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WATER-QUALITY CHARACTERISTICS OF STREAMS IN THE
PICEANCE CREEK AND YELLOW CREEK DRAINAGE BASINS,
NORTHWESTERN COLORADO, WATER YEARS 1977-81

By Robert L. Tobin, Helen E. Stranathan, and Kenneth J. Covay

ABSTRACT

Physical and chemical data from continuous recording monitors, periodic
field determinations, and water samples collected at 10 sites on perennial
streams and 16 sites on intermittent streams in the Piceance Creek and Yellow
Creek drainage basins during the 1977-81 water years are summarized. Methods
for estimating dissolved solids concentrations from measurements of specific
conductance are presented.

Stream temperatures ranged from -0.5 to 35.0 degrees Celsius and were
warmest near the downstream reaches of Piceance and Yellow Creeks. Minimum
concentrations of dissolved oxygen were greater than 3.0 milligrams per liter
in Piceance and Yellow Creeks, and concentrations of dissolved oxygen exceeded
saturation during periods of active photosynthesis. Values of pH in streams
ranged from 6.9 to 9.0 and were least during snowmelt runoff and greatest in
low flows in the lower reaches of Piceance and Yellow Creeks. Concentrations
of suspended sediment exceeded 100,000 milligrams per liter in localized
runoff.

Specific conductance varied inversely with discharge. Sodium, magnesium,
bicarbonate, and sulfate ions and concentration ranges of dissolved solids
between 400 and 1,700 milligrams per liter were characteristic of the water
quality of the perennial streams in areas of the drainage basins near the
upstream reaches of Piceance and Yellow Creeks. Calcium and bicarbonate domi-
nated the major ions, and concentrations of dissolved solids normally were
less than 600 milligrams per liter in the intermittent streams during storm
and snowmelt runoff.

Augmentation to Piceance and Yellow Creeks from ground-water sources in
the lower reaches of both streams increased concentrations of dissolved solids
several thousand milligrams per liter during medium and low flows and caused a
change in water-quality type from sodium magnesium bicarbonate to a high-
percentage sodium bicarbonate. Increases in dissolved concentrations of
arsenic, boron, fluoride, lithium, strontium, and sulfate were related to
ground-water sources or discharges from areas of energy resource development.

Nutrient concentrations ranging to several milligrams per liter of
dissolved nitrogen and phosphorus, and gross alpha and beta counts of several
hundred picocuries per liter were greatest in perennial and intermittent



streams during storm and snowmelt runoff. Insecticides ranging in concentra-
tions from 0.1 to 1.5 micrograms per kilogram were detected in bed materials
at several stream sites in Piceance Creek and Yellow Creek drainage basins.

INTRODUCTION

Increased demands for energy and energy independence in the United States
have accelerated commercial development of natural resources in northwestern
Colorado. Major resources are oil shale, coal, and natural gas. Oil-shale
development is expected to be greatest in the Piceance basin (fig. 1), which
contains an estimated 1 trillion barrels of recoverable oil shale (Weeks and
others, 1974; Taylor, 1982).

Piceance basin is divided into four drainage basins (fig. 1): Piceance
Creek and Yellow Creek drainage basins discharge north to the White River, and
Roan Creek and Parachute Creek drainage basins discharge south to the Colorado
River. Piceance Creek and Yellow Creeks drainage basins, hereafter referred
to as Piceance Creek and Yellow Creek basins, are mostly Federal lands and
contain the most extensive deposits of oil shale in Piceance basin. Oil-shale
development will occur mostly on private lands in the Roan Creek and Parachute
Creek drainage basins.

In early 1974, two leases of 5,120 acres each were awarded to two asso-
ciations of oil companies for prototype development of oil shale. These two
leased areas are referred to as Tract C-a and Tract C-b (fig. 1). Tract C-a
is in Yellow Creek basin, and Tract C-b is in the Piceance Creek basin. As
oil-shale development increases in these basins, the environmental quality of
the water, land, and air will be affected. Data collected prior to major
oil-shale development documents present water-quality conditions of surface
flows. These data, when used in conjunction with other water-quality and
biological data, can help determine the magnitude of changes in water quality
that result from oil-shale development.

Purpose and Scope

The purpose of this report is to describe and summarize the water chemis-
try of streams in Piceance Creek and Yellow Creek basins. The study generally
was limited to the five water years 1977-81 in order to provide a coordinated
data base with an intensive study of benthic invertebrates at six sampling
sites in Piceance Creek basin (Covay and others, 1984). Data from October
1975 to September 1976 (1976 water year) were included, however, when they
effectively supplemented the data base.

Selected data sets originally presented in U.S. Geological Survey reports
(1977-82) are summarized for 26 sampling sites, hereafter referred to as
site(s), from perennial and intermittent streams (fig. 2 and table 1) and
include:

1. Continuous water-discharge data;

2. Continuous water-quality monitor data and periodic field determina-
tions consisting of temperature, specific conductance, pH, and dis-
solved oxygen;
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Figure 4.--Daily mean discharge at four sites on Piceance Creek,
water years 1977-81.
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DAILY MEAN DISCHARGE, IN
CUBIC FEET PER SECOND

SITE 3—Stewart Guich above West Fork

SITE 12— Willow Creek near Rio Blanco
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Figure 5.--Daily mean discharge at sites on three perennial
tributaries to Piceance Creek, water years 1977-81.
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DAILY MEAN DISCHARGE, IN
CUBIC FEET PER SECOND
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Figure 6.--Daily mean discharge at three sites on perennial streams
in Yellow Creek basin, water years 1977-81.
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Table 3.--Chemical criteria used to classify water types and hardness

Water types Hardness
(modified from Piper and others, (modified from Durfor and
1953, p. 26) Becker, 1964, p. 27)

Milliequivalents per liter Bivalent cations;

Classifi- calcium and magne-
. . cation sium (milligrams
Cations Anions per liter as CaCOs)
Single cation used Single anion used Soft------ Less than 60.
when it amounts to when it amounts Moderately
50 percent or more to 50 percent or hard---- 61-120.
of the total cat- more of the total Hard------ 121-180.
ions; when the above anions; when the Very hard- More than 180.
does not exist, the above does not
highest two cations exist, the highest
are used. two anions are used.

Summaries are presented for both continuous-monitor data and periodic
field determinations, major ions, nutrients, trace constituents, radioactive
substances, and pesticides. Data were analyzed for 7 perennial streamflow
sites and 11 intermittent streamflow sites in the Piceance Creek basin and
3 perennial streamflow sites and 5 intermittent streamflow sites in the Yellow
Creek basin.

Continuous-recording monitors for specific conductance and temperature
were maintained at all perennial streamflow sites and periodically at many of
the intermittent streamflow sites.. In addition, continuous-monitoring
records for dissolved oxygen and pH were maintained for site 1, Piceance Creek
below Rio Blanco, and site 13, Piceance Creek above Hunter Creek, and the
perennial tributaries to Piceance Creek, Stewart Gulch above West Fork, at
site 3 and Willow Creek near Rio Blanco, at site 12. Data collected at sites
equipped only for temperature and specific conductance are from in situ moni-
tors. Pumping samplers were used at sites 1, 3, 12, and 13 to record data for
temperature, specific conductance, pH, and dissolved oxygen. Daily suspended-
sediment concentrations were collected with automatic-pumping samplers.

Although much of the alkalinity data were published as equivalent concen-
trations of calcium carbonate, alkalinity values in this report are shown as
equivalent concentrations as bicarbonate. At all except two sites, bicarbon-
ate was considered to be the only significant form of alkalinity. Carbonate
concentrations up to several hundred milligrams per liter, however, were
common near the mouths of Piceance and Yellow Creeks at sites 18 and 26.
Carbonate concentrations at these sites were converted to equivalent concen-
trations of bicarbonate and added to the determined bicarbonate concentrations
for a total alkalinity reported as bicarbonate.

14



Piceance Creek Basin
Temperature

During summer, water temperatures in Piceance Creek (table 4) were warm-
est near the mouth at site 18 (maximum = 32.0°C); cooler maximum temperatures
of 26.5°C were recorded in the middle reaches of Piceance Creek at site 13
above Hunter Creek and site 15 below Ryan Gulch. The maximum daily range of
temperature for Piceance Creek was 20°C at site 18; a maximum daily range of
22.0°C occurred in Piceance Creek basin in Willow Creek at site 12. At
site 15, the first site upstream from site 18, the maximum daily range was
17°C. The somewhat cooler temperatures observed in the middle section of
Piceance Creek resulted from flow augmentation to Piceance Creek by local
springs and by the cooler, spring-fed tributaries of Stewart Gulch and Black
Sulphur Creek.

Stream temperatures measured at the intermittent sites (table 5) gener-
ally were less than in the perennial streams. The temperatures were cooler
because intermittent streamflow is seasonal in Piceance basin and occurs prin-
cipally in spring and early summer. The 33.5°C recorded in Piceance Creek
Tributary at site 9 occurred in July, 1981, during the dewatering of oil-shale
mines.

