24, 1974 (Public Law 93-320) authorized 
the construction of the Grand Valley Salinity Control Unit 
(herein after referred to as the Grand Valley Unit) Salin-
ity Control Project by the U. S. Department of the Interior. 
Oversight of the project was delegated to the U.S. Bureau of 
Reclamation (USBR). Public Law 93-320 also directed the 
Secretary of the U.S. Department of the Interior to cooperate 
with the Secretary of U.S. Department of Agriculture in the 
implementation of on-farm salinity control work.

The Grand Valley Unit includes approximately 
63,000 irrigated acres draining to the Colorado River between 
the historical town of Cameo to the east, and the town of Mack 
near the Colorado-Utah State line (fig. 1). The U.S. Geological 
Survey (USGS) has done extensive studies and research in the 
Grand Valley Unit that provide information to aid the USBR 
and Natural Resources Conservation Service (NRCS) in 
determining where salinity-control work may provide the best 
results, and to what extent salinity-control work was effective 
in reducing salinity loads in the Colorado River. Butler (1998) 
found that salinity concentrations and loads decreased in sev-
eral washes and arroyos draining to the Colorado River after 
several sections of primary canals and laterals in the Grand 
Valley Unit were lined or put into pipe. Butler (1996) reported 
that a downward trend in salinity load occurred downstream 
from the Grand Valley Unit at the USGS streamflow-gaging 
station near the Colorado-Utah state line (station SL, fig. 1). 
However, Butler (1996) and Bauch and Spahr (1998) docu-
mented that salinity loads in the Colorado River at stations 
upstream from the Grand Valley Unit were decreasing at simi-
lar rates compared to areas downstream from the Grand Valley 
Unit. This finding was important because only a small amount 
of salinity-control work was being done in areas upstream of 
the Grand Valley Unit at the time the findings were reported.

As a result of this finding, the USBR entered into a coop-
erative agreement with the USGS to investigate salinity trends 
in selected areas bracketing the Grand Valley Unit and regions 
upstream from the Grand Valley Unit. An assessment of recent 
salinity trends is useful to the USBR, and to land manag-
ers in general, because additional decreases in salinity from 
areas upstream from the Grand Valley Unit could amount to 
substantial salinity reduction with time and decrease the need 
for future salinity-control projects. The specific objectives of 
this study are to:

report annual streamflow and salinity concentrations •	
and loads for select stations near the Grand Valley 
Unit, and at stations representing regions upstream 
from the Grand Valley Unit;

determine trends in annual salinity loads for stations •	
near the Grand Valley Unit and at stations representing 
regions upstream from the Grand Valley Unit;

determine trends in annual streamflow, salinity concen-•	
trations, and selected ions for selected stations repre-
senting regions upstream from the Grand Valley Unit;

characterize streamflow and salinity trends from 1986 •	
to 2003 and compare the results to findings from previ-
ous studies; and

discuss the possible factors affecting salinity trends •	
in the Colorado River upstream from the Grand 
Valley Unit.

Purpose and Scope

This report presents results of analysis of data for trends 
in salinity concentrations, loads, and selected major ions 
at selected USGS streamflow-gaging stations (herein after 
referred to as stations) near the Grand Valley Unit and at 
stations representing four regions upstream from the Grand 
Valley Unit (these regions are described in the following 
section). The trend results for each station are reported and 
are used to identify and evaluate those regions that have had 
the largest changes in salinity load. Trends in streamflow are 
also discussed.

Annual salinity loads were computed using available data 
for water years 1986 through 2003 for six USGS streamflow-
gaging stations (fig. 1, table 1). Salinity load (often referred to 
as ‘total-dissolved solids’ load) at station CAMEO represents 
one of two main inflow loads to the Grand Valley Unit. The 
other main influx of salinity load to the Grand Valley Unit is 
measured at station GUN, which is located near the mouth of 
the Gunnison River Basin. Station GUN is included in this 
study to aid in calculating the part of the salinity-load trend 
that the Grand Valley Unit accounts for at station SL (Grand 
Valley Unit part of trend = SL – (CAMEO + GUN)), which 
is the outflow site for the Grand Valley Unit. Stations GLEN 
and RF are included in this study to represent the part of the 
trend in salinity load (if detected) at station CAMEO that can 
be apportioned to the headwaters region of the Colorado River 
and the Roaring Fork River Basin, respectively. Station ERB 
is included in this study to represent the part of the trend in 
salinity load (if detected) that can be apportioned to the Eagle 
River Basin.

Monotonic trend analyses were done on annual stream-
flow and salinity concentrations and loads for station 
CAMEO. Monotonic trend analyses were done on annual 
salinity loads for the remainder of the stations listed in 
table 1. Trend analysis was done for water years 1986 through 
2003 for all stations. For purposes of consistency, the begin-
ning of the trend analysis time period is the same as that 
reported in previous studies by Butler (1996) and Bauch and 
Spahr (1998).

2    Salinity Trends in the Upper Colorado River Basin Upstream From the Grand Valley Salinity Control Unit, Colorado
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Description of Regions Upstream from the Grand 
Valley Salinity Control Unit

Four regions of the Colorado River Basin upstream from 
the Grand Valley Unit were delineated for this study so that 
potential source areas for salinity could be better quantified 
and compared (fig. 2). Each region has unique geology, land 
use, and climate that can affect trends in hydrology and salin-
ity concentration loads in the Colorado River. These regions 
were selected based on those factors and on streamflow-gag-
ing station location and data availability. The four regions are 
the Eagle River Basin (Region 1), the Colorado River headwa-
ters to Glenwood Springs (Region 2), the Roaring Fork River 
Basin (Region 3), and the relatively dryer region between 
Glenwood Springs and Cameo (Region 4), along the main-
stem of the Colorado River (table 2).

Eagle River Basin (Region 1). Region 1 drains approxi-
mately 842 square miles (mi2) of varying terrain upstream 
from station ERB (table 2, fig. 2). Elevations range from 
6,275 feet (ft) at station ERB to 14,005 feet at Mount of the 
Holy Cross near the continental divide. Geology in Region 1 
is structurally diverse and is composed predominately of sedi-
mentary shales and sandstones of mixed origin, as well as out-
crops of older Precambrian rocks at higher elevations. Exten-
sive deposits of gypsum, anhydrite, and halite evaporites also 
are present (Chafin and Butler, 2002). The dissolution of these 
evaporite deposits contributes to salinity loading in the Eagle, 
and ultimately the Colorado, Rivers (Chafin and Butler, 2002). 
Climate in Region 1 is semi-arid to temperate, depending on 
location, with precipitation ranging from 11 inches per year 
(in/yr) near station ERB to 60 in/yr near the alpine headwaters 
of the basin (PRISM Group, 2006). The economy of Region 1 
is based mostly on agricultural and industrial applications with 
a more recent (late 1990’s) transition to tourism, recreation, 
and real estate development in the Eagle River valley. The 
population in Region 1 (population estimates for Eagle County 
were used to represent the Eagle River Basin Region) was 

about 23,500 people in 1991, and about 43,000 in 2001 (State 
of Colorado, 2005). These estimates indicate that the popula-
tion in this region has increased by roughly 2,000 individu-
als per year, or 83 percent from 1991 to 2001. This estimate 
does not include estimates for nonresident individuals that 
populate this region as part of the tourist industry. The Eagle 
River Water Quality Management Plan (Northwest Colorado 
Council of Governments, 2002) estimates that the population 
of Eagle County increases by as much as 26,000 when non-
residents are included in the population estimates. The number 
of individuals in this population demographic also is expected 
to increase in the future.

Colorado River headwaters to Glenwood Springs 
(Region 2). Region 2 drains approximately 3,600 mi2 of 
highly variable terrain upstream from station GLEN exclud-
ing the Eagle River Basin (table 2, fig. 2). Elevations range 
from 5,780 ft at station GLEN to 14,274 ft at Grays Peak at 
the headwaters of the Blue River near the continental divide. 
Geology in Region 2 is structurally diverse and is composed 
predominately of igneous and metamorphic rocks from the 
Precambrian Era, as well as smaller quantities of sedimentary 
shales and sandstones of mixed origin at lower elevations. 
Evaporite deposits, similar to those present in Region 1, also 
are present in Region 2 near the town of Dotsero (Chafin and 
Butler, 2002). Climate in Region 2 is semi-arid to temperate, 
with precipitation ranging from 12 in/yr near station GLEN 
to 70 in/yr near the alpine headwaters of the basin (PRISM 
Group, 2006). The economy of Region 2 is based mostly on 
agriculture, tourism, recreation, and real estate development. 
The combined population in Region 2 (population esti-
mates for Grand and Summit Counties were used to repre-
sent Region 2) was about 21,700 people in 1991, and about 
36,900 people in 2001 (State of Colorado, 2005). These esti-
mates indicate that the population in this region has increased 
by roughly 1,500 individuals per year, or 70 percent from 1991 
to 2001. This estimate does not include estimates for non-
resident communities that populate this region as part of the 
tourist industry. The Blue River Water Quality Management 
Plan (Northwest Colorado Council of Governments, 2002) 
estimates that the population of Summit and Grand Counties 
increases by as much as 100,000 when nonresident individu-
als are included in the population estimates. The number of 
individuals in this population demographic also is expected to 
increase in the future.

