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CONVERSION FACTORS

Inch-pound units in this report may be expressed in the International
System of Units (SI) by use of the following conversion factors:

Multiply inch-pound units By To obtain SI units
acre (ac) 0.4047 hectare

cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter

gallon (gal) 3.785 liter

gallon per minute (gal/min) 0.06309 liter per second

inch (in.) 25.40 millimeter
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pound (1b) 453.6 milligram

square mile (mi?) 2.590 square kilometer

To convert temperature in degree Fahrenheit (°F) to degree Celsius (°C),

use the following formula:

°F = 1.8°C+32.



DISCHARGE AND WATER QUALITY OF SPRINGS
IN ROAN AND PARACHUTE CREEK BASINS,
NORTHWESTERN COLORADO, 1981-83

By David L. Butler

ABSTRACT

Roan and Parachute Creek basins are part of the oil-shale-rich Piceance
basin in Colorado. This study of springs in Roan and Parachute Creek basins
was a continuation of hydrologic investigations by the U.S. Geological Survey
in important oil-shale regions. This report contains discharge, water-
quality, and radiochemical data collected from 1981 to early 1983 for springs
located in Roan and Parachute Creek basins. Stream discharge measurements and
chemical data for two ion-mass-balance studies are included in this report.

Mean spring discharge is about 5 gallons per minute based on discharge
measurements at 129 springs. Many springs have abrupt increases in discharge
during or immediately after the snowmelt period, which indicates a short
residence time for much of the recharge water in upland regions. Springs on
the upland plateaus and ridges discharge mixed cation bicarbonate water having
216 to 713 milligrams per liter dissolved solids. Sampled springs in the
canyon areas and basin-perimeter slopes have greater concentrations of sodium
and sulfate than upland springs and have from 388 to 3,970 milligrams per
liter dissolved solids. The only trace elements with a mean concentration
greater than 10 micrograms per liter throughout the study area are barium,
boron, lithium, and strontium. There is a significant difference in arsenic,
barium, boron, lithium, selenium, strontium, and vanadium concentrations
between samples from upland springs and samples from lowland springs.

Calcite and dolomite dissolution influence major-ion chemistry of springs
in upland areas. Gypsum dissolution is a significant reaction in lower valley
springs. Many springs are saturated or supersaturated with calcite, dolomite,
feldspar, and clay minerals, and are undersaturated with fluoride and stron-
tium minerals, and metal carbonates.

None of the canyon springs investigated represents discharge from the
lower Green River aquifer based on chemical analyses and tritium-dating
results. An ion-mass-balance study indicates lower aquifer discharge through
talus material into the Carr Creek valley. Inconclusive results were obtained
from a similar investigation of the West Fork Parachute Creek. Analysis of
discharge and fluoride data for tributaries of Roan Creek show evidence of
lower-aquifer discharge into the canyons.



Changes in spring-water quality could occur if oil-shale process water or
mine water contaminated the source water of a spring. An increase in
concentration of bicarbonate, fluoride, arsenic, boron, lithium, mercury,
molybdenum, ammonia, and organic compounds may be observed in contaminated
spring water. Because springs represent discharge from shallow, localized
flow systems in Roan and Parachute Creek basins, changes in spring water
quality are likely to be limited to springs located near the contamination
source.

INTRODUCTION

Large oil-shale deposits exist in the Piceance basin in northwestern
Colorado. Roan and Parachute Creek drainage basins (fig. 1) are located in
the southern section of the Piceance basin. Current (1984) oil-shale develop-
ment plus the potential for future oil-shale development throughout the study
area have created a need for water studies in this region. Predevelopment
hydrologic data are important requirements for oil-shale planning and develop-
ment. A study of springs in Roan and Parachute Creek basins was part of a
larger effort by the U.S. Geological Survey to define the hydrology of the
major oil-shale areas in the western United States.

This report contains hydrologic data collected at springs in Roan and
Parachute Creek basins from 1981 to 1983. The data were collected to meet
three major objectives:

1. To quantify spring discharge and define areal and seasonal flow
patterns. Included in this objective was relating spring discharge
to available recharge and estimating residence time of the spring
water in the study area.

2. To define water-quality conditions of springs in the study area
prior to widespread oil-shale development. Defining water-quality
conditions included quantifying concentrations of chemical constit-
uents in the water; identifying areal patterns and relating such
patterns to topography, geology, and ground-water flow systems;
examining the geochemical nature of spring water; and delineating
chemical constituents that may be useful for monitoring purposes.