Specific Conductance

Instantaneous values of specific conductance plotted against instantane-
ous discharge in Piceance Creek show a general inverse relationship (fig. 7).
This relationship was best defined near the mouth of Piceance Creek at site 18
where chemical inputs from the drainage basin were fully integrated. During
snowmelt runoff in wet years, specific conductance decreased to values less
than 1,000 micromhos throughout most of Piceance Creek. Maximum values, rang-
ing from 1,470 micromhos in the upper reaches of Piceance Creek at site 1 to
5,000 to 10,000 micromhos (table 4) at the lower reaches near White River at
site 18, occurred during low-flow conditions. Although spring augmentation,
irrigation diversions and returns, and oil-shale development tended to
increase specific conductance in a downstream direction, the greatest increase
in specific conductance in Piceance Creek resulted from inputs of high-
conductance ground water downstream from site 15 below Ryan Gulch.

Variations in specific conductance in the perennial tributaries (table 4,
fig. 8) were a function of spring-flow characteristics and basin activities.
The minimum-maximum values of 200 to 2,050 micromhos (table 4) for the three
perennial streams occurred at site 14, Black Sulphur Creek. Except for the
low conductances of waters associated with snowmelt runoff, specific conduct-
ance normally ranged between 1,250 to 1,400 micromhos in the Stewart Gulch at
site 3, and 1,150 to 1,500 micromhos in Willow Creek at site 12. Somewhat
greater values of between 1,200 to 2,000 micromhos were recorded in Black
Sulphur Creek at site 14. The tendency for specific conductance to remain
within these limited ranges is due to the significant amount of augmentation
to streamflow from local springs. The dissolved solids of many of these
springs vary little throughout the year.
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Table 4.--Summary of continuous-monitor data and field determinations for selected water-

[°C=degrees Celsius; micromhos=micromhos per centimeter at 25°C; mg/L=milligrams

1977 water year

1978 water year

Si Water-quality maximum maximum
ite number and name L - . . . . .
characteristics minimum maximum daily minimum maximum daily
range range
1 Piceance Creek Temperature {(°C)-=====-=--- 0.0 29.5 18.0 0.0 23.0 13.5
below Rio Specific conductance
Blanco. (micromhos)-===========-- (960Q) (1,210) ND 565 1,470 ND
pH (unitsg)====m-"cemmm--o-- 7.7 8.5 ND 7.7 8.6 ND
Dissolved oxygen (mg/L)---- 5.4 12.9 3.7 (6.8) (10.8) ND
Suspended-sediment concen-
tration (mg/L)-~-~=------ 8 10,700 ND 7 9,250 ND
13 Piceance Creek Temperature (°C)----------- (0.0) 126.5 117.5 0.0 26.0 17.0
above Hunter Specific conductance
Creek. (micromhos)-============- 1793 11,680 ND 550 1,580 ND
pH (units)--=--=--==-=----- 17.6 18 .7 ND 7.8 8.9 ND
Dissolved oxygen (mg/L)---- 4.9 L14.7 ND 3.1 13.6 7.9
Suspended-sediment concen-
tration (mg/L)-====------ 10 87,000 ND 0.0 4,110 ND
15 Piceance Creek Temperature (°C)===-------- (0.5) (22.5) ND (1.5) (21.5) ND
below Ryan Specific conductance
Gulch. (micromhos)-===========-- (1,350) (2,000) ND (1,150) (2,000) ND
pH (unitg)-===-==-===-ee-u-- (8.2) (8.8) ND (7.1) (8.9) ND
Dissolved oxygen (mg/L)---- (7.7) (11.9) ND (8.4) (12.3) ND
Suspended-sediment concen-
tration (mg/L)=========-- 10 21,700 ND 9 8,100 ND
18 Piceance Creek Temperature (°C)======-====- (0.0) (19.5) ND -.5 32.0 18.5
at White Specific conductance
River. (micromhos)=====~=-=====~-- (1,900) (4,400) ND 628 6,870 ND
pH (unitg)====m=mmeecmmeea- (8.1) (8.6) ND (7.4) (8.8) ND
Dissolved oxygen (mg/L)---- (6.4) (12.7) ND (8.8) (14.2) ND
Suspended-sediment concen-
tration (mg/L)-=====-=~=- 14 2,600 ND 4 25,000 ND
3 Stewart Gulch Temperature (°C)~---===---~- 15 120.5 113.5 15 120.0 L14.5
above West Specific conductance
Fork, near (micromhos)========m==-==- 1635 11,790 ND  (1,200) !1,460 ND
Rio Blanco. pH (units)----======-===-=a- 1g.0 8.5 ND 7.8 8.6 ND
Dissolved oxygen (mg/L)---- 13.6 112.6 5.9 2.2 115.7 112.4
Suspended-sediment concen-~
tration (mg/L)~=~~=~===~~ 1.0 560 ND 3.0 275 ND
12 Willow Creek Temperature (°C)~-----===~- 0.0 126.0 119.5 0.0 28.5 21.0
near Rio Specific conductance
Blanco. (micromhos)===~-=-==m==n- 11,000 11,560 ND (1,050) 1,680 ND
pH (units)=---====-==-===-=~- 17.6 18.7 ND 7.7 8.6 ND
Dissolved oxygen (mg/L)---- 15.3 111.6 13.7 3.6 11.8 ND
Suspended-sediment concen-
tration (mg/L)~--------~- 6 3,820 ND 0.0 998 ND
14 Black Sulphur Temperature (°C)~==-=-----=~- 0.0 23.5 18.0 .5 23.0 18.5
Creek near Specific conductance
Rio Blanco. (micromhos)===~========~- 1,070 2,050 ND 870 2,020 ND
pH (units)----==~-==--m-e-m- (7.9) (8.3) ND (7.5) (8.3) ND
Dissolved oxygen (mg/L)---- (7.6) (10.4) ND (6.2) (11.3) ND
Suspended-sediment concen-
tration (mg/L)~=-====---= 14 6,400 ND 8 19,800 ND

lBased on incomplete record of less than 80 percent for this year.
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quality characteristics for perennial streams In Piceance Creek basins, water years 1977-81

per liter; ND=not determined; ( )=data from field determinations only]

1979 water year 1980 water year 1981 water year 5-year
maximum maximum maximum S-year maximum
minimum maximum daily minimum maximum daily minimum maximum  daily range daily
range range range range
0.0 22.0 13.5 1p.0 123.0 155 0.0 26.5 16.5 0.0-29.5 18.0
606 1,380 ND 1706 11,310 ND 878 1,390 ND 565-1,470 ND
7.5 18.6 ND 7.7 8.5 ND 7.8 8.7 ND 17.5-8.7 ND
151 112.3 4.1 1.0 112.3 3.9 5.4 11.7 4.7 15 1-12.9 147
8 3,920 ND 9.0 4,070 ND 8 623 ND 7-10,700 ND
9.0 123.5 113.5 0.0 22.0 13.5 0.0 26.0 17.0 1.0-26.5 137.5
1700 11,630 ND 664 1,830 ND 1,120 1,620 ND 550-1,830 ND
17.4 1g.7 ND (7.5) 8.6 ND 7.8 8.6 ND 17.4-8.9 ND
16.0 11.7 153 5.0 (12.8) 6.1 5.1 14.4 7.0 13.1-14.7 17.9
19 4,750 ND 7.0 5,760 ND 10 1,560 ND 0-87,000 ND
(0.0) (21.0) ND 0.0 23.5 13.5 0.0 26.5 17 .0-26.5 17
(870)  (2,000) ND 593 1,980 ND 520 2,920 ND 520-2,920 ND
(7.6) (8.7) ND (7.8) (8.5) ND (7.9) (8.4) ND (7.1)-(8.9) ND
(8.1) (13.1) ND (7.0) (11.4) ND (5.8) (12.5) ND (5.8)-(13.1) ND
11 4,500 ND 8 4,060 ND 8 6,190 ND 8-21,700 ND
0.5 29.5 20.0 0.0 28.0 15.0 0.0 31.5 20.0 -.5-32.0 20.0
790 3,620 ND 543 5,050 ND 1,320 10,000 ND 543-10,000 ND
(7.5) (8.7) ND (8.1) (8.6) ND (8.1) (8.9) ND (7.4)-(8.9) ND
(7.5) (16.2) ND (7.6) (10.9) ND (3.6) (12.5) ND (3.6)-(16.2) ND
10 4,500 ND 13 4,080 ND 12 3,190 ND 4-25,000 ND
1p.5 120.0 112.0 1.0 18.5 ND 12.5 l19.5 ND 1.5-20.5 114.5
11,100 11,410 ND 844 1,430 ND 1,190 1,390 ND 1635-1,790 ND
7.7 8.6 ND 7.7 8.9 ND (7.8) 8.7 ND 7.7-8.9 ND
6.8 13.6 ND 6.4 14.6 ND 7.1 11.4 2.9 12.2-15.7 112.4
2.0 536 ND 4.0 237 ND 1.0 450 ND 1.0-560 ND
0.0 124.0 119.0 0.0 22.5 16.5 0.0 29.5 22.0 .0-29.5 22.0
11,050 11,480 ND 1596 11,550 ND 1580 11,590 ND 1580-1,680 ND
17.7 18,7 ND 17 .4 18.8 ND 7.9 8.6 ND 17.4-8.8 ND
16.2 112.9 ND 5.5 112.7 13.3 15 .9 (12.7) 13.4 13.6-12.9 13.7
3 7,030 ND 20 753 ND 1 644 ND 0-7,030 ND
0.5 22.5 19.5 0.0 23.0 15.0 0.0 23.0 15.0 .0-23.5 19.5
950 1,960 ND 551 1,990 ND 200 1,910 ND 200-2,050 ND
(7.6) (8.7) ND (7.5) (8.4) ND (7.8) (8.3) ND (7.5)-(8.7) ND
(8.1) (11.0) ND (7.4) (12.8) ND (7.9) (12.0) ND (6.2)-(12.8) ND
13 2,000 ND 7 5,510 ND 11 2,620 ND 7-19,800 ND
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Table 5.--Summary of continuous-monitor data and field determinations for
selected water-quality characteristics for intermittent streams in
Piceance Creek basin, water years 1977-81