Roaring Fork River Basin (Region 3). Region 3 drains 
approximately 1,450 mi2 of varying terrain at region outflow 
station RF (table 2, fig. 2). Elevations range from 5,740 ft at 
station RF to 14,265 ft at Castle Peak. Geology in Region 3 is 
composed predominately of sedimentary shales and sand-
stones of mixed origin as well as extensive outcrops of Cam-
brian-aged volcanic deposits and Precambrian Era igneous 
and metamorphic rocks. Evaporite deposits, similar to those 
found in Region 1, also are present in Region 3 near the town 
of Carbondale (Chafin and Butler, 2002). Climate in Region 
3 is semi-arid to temperate with precipitation ranging from 
12 in/yr near station RF to 60 in/yr near the alpine headwaters 

Table 1.  U.S. Geological Survey streamflow-gaging stations for which 
trend tests were done for water years 1986 through 2003.

[USGS, U.S. Geological Survey; ID, identifier] 

USGS 
station 
number 
(fig. 1)

Station 
ID  

(fig. 1)
Station name

09069000 ERB Eagle River at Gypsum

09071750 GLEN Colorado River above Glenwood Springs

09085000 RF Roaring Fork River at Glenwood Springs

09095500 CAMEO Colorado River near Cameo

09152500 GUN Gunnison River near Grand Junction

09163500 SL
Colorado River near Colorado-Utah 

State Line

4    Salinity Trends in the Upper Colorado River Basin Upstream From the Grand Valley Salinity Control Unit, Colorado
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of the basin (PRISM Group, 2006). The economy of Region 
3 is based mostly on agriculture, tourism, recreation, and real 
estate development. The population in Region 3 (popula-
tion estimates for Pitkin County and the towns of Carbon-
dale and Basalt were used to represent Region 3) was about 
16,800 people in 1991 and about 27,200 people in 2001 (State 
of Colorado, 2005). These estimates indicate that the popula-
tion in this region has increased of roughly 1,040 individuals 
per year or 62 percent from 1991–2001. Population estimates 
for nonresident communities that populate this region as part 
of the tourist industry were not available at the time this report 
was written. However, it is assumed that the population of 
the area fluctuates, and often is larger than census estimates 
because the economy of the region is largely dependent on the 
tourist industry.

Colorado River Basin between Glenwood Springs 
and Cameo (Region 4). Region 4 drains approximately 
2,050 square miles (mi2) of varying terrain between Glen-
wood Springs and station CAMEO (table 2, fig. 2). Eleva-
tions range from 4,810 ft at station CAMEO to 12,061 ft at 
the summit of Elk Mountain. Geology in Region 4 is com-
posed predominately of sedimentary shales and sandstones 
of marine origin with lesser amounts of Tertiary aged volca-
nic deposits. Evaporite deposits, similar to those present in 
Regions 1 and 3, also are present in Region 4 near the town 
of Glenwood Springs (Chafin and Butler, 2002). Several 
large hot springs drain saline water from the evaporite forma-
tions in the Glenwood Springs area (Warner, 1985). These 
hot springs are a popular stop for tourists passing through the 
region. Climate in Region 4 is arid to temperate depending on 
location, with precipitation ranging from 7 in/yr near station 
CAMEO to 50 in/yr near the alpine headwaters of Battlement 
Mesa (PRISM Group, 2006). The economy of Region 4 is 

based mostly on agriculture, energy development, industry, 
and real estate development, with lesser amounts of tourism 
and recreation relative to the other regions. The population in 
Region 4 (population estimates for Garfield County were used 
to represent Region 4) was about 31,200 people in 1991 and 
about 45,500 in 2001 (State of Colorado, 2005). These esti-
mates indicate that the population in this region has increased 
by roughly 1,430 individuals per year, or 46 percent from 1991 
to 2001.

Summary of Previous Studies

Many reports published in recent decades document 
downward trends in salinity at streamflow-gaging stations 
in the study area. A brief account of some of these reports 
follows; however, the reader is encouraged to further exam-
ine each reference to fully understand the varying methods 
of trend analysis and the interpretations associated with the 
results of trend analysis. Information from the reports will be 
referred to in subsequent sections of this report for comparison 
purposes. All results from previous studies reference “flow-
adjusted” values as defined in the Study Methods section of 
this report.

Several reports have specific information related to salin-
ity trends in one or more of the aforementioned study regions. 
A study by Kircher and others (1984) reported downward 
trends in salinity load (significance level of 0.05) at station 
CAMEO on the order of 240 tons per year (tons/yr) for water 
years 1965 to 1979. Liebermann and others (1989) reported a 
downward trend in salinity load at station ERB (significance 
level of 0.01) of 1,250 tons/yr for water years 1947 to 1983. 
They also reported downward trends in salinity concentration 
at stations ERB (1947 to 1983), GUN (1934 to 1965), and SL 

Table 2.  Defined regions upstream from the Grand Valley Salinity Control Unit.

[USGS, U.S. Geological Survey; ID, identifier]

Region
(fig. 2)

Region number
USGS Station  

number at region 
outflow

Station name at 
region outflow

(station ID)

Drainage area of 
region

(square miles)

Percent area  
upstream from Grand 

Valley Unit

Eagle River Basin 1 09069000 Eagle River at 
Gypsum
(ERB)

   842 11

Colorado River  
headwaters to

Glenwood Springs  

2 09071750 Colorado River 
above Glenwood 

Springs
(GLEN)

3,600 45

Roaring Fork River 
Basin

3 09085000 Roaring Fork River 
at Glenwood Springs

(RF)

1,450 18

Colorado River Basin 
between Glenwood 
Springs and Cameo

4 09095500 Colorado River near 
Cameo

(CAMEO)

2,050 26
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(1962 to 1983) of 2.1, 2.8, and 4.8 milligrams per liter (mg/L) 
per year, respectively. No significant trends in streamflow 
were reported by Liebermann and others (1989) at any of the 
stations that had downward trends in salinity load or concen-
tration, indicating that changes to salinity sources, rather than 
streamflow volume, were controlling decreases in salinity 
load. Methods used by Liebermann are the same as those used 
for salinity load calculations and trend analysis in this report. 
Butler (1996) performed trend analysis for stations CAMEO, 
GUN, and SL for three periods: water-years 1970 to 1993, 
1980 to 1993, and 1986 to 1993. He did not test for trends at 
any stations upstream from station CAMEO. Large downward 
trends in salinity load (significance level of 0.01) at stations 
CAMEO and SL were detected on the order of 41,000 and 
62,300 tons/yr, respectively, from 1986 to 1993. The trend 
in salinity load at station CAMEO was not significant from 
1970 to 1993, indicating that salinity loads upstream from the 
Grand Valley Unit may have started decreasing in the later 
part of the 1980’s. Butler (1996) also reported sizable down-
ward trends in salinity concentration at stations CAMEO and 
SL on the order of 14.3 and 12.5 mg/L per year, respectively, 
from 1986 to 1993. Bauch and Spahr (1998) compared trend 
results from Butler (1996) to stations upstream from station 
CAMEO for the same periods. Downward trends in salinity 
load were detected at stations ERB, GLEN, and RF. Station 
ERB had significant downward trends from 1970 to 1993 and 
from 1986 to 1993. From 1970 to 1993, the rate of decrease 
was 842 tons/yr. From 1986 to 1993, the rate of decrease was 
3,330 tons/yr, which suggests that trends in salinity loads in 
the Eagle River decreased most rapidly in the late 1980’s and 
early 1990’s. Station GLEN had a significant downward trend 
from 1986 to 1993 on the order of 9,350 tons/yr. Station RF 
also had only one time period from 1970 to 1993 when there 
was a significant downward trend, which was 800 tons/yr. 
Methods used by Butler (1996) and Bauch and Spahr (1998) 
are the same as those used for salinity load calculations and 
trend analysis in this report.