3. To attempt to discover the relation of springs to the regional
ground-water systems in Roan and Parachute Creek basins. The
most important aspect of this objective was to locate springs
discharging from the lower aquifer to verify some predictions
of the Piceance basin ground-water model developed by the
U.S. Gecological Survey.



















































Major Chemical Constituents

Analytical results for dissolved cations, anions, fluoride, silica, and
dissolved solids are listed in table 15 in the Supplemental Hydrologic Data
section of this report. A statistical summary for each constituent, including
specific conductance, is found in table 2. Because springs on the upland
areas of Roan and Parachute Creek basins represent different water sources and
rock types than lowland springs, the chemical data were grouped into upland
and lowland areas for discussion and analysis.

Upland Springs

Springs located on upland plateaus and ridges in the study area yield a
mixed cation bicarbonate water type. Water-quality analysis diagrams for 50
springs are shown in figures 9 through 11. Mean values are plotted for
springs with two or more analyses. The upland springs were divided into three
geographical areas, western, central, and eastern, to facilitate plotting the
chemical compositions of the springs and to examine general areal differences
in water chemistry of springs. Water composition is about the same in the
three areas. Most of the ion-percentage plots of the cations are within the
40 to 50 percent calcium, 25 to 35 percent magnesium, and 20 to 30 percent
sodium zone. Bicarbonate commonly accounts for at least 70 percent of the
anion composition. Dissolved-solids concentrations for upland springs ranged
from 216 to 713 mg/L (milligrams per liter). The variance of cation concen-
trations indicated in table 2 seem surprisingly small for 50 springs that
probably represent localized, small-scale flow systems. Sulfate had more
variability among springs than the other major ions, and it also had a much
greater range in concentrations (1 to 280 mg/L). Mean concentrations of
fluoride (0.15 mg/L) and chloride (3.3 mg/L) were small in the upland springs
and little variation in concentration was determined between springs. Silica
concentrations were about 20 mg/L in spring water throughout the study area.

An analysis of variance in ion concentrations between the three geo-
graphical divisions indicated no significant difference at the 0.05 proba-
bility level (5 percent) in major constituent concentrations, with the
exceptions of calcium and potassium. Specific conductance in the area east of
Parachute Creek is significantly smaller at 0.05 probability level than in the
western and central areas. An examination of water chemistry at a smaller
scale was attempted, dividing the three major divisions (western, central, and
eastern) into geographical subunits. The western area was divided by main
ridges, and the central and eastern areas were divided by stream drainages.
The plots of mean water composition and descriptions of these units are shown
in figure 12. The cation plots for the nine upland subunits cluster about the
45-percent calcium, 30-percent magnesium, and 25-percent sodium lines. The
Brush Mountain and Skinner Ridge (subunit 1) and the Middle Fork Parachute
Creek (subunit 9) subunits show a greater percentage of sulfate, but those
results probably are caused by greater sulfate concentrations at one spring
within the subunit rather than a greater sulfate concentration throughout the
subunit. The small sulfate-to-bicarbonate ratio indicated in subunit 7 (East
Fork Parachute Creek) is biased by an unusually small sulfate concentration at
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Figure 9.--Water-quality diagram for upland springs located
on the ridgetop areas of Roan Creek basin.
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Figure 10.--Water-quality diagram for upland springs located
on the plateau between Roan and Parachute Creeks.
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Figure 11.--Water-quality diagram for upland springs located
east of Parachute Creek.
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CALCIUM
CATIONS

CHLORIDE
ANIONS

PERCENTAGE REACTING|VALUES
EXPLANATION |

UPLAND SPRINGS LOCATED ON WESTERN RIDGES
OF ROAN CREEK DRAINAGE
1 On Brush Mountain and Skinner Ridge
2 On 4A Mountain and 4A Ridge
3 On Kimball Mountain

UPLAND SPRINGS ON CENTRAL PLATEAU AREA
BETWEEN ROAN AND PARACHUTE CREEKS
4 In the northern one-half of area

5 In southern one-half of area, Roan Creek drainage

6 In southern one-half of area,
Parachute Creek drainage

UPLAND $PRINGS LOCATED EAST OF PARACHUTE CREEK
7 In the East Fork Parachute Creek drainage
8 In the East Middle Fork Parachute Creek drainage
9 In the Middle Fork Parachute Creek drainage
LOWLAND SPRINGS
10 Above stream alluvium and the Wasatch Formation