[°C=degrees Celsius; micromhos=micromhos per centimeter at 25°C;
mg/L=milligrams per liter; ND=not determined]

Water-quality

5-year range for all available data, water years 1977-81

characteristic Site 2 Site 4 Site 5 Site 6 Site 7
Temperature (°C)---- 1.0-3.0 0.0-16.5 0.0-19.0 13.0 17.0
Specific conductance

(micromhos)-=------ 1,430-1,900 100-1,840 100-310 910 305-2,250
pH (units)---------- ND 8.6 8.7 8.4 7.8-8.4
Dissolved oxygen

(mg/L)-=========n= ND 10.6 10.5 8.4 ND
Suspended-sediment ND 0-500 0-1,800 ND 0-8,020

concentration

(mg/L).

Water-quality

5-year range for all available data, water years 1977-81

characteristic Site 8 Site 9 Site 10 Site 11 Site 17
Temperature (°C)---- 17.0 0.0-33.5 0.0 0.0-22.0 0.0-23.5
Specific conductance

(micromhos)------- 225-910 650-2,570 108 147-674 112-589
pH (units)=--=====-- 7.8-8.4 8.1-8.9 7.3 7.9 7.6-8.2
Dissolved oxygen

(mg/L)===-========- 7.3 4.8-11.6 10.0 10.7 11.3
Suspended-sediment 0-62,000 0-76,600 ND 0-49,000 0-3,790

concentration
(mg/L).
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Variations in values of specific conductance for the intermittent streams
in Piceance basin (table 5) were similar to those observed for Piceance Creek.
Values generally were less than 500 micromhos in streams fed directly by snow-
melt, but specific conductance increased to greater than 1000 micromhos during
periods when springs, shallow ground-water systems, or oil-shale mine dewater-
ing accounted for most of the streamflow.

pH

Continuous-monitor data and periodic field determinations (table 4) show
that pH values in Piceance Creek and the perennial tributaries ranged from 7.1
to 8.9. A similar range of pH values existed for the intermittent streams
(table 5). Values of pH were generally less than 8.0 during snowmelt runoff
and greater than 8.2 during low flows and periods of photosynthetic activity
(fig. 9). Downstream increases of 0.2 to 0.4 pH units were common in Piceance
Creek.

Dissolved Oxygen

Dissolved-oxygen concentrations in Piceance Creek generally were greater
than 5.0 mg/L at site 1, Piceance Creek below Rio Blanco, and 3.0 mg/L at
site 13, Piceance Creek above Hunter Creek (table 4). Continuous-monitor data
for site 1 that may be characteristic of a summer day in Piceance Creek are
presented in figure 9. The data show the effects of the metabolic activities
of algae and other aquatic plants and animals on stream chemistry: Supersat-
uration of dissolved oxygen from photosynthetic activity during the day, dis-
solved oxygen deficits from net respiration during the night. Corresponding
changes in pH and small changes in specific conductance result from plant and
animal uptake and release of carbon and other nutrients used for growth and
maintenance of metabolic functions. The apparent decrease of 40 micromhos in
specific conductance during the afternoon (fig. 9) may have resulted more from
changes in water temperature rather than metabolic activities.

From data analysis, it can be generalized that daily changes of dis-
solved-oxygen concentrations exceeding 2.0 to 3.0 mg/L during summer months
most likely were a function of photosynthetic activity. During the winter
when stream temperatures were less than 5°C, concentrations of dissolved
oxygen generally less than 10 mg/L represented an unsaturated condition.
Spring discharges which had low concentrations of dissolved oxygen may have
contributed to the minimal dissolved-oxygen values observed in Piceance Creek
and the perennial tributaries Stewart and Willow Creeks (table 4) where they
augment streamflow. Data for dissolved oxygen in the intermittent streams
(table 5) was insufficient for analysis.

Suspended Sediment

Concentration ranges of suspended sediment in the perennial and
intermittent streams in Piceance Creek basin are shown in tables 4 and 5.
Suspended-sediment concentrations were extremely variable in the basin, and
concentrations exceeding several tens of thousands milligrams per liter during
runoff normally existed only for local reaches in a stream. Statistical
relationships between the physical characteristics of Piceance basin and
sediment characteristics are discussed in Kircher and Von Guerard (1982).
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Creek below Rio Blanco, July 5, 1981.
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Major Ions

Perennial streams.--Statistical data for concentrations of major ions in
perennial streams in Piceance Creek basin are presented in table 6. In addi-
tion, these data were grouped according to hydrologic and seasonal classifica-
tions: Low flows during nonirrigation versus irrigation seasons, and high
flows from snowmelt runoff versus summer storm runoff. Statistical summaries
for these data groups for Piceance Creek are shown in figures 10 to 13; data
for the perennial tributaries are shown in figures 14 to 16. If the data
extremes were significantly extended by a single sample, then the second
highest (or lowest) concentration is given for perspective.

Between site comparisons of water-quality type and relative contributions
cf cations and anions to dissolved solids are shown in figures 17 to 20. The
data show annual mean concentrations after they have been converted to milli-
equivalents. This conversion was necessary to establish an equivalent basis
for ion comparisons in determining water-quality type (Hem, 1970).

Within site variations in concentrations of the major ions at sites 1,
13, 15, and 18 on Piceance Creek can be summarized as follows:

1. Except for an occasional potassium value, concentrations of the
major ions, (and related dissolved solids) generally were greatest
during the low-flow irrigation season and least during the snowmelt
runoff. Mean concentrations of major ions were significantly less
during the high-flow years of 1979-80 than during the low-flow years
of 1977-78 and 1981.

2. For a given discharge range at each site in Piceance Creek (figs. 10
to 13) concentrations of the major ions were greater during summer
storms than during snowmelt runoff.

3. Concentrations of sodium and bicarbonate showed the greatest varia-
tion with changes in discharge and tended to decrease as discharge
increased.

4. The concentration ratio of calcium/magnesium was greatest during
snowmelt runoff and least during the low flows in the irrigation
season. This ratio may be useful in determining the source of
water flowing in Piceance Creek at any given time.

5. The concentration ratio of bicarbonate/sulfate and chloride concen-
trations at site 18 were significantly greater during low flows than
during high flows.

The within-site variations of data for the perennial tributaries to
Piceance Creek showed considerably less change in concentrations of the major
ions with discharge than those observed in Piceance Creek. Least variation
occurred in Stewart Gulch at site 3 where concentrations of the cations and
anions generally remained constant throughout the 5-year study (fig. 14).
Flow at this site is supplied almost entirely by springs. Similar chemical
characteristics existed at site 12 at Willow Creek but ranges in concentra-
tions were greater than in Stewart Gulch. Data for Willow Creek (fig. 15)
show slightly lesser concentrations of magnesium, sodium, and sulfate during
high flows than during low flows. The amount of flow in Willow Creek often
was affected by irrigation practices.
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Figure 10.--Means, standard deviation, and extremes of concentrations of
periodic samples for major ions for discharge and seasonal classifica-
tions, Piceance Creek below Rio Blanco (site 1), water years 1977-81.
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Figure 11.--Means, standard deviation, and extremes of concentrations of

periodic samples for major ions for discharge and seasonal classifica-
tions, Piceance Creek above Hunter Creek near Rio Blanco (site 13),
water years 1977-81.
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Figure 12.--Means, standard deviation, and extremes of concen-
trations of periodic samples for major ions for discharge and
seasonal classifications, Piceance Creek below Ryan Gulch,
near Rio Blanco (site 15), water years 1977-81.
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Figure 13.--Means, standard deviation, and extremes of concentrations of
periodic samples for major ions for discharge and seasonal classifica-
tions, Piceance Creek at White River (site 18), water years 1977-81.
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Figure 14.--Means, standard deviation, and extremes of concentrations of per-
iodic samples for major ions for discharge and seasonal classifications,
Stewart Gulch above West Fork, near Rio Blanco (site 3), water years 1977-81.
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Figure 15.--Means, standard deviation, and extremes of concentrations of per-
iodic samples for major ions for discharge and seasonal classifications,
Willow Creek near Rio Blanco (site 12), water years 1977-81.
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deviation, and extremes of concentrations of per-

iodic samples for major ions for discharge and seasonal classifications,
Black Sulphur Creek near Rio Blanco (site 14), water years 1977-81.
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1981