Downward trends reported by Bauch and Spahr (1998) 
at locations upstream from station CAMEO accounted for 
approximately 23 percent of the annual decrease observed 
by Butler (1996) at station CAMEO from 1986 to 1993. 
Of that 23 percent, Region 1 accounted for about 8 percent 
and Region 2 accounted for about 15 percent, and Region 3 
accounted for 0 percent (no trend detected) of the decrease. 
Approximately 77 percent of the decrease reported by Butler 
(1996) at station CAMEO occurred within Region 4. Appor-
tioning the rate of trend to square miles of watershed for 
each of the four regions studied in this report indicates that 
Region 1 had a downward trend equal to 3.9 tons/year/square 
mile (tons/yr/mi2), Region 2 had a downward trend equal to 
1.7 tons/yr/mi2, and Region 4 had a downward trend equal to 
15.4 tons/yr/mi2.

Study Methods
The primary source of data for streamflow, specific con-

ductance (SC), and salinity concentration values used in these 
analyses was the USGS National Water Information System 
(NWIS, URL: http://waterdata.usgs.gov/nwis). Salinity load 
data published by the USBR (U.S. Department of the Inte-
rior, 2003) for the Colorado River above Glenwood Springs, 
Colorado station (station GLEN) also were used. These loads 
originally were calculated from salinity concentration and 
streamflow data from NWIS.

Variables discussed in this report include mean-annual 
streamflow and flow-adjusted salinity concentrations and 
loads. Mean-annual values for streamflow or salinity concen-
trations and loads represent an average of annual values. Salin-
ity loads and trends in annual salinity loads were computed for 
six sites (table 1). Trends in streamflow and salinity concentra-
tion were computed for station CAMEO. The time period used 
for all trend analysis was 1986 through 2003. The Statistical 
Analysis System (SAS) (SAS Institute, Inc., 1999) was used 
for all computations and trend tests.

As a first step in estimating annual salinity loads and 
conducting trend analysis, daily streamflow, daily SC, and 
periodic water-quality data were retrieved from NWIS for 
each site. Periodic water-quality data included concentrations 
of eight major ions (calcium, magnesium, sodium, potassium, 
silica, chloride, sulfate, and carbonate/bicarbonate expressed 
as carbonate equivalent) and dissolved solids (salinity) con-
centrations, either as residue on evaporation at 180º Celsius 
(ROE) or sum of constituents (SOC). SOC is calculated in 
NWIS and consists of the major ions plus other dissolved 
constituents, such as nutrients and trace elements if they are 
present in large enough quantities in the water. In subsequent 
steps, the preference order for salinity concentration in this 
report was SOC > ROE, as recommended by Liebermann and 
others (1987). Quality assurance of all daily streamflow, daily 
SC, and water-quality data was done using USGS approved 
methods for data evaluation (Hem, 1970; Rantz and others, 
1982; U.S. Geological Survey, 1997-present; Wagner and 
others 2000). The evaluation process includes automated and 
manual statistical evaluations by multiple reviewers.

Salinity loads were estimated using the computer pro-
gram SLOAD (Salt LOAD; Liebermann and others, 1987). 
In SLOAD, regression equations were developed to estimate 
daily salinity loads as a function of daily streamflow, and, if 
available, daily SC. Each regression equation was based on 
3 years of data. Daily salinity loads were estimated for the 
middle year of the 3-year period. Incremental 3-year groups 
of data were used to compute daily loads for each year in the 
period of analysis (1986–2003). For example, daily loads for 
1986 were computed using data from 1985 through 1987. 
Therefore, for this report, the period used in SLOAD to 
compute salinity concentrations and loads from 1986 through 
2003 was 1985 through 2004. The daily loads were summed 
by month and then water year to determine annual salinity 
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loads by water year. Daily streamflow data also were used to 
determine annual flow volume and mean-annual streamflow 
by water year. The annual loads and flow volumes were used 
to compute mean-annual salinity concentrations.

For station RF, SOC and ROE data were not available 
for all periodic samples during the 1985 through 2004 period; 
however, SC data were available for samples throughout the 
entire period. Using the SC and SOC data for 1969 through 
2004 (time period after major reservoir completion), a regres-
sion equation was established relating the two variables. For 
days in 1985 through 2004 without SOC data, the SOC was 
calculated for that date by applying the periodic sample SC 
data to the regression equation. The retrieved and calculated 
SOC data were then used in SLOAD.

For station ERB, daily streamflow from the Eagle 
River below Gypsum streamflow gage (09070000) was used 
because no daily streamflow record is available for station 
ERB. The 09070000 streamflow gage is located approximately 
450 feet downstream from station ERB. Gypsum Creek flows 
into the Eagle River between station ERB and the 09070000 
streamflow gage. Measured streamflow from Gypsum Creek 
is subtracted out of the instantaneous streamflow measured 
at the 09070000 streamflow gage to correct for differences 
in streamflow reported for discrete samples. No correction 
for daily streamflow is made because there is no continuous 
streamflow-gaging station on Gypsum Creek.

Salinity concentration typically is correlated with 
streamflow; as streamflow increases, concentrations typically 
decrease because of dilution. With this correlation, trends in 
concentrations and loads because of natural or human factors 
may be masked by variability in streamflow between water 
years. To remove the effects of streamflow variability, salin-
ity concentrations and loads were adjusted for streamflow 
before trends testing. Annual salinity loads were adjusted for 
streamflow using hyperbolic regression models (Smith and 
others, 1982). The residuals of these regression estimates are 
the annual flow-adjusted salinity loads. Salinity concentrations 
in period samples were adjusted by regression of the logarithm 
of concentration on (or with) the logarithm of streamflow and 
the square of the logarithm of streamflow. The residuals of 
these regression estimates are the annual flow-adjusted salinity 
concentrations (Smith and others, 1982; Liebermann and oth-
ers, 1989; Schertz and others, 1991).

The annual flow-adjusted salinity concentrations were 
tested for trends using a computerized procedure developed 
by the USGS called EStimate TREND (ESTREND) (Schertz 
and others, 1991). ESTREND was used to detect trends in 
flow-adjusted salinity concentration because it is designed to 
investigate trends in water-quality that have non-normal distri-
butions, seasonality, and outliers. A nonparametric test called 
the Seasonal Kendall test (Hirsch and others, 1991) is used 
in ESTREND to test for monotonic trends. This type of trend 
indicates whether or not there has been a change in a water-
quality variable of interest with time but does not specify if a 
change is linear. The Seasonal Kendall test’s null hypothesis 
is that there is no trend with time. The seasonal effects of 

variations in concentration data are addressed by computing 
the Mann-Kendall test statistics on concentrations measured 
during the same seasons, or time periods, and summing all 
results to determine the overall Kendall tau value. Salinity 
concentrations measured in March to May of one year, for 
example, would be compared only to concentrations measured 
in March to May of other years. Similarly, concentration data 
for July of one year would be compared to July data of other 
years. The number of seasons chosen for analysis does not 
necessarily correspond to climatic seasons but is based more 
on the temporal distribution of the data. For a season with 
more than one observation, the most central observation with 
respect to time for that season is used (Schertz and others, 
1991). In this study, four seasons per year were used for trend 
analysis of salinity concentrations.

The seasonal Kendall tau value measures the strength of 
the monotonic relation between two variables. A tau value of 
zero indicates no trend. As the absolute value of tau increases, 
it is more likely that a trend is present. The p-value and trend 
slope are computed as part of the seasonal Kendall test. The 
p values are adjusted for serial correlation, because succes-
sive residuals in a time series are not entirely independent of 
one another. The trend slope, computed using methods of Sen 
(1968), equals the median slope of all pair-wise comparisons 
of concentration data (the difference between two concentra-
tion values divided by the time in years) between the two 
values. As such, trend slopes computed using the seasonal 
Kendall test are not directly comparable among stations 
(Butler, 1996). The trend slope is reported as the change in 
original units per year and as a percent of mean concentra-
tion (slope in original units divided by the mean times 100). 
For log-transformed data, such as the flow-adjusted salinity 
concentrations in this report, the slope in original units is 
computed using the expression ‘eb minus 1’ times the mean 
concentration. The coefficient b is the seasonal Kendall slope 
estimate in natural logarithm units. The percent rate of change 
for log-transformed data is computed using the expression 
‘eb minus 1’ times 100.