11 Above stream alluvium and below the
Wasatch Formation contact
12 In stream valley alluvium

Figure 12.--Water-quality summary diagram for springs in various
geographical areas.
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254 3 Chioride SPRING 1
Plot Discharge {(gallons  Dissolved solids
number Date per minute) {(milligrams per liter)
1 09-01-81 50 626
2 11-10-81 66 595
3 05-26-82 300 411
4 10-07-82 76 543
5 02-16-83 34 640
L ] | | | | ] 1 L L ]
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Calcium 253

1

Magnesium 2 3
5 4
Sodium plus
Potassium Chloride
2143 SPRING 38
5 Plot Discharge (gallons Dissolved solids
number Date per minute) {milligrams per liter)
1 08-18-81 3.7 375
2 11-05-81 2.6 381
3 06-30-82 19.0 320
4 09-23-82 6.6 347
5 02-16-83 40 361
L I ] | | ] | ] ] | ]
5 4 3 2 1 1 2 3 4 5 6
CATIONS, IN MILLIEQUIVALENTS ANIONS, IN MILLIEQUIVALENTS
PER LITER PER LITER

Figure 14.--Seasonal variation of water chemistry at six springs.
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3 2 45 Bicarbonate

Magnesium Sulfate
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Sodium plus
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143 31 SPRING 56
25 42 - N .
5 Plot Discharge (gallons  Dissolved solids
number Date per minute) (milligrams per liter)
1 09-16-81 3.2 454
2 11-12-81 26 452
3 06-09-82 47 351
4 10-13-82 35 422
5 02-15-83 2.7 435
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2 06-22-82 11.0 373
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PER LITER PER LITER

Figure 14.--Seasonal variation of water chemistry at six springs--Continued.
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Potassium Chloride SPRING 112
Plot Discharge {gallons  Dissolved solids
Date . - X
number per minute) (milligrams per liter)
1 08-25-81 0.99 410
2 10-23-81 0.48 412
3 06-28-82 9.1 357
4 10-21-82 1.7 389
5 02-15-83 0.82 442
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Calcium 2153 3 5 Bicarbonate

Magnesium é xi Sulfate
Sodium plus
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2 ‘1‘3 SPRING 124
5 Plot Discharge (gallons  Dissolved solids
number Date per minute) (milligrams per liter)
1 09-02-81 14 562
2 10-22-81 1.2 570
3 06-17-82 34 518
4 10-13-82 16 551
5 02-15-83 0.74 558
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Figure 14.--Seasonal variation of water chemistry at six springs--Continued.
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Formations. Lowland springs have a large range and variation in concentration
for all the cations except potassium, for the anions sulfate and bicarbonate
(reported as alkalinity), and for dissolved solids (table 2). Specific
conductance ranged from 600 to 4,900 uS/cm. Lowland springs are mixed cation
and anion water types as indicated by the chemical-composition plots in

figure 15. The cations generally plotted in the 20 to 40 percent calcium, 30
to 40 percent magnesium, and 30 to 40 percent sodium parts of the diagram.
Anion percentages ranged from more than 80 percent sulfate at several springs
to 80 percent bicarbonate at several other springs. Chloride seldom accounted
for more than 5 percent of the anion content.

Lowland springs were grouped by alluvial and nonalluvial sources, and the
nonalluvial sources were further grouped according to the stratigraphic
location of the spring. Plots 10, 11, and 12 of ion percentages of the mean
chemical composition of the three groups are shown in figure 12. Dissolved
solids in alluvial spring water average about one-half the dissolved solids in
other lowland spring water. Alluvial spring samples have slightly less sodium
relative to calcium plus magnesium and a greater bicarbonate-to-sulfate ratio
than nonalluvial source springs. Nonalluvial source springs were grouped
according to their location relative to the Wasatch Formation-Green River
Formation contact. Those two spring groups had similar chemical compositions
with slightly increased sulfate percentage for the springs located below the
contact. The nonalluvial source springs are located along valley hillsides
and slopes and may represent small-scale flow systems; therefore, strati-
graphic location may not be a very important factor in determining chemistry
of the spring.

Two springs located in lowland areas had unusual chemical compositions
when compared to other springs sampled. The two outlier points on the cation
diagram in figure 15 represent analyses from springs 44 and 122. Spring 44 is
the 65 percent magnesium and 7 percent calcium plot and represents a sample of
melt water from ice collected from the lower cliffs of the Green River
Formation in the West Fork Parachute Creek valley. The chemical composition
may have been altered by freezing and thawing cycles. The other outlier is
the 62 percent sodium and 9 percent calcium point from spring 122, the Mt.
Callahan spring near Parachute. The analysis of spring 122 also is the
outlier point on the combined diagram in figure 15 (62 percent sodium plus
potassium, 81 percent sulfate plus chloride). This is the only spring sampled
where the percent sodium was greater than 50. The tritium results discussed
later in the report in the tritium section indicate that water from spring 122
may be from a deeper or slower circulation aquifer system.