15.64 15.00 19.33
1980
16.66 14.69 16.38
&
_\‘o
X 1979
&
D 15.86 16.13 18.77

EXPLANATION

1978 PROPORTION OF ION
EQUIVALENT TO
TOTAL CATION

16.45 16.25 21.44 EQUIVALENTS
Calcium—
Magnesium—
Potassium plus
1877 sodium~
16.37 16.77 21.90 15.64 TOTAL OF CATION
EQUIVALENTS
SITE 3 SITE 12 SITE 14
Stewart Gulch above Willow Creek near Black Sulphur Creek
West Fork Rio Blanco near Rio Blanco

Figure 19.--Relative proportion of ion equivalents to total cation
equivalents calculated from annual mean concentrations of calcium,
magnesium, potassium, and sodium for perennial tributaries,
Piceance Creek basin, water years 1977-81.
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EXPLANATION

PROPORTION OF ION
EQUIVALENT TO
TOTAL ANION
EQUIVALENTS

Bicarbonate—

Chioride plus____
fluoride

Suifate —

21.17 16.52 TOTAL OF ANION

EQUIVALENTS

SITE 3 SITE 12 SITE 14
Stewart Guich above Willow Creek near Black Sulphur Creek
West Fork Rio Blanco near Rio Blanco

Figure 20.--Relative proportion of ion equivalents to total anion
equivalents calculated from annual mean concentrations of bicar-
bonate, chloride, fluoride, and sulfate for perennial tributaries,
Piceance Creek basin, water years 1977-81.
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Concentrations of sodium, bicarbonate, and sulfate (fig. 16) varied more
in Black Sulphur Creek at site 14 than in the other two perennial tributaries.
These variations were similar to those observed in Piceance Creek. Concentra-
tions of the major ions were least during the snowmelt runoff season and
greatest during low flows (fig. 16). A shift toward a magnesium and sulfate
water-quality type occurred during low-flow periods when local springs
accounted for most of the flow in Black Sulphur Creek.

A between site comparison of data (figs. 10 to 20) for the perennial
streams in Piceance Creek basin indicate that:

1.

The water quality in the upper reaches of Piceance Creek above the
Ryan Gulch (site 15) was generally a sodium magnesium bicarbonate
type. The 5-year means for dissolved solids (table 6) show that
dissolved solids within this reach increased from 700 mg/L at the
upper site below Rio Blanco (site 1) downstream to 1,090 mg/L at
site 15 below Ryan Gulch.

Water-quality type changed to a sodium bicarbonate type downstream
below site 15 (figs. 17 and 18). Concentrations of chloride and
dissolved solids (table 6) increased more than 50 percent from Ryan
Gulch (site 15) to the mouth of White River site 18. These changes
were particularly evident during the low-flow periods. The mean
concentration for dissolved solids at site 18 during the low-flow
water year of 1977 was 1,880 mg/L: the mean for dissolved solids

‘was 1,200 mg/L during the 1980 water year, considered to be a wet

year. These changes in water quality resulted from ground-water
inputs to the stream, mostly along bedrock fractures in the vicinity
of Alkali Flat, that are associated with the Green River Formation
(Weeks and others, 1974). The sodium, bicarbonate, and chloride
concentrations were greatly diluted during runoff periods, although
water quality continued to remain a sodium bicarbonate type.
Concentration ranges of dissolved solids were similar in Stewart
Gulch and Willow Creek (table 6): Dissolved solids ranged from 869
to 963 mg/L in Stewart Gulch at site 3 and from 699 to 989 mg/L in
Willow Creek at site 12. Magnesium, sodium, bicarbonate, and to a
slightly lesser extent, calcium and sulfate, characterized the water
quality in Stewart Gulch and Willow Creek (figs. 19 and 20). The
dissolved solids averaged several hundred milligrams per liter
greater in Black Sulphur Creek at site 14 than in Stewart Gulch and
Willow Creek and sulfate frequently was the dominant anion in Black
Sulphur Creek.

The concentration ratio of calcium/magnesium (figs. 10 to 13)
decreased in Piceance Creek from site 1 downstream to the mouth at
White River. The ratio calcium/magnesium, however, tended to
increase at all stations during runoff events. Relative increases
in this ratio coincided with overland runoff. Conversely, relative
increases of magnesium versus calcium occurred during periods when
springs and irrigation returns provided most of the streamflow in
Piceance Creek basin.

Sulfate concentrations increased downstream in Piceance Creek.
These increases were due to inflow from perennial tributaries that
had greater sulfate concentrations than Piceance Creek (table 6).
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6. Although not shown graphically, mean fluoride concentrations for
periodic samples prior to the 1981 water year generally were
1.0 mg/L at the upstream site below Rio Blanco (site 1), decreased
to 0.7 to 0.8 mg/L at the Hunter Creek and Ryan Gulch sites
(sites 13 and 15), and then increased several tenths of a milligram
per liter downstream at the White River site (site 18). Concentra-
tion means for periodic samples for fluoride during the 1981 water
year in Piceance Creek were 1.0 mg/L at site 1, 2.3 mg/L at site 13,
and 1.2 mg/L at site 15. Corresponding increases in concentrations
of sodium and bicarbonate also occurred in Piceance Creek below
site 1 during this time. These increases in Piceance Creek were
related to the periodic flows in Piceance Creek Tributary (site 9)
which had high concentrations of flouride, sodium, and bicarbonate.
Streamflow in Piceance Creek Tributary during the 1981 water year
originated principally from the dewatering of oil-shale mines at
Tract C-b.

Intermittent streams.--Water-quality type and concentration ranges of
dissolved solids for intermittent flows compared with data means for perennial
flows in Piceance Creek basin are shown in figure 21. Two samples, one from
Sorghum Gulch (site 7) and one from Horsedraw Gulch (site 17), each having
dissolved solids in excess of 1,000 mg/L, probably were associated with
mine-dewatering activities.

Data for Piceance Creek Tributary at site 9 show a change in water
quality to a sodium bicarbonate type and increases in dissolved solids from
water years 1979-81. These changes resulted from changes in the water quality
of waters produced and treated from the mining of o0il shale from progressively
deeper zones within the aquifers underlying Tract C-b. The water quality of
these discharges correlate with the water-quality characteristics of the aqui-
fer systems in Piceance basin described in Welder and Saulnier, (1978) and
Robson and Saulnier (1981).

Of the remaining 15 samples plotted for the intermittent sites (fig. 21),
calcium accounted for more than 50 percent of the total cation milliequiva-
lents in 9 samples, and bicarbonate was the dominant anion in all samples.
Concentrations of dissolved solids were less than 300 mg/L in 70 percent of
the samples and less than 600 mg/L in all samples. A change in water-quality
type to magnesium, sodium, and sulfate generally coincided with increases in
concentrations of dissolved solids. The differences in water-quality types of
the intermittent flows when compared to the perennial flows may be attributed
to the characteristics of the leached basin soils and chemical equilibrium
controls in water. The basin soils probably have greater residual concentra-
tions of the less soluble calcium and magnesium carbonates than residual
concentrations from the more soluble sodium related minerals. With time, the
more soluble minerals would have been removed from the soils by surface flows
or percolation to the aquifers.
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(CaMg}SO.