 Annual flow-adjusted salinity loads were tested for 
trends using linear-regression, a parametric method involving 
the regression of the loads on (or with) time. This method was 
chosen for purposes of maintaining consistency and compara-
bility to previous salinity trends reports and also because the 
total change in tons can be reported and compared. Originally, 
the method was chosen by Butler (1996) because parametric 
statistics can be more powerful and straightforward to interpret 
if the residuals are normally distributed (Hirsch and others, 
1991). Butler (1996) also reported that slopes calculated using 
the seasonal Kendall test are not that informative for mak-
ing direct comparisons between stations, especially for slope 
estimators for log-transformed data. No comparisons between 
slope trends for annual flow-adjusted salinity concentration 
are made in this report; however, slope trends for annual flow-
adjusted salinity load are compared and so the linear regres-
sion method was used.
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The null hypothesis of the trend test is that there is no 
change in annual flow-adjusted salinity load with time. An 
upward trend is indicated by a statistically significant positive 
slope, and a downward trend is indicated by a statistically sig-
nificant negative slope. The p value, the attained significance 
level of the test, was computed with each analysis. The p-value 
is a measure of statistical significance of the probability of 
rejecting the null hypothesis. Smaller p-values indicate that 
there is an increased probability that a trend is present. For 
this report, trends were considered statistically significant at 
p values of 0.05 or less.

The adjustment of salinity concentrations and loads for 
seasonal effects of streamflow may not remove all seasonality. 
To account for this and as an additional measure for under-
standing trends in salinity loads and concentrations at station 
CAMEO, trend analysis of annual streamflow was conducted 
for this site using linear regression. No adjustments to the 
streamflow data were made before the trend analysis.

As an additional step in interpreting results of the trends 
testing, LOWESS (LOcally WEighted Scatterplot Smoothing) 
(Cleveland, 1979) lines were graphed. The LOWESS tech-
nique is a robust procedure that uses weighting functions with 
least squares regression to minimize the effect of data outliers 
in fitting a smooth line to the data. A LOWESS smooth line 
provides information on short-term changes in water-quality 
data, and may be highly nonlinear because of the procedures 
used to develop the line. For each application of LOWESS, a 
smoothing factor of 0.5 was used.

Additional descriptions of methods used for load com-
putations, flow adjustment, and trend analysis are available 
in Vaill and Butler (1999), Butler (1996), and Schertz and 
others (1991).

Annual Streamflow, Salinity Load, and 
Salinity Concentration, 1986–2003

Streamflow

Typically, streamflow volumes in the Colorado and Gun-
nison Rivers are highest in the spring when snowmelt occurs, 
and lowest when baseflow conditions exist in the winter. 
Commonly, however, some streamflow is stored or diverted 
for agricultural, industrial, and residential needs, which alters 
the natural cycle of snowmelt and rainfall runoff. Thus, annual 
streamflow volumes at each station do not necessarily reflect 
those that existed before human development.

Annual streamflow volumes at the six stations ranged 
from about 184,000 acre feet (acre-ft) at station ERB in 2002 
to about 7.5 million acre-ft at station SL in 1986 (table 3). 
Streamflow volumes tended to be smaller at the end of the 
1986 to 2003 period (fig. 3). This is because of above average 
snowpack in the early to mid 1980’s, and drought conditions 

in the late 1990’s and early 2000’s. Data for the period 1986 to 
2003 begin one year after the wettest period on record (highest 
annual-mean streamflow at station CAMEO of 7,605 ft3/s dur-
ing water year 1984) in the Colorado River Basin and end with 
one of the driest periods ever recorded (lowest annual-mean 
streamflow at station CAMEO of 1,751 ft3/s, water year 2002, 
USGS) (U.S. Geological Survey, 2002).

 Mean-annual streamflow volumes for each region ranged 
from 0.32 million acre-ft from Region 4 to about 1.05 million 
acre-ft from Region 2 for the 1986 to 2003 period. Regions 
1 and 3 yield 0.39 and 0.83 million acre-ft/yr of streamflow, 
respectively. Mean-annual streamflow volumes calculated 
for Regions 2 and 4 accounted for the inflow volumes from 
upstream regions. For example, Region 4 was calculated by 
subtracting the mean-annual streamflow volume from Regions 
1, 2, and 3 from the mean annual streamflow volume at station 
CAMEO (this is equivalent to subtracting the mean-annual 
streamflow volumes from stations GLEN and RF). All four 
regions combine to account for approximately 60 percent 
of the mean-annual streamflow at station SL, with Region 2 
alone accounting for the highest percentage at approximately 
24 percent.

Salinity Load

Salinity load is a function of the combined properties of 
streamflow and salinity concentration. Thus as streamflow and 
concentrations vary, so does salinity load. Although salinity 
loads in the Colorado and Gunnison Rivers tend to be highest 
during high streamflow, a large part of the annual load occurs 
during baseflow. This is primarily because of ground-water 
return flows that drain irrigated areas with soils that are high 
in salinity. Irrigation return flows generally have a higher 
salinity concentration than the applied water because of the 
effect of salt dissolution in the soil and subsurface materials, 
and the concentrating effect of evapotranspiration (Vaill and 
Butler, 1999).

Variation in annual salinity load among stations ranged 
from about 100,000 tons/yr at station ERB in 2002 to more 
than 4.4 million tons/yr at station SL in 1986 (table 3). Annual 
salinity loads tended to be lower at the end of the 1986 to 
2003 period, following the similar pattern in streamflow. 
Regional estimates were calculated using the station infor-
mation to indicate the flux of salinity load in each region. 
Mean-annual salinity loads for Regions 2 and 4 (fig. 2) 
were calculated by subtracting incoming salinity loads from 
upstream regions from the outgoing salinity loads. There-
fore, just the salinity picked up in an individual region is 
reported. Mean-annual salinity loads from each region ranged 
from about 140,000 tons/yr from Region 1 (station ERB) 
to 572,000 tons/yr from Region 4 (station CAMEO minus 
stations GLEN and RF) from 1986 through 2003. Regions 3 
(station RF) and 2 (station GLEN minus station ERB) yielded 
270,000 and 387,000 tons/yr, respectively. All four regions 
combined accounted for approximately 47 percent of the total 
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salinity load at station SL, with the highest loading region 
(Region 4) accounting for approximately 20 percent.

Salinity Concentration

Salinity concentrations generally are highest during low 
streamflow, which typically occurs in winter. Like streamflow, 
the natural cycle of salinity concentration in the Colorado and 
Gunnison Rivers has been altered by human activities such as 
agriculture, industry, and residential development. As a result, 
the correlation of salinity to streamflow is more complex 
because the timing at which salinity is mobilized to streams is 
altered from the natural cycle. This shift in timing can nega-
tively affect salinity concentrations estimated by SLOAD. 
To account for these complexities, continuous SC data are 
collected as a surrogate for salinity. Continuous SC data were 
used to estimate salinity concentrations and loads for all sta-
tions except station ERB after 1995.

Annual-mean salinity concentrations at the six stations 
ranged from 175 mg/L at station RF in 1995 to 823 mg/L 
in 1990 (table 3) at station GUN. Mean-annual salinity 
concentrations at the four stations near the outflow of each 
region (table 2, fig. 2) ranged from 251 mg/L at station RF 
to 411 mg/L at station CAMEO from 1986 through 2003. 
Stations ERB and GLEN had concentrations of 277 and 
283 mg/L, respectively. An analysis of concentration by region 
indicates the degree to which concentrations in Regions 2 and 
4 are affected by upstream regions. The mean-annual salinity 
concentration in runoff from Regions 2 and 4 was calculated 
using the following equation:

	 C = L/(Q*k), 	 (1)

where
	 L	 is the mean-annual salinity load, in tons per 

year, at the outflow site for the region of 
interest (defined in the following section) 
minus the mean-annual salinity load from 
upstream regions;

	 Q	 is the mean-annual streamflow volume, 
in acre feet, at the outflow site for the 
region of interest minus the mean-annual 
streamflow volume from upstream regions;

	 k	 is the constant (0.00136) used to convert units 
into milligrams per liter;

and
	 C	 is the calculated mean-annual salinity 

concentration, in milligrams per liter, for 
the region of interest.

The calculated values indicate that mean annual salinity 
concentration was 287 mg/L in Region 2 and 1,620 mg/L in 
Region 4. Because the mean-annual concentrations at sta-
tions GLEN and ERB are approximately the same, there is 
only a small increase in the mean annual concentration in 
Region 2 relative to the mean annual concentration of 283 
mg/L at station GLEN. The calculated mean annual concentra-
tion for Region 4; however, is substantially greater than that 
of station CAMEO (411 mg/L) indicating that dilution from 
the Regions 1, 2, and 3 plays an important role in controlling 
salinity concentration upstream from the Grand Valley Unit.