Independent, small-scale flow systems can display remarkable differences
in water quality within short distances. An example of such differences was
discovered in a gulch in upper Roan Creek basin at the base of Brush Mountain.
Springs 108 and 109 are less than %-mi apart and at virtually the same
altitude, yet spring 108 had a mean dissolved solids of 1,185 mg/L and spring
109 a mean dissolved solids of 3,510 mg/L. Sulfate concentration was 5 times
greater and cation concentrations 2 to 3 times greater at spring 109 than at
spring 108. The springs are located in landslide-slope wash deposits at the
lower end of a gulch that extends about a mile above the springs. Spring 108

30



L

%

%

20

29

2

%

N

CHLORIDE
ANIONS

CALCIUM
CATIONS

PERCENTAGE REACTING VALUES

Figure 15.--Water-quality diagram for lowland springs.
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issues from a single discharge point, and spring 109 consists of a salt
encrusted seep area. Spring 108 has the appearance of a fracture type spring
and may represent a faster flow system than spring 109, where slower
ground-water movement enables more dissolution of soluble salts.

Average dissolved solids is about three times greater at lowland springs
than at upland springs in Roan and Parachute Creek basins. Except for silica,
all major-constituent mean concentrations are greater at lowland springs.
Silica concentrations are not significantly different between the two spring
groups. Mean fluoride concentrations are only 0.2 mg/L greater in lowland
springs. Nearly 80 percent of the increase in dissolved solids between
lowland and upland springs can be accounted for by increases in sodium
sulfate. Plots of lowland-spring groups (numbers 10 to 12 in fig. 12) have a
shift toward increased percent sodium, less percent calcium, and a marked
shift toward greater percent sulfate than upland-spring plots (numbers 1 to
9). Gypsum (CaSO4) is present in the Wasatch Formation and soluble sodium
salts are likely to be present in the cements and clays of the lower members
of the Green River Formation and the Wasatch Formation. A significant
quantity of clay is reported in the lower members of the Green River Formation
(Robb and Smith, 1974).

Dissolved Trace Elements

Data Results and Statistical Summary

Trace element results for samples collected from 1981-83 are reported in
table 16 in the Supplemental Hydrologic Data section at the back of this
report. An inorganic water-quality constituent that is reported in units of
micrograms per liter instead of milligrams per liter is included in this
section.

A significant number of trace-element concentrations are qualified as
"less than'" values (table 16). A significant number of concentrations are
also reported as zero, but the true concentration can be between zero and the
analytical detection limit. Qualified and zero values are referred to as
censored values. By mid-1982, the laboratory no longer reported zeroes in
trace-element results.

Another problem commonly associated with the analysis of trace-element
data is a nonnormal distribution of the values. The data commonly have a
large positive skew, which indicates that a large number of values occur at
the smaller concentrations with an abrupt decrease in frequency toward
increasing concentrations. Calculation of means or statistical testing using
censored, nonnormal data can introduce considerable error in the analysis. An
excellent discussion of such computational error can be found in Miesch
(1967).

A logarithm transform of nonnormal distributed data commonly will result

in an approximate normal distribution or in a log-normal distribution. The
antilogs of the mean and standard deviation of the transformed values are the
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geometric mean and geometric deviation. For log-normal distributions, a
geometric mean is considered a better estimate of central tendency than a mean
calculated from original values. For a data set with no censored values, the
calculation of a geometric mean to estimate mean trace-element concentration
would be sufficient. A method devised by Cohen (1959) and described in Miesch
(1967) can be used to estimate population means and variances using censored
data. The method is based on the degree of censoring or detection ratio, the
number of uncensored values to the total number of values, and the mean and
variance of the uncensored values. Cohen's (1959) method requires use of a
lower limit or detection limit. Because of changes in analytical methods used
during the sampling phase of the study, seven elements listed in tables 3 and
4 had two lower limits.

A second method was used to estimate means for censored data that is
based on relative ranks of the values. After converting qualified values to
0.7 times the value (for example, <10 becomes 7), all the data are ordered by
value with zeroes and the remarked data listed first. Using statistical
computer programs (Helwig and Council, 1979), a normal-rank score is computed
for each value and then converted to units of standard deviation. The
logarithm of concentration of nonzero values is regressed against standard
deviation, and the intercept of the resulting line is the geometric mean and
the slope is the geometric deviation. This method is less sensitive to
variable detection limits than Cohen's (1959) method. Most geometric means
listed in tables 3 and 4 were calculated using the ranking procedure, but for
many elements with only one lower-limit value, the means calculated by the two
methods agree well. The standard error of the mean listed in the tables is
the antilog of the standard error of the transformed data. It should be
emphasized that the methods used to calculate estimates of central tendency
are designed only to decrease computational error and are not designed to
correct for sampling and analytical error.