EXPLANATION
DISSOLVED
PERENNIAL SITES SOLIDS, IN
Piceance Tributaries MILLIGRAMS INTERMITTENT

Creek PER LITER SITES
<300 ®
301-600 .
. A 601-1000 °
n A 1001-1500 [ J
| 1501-2000 o

Symbol number is site identification number
shown in figure 2. Water years are shown for
site 9

NaHCO3

Figure 21.--Water-quality types and concentration ranges of dissolved solids
for perennial and intermittent streams in Piceance Creek basin. Data for
the perennial sites are based on a 5-year mean for water years 1977-81.
Except for site 9, data for the intermittent sites are for individual anal-
yses of samples taken during runoff events. Data for site 9 are for a single
analysis in water year 1979, means of 15 samples for water year 1980, and
means of 11 samples for water year 1981.
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Regressions.--Concentrations of most of the major ions in streams in
Piceance Creek basin were inversely correlated with discharge and directly
correlated with specific conductance. The variability in concentrations of
most of these constituents with respect to discharge, however, was suffi-
ciently great to preclude the use of meaningful regressions. Least squares
regressions of dissolved solids versus specific conductance for the perennial
streams and for a data composite for the intermittent streams are given in
table 7. The regressions for the perennial streams provide an estimate of
dissolved solids calculated from specific-conductance measurements for the
data range shown in table 6. Estimates of dissolved solids generally become
more reliable as values of the correlation coefficient approach one. The poor
correlation coefficient, r=0.50, for site 3 resulted because the ranges of
dissolved solids and specific conductance at this site were small (table 6),

Table 7.--Estimates of dissolved solids from values of specific conductance
for perennial and intermittent streams in Piceance Creek basin,
Water years 1977-81

Least squares regression
Dissolved solids (DS), in milligrams per liter,
estimated from specific conductance (SC),
in micromhos per centimeter

Site number

and name Number Correlation
of Equation coefficient
samples (r)
PERENNTAL STREAMS
1 Piceance Creek below
Rio Blanco=-===cvc=wen- 55 DS=0.64SC+4 0.97
13 Piceance Creek above
Hunter Creek----===-=--- 58 DS=0.68SC-17 .97
15 Piceance Creek below
Ryan Gulch------===---- 58 DS=0.758C-97 .98
18 Piceance Creek at
White River-----=====--- 59 DS=0.68SC+9 .99
3 Stewart Gulch above
West Fork---=-==--cco--- 52 DS=0.39SC+400 .50
12 Willow Creek near
Rio Blanco----=-=-==--=--- 51 DS=0.77SC-126 .90
14 Black Sulphur Creek
near Rio Blanco-------- 55 DS=0.78SC-123 .98
INTERMITTENT STREAMS
Composite of sites 2, 4, 5,
6, 7, 8, 10, 11, and 17---- 14 DS=0.65SC-3 .99
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and data points tended to cluster about the data means. The regression for
the intermittent streams was calculated from a data composite of nine sites
for a specific-conductance range of 108 to 910 micromhos and a dissolved-
solids range of 68 to 597 mg/L.

Estimates of dissolved solids also may be made directly from measurements
of specific conductance (Hem, 1970) by the following equation:

DS =SC XA
where DS=dissolved solids, in milligrams per liter;
SC=specific conductance, in micromhos; and
(A)=the mean ratio of DS/SC computed from the data base
for a specific site.
The mean value of (A) and first standard deviation were computed from greater

than 50 samples at each site for the perennial flows and are shown below.

Mainstream sites - Piceance Creek

1 13 15 18

DS/SC ratio (A)------ 0.65+.02 0.67+.03 0.68+.03 0.68+.03

Tributary sites

3 12 14

DS/SC ratio (A)------ 0.68+.02 0.68+.02 0.71+.02

The slight increase in (A) downstream and somewhat greater value of (A) com-
pared to the two upstream sites (1 and 13) on Piceance Creek probably were
related to the greater concentrations of sulfate (Hem, 1970) in the tribu-
taries discharging to Piceance Creek.

Nutrients

Mean concentrations and one standard deviation for the concentrations of
dissolved-nitrogen species and total phosphorus in Piceance Creek basin are
shown in figure 22. Because the data base for the intermittent streams was
small, and the hydrology was similar at all sites the data at these sites were
composited and considered to be reasonably representative of the intermittent,
short-term flows in the basin.

Analyses of the data (U.S. Geological Survey, 1978-82) show that nutrient
concentrations at the sites of all perennial stations varied considerably
during the study period. Highest concentrations, which exceeded several
milligrams per liter for dissolved nitrogen and total phosphorus, frequently
occurred during runoff events. Minimum concentrations were common during low
flows.
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and a data composite of intermittent streams in Piceance Creek

basin, water years 1977-81.
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A between site comparison of the data shown in figure 22 shows that
ammonia concentrations at the mouth of Piceance Creek (site 18) were twice
those detected in the upper reaches above Ryan Gulch at site 15. The greater
mean concentration of organic nitrogen at site 13, Piceance Creek above Hunter
Creek, compared to the other sites on perennial streams may have resulted from
mine dewatering or agricultural activities in that area. The mean concentra-
tion of nitrite plus nitrate as nitrogen of 0.91 mg/L in Stewart Gulch at
site 3 was twice the amount detected in the other perennial streams. Because
streamflow at this site was mainly from local springs, the high nitrite plus
nitrate concentrations may represent a water-quality characteristic of the
local water table or bedrock aquifer in that area. Concentrations of total
phosphorus increased downstream in Piceance Creek.

Composite data for the intermittent streams show that the concentrations
of nitrogen and phosphorus were greater and had a greater range than in the
perennial streams. Because streamflow at the intermittent sites normally
occurred only during runoff events, the high concentrations of nutrients in
these flows, and in the high flows of the perennial streams, indicate that a
large percentage of the nutrient loading to surface flows originated from the
land surface and soil zomnes.

Trace Constituents

Concentration ranges of dissolved trace constituents in perennial and
intermittent streams in Piceance Creek basin are shown in figure 23. Where
one sample in a data set extended the maximum range beyond what appeared to be
general background range, the second highest concentration is shown for per-
spective. Because the data are for dissolved constituents, the concentration
ranges shown may not represent what was actually present in the stream in a
total water-sediment mixture. As an example, in addition to dissolved concen-
trations, total recoverable concentrations for many of the trace constituents
listed in figure 23 were determined at several sites in the Piceance Creek
basin during the 1979-81 water years. A comparison of total recoverable con-
centrations versus dissolved concentrations showed that total concentrations
were several magnitudes greater than dissolved concentrations for the constit-
uents, aluminum, chromium, cobalt, copper, iron, led, manganese, nickel, and
zinc. Generally, the differences were greatest during runoff events when
suspended-sediment concentrations in the stream were high.

A review of data for perennial and intermittent flows (fig. 23) indicate
the following:

1. Dissolved concentrations of barium, lead, manganese, and mercury
generally were greatest upstream and tended to decrease downstream.
These decreases in concentrations could have resulted from stream-
flow dilution, chemical complexing and precipitation with iomns such
as sulfate or carbonate, or absorption by stream sediments or basin
soils during the irrigation season.
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2. Strontium tended to increase in a downstream direction. Apparently,
this increase was due to tributary inflows, particularly from Black
Sulphur Creek (site 14) which had greater concentrations of stron-
tium than in Piceance Creek.

3. The minimum concentrations of arsenic, and concentrations of boron,
iron, lithium, and possibly molybdenum increased downstream from
site 15, Piceance Creek below Ryan Gulch. These increases corre-
lated well with the increases in sodium and bicarbonate in this
reach of Piceance Creek. The changes in water quality were attrib-
uted to ground-water augmentation to the stream, particularly in the
area of Alkali Flat (fig 2).

4. The constituents chromium, copper, selenium, vanadium and, except as
noted above, arsenic, boron, iron, lead, lithium, and molybdenum
apparently were uniformly dispersed in the perennial and intermit-
tent streams.

5. Except for lead, molybdenum, and selenium, concentrations of trace
constituents in the perennial tributaries were greater in Willow and
Black Sulphur Creeks (sites 12 and 14) than in Stewart Gulch at
site 3. Strontium concentrations were greatest in Black Sulphur
Creek, which also had high concentrations of sulfate. The two con-
stituents may have originated from a common mineral assemblage or
chemical equilibrium controls that were different at this site than
other sites in the basin. Trace amounts of the minerals celestite
(SrS0;) occur locally in the Green River Formation (Milton, 1977).

6. Mercury commonly was detected in Black Sulphur Creek, site 14, at
concentrations in excess of 0.1 ug/L.

7. Concentration ranges for barium, manganese, mercury, and zinc were
generally less in the intermittent streams than in the perennial
flows.

8. Ranges of trace constituents in discharges from the oil-shale mine
at Tract C-b are represented by data for Piceance Creek Tributary at
site 9. Concentrations of arsenic, boron, molybdenum, and lithium
at site 9 were greater than those detected in the upstream reaches
of Piceance Creek. The high concentrations of arsenic, boron,
molybdenum, and lithium are characteristic of ground waters from the
Green River Formation in Piceance basin (Weeks and others, 1974).
Mercury was detected in only one of 11 samples from Piceance Creek
Tributary.

Radioactive Substances

Data ranges for radioactive substances in the Piceance Creek basin are
presented in tables 8 and 9. Maximum activities recorded for radioactive
substances in streams are summarized in figure 24. Except at site 3, Stewart
Gulch above West Fork, a review of water-quality and suspended-sediment data
(U.S. Geological Survey 1977-82) indicated that relatively high radiocactive
counts commonly occured when concentrations of suspended matter were high in
stream water. This was especially evident in the data for the intermittent
streams. Streamflow in these channels occured only during times of snowmelt
or thunderstorm activity. During these periods, unconsolidated soils were
carried by runoff to the streams where they contributed to high concentrations
of suspended sediment, and possibly, increases in radioactive counts in
streams.
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Figure 24.--Maximum recorded activity for radioactive substances in
perennial and intermittent streams in Piceance Creek basin, water
years 1976-81. Data are for sites having two or more samples.
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A count of 560 pCi/L dissolved gross beta as Cs-137 occurred in Stewart
Gulch at site 3 in the 1976 water year: dissolved gross alpha counts for the
same sample were less than 11 pCi/L. The high gross beta count appeared to be
an unnatural condition. The high count occurred only once in a total of
18 samples collected during water years 1976-81. The next greatest value for
gross beta during this 6-year period was less than 10 pCi/L, and three other
samples taken during the 1976 water year were all less than 4.6 pCi/L. The
radionuclides responsible for this anomaly and the other widespread radio-
active emissions were not determined.