Salinity Trends in the Upper Colorado 
River Basin Upstream from the Grand 
Valley Salinity Control Unit

As previously mentioned, historical studies show down-
ward trends in salinity concentrations and loads upstream from 
the Grand Valley Unit. In previous studies it was determined 
that the highest rate of decrease occurred from 1986 through 
1993. The 1986 to 2003 period was tested in this report to 
determine if the trends reported in the previous study are still 
“in effect” and if the rate of change is changing. The results of 
trend testing are provided in this section and the factors poten-
tially affecting trends in annual salinity loads in the Colorado 
River upstream from the Grand Valley Unit are discussed in 
subsequent sections.

Temporal Trends in Annual Flow-Adjusted 
Salinity Loads by Region

Trends in annual flow-adjusted salinity load were tested 
for the six streamflow-gaging stations from 1986 through 
2003. The results for each station are shown in table 4. The 
trend-slope value from table 4 indicates the average rate (tons 
per year) that salinity load is changing annually (a downward 

Figure 3.  Annual streamflow volume at U.S. Geological Survey 
streamflow-gaging station 09095500, Colorado River at Cameo (CAMEO), 
for water years 1986 through 2003.
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trend is preceded by a minus sign). Listed in table 4 is the 
trend slope as a percent of mean annual load and as a percent 
of the trend slopes at stations SL and CAMEO to facilitate 
comparing the contributions from areas upstream from a given 
station or region. Regional estimates of trend slope were cal-
culated for Regions 2 and 4 by subtracting trend slopes from 
upstream basins (Region 2 minus Region 1; Region 4 minus 
Regions 2 and 3).

Trend slopes at all six stations were downward and 
significant at or below the 5 percent level (p value of less 
than or equal to 0.05 from table 4) from 1986 through 2003. 
The trend analysis indicates that approximately 27 percent 
of the decrease in salinity at station SL is a consequence of 
reductions in salinity upstream from the Grand Valley Unit 
(station CAMEO). This percentage is comparable to the 
28 percent decrease from the Gunnison River Basin (station 
GUN), where salinity control projects have been implemented 
by the NRCS and the USBR. For the 1986 to 1993 period, 
Butler (1996) reported no trend for station GUN and a much 
larger trend slope (-41,000 tons/yr) at station CAMEO, which 
is equal to about 66 percent of the decrease observed at station 
SL (table 4). These results indicate that the rate of trend had 
changed after 1993 at stations GUN, CAMEO, and SL.

To aid in the interpretation of the temporal trends at 
each station, the data were examined graphically, using the 
LOWESS smoothing technique. A LOWESS line was fitted 
to the annual flow-adjusted salinity load estimates (residuals) 
from SLOAD for the period of 1986–2003 for each station on 
figure 4. The residuals represent the annual departure (posi-
tive or negative) for the flow-adjusted annual salinity load 
estimates. A residual of zero would indicate that the annual 
flow-adjusted salinity load matches the annual salinity load 
estimate from SLOAD for a given year, a positive residual is 
more than what was expected, and a negative residual is less. 
The LOWESS plots for all six stations show that annual flow-
adjusted salinity loads were highest at the beginning of the test 
period, decreased until about 1995 to 1997, and then began to 
level off. Butler (1996) reported moderate increases in salinity 
load during wetter periods despite flow adjustment; therefore, 
one would expect that the annual flow-adjusted salinity loads 
might increase during the mid 1990’s (wettest period) and 
decrease during the early 2000’s (driest period). However, 
based on the LOWESS lines in figure 4, flow adjusted salinity 
loads at the majority of sites decreased in the early 1990’s 
and were relatively stable in the mid to late 1990’s and early 
2000’s. These results indicate that the factors affecting salin-
ity loads on a regional scale were not limited to climate from 
1986 through 2003.

Trend slopes for each region were different from 1986 
through 1993 and 1986 through 2003. Region 1 had trend 
slopes of -3,330 tons/yr and -1,230 tons/yr from 1986 through 
1993 and 1986 through 2003, respectively. From 1986 through 
1993, a slightly higher percentage of the trend slope at sta-
tions SL relative to 1986 through 2003 was accounted for. 
Region 2 had trend slopes of -6,020 and -940 tons/yr from 
1986 through 1993 and 1986 through 2003, respectively. From 

1986 through 1993, a higher percentage of the trend slope at 
station CAMEO and a much higher portion of the slope at SL 
relative to the 1986 through 2003 period were accounted for. 
These differences indicate salinity loads from Regions 1 and 2 
were decreasing at a slower rate from 1993 through 2003 than 
during the 1986 to 1993 period. Thus, the factors affecting 
salinity trends in Regions 1 and 2 are changing or no longer 
exist. Overall, contributions to the trend in salinity load at SL 
were similar from Regions 1 and 2 for both periods. There 
was not a significant trend in annual flow-adjusted salinity 
load in Region 3 from 1986 to 1993, therefore the trend slope 
is assumed to equal zero for that period. There was, how-
ever, a significant trend in annual flow-adjusted salinity load 
from 1986 through 2003 in Region 3, and the trend slope was 
-1,580 tons/yr. Region 4 had trend slopes of -31,650 tons/yr 
(assuming the trend slope at station RF is zero for the 1986 to 
1993 period) and -6,950 tons/yr from 1986 through 1993 and 
1986 through 2003, respectively. The trend slope from 1986 
through 1993 was considerably steeper than the trend slope 
from 1986 through 2003, indicating that the trend in salinity in 
Region 4 was decreasing at a slower rate from 1993 through 
2003 relative to 1986 through 1993.

The 1986 to 1993 period may have had an artificially 
inflated slope value in Region 4 due to the fact that no trend 
was detected in Region 3. The failure to detect a trend in 
Region 3 by Bauch and Spahr (1998) does not necessarily 
mean that a downward trend did not exist, but rather that a 
trend was not detected. If a downward trend did exist but was 
not detected it would cause any portion of the downward trend 
at station CAMEO that was undetected from Region 3 to be 
attributed to Region 4. The methods used to estimate annual 
salinity loads for this report differed somewhat from those 
used by Bauch and Spahr (1998), in that SOC values used 
for the SLOAD computations were estimated using a regres-
sion of daily SC on SOC (see methods section). Bauch and 
Spahr (1998) used periodic data from STORET to estimate 
annual loads in SLOAD. A trend analysis was done from 1986 
through 1993 for the data used in this report because there 
appears to be a trend in the flow adjusted loads at station RF 
as shown in figure 4. The trend analysis from 1986 through 
1993 flow adjusted loads (not listed in table 4) was done using 
linear regression as a means to determine what, if any, portion 
of a trend in Region 4 needed to be attributed to Region 3. The 
results indicated a significant trend (p <.05) and that approxi-
mately 15 percent of the trend slope in annual flow-adjusted 
salinity load at Region 4 should be attributed to Region 3 
from 1986 through 1993. Despite this, the percent of trend 
slope accounted for by Region 4 at stations CAMEO and SL 
was roughly twice that of the other three regions combined. 
These results indicate that Region 4 plays a substantial role 
in controlling salinity trends upstream from the Grand Valley 
Unit. The results published by Bauch and Spahr (1998) were 
used for comparison purposes in this report because there is 
no strong evidence to reject their analysis. The reader, how-
ever, should note that there may have been a downward trend 
in annual flow-adjusted salinity load from Region 3, which 
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would have affected the magnitude of the calculated trend 
slope for Region 4 from 1986 through 1993.

The total change in flow-adjusted salinity load from 
1986 through 1993 and 1986 through 2003 are presented 
in table 4. The data indicate that regions 1, 2, and 4 had a 
larger total decrease from 1986 through 1993 than from 1986 
through 2003 meaning that some of the decreases in salin-
ity load realized from 1986 through 1993 may have been 
offset by increases in salinity load after 1993. Station GUN 
and the Grand Valley Unit, however, both showed that the 
total change in flow-adjusted salinity load was larger from 
1986 through 2003 (fig. 4), meaning salinity loads from these 
areas continued to decline and were not offset by increases in 
salinity load after 1993 to the degree that other regions were. 