Insecticides and Herbicides

During October 1975 to September 1980, a total of 10 unfiltered water
samples and 13 bed material samples were collected in Piceance Creek at the 2
upstream sites, 1 and 13, and 2 tributaries, Stewart Gulch (site 3) and Willow
Creek (site 12). All samples were analyzed for the following insecticides and
herbicides:

Insecticides Herbicides
(Organochlorine) (Organophosphorus) (Chlorophenoxy Acid)
Aldrin Diazinon 2,4-D
Chlordane Ethion 2,4,5-T
DDD Malathion Silvex
DDE Methyl parathion
DDT Methyl trithion
Dieldrin Parathion
Endrin Trithion
Heptachlor
Heptachlor epoxide
Lindane
Toxaphene

Herbicides were not detected at any of the sites. One or more of the
insecticides DDD, DDE, DDT, and dieldrin were detected at the 0.1 to 1.5 pg/kg
level in all bed material samples taken from the mainstream sites 1 and 13.

A concentration of 0.1 ug/kg of DDE was reported in one of four bed
material samples taken from Stewart Gulch at site 3. Similar concentrations
of DDE and a diazinon concentration of 0.9 ug/kg were determined in bed
material samples taken from Willow Creek at site 12. The presence of these
insecticides probably relates to past or present agricultural or imsect-
control activities in that part of the basin.
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Yellow Creek Basin

Temperature

Summer temperatures (table 10) in excess of 30°C were common in Yellow
Creek at site 26; the maximum recorded temperature at this site was 35°C, and
the maximum daily range was 25.5°C. The greatest daily range in temperature
(28°C) occurred in upper Corral Gulch at site 20. Discharges from the oil-
shale mine at Tract C-a combined with the potential insulation effects of an
incised channel below the lease tract probably accounted for the small temper-
ature range in Corral Gulch at site 24. Because the intermittent streams flow
mostly in spring, temperature ranges (table 11) were less than the temperature
ranges of the perennial streams.

Specific Conductance

Measurements of instantaneous specific conductance and discharge are
shown in figure 25. Poor correlations are shown between specific conductance
and discharge at sites 20 and 24 in Corral Gulch. Streamflows at both sites
were maintained mostly by local springs. Additional streamflow also was
supplied to Corral Gulch upstream from site 24 from oil-shale mine dewatering
at Tract C-a beginning during the 1978 water year. Generally, specific
conductance values less than 900 micromhos at the Corral Gulch sites can be
attributed to overland runoff from thunderstorms or snowmelt. The anomalously
high value of 6,490 micromhos (table 10) for Corral Gulch at site 20 in the
1981 water year is believed to be associated with the discharges from oil- and
gas-drilling activities.

The specific conductance-discharge correlation for Yellow Creek near its
mouth at site 26 was better defined than at the Corral Gulch sites, 20 and 24,
in the headwater areas of Yellow Creek basin. The water quality of medium and
low flows in Yellow Creek at site 26 represented a mixture from many springs
in the basin. The greater values of specific conductance at site 26 when
compared with sites in Corral Gulch were related to streamflow augmentation
from high conductance ground-water sources in the downstream reaches of Yellow
Creek.

A range of specific conductance values for the intermittent sites is
shown in table 11. Values generally were least during snowmelt runoff but
increased to over 1,000 micromhos when streamflow was mostly from local
springs.

pH

Monitor data for pH and dissolved oxygen were not available for streams
in Yellow Creek basin. Data ranges for periodic field determinations of pH
for the perennial and intermittent streams are shown in tables 10 and 11.
Values of pH generally were inversely related to flow and were lowest during
snowmelt runoff when streamflow was high. Stream pH was highest in Yellow
Creek at site 26 where pH values normally ranged between 8.4 and 8.9 and were
0.4 to 0.7 units higher than the pH values in Corral Gulch at sites 20 and 24.
The high pH in Yellow Creek is related to the geochemical controls of high
alkalinity ground water that enters the stream channel in the lower reaches of
Yellow Creek.
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Table 10.--Summary of continuous-monitor data and field determinations for selected water~

[°C=degrees Celsius; micromhos=micromhos per centimeter at 25°C; mg/L=milligrams

1977 water year

1978 water year

. Water-quality maximum maximum
Site number and name S - ; B L . .
characteristics minimum maximum daily  minimum maximum daily
range range
20 Corral Gulch Temperature (°C)---=---=--- 0.0 24.5 19.0 0.5 31.0 22.0
below Water Specific conductance
Gulch. (micromhos)==-========-=--- ND 1,410 ND 120 1,280 ND
pH (units)---=-=-===----o--- ND ND ND (7.3) (8.2) ND
Dissolved oxygen (mg/L)---- ND ND ND (7.3) (8.6) ND
Suspended-sediment concen-
tration (mg/L)----------- ND 1,000 ND ND 6,530 ND
24 Corral Gulch Temperature (°C)--==-===--- 0.0 21.5 18.0 0.0 25.0 19.0
near Rangely. Specific conductance
(micromhos)=====-=--=-==- 455 2,410 ND 751 1,680 ND
pH (upits)=-==-=--mccecuuu- (7.9) (8.5) ND (7.2) (8.2) ND
Dissolved oxygen (mg/L)---- (9.2) (12.8) ND (6.6) (12.8) ND
Suspended-sediment concen-
tration (mg/L)----=------- 5 88,000 ND 4 (52,000) ND
26 Yellow Creek Temperature {(°C)--=~-------- 0.0 33.5 23.0 0.0 35.0 22.5
near White Specific conductance
River. (micromhos)==-=====-=-=-=~ 610 5,150 ND 1,890 5,790 ND
pH (units)-=--==-=--mccceco-- (8.4) (8.9) ND (7.6) (9.0) ND
Dissolved oxygen (mg/L)---- (6.5) (9.3) ND (7.4) (12.6) ND
Suspended-sediment concen-
tration (mg/L)--~-=-=----- 3 15,000 ND (326) (52,100) ND

Field determinations of dissolved oxygen (tables 10 and 11) indicate that
concentrations of dissolved oxygen in streams within Yellow Creek basin varied
with stream temperature and the activities of the aquatic biota.

Dissolved Oxygen

52

Dissolved
oxygen concentrations frequently exceeded 10.0 mg/L during winter and early
spring when stream temperatures were less than 5.0°C and the saturation capac-
ities of streams for dissolved oxygen were high.
dissolved oxygen were less than 10 mg/L except when supersaturation conditions
occurred from photosynthetic activities.

Summertime concentrations of



quality characteristics for perennial streams in Yellow Creek basins, water years 1977-81

per liter; ND=not determined; ( )=data from field determinations only]

1979 water year 1980 water year 1981 water year 5-year
maximum maximum maximum 5-year maximum

minimum maximum daily minimum maximum daily minimum maximum daily range daily
range range range range

0.0 27.5 22.5 0.0 26.0 23.0 0.0 33.5 28.0 0.0-33.5 28.0
635 1,880 ND 580 1,260 ND 590 6,490 ND 120-6,490 ND
(7.8) (8.4) ND (7.9) (8.4) ND (7.8) (8.1) ND (7.3-8.4) ND
(7.5) (12.6) ND (8.1) (10.6) ND (7.3) (12.0) ND (7.3-12.6) ND
16 (8,660) ND 5 5,120 ND ND 17,800 ND 5-17,800 ND
2.5 29.0 14.5 .5 21.5 14.0 5.0 20.5 10.5 .0-29.0 19.0
678 2,050 ND 271 2,100 ND 390 1,890 ND 271-2,410 ND
(7.5) (8.2) ND (7.5) (8.4) ND (7.5) (7.9) ND (7.2-8.5) ND
(5.6) (9.8) ND (5.6) (11.2) ND (4.4) (7.5) ND (4.4-12.8) ND
8 14,000 ND 5 (14,800) ND 2 21,800 ND 2-88,000 ND
0.0 32.5 21.5 0.0 31.5 23.5 0.0 33.5 22.5 .0-35.0 25.5
457 (5,200) ND 517 4,440 ND 1,000 3,840 ND 457-5,790 ND
(8.0) (8.9) ND (8.3) (8.8) ND (8.4) (8.9) ND (7.6-9.0) ND
(6.3) (14.2) ND (10.1) (13.6) ND (4.4) (13.2) ND (4.4-146.2) ND
ND 8,460 ND 3 13,200 ND 8 7,130 ND 3-(52,100) ND

Suspended Sediment

The suspended-sediment concentrations for the Yellow Creek basin
(tables 10 and 11) seem to be similar to those in Piceance Creek basin

(tables 4 and 5).