The Gunnison River Basin and the Grand Valley Unit had a 
substantial effect on the downward trend in salinity at station 
SL from 1986 through 2003. The combined total decrease 
in salinity load from the Gunnison River Basin (measured at 
station GUN) and the Grand Valley Unit (calculated as station 
SL minus stations CAMEO and GUN) was approximately 
524,000 tons from 1986 through 2003. This was likely due in 
part to the ongoing and extensive amount of salinity control 
work done by the USBR and NRCS in agricultural areas in 
the Lower Gunnison and Grand Valley Salinity Control Units 
(fig. 1). Extensive salinity control work began in the Grand 
Valley in the early 1980’s and in the late 1980’s in the Lower 
Gunnison Unit.

Table 4.  Monotonic trends in annual flow-adjusted salinity load for streamflow-gaging stations and regions upstream from the Grand Valley  
Salinity Control Unit, for various periods.

[ID, Identifier; Trend slope, the rate that salinity load is changing in tons per year–negative value indicates a downward trend; percent, the trend slope 
expressed as percent of the mean-annual load; p value, probability of erroneously reporting an existing trend; Total change for period, total decrease in salin-
ity load in tons for given period; NA, not applicable; NT, not trend; <, less than]

Station ID 
(fig. 1)  

Region 
(fig. 2)

Average 
trend slope  

(tons/yr)
Percent p value

Percent of trend 
slope at station 

SL

Percent of trend 
slope at station 

CAMEO

Total change
for period

 (tons)

1986–2003 

ERB Region 1     -1,230 -0.88 0.011 3.1 11 -22,100

GLEN     -2,170 -.41      .05 5.5 20 -39,100

RF Region 3     -1,580 -.58 .013 4.0 15 -28,400

CAMEO   -10,700 -.78 .009 27 100 -192,600

GUN   -11,200 -1.01 <.001 28 NA -201,600

SL   -39,800 -1.38 <.001 100 NA -716,400

Region 21 -940     -.24 NA 2.4 9.0 -16,900

Region 41 -6,950  -2.5 NA 17 65 -125,100

Grand Valley Unit1 -17,900  -4.3 NA 45 NA -322,200

1986–1993 Data from Bauch and Spahr (1998)

ERB Region 1     -3,330   -2.35 .028 5.3 8.1 -26,640

GLEN                   -9,350   -1.77 .022 15 23 -74,800

RF Region 3 NT NT      .842 NA NA NA

1986–1993 Data from Butler (1996)

CAMEO   -41,000     -2.95 <.001 65 100 -328,000

GUN  NT      NT  .413  NA NA NA

SL   -62,300     -2.02 .003 100 NA -498,400

Region 21     -6,020  -1.51 NA 9.7 15   -48,160

Region 41 -31,650      -5.18 NA    51       77 -253,200

Grand Valley Unit1 -21,300   -.69 NA 34 NA -170,400

1Calculated value, no trend analysis.
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Figure 4.  LOWESS smooth curves of flow-adjusted salinity load at streamflow-gaging stations for water years 1986 through 2003.
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The period of record may be affecting the results of 
trend analysis due to the parametric nature of linear regres-
sion. Because the trend slopes at all sites deviate from a linear 
distribution to some degree, the total decrease in salinity 
load from 1986 through 2003 (table 4) will have an increased 
margin of error associated with it and should not be used to 
forecast future decreases in salinity loads. The linear method 
of analysis for salinity loads was used in this report so that the 
current results could be compared to those of previous stud-
ies in an attempt to demonstrate the relative change in trend 
slopes during the initial 1986 to 1993 period and the extended 
period from 1986 to 2003.

Temporal Trends in Salinity Concentrations, 
Selected Individual Ion Concentrations, 
and Streamflow at U.S. Geological Survey 
Streamflow-Gaging Station CAMEO

Trends in salinity concentration and streamflow were 
tested at station CAMEO, the outflow site for Region 4, to 
determine if salinity concentration, streamflow, or both are 
controlling salinity loads upstream from the Grand Valley Unit 
(table 5). For example, downward trends in salinity concentra-
tion may indicate source changes, including changes caused 
by salinity control work, whereas downward trends in stream-
flow may indicate changes in transbasin diversions, reservoir 
storage, or climatic fluctuations. Test of trends in concentra-
tion of individual ions were included as potential indicators of 
what sources (based on mineral composition) may be control-
ling trends in the upper Colorado.

No significant trend in streamflow from 1986 through 
2003 was detected at station CAMEO; however, a significant 
downward trend in salinity concentration was detected. The 
trend slope indicates that salinity concentration is decreasing 
at a median rate of about 3.54 milligrams per liter per year 
(mg/L/yr). These findings indicate that decreasing salinity 
concentration is controlling the downward trend in salinity 
load upstream from the Grand Valley Unit at station CAMEO. 
Five major ions (calcium, magnesium, sodium, sulfate, and 
chloride) were tested for trends. The results indicate that pro-
cesses within source areas with rock and soil types (or other 
unidentified sources) bearing calcium, sulfate, and magnesium 
had the largest effect on the downward trend upstream from 
station CAMEO. Rock and soil types that may be associated 
with these ions are prolific and not limited spatially to any 
specific region upstream from station CAMEO. Gypsum (cal-
cium sulfate) and halite (sodium chloride), which are locally 
associated with the Mancos Shale, Green River, and Eagle Val-
ley Evaporite Formations, occur in all four regions. Dolomite 
(calcium magnesium carbonate), which is locally associated 
with the Dyer and Manitou Dolomite Formations, occurs 
in Region 4 near Glenwood Springs. Downward trends in 
salinity concentration appear to be caused by changes occur-
ring in Region 4 based on the trend analysis of the individual 
ions. Chafin and Butler (2002) reported that approximately 

60 percent of the halite that occurs as salinity in the Colorado 
River at station CAMEO is sourced from the Eagle Val-
ley Evaporite Formation, which is situated predominately 
in Regions 1, 2 and 3. If the downward trend was caused by 
changes that occurred to the Eagle Valley Evaporite in Regions 
1, 2, and 3, it is unlikely that the constituents that comprise 
gypsum would have a downward trend and the constituents 
that comprise halite would not. Therefore, the downward trend 
in gypsum was most likely caused by changes in gypsum 
sources that originate from the Mancos Shale and Green River 
Formations in Region 4.

Factors Potentially Affecting Trends in 
Annual Salinity Loads in the Colorado 
River Upstream from the Grand Valley 
Salinity Control Unit

Several possible explanations for decreases in salinity 
concentrations and loads upstream from the Grand Valley 
Unit have been documented in previous studies. Most notable 
is a study by Bauch and Spahr (1998), who suggest that the 
observed trends may be the result of one or more factors 
including channel evolution, decreasing salinity load from 
ground-water sources, and land-use changes. While it is hard 
to pinpoint the exact factor or combination of factors affecting 
decreases in salinity loads, an effort is made in this section to 
determine the most likely explanation.

Table 5. Monotonic trends in annual streamflow and flow-adjusted 
salinity and selected major ion concentrations, for streamflow-gaging 
station Cameo 09095500 (CAMEO), water years 1986 through 2003.

[ft3/s, cubic feet per second; mg/L/yr, milligrams per liter per year; NT, no 
trend; p value, probability of erroneously reporting an existing trend; per-
cent, the trend slope expressed as percent of the median-annual concentra-
tion; Trend slope, the rate that streamflow (average) or annual flow adjusted 
salinity concentration (median) is changing per unit per year; <, less than]

Variable 
tested

Streamflow, annual flow-adjusted salinity  
concentration, and major ions

Trend slope  
( ft3/s or mg/L/yr)

Percent p value

Streamflow -24.8 -1.05 0.382 (NT)

Salinity -3.54  -.73 <.001

Calcium -.41 -.70 <.001

Magnesium -.19 -1.35 <.001

Sodium -.058 -.65 .004

Sulfate -2.00 -1.80 <.001

Chloride -.003 -.002 969 (NT)
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Channel Evolution

Channel evolution is thought to be a contributing fac-
tor to reduced salinity loads because of the recent (last 50 to 
60 years) decline in the rate of arroyo development or down-
cutting in salt bearing bedrock of the Colorado Plateau (Gellis 
and others, 1989; Bauch and Spahr, 1998). The decrease in 
erosion may be due in part to the stabilization of channels by 
phreatophyte colonization or to partial equilibrium between 
stream channels and irrigation return flows. Phreatophyte 
colonization would stabilize the banks of arroyos and slow the 
erosion process. Greater equilibrium between stream chan-
nels and irrigation return flows has most likely occurred as 
a result of time and reduced spillage and field runoff from 
improved irrigation systems. Gellis and others (1989) suggest 
a large-scale hydrologic pattern may play a role in sediment 
yield based on analogs from the late Holocene period, which 
indicated episodic arroyo development and subsequent chan-
nel stabilization and sediment storage. Evaluation of trends 
in sediment load upstream from the Grand Valley Unit was 
beyond the scope of this report; therefore, it is not known 
whether sediment loads in any of the four regions actually 
are decreasing.

Ground-Water Inflows

Ground-water inflows to the Colorado River account for 
the majority of streamflow and salinity to the system. Warner 
and others (1985) reported that baseflow contributes 76 per-
cent of the total streamflow in the Colorado River upstream 
from Glenwood Springs, and about 87 percent of the total 
streamflow in the Colorado River from Glenwood Springs 
to the outflow of the Grand Valley Unit. Warner and others 
(1985) also reported that the baseflow contributions account 
for most of the salinity load in the Colorado River. Because 
ground water contributes the vast majority of salinity load to 
the Colorado River, it is conceivable that the downward trends 
in salinity concentration and load observed upstream from the 
Grand Valley Unit are a direct result of changes in ground-
water contributions. In agricultural areas, most of the ground 
water is derived from deep percolation and seepage. Deep 
percolation occurs when excess irrigation water is applied 
and seepage occurs from unlined irrigation water delivery 
systems (canals, laterals, and on-farm delivery ditches). Deep 
percolation and seepage move as ground water toward and 
into streams and mobilize salts in the process. Ground-water 
inflow to streams also comes from natural sources such as 
saline springs that drain evaporite and saline bedrock forma-
tions in all four regions. Dissolution of evaporite formations 
account for approximately 60 percent of the salinity in the 
Colorado River upstream from the Grand Valley Unit (Chafin 
and Butler, 2002). Downward trends in salinity load in the 

Colorado River upstream from the Grand Valley Unit may 
have resulted from changes to flow paths or leachable salts in 
the evaporite formations. Investigation into possible changes in 
evaporite formations was beyond the scope of this report, and 
would most likely require some level of field investigations 
and a more extensive network of streamflow-gaging stations to 
monitor trends near evaporite springs and outcrops.

Several government programs, such as the USDA-Farm 
Services Agency, Agricultural Conservation Program (ACP), 
the USDA Interim Environmental Quality Incentives Pro-
gram (Interim EQIP), and USDA EQIP programs all provided 
landowners with cost-share incentives to make irrigation 
system improvements. These programs were available to land 
owners during the 1986–2003 period and including irrigated 
areas upstream from the Grand Valley Unit. These improve-
ment programs were not specifically for salinity control, but 
to improve overall water quality and to make efficient use of 
limited water supplies. These programs also had the added 
benefit of reducing salt mobilization because deep percola-
tion and seepage were reduced. The NRCS estimates that 
approximately 25 percent of irrigated land upstream from the 
Grand Valley Unit was improved (more efficient irrigation 
systems and lined water delivery systems) under the ACP, 
Interim EQIP, and regular EQIP programs or as part of a pri-
vate endeavor (Dennis Davidson, NRCS, oral commun., 2005) 
from 1986 through 2003.

The estimated annual reduction in ground water salinity 
loading (if any) that resulted from the salinity control work 
in Region 4 was calculated using information provided by 
the NRCS. In Region 4, the region with the highest salinity 
load and largest downward trend, there are approximately 
53,000 acres of irrigated land, of which the NRCS estimates 
25 percent have been improved as of 2003. This amounts to 
approximately 13,250 acres improved. A study done by the 
NRCS (2005) for the Silt Project (not shown in fig. 2 but 
located near the town of Silt in Region 4) reported that about 
2 tons per irrigated acre are contributed to the Colorado River 
each year from the project area. The study also reported that 
there would be a reduction in salinity load of approximately 
28 percent from the project area after irrigation system 
improvements were installed. When these numbers are used to 
estimate reductions in salinity load for 25 percent of irrigated 
lands in Region 4, the estimated reductions equate to roughly 
7,400 tons. This amount of salinity reduction is equal to about 
5.9 percent of the total decrease in salinity load that occurred 
from 1986 through 2003 in Region 4 (125,000 tons or about 
6,950 tons/yr, table 4). It is possible that the reduction in salin-
ity load from salinity control projects was underestimated. 
It is likely that other factors are controlling salinity load 
upstream from the Grand Valley Unit. No data were available 
to estimate salinity load reductions from ACP, Interim EQIP, 
and regular EQIP programs in the other regions; therefore, no 
reduction estimates were made.
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Land-Use Changes

Salinity loads in the Colorado River may be affected by a 
change in land use from agricultural to residential or industrial 
settings. Irrigation return flow picks up salts as it percolates 
through soluble formations. These salts are carried along in 
the ground-water flow system until they are discharged into 
streams (Bauch and Spahr, 1998). In the event that agricultural 
land is converted to a residential or industrial use, it is possible 
that the amount of water that percolates into the ground (and 
subsequently picks up salts and discharges them into streams) 
will decrease, because there is less irrigated land and therefore 
less irrigation water applied. It is assumed for this discussion 
that the area of irrigated land will decrease because of road 
construction and housing developments. Although the actual 
decrease (if any) in water applied is not known, an inference 
can be made about land-use conversion based on the number 
of irrigated acres in production over time using a geographic 
information system (GIS). The inference is that as land is con-
verted from an agricultural setting to a residential or industrial 
setting, the number of irrigated acres decreases; therefore, if 
no decrease in irrigated land is observed, it is assumed that no 
land-use change (or change in salinity load) has occurred.

Data for a GIS analysis are available for determining how 
many acres of irrigated land existed in Region 4 in 1993 and 
in 2000 (Techni Graphic Systems, Inc., 2003). Irrigated lands 
data for Regions 1 through 3 also were available; however, 
only Region 4 was investigated because it was the region 
with the highest salinity load and largest downward trend. In 
Region 4, approximately 53,680 acres were irrigated in 1993, 
and approximately 54,670 acres were irrigated in 2000. Some 
degree of error is associated with the GIS data used to estimate 
irrigated acres in Region 4, primarily because of the impre-
cise nature of remotely sensing vegetation/crop types using 
spectral imaging. However, because the data indicate a small 
increase in irrigated acres, it was assumed that the number of 
irrigated acres probably was not decreasing. No decrease in 
the amount of irrigated land from 1993 to 2000 in Region 4 
indicates either that there was no change in land use, or that 
land use change did not decrease the amount of irrigated land 
in Region 4 during that period. Thus, the downward trends 
in salinity load from 1993 to 2000 would not be the result of 
land-use change even though population estimates indicate 
that the population in Region 4 had increased by 46 percent 
from 1991 to 2001. It is possible that previously unirrigated 
portions of Region 4 were the setting for any new develop-
ment that occurred. If this were the case, the new development 
on previously unirrigated land may have caused an increase 
in salinity loads, which in turn offset other factors that were 
causing salinity loads to decrease. This scenario may help 
explain why trends in flow-adjusted salinity load decreased 
at a slower rate during the latter portion of the 1986 to 2003 
period, but does not explain why flow-adjusted salinity loads 
were decreasing at a relatively higher rate during the early part 
of the period (fig. 4, Colorado River near Cameo, Colorado).

Summary and Conclusions
The U. S. Geological Survey has completed extensive 

studies and research in the Grand Valley Salinity Control Unit 
in Colorado that provide information to aid the U.S. Bureau of 
Reclamation and the Natural Resources Conservation Service 
in determining where salinity control work may provide the 
best results, and to what extent salinity control work was effec-
tive in reducing salinity concentrations and loads in the Colo-
rado River. Reports published by the U. S. Geological Survey 
indicate that salinity concentrations and loads are decreasing 
below the Grand Valley Salinity Control Unit, and that the 
decreases are likely the result of salinity control work. Several 
reports also document decreasing salinity levels upstream from 
the Grand Valley Salinity Control Unit. As a result of those 
previous findings, the U.S. Bureau of Reclamation entered 
into a cooperative agreement with the U. S. Geological Survey 
to investigate salinity trends in selected areas bracketing the 
Grand Valley Salinity Control Unit and regions upstream from 
the Grand Valley Salinity Control Unit.

Six streamflow-gaging stations and four regions upstream 
from the Grand Valley Salinity Control Unit were selected for 
evaluation based on unique features that control hydrology 
and salinity, and on streamflow-gaging-station location. The 
regions are the Eagle River Basin (Region 1), Colorado River 
headwaters to Glenwood Springs (Region 2), the Roaring Fork 
River Basin (Region 3), and the region between Glenwood 
Springs and Cameo along the main-stem of the Colorado 
River (Region 4). It was determined in previous studies that 
the highest rate of downward trend upstream from the Grand 
Valley Salinity Control Unit occurred from 1986 through 
1993. Data from 1986 through 2003 were used in this study 
to determine if the trends reported in previous studies are still 
present and if the rate of trend is changing.