An extremely large sediment yield of 290,000 tomns per day

was estimated for Yellow Creek at site 26 for a single thunderstorm in the
1978 water year (U.S. Geological Survey, 1979). These sediments were derived
from the lower third of the drainage basin of Yellow Creek (Vernon W. Norman,
A maximum suspended-sediment
concentration of 113,000 mg/L in Yellow Creek basin was recorded in Box Elder
A review of
other unpublished data, however, would suggest that instantaneous concentra-
tions of suspended-sediment considerably greater than 100,000 mg/L during
runoff events are not unusual in the Yellow Creek basin (Caroline Hollowed,
The variability of the sediment
data tend to demonstrate the great intensity of local sediment movement that
can occur in a semiarid basin.

U.S. Geological Survey, oral commun., 1979).

Tributary at site 23 during a September thunderstorm in 1981.

U.S. Geological Survey, oral commun., 1984).
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DISCHARGE, IN CUB!C FEET PER SECOND
(LOG1o)

SITE 20 —Corral Guich below Water Gulch
near Rangely
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SITE 26— Yellow Creek near White River
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Figure 25.--Correlation of instantaneous discharge and specific
conductance at three sites on perennial streams in Yellow Creek

basin, water years 1977-81.
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Table 11.--Summary of continuous-monitor data and field determinations
for selected water-quality characteristics for intermittent streams
in Yellow Creek basin, water years 1977-81

[°C=degrees Celsius; micromhos=micromhos per centimeter at 25°C;
mg/L=milligrams per liter; ND=not determined]

Water-quality 5-year range for all available data, water years 1977-81

characteristics

Site 19 Site 21 Site 22 Site 23 Site 25

Temperature (°C)-- 9.0-13.5 3.0-22.0 0.0-32.0 0.5 6.0-8.5
Specific conduct-

ance (micromhos) 202-602 243-1,030 117-980 120-1,500  453-2,130
pH (units)=-=====-- ND 7.8-8.3 6.9-8.7 8.0 8.2-8.6
Dissolved oxygen

(mg/L)======m=== ND ND 6.4-11.9 11.6 8.5-12.7
Suspended~-sediment 6,680-8,360 0-18,500 0-33,100 0-113,000 0-53,000

concentration

(mg/L).

Major Ions

Perennial streams.=--Statistical data for concentrations of major ions in
perennial streams in Yellow Creek basin are presented in table 12. These data
also were grouped according to the hydrologic and seasonal classifications:
low flows during the nonirrigation versus irrigation seasons and high flows
from snowmelt runoff versus summer storm runoff. The terms non-irrigation
versus irrigation, however, do not apply to the Corral Gulch sites, because
little or no irrigation activity occurred in this area during the study
period. In addition, because discharge at Corral Gulch, site 24, was greatly
affected by oil-shale mine dewatering that began in early 1978 (fig. 6), the
discharge classifications snowmelt and summer storm runoff would be misleading
and were deleted. Statistical summaries for these data groups are shown in
figures 26 to 28. If the data extremes were extended significantly by a
single sample, the second highest (or lowest) concentration is given for
perspective.

Between site comparisons of water-quality type and relative contributions
of the cations and anions to dissolved solids are displayed in figures 29 and
30. The data show annual mean concentrations after they have been converted
to milliequivalents. This conversion was necessary to establish an equivalent
basis for ion comparisons in determining water-quality type (Hem, 1970).
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CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 26.--Means, standard deviation, and extremes of concen-
trations of periodic samples for major ions for discharge and
seasonal classifications, Corral Gulch below Water Gulch near
Rangely (site 20), water years 1977-81.

58



CONCENTRATION, IN MILLIGRAMS PER LITER

175

150

126

100

75

50

25

700

600

500

400

300

200

100

CATIONS
0

Na
{54
|- 48 it 7 |
10
‘J | _8
- (;31 —
|\_A_g 7<E~ 10‘@' -
I 7$- E4 —_
48 E ['48 <¢_10
T {8
8
u } i
|
BN B
. 1
E49 Tm n 8F 4
ANIONS
HCOs -
7 g
4441 1"
SO, 64+
-
4
48 «%7 1
8
Cl - B
49F Fag Ta 7 M= 11 85 8 4= _4
5-year total, Discharge less than Discharge less than Discharge more than Discharge more than
all samples 1 cubic foot per second |1 cubic foot per second 2.5 cubic feet 2.5 cubic feet
Nov - Feb Mar - Oct per second per second
Low-flow Low-flow Dec - June July - Nov
EXPLANATION
CATIONS Maximum concentration
Ca - Calcium S d highest ntration (when shown)
Mg - Magnesium econd highest concentr
K - Potassium First standard deviation (upper)
Na - Sodium
ANIONS 49 Mean and number of samples
HCO, - Bicarbonate First standard deviation (lower)
Cl - Chloride
F - Fluoride Second lowest concentration (when shown)
SO, - Sulfate

Minimum concentration

Figure 27.--Means, standard deviation, and extremes of concen-
trations of periodic samples for major ions for discharge and
seasonal classifications, Corral Gulch near Rangely (site 24),
water years 1977-81.
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Figure 28.--Means, standard deviation, and extremes of
concentrations of periodic samples for major ions for
discharge and seasonal classifications, Yellow Creek

near White River (site 26), water years 1977-81.
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1981
11.08 17.38 38.32
7
1980 /
11.42 15.63 28.42
&
1979, ‘
3?
\4 12.80 16.07 45.32
K
% EXPLANATION
1978 PROPORTION OF tON
EQUIVALENT TO
TOTAL CATION
10.88 15.85 50.06 EQUIVALENTS
g /| Calcium —
Magnesium —
1977 Potassium plus____
sodium
13.94 14.57 46.89 11.08 TOTAL OF CATION
EQUIVALENTS
SITE 20 SITE 25 SITE 26
Corral Guich below Corral Gulch near Yellow Creek near
Water Gulch Rangely White River

Figure 29.--Relative proportion of ion equivalents to total cation
equivalents calculated from annual mean concentrations of calcium,
magnesium, potassium, and sodium for perennial streams in Yellow
Creek basin, water years 1977-81.
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Figure 30.--Relative proportion of ion equivalents to total anion
equivalents calculated from annual mean concentrations of bicar-
bonate, chloride, fluoride, and sulfate for perennial streams in
Yellow Creek basin, water years 1977-81.
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The within site variations in concentrations of the cations and anions
(figs. 26 to 28) at the three perennial streamflow sites 20, 24, and 26 in
Yellow Creek basin are summarized:

1.

Data for sites 20 and 24 are difficult to assess because of an
incomplete data base and periodic discharges (fig. 6) of energy
development related activities in the area. The data for Corral
Gulch at site 20 show little change in mean concentrations for the
cations and anions for the flow-season classifications. Minimum
concentrations coincided with runoff events. The maximum values of
56 mg/L for potassium, and 150 mg/L for sodium and chloride

(fig. 26) at this site are believed to be due to oil and gas explo-
ration activities. Variations in relative concentrations of the
major ions at Corral Gulch at site 24 were functions mainly of run-
off events and discharges from mine-dewatering activities. Annual
mean concentrations of sulfate increased 30 to 80 mg/L during the
1978-81 water years as compared with similar data in the 1977 water
year (U.S. Geological Survey, 1977-82). Minimum concentrations of
the major ions occurrgd during runoff events.

Stable water-quality conditions, a small concentration ratio (less
than 0.5) for calcium/magnesium, sodium concentrations greater than
500 mg/L, and chloride concentrations in excess of 100 mg/L were
characteristic of the flow in Yellow Creek at site 26 prior to Sep-
tember 1978 and after late spring of 1980 (fig. 31). The interven-
ing period from September 1978 to late spring 1980 was characterized
by large changes in concentrations of both cations and anions, a
fluctuating concentration ratio for calcium/magnesium, and a signif-
icant reduction in flow followed by several runoff events. Ini-
tially, the variations in the data were caused by a storm event in
September 1978 when great quantities of sediment were transported
and deposited near the mouth of Yellow Creek. The following winter
and spring, water quality in Yellow Creek at site 26 probably
reflected the effects from channel restabilization and mineral
solution complicated by a deep winter freeze. The decrease in
concentrations of general ions in February 1980 (fig. 31) were from
samples taken during a runoff event.

Mean concentrations of major ions in Yellow Creek at site 26
(figs. 28 to 30) were significantly less during the high flow year
of 1980 than during low flow years.

Although surface flows in many of the stream channels in Yellow Creek
basin are not continuous (perennial flows exist only in local areas), between
site comparisons of the data (figs. 26 to 30 and table 12) in the Yellow Creek
basin are as follows:

1.

Water quality was a mixed magnesium calcium bicarbonate type in
upper Corral Gulch at site 20. A magnesium sodium bicarbonate water-
quality type is shown at Corral Gulch, site 24, during the 1977
water year prior to oil-shale mine dewatering. A shift to a sodium
magnesium type for cations and an increase in concentrations of sul-
fate and dissolved solids occurred during the C-a mine-dewatering
period starting in 1978. Mean concentrations of dissolved solids
increased several hundred mg/L from site 20 to site 24.
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2. Water quality was different at the mouth of Yellow Creek at site 26
than in Corral Gulch (figs. 29 and 30). Water-quality type at
site 26 was characterized by the ions sodium and bicarbonate, mean
chloride concentrations were greater (in the 100- to 200-mg/L
range), and mean dissolved-solids concentrations generally were two
to four times greater than those measured for Corral Gulch. Water-
quality characteristics at the mouth of Yellow Creek are believed to
be greatly affected by high conductance ground water from the Green
River Formation. Ground water discharges through springs and frac-
tures to the stream channel upstream from site 26 (Saulnier, 1978).

Intermittent streams.--Water-quality type and concentration ranges of
dissolved solids for intermittent flows compared with data means for perennial
flows in Yellow Creek basin are shown in figure 32. Calcium and bicarbonate
were the characteristic ions in water samples containing less than 300 mg/L
dissolved solids: magnesium and sulfate concentrations were characteristic of
samples that exceeded 300 mg/L.

Water-quality types varied more in Stake Springs Draw at site 19 and Dry
Fork at site 21 than in Box Elder Gulch at site 22 and Corral Gulch at site 25
(fig. 32 and U.S. Geological Survey, 1978-82). A mixed calcium magnesium
bicarbonate type was common at site 22, and a magnesium sodium sulfate
bicarbonate type dominated the water chemistry at the mouth of Corral Gulch at
site 25. Concentrations of dissolved solids were greatest at Corral Gulch,
site 25, where they ranged from 894 to 1,300 mg/L.

In comparison with other intermittent streams, the greater concentrations
of dissolved solids and the more consistent chemical type observed for the
flows in Box Elder Gulch (site 22) and Corral Gulch (site 25) were related to
the hydrology at those sites. Flows at the Box Elder and Corral Gulch sites
were sustained for extended periods by base flow and local springs. Stream-
flow at the Stake Springs, Dry Fork, and Box Elder Tributary sites occurred
for short periods, principally from overland runoff. The chemical samples of
the latter three sites tend to represent ions that were available in the basin
soils as compared with the water chemistry of water table and bedrock aquifer
discharges measured in Box Elder Gulch and Corral Gulch.

Regressions.--Concentrations of most of the major ions in streams in
Yellow Creek basin were inversely correlated with discharge and directly
correlated with specific conductance. The variability in concentrations of
these constituents with respect to discharge, however, was sufficiently great
to preclude the use of meaningful regressions. Least squares regressions of
dissolved solids versus specific conductance for the perennial streams and for
data composites for the intermittent streams are given in table 13. The
regressions for the perennial streams provide an estimate of dissolved solids
calculated from specific conductance measurements for the data range shown in
table 12. The regressions for the intermittent streams were calculated for
specific conductance ranges of 130 to 602 micromhos for sites 19, 21, and 23,
145 to 900 micromhos for site 22, and 1,310 to 1,850 micromhos for site 25.
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Figure 32.--Water-quality types and concentration ranges of dissolved
solids for perennial and intermittent streams, Yellow Creek basin.
Data for the perennial sites are based on a 5-year mean for water
years 1977-81. Data for the intermittent sites are for individual
analyses of samples taken during runoff events.
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Table 13.--Estimates of dissolved solids from values of specific conductance
for perennial streams in Yellow Creek basin, water years 1977-81

Least squares regression
Dissolved solids (DS), in milligrams per liter,
estimated from specific conductance (SC),
in micromhos per centimeter

Site number

and name Number Correlation
of Equation coefficient
samples (r)
20 Corral Gulch below
Water Gulch-----==---c--- 17 DS=0.66SC+2 0.98
24 Corral Gulch near Rangely-- 40 DS=0.68SC-10 .98
26 Yellow Creek near Rangely-- 20 DS=0.67SC-3 .99

Estimates of dissolved solids also may be made directly from measurements
of specific conductance (Hem, 1970) from the following equation:

DS=5C X A

where DS=dissolved solids, in milligrams per liter;

SC=specific conductance, in micromhos; and

(A)=the mean ratio of DS/SC computed from the data base for a specific
site. The mean value of (A) and the first standard deviation were computed
from 17 samples at site 20, 40 samples at site 24, and 20 samples at site 26
from the perennial streams and are shown below.

Streamflow sites

20 24 26

DS/SC ratio(A) 0.67+.03 0.68+.02 0.67+.02

Nutrients

Means and standard deviation for concentrations of nitrogen and phos-
phorus in Yellow Creek basin are shown in figure 33. Data for the intermit-
tent sites were grouped according to flow duration characteristics: flows at
sites 19, 21, and 23 were short term and flashy, streamflow at sites 22 and 25
were sustained for longer periods from near-surface ground-water sources and
springs.
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Attempts to relate nutrient concentrations at the perennial stations with
discharge were inconclusive. In general, maximum concentrations of nutrients
occurred during other than low flow conditions.

The greater and more consistent concentrations of nitrite plus nitrate in
Corral Gulch at site 20 than at the two other perennial flows in Yellow Creek
basin probably were related to local spring sources that had high concentra-
tions of nitrate nitrogen. The concentration and range of nutrients in short-
duration flows at sites 19, 21, and 23 were large when compared with perennial
and intermittent flows sustained by ground water and springs. This indicates
that major nutrient transport in the streams of Yellow Creek basin occurred
during periods of overland runoff when soil leaching and sediment-
transportation activities were at a maximum.

Trace Constituents

Concentration ranges of dissolved trace constituents in perennial and
intermittent streams in Yellow Creek basin are shown in figure 34. Where one
sample in a data set extended the maximum range beyond what appeared to be
general background range, the second highest concentration is shown for
perspective. Data for Corral Gulch near Rangely, site 24, are for combined
natural flows and flows that originated from mine-dewatering activities at
Tract C-a.

Except for boron, lithium, and strontium, the data show that most trace
constituents in streams appeared to be uniformly distributed through the
Yellow Creek basin. The high concentration ranges for boron and lithium in
Yellow Creek near White River, site 26, were likely due to water seepage from
ground-water aquifers into the stream channel upstream from this site
(Saulnier, 1978).

The high strontium concentrations measured in Corral Gulch near Rangely,
site 24, (fig 34) probably were related to the quality of water from mine
discharges to that stream channel. Although not shown in the data tables in
this report, dissolved strontium concentrations for seven samples taken during
the 1976 water year ranged from 1,600 to 2,000 ug/L; during the 1978-79 water
years, when the dewatering of oil-shale mines occurred, strontium ranged from
1,900 to 7,000 pg/L. As discussed earlier, mean concentrations of sulfate
also increased during this period. The two constituents may have a common
mineral assemblage or chemical equilibrium control at this site. Relative to
the other intermittent streams, the apparent high concentrations of arsenic
and selenium at Box Elder Gulch, site 22, may reflect the bias of a small data
base or may represent effects from ground-water sources.
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Radicactive Substances

Data ranges for radiocactive substances in perennial and intermittent
streams in Yellow Creek basin are presented in table 14 and maximum recorded
activities are summarized in figure 35. The source radionuclides for these
activities in streams apparently were associated with the suspended material
in the streams because relatively high values commonly occurred during periods
when concentrations of suspended-sediment were high. The specific radionu-
clides of the radioactive substances were not identified.

Insecticides and Herbicides

A total of 24 unfiltered water samples and six bed-material samples were
analyzed for insecticides and herbicides from Corral Gulch below Water Gulch
at site 20, Corral Gulch near Rangely at site 24, and Yellow Creek near White
River at site 26 during October 1975 to September 1980 (water years 1976-80).
In addition, a total of six unfiltered water samples and three bed-material
samples were collected from the intermittent sites, Box Elder Gulch near
Rangely, site 22, and Corral Gulch at 84 Ranch, site 25. All samples were
analyzed for the following:

Insecticides Herbicides
(Organochlorine) (Organophosphorus) (Chlorophenoxy Acid)
Aldrin Diazinon 2,4-D
Chlordane Ethion 2,4,5-T
DDD Malathion Silvex
DDE Methyl parathion
DDT Methyl trithion
Dieldrin Parathion
Endrin Trithion
Heptachlor
Heptachlor epoxide
Lindane
Toxaphene

Herbicides were not detected at any site. The insecticides DDE and
chlordane were detected only once in the 1976 water year at low concentration
ranges of 0.1 to 0.2 pgg/kg in bed materials from the Corral Gulch sites 20,
24, and 25. The presence of these insecticides at the Corral Gulch sites most
likely were residuals from past agricultural or insect control activities.
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