 Mean-annual streamflow volumes from each region 
ranged from 0.32 million acre-ft from Region 4 to about 
1.05 million acre-ft from Region 2 for the 1986–2003 period. 
All four regions combined account for approximately 60 per-
cent of the mean-annual streamflow at the Colorado River near 
Colorado-Utah State Line streamflow-gaging station (station 
SL) with Region 2 alone accounting for the highest percentage 
at approximately 24 percent.

Mean-annual salinity loads from each region ranged 
from 140,000 tons/yr from Region 1 to 572,000 tons/yr from 
Region 4 from 1986 through 2003. All four regions combined 
account for approximately 47 percent of the total salinity 
load at station SL with the highest loading region (Region 4) 
accounting for approximately 20 percent.

 Mean-annual salinity concentrations at the four stream-
flow-gaging stations near the outflow of each region ranged 
from 251 mg/L at the Roaring Fork River at Glenwood 
Springs streamflow-gaging station (station RF) to 411 mg/L 
at the Colorado River near Cameo streamflow-gaging sta-
tion (station CAMEO) from 1986 through 2003. Regional 
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estimates for mean-annual salinity concentration are 287 mg/L 
in Region 2 and 1,620 mg/L in Region 4.

Salinity trends for the 1986 to 2003 period were deter-
mined for the six streamflow-gaging stations. Trend slopes 
at all six stations were downward and significant at or below 
the 5 percent level. The salinity trend analysis indicates that 
approximately 27 percent of the salinity decrease at station 
SL is because of reductions upstream from the Grand Valley 
Salinity Control Unit. Previous studies reported no trend for 
the Gunnison River near Grand Junction streamflow gaging-
station (station GUNN) for the 1986 to 1993 period, and a 
much larger trend slope (-41,000 tons/yr) at station CAMEO, 
which is equal to about 66 percent of the decrease observed 
at station SL. These results indicate that the rate of trend had 
changed after 1993 at stations GUN and CAMEO.

To aid in the interpretation of the temporal trends at 
each station, graphical examination of the data also was done 
using the LOWESS smoothing technique. The LOWESS plots 
showed that flow adjusted salinity loads at the majority of sites 
decreased in the early 1990’s and were relatively stable in the 
mid to late 1990’s and early 2000’s.

Trend slopes for each region were different for the 1986 
to 1993 and 1986 to 2003 periods. Region 1 had trend slopes 
of -3,330 tons/yr and -1,230 tons/yr for the 1986 to 1993 
and 1986 to 2003 periods, respectively. From 1986 through 
1993, a slightly higher percentage of the trend slope at sta-
tion SL relative to 1986 through 2003 was accounted for. 
Region 2 had trend slopes of -6,020 and -940 tons/yr from 
1986 through 1993 and 1986 through 2003, respectively. 
From 1986 through 1993, a higher percentage of the trend 
slope at station CAMEO and a much higher portion at SL 
relative to the 1986 to 2003 period was accounted for. These 
differences indicate salinity loads from Regions 1 and 2 were 
decreasing at a slower rate from 1993 to 2003 than during 
the 1986 to 1993 period. There was not a significant trend 
in annual flow-adjusted salinity load in Region 3 from 1986 
through 1993, therefore the trend slope is assumed to equal 
zero for that period. There was, however, a significant trend in 
annual flow-adjusted salinity load from 1986 through 2003 in 
Region 3, and the trend slope was -1,580 tons/yr. Region 4 had 
trend slopes of -31,650 tons/yr (assuming the trend slope at 
station RF is zero from 1986 through 1993) and -6,950 tons/yr 
from 1986 through 1993 and 1986 through 2003, respectively. 
The trend slope from 1986 through 1993 was considerably 
steeper than the trend slope from 1986 through 2003, indicat-
ing that the trend in salinity in Region 4 was decreasing at a 
slower rate from 1993 through 2003 relative to 1986 through 
1993. The percent of trend slope accounted for by Region 4 at 
stations CAMEO and SL was roughly twice that of the other 
three regions combined. These results indicate that Region 4 
plays a substantial role in controlling salinity trends upstream 
of the Grand Valley Salinity Control Unit.

The total decrease in flow-adjusted salinity load from 
1986 through 1993 and 1986 through 2003 were calculated 
from the trend analysis. The data indicate that regions 1, 2, and 
4 had a larger total decrease from 1986 through 1993 meaning 

that some of the decreases in salinity load realized from 1986 
through 1993 may have been offset by increases in salinity 
load after 1993. Station GUN and the Grand Valley Salinity 
Control Unit, however, both showed that the total change in 
flow-adjusted salinity load was larger from 1986 through 2003 
meaning salinity loads from these areas continued to decline 
and were not offset by increases in salinity load after 1993 to 
the degree that other regions were.

Trends in salinity concentration and streamflow were 
tested at station CAMEO to determine if salinity concen-
tration, streamflow, or both are controlling salinity loads 
upstream from the Grand Valley Salinity Control Unit. Trend 
tests of individual ion concentrations were included as poten-
tial indicators of which sources (based on mineral composi-
tion) may be controlling trends in the upper Colorado. No sig-
nificant trend was detected for streamflow from 1986 through 
2003 at station CAMEO; however, a significant downward 
trend was detected for salinity concentration. The trend slope 
indicates that salinity concentration is decreasing at a median 
rate of about 3.54 milligrams per liter per year (mg/L/yr). 
The concentrations of five major ions (calcium, magnesium, 
sodium, sulfate, and chloride) were tested for trends. The 
results indicate that processes within source areas with rock 
and soil types (or other unidentified sources) bearing calcium, 
sulfate, and magnesium had the largest effect on the downward 
trend upstream from station CAMEO.

Several possible explanations for decreases in salinity 
concentrations and loads upstream from the Grand Valley 
Salinity Control Unit have been documented in previous stud-
ies. Recent studies suggest that the observed trends may be 
the result of one or more factors, including channel evolution, 
decreasing salinity load from ground-water sources, and land-
use changes.

Channel evolution is thought to be a contributing 
factor to reduced salinity loads because of the recent (last 
50 to 60 years) decline in the rate of arroyo development or 
downcutting in salt bearing bedrock of the Colorado Plateau. 
The decrease in erosion may be in part because of the stabi-
lization of channels by phreatophyte colonization or partial 
equilibrium between stream channels and irrigation return 
flows. Downward trends in salinity load in the Colorado 
River upstream from the Grand Valley Salinity Control Unit 
also may have resulted from changes to flow paths or leach-
able salts in the evaporite formations. The estimated annual 
reduction in ground-water salinity load that resulted from the 
irrigation system improvements in Region 4 was calculated 
using information provided by the Natural Resources Con-
servation Service. When these numbers are used to estimate 
reductions in salinity load for 25 percent of irrigated lands 
in Region 4, the estimated reductions equate to roughly 
7,400 tons. This amount of salinity reduction is equal to about 
5.9 percent of the total decrease in salinity load that occurred 
from 1986 through 2003 in Region 4 (125,000 tons or about 
6,950 tons/yr, table 4). It is possible that the salinity load 
reduction from the irrigation system improvement projects 
were underestimated; however, it is likely there are also other 
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factors are controlling salinity load upstream from the Grand 
Valley Salinity Control Unit.

Salinity loads in the Colorado River may be affected by a 
change in land use from agricultural to residential or indus-
trial settings. If agricultural land is converted to a residential 
or industrial setting, the amount of water that percolates into 
the ground (and subsequently picks up salts and discharges 
them into surface streams) may be reduced because there is 
less irrigated land and, therefore, less irrigation water applied. 
The actual amount of reduction (if any) in water applied is not 
known, but an inference can be made about land-use conver-
sion based on an estimate of the number of irrigated acres in 
production with time. The inference is that as land is converted 
from agricultural uses to residential or industrial uses, the 
number of irrigated acres decreases. If no decrease in irrigated 
land is observed, it is assumed that no land-use change (or 
change in salinity load) has occurred. In Region 4, approxi-
mately 53,680 acres were irrigated in 1993, and approximately 
54,670 were irrigated in 2000. No decrease in the amount of 
irrigated land from 1993 to 2000 in Region 4 indicates that 
there was either no change in land use, or that land-use change 
did not decrease the amount of irrigated land in Region 4. 
Thus, the downward trends in salinity load would not be the 
result of land-use change.
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