It may be desirable to estimate an arithmetic mean for trace-element
constituents for comparison purposes with data in the literature. Miesch
(1967) describes a method devised by Sichel (1952) to estimate an arithmetic
mean, called a Sichel t-estimate, on log-normally distributed data. These
values are listed under the "AM" column in tables 3 and 4. For some constit-
uents, such as boron and strontium that have no censored values and approxi-
mate a normal distribution, the t-estimator is equivalent to the simple
arithmetic mean of the original data.

Discussion of Results

Background concentrations of aluminum, beryllium, cadmium, chromium,
cobalt, copper, iron, lead, mercury, and nickel in many springs in Roan and
Parachute Creek basins are equal to or less than analytical detection limits.
A concentration of 570 pg/L of aluminum in a sample from spring 43 has the
appearance of sampling or analytical problems, as no other spring sampled had
a concentration of aluminum greater than 20 pg/L. That sample also had
unusually large barium and manganese concentrations for springs in the study
area, and there are no known natural causes of increased metal concentrations
in that spring. A cadmium value of 26 pg/L from spring 112 on Kimball
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Mountain could indicate a sample contamination problem. A sample from spring
141 on South Dry Fork had an iron concentration of 760 pg/L, which is an order
of magnitude greater than any other iron concentration listed in table 16 (in
the Supplemental Hydrologic Data section). That sample may have been contami-
nated by iron from the pipe used to collect the sample. The following list of
elements either were present in significant concentrations or had significant
variation in concentration to warrant further discussion:

1. Arsenic--An analysis of variance using the F-test indicates a signi-
ficant difference (0.01 probability level) in concentration of arsenic between
upland and lowland springs. The reason for greater arsenic concentrations in
upland springs is unknown. Desborough and Pitman (1974) suggest that arsenic
is present in sulfides in the Parachute Creek Member. Greater concentrations
of arsenic were detected in springs on the western ridges of the study area.

2. Barium--Concentrations of barium were significantly greater (proba-
bility level of 0.05) in upland springs than in lowland springs. No con-
centrations exceeded 150 pg/L except for one sample, 300 pg/L at spring 43.
No apparent large-scale spatial differences in barium concentrations between
upland springs were found.

3. Boron--Mean boron concentrations were five times greater in lowland
springs than in upland springs. The maximum reported value for boron from an
upland spring was 130 pg/L at spring 32; however, boron seldom exceeded 50
pg/L in upland-spring samples. Springs on the Roan Plateau and on the western
ridges of Roan Creek had a marked uniformity in boron concentrations. Boron
commonly is associated with sedimentary rocks and evaporite minerals.

4. Lithium--Concentrations of lithium were significantly greater
(probability level 0.01) in lowland springs than in upland springs in Roan and
Parachute Creek basins. Larger lithium concentrations were associated with
greater dissolved-solids concentrations in spring water in both upland and
lowland areas. Absorption of lithium on clays may account for the more
lithium in the lowland springs. No spatial trends in lithium data between
major areas of the uplands springs were determined.

5. Manganese--Mean concentrations of manganese were small for springs
throughout the study area, and many samples had less than 10 pg/L manganese.
However, there are several samples with manganese exceeding 40 pg/L from
randomly scattered springs throughout the study area. The maximum manganese
concentration of 210 pg/L determined for spring 116 on 4A Mountain does not
agree with an earlier manganese sample from that spring of 26 pg/L.

6. Molybdenum--Concentrations of molybdenum were significantly greater
(probability level 0.05) in lowland springs than in upland springs. Greater
molybdenum concentrations are apparent in spring water on the western ridges
of Roan Creek drainage for upland areas. Several samples from springs in the
western area have molybdenum concentrations of 20 to 30 pg/L. The maximum
concentration of molybdenum, 100 ug/L, was from spring 44; that sample
represents ice from the lower cliffs of Parachute Creek Member in West Fork
Parachute Creek Valley in which water sources are unclear and alterations to
chemical composition are possible.
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7. Selenium--Mean selenium concentration was about three times greater
for lowland springs than for upland area springs. Two samples exceeded 10
Mg/L, one from spring 122 (12 pg/L) and one from spring 129 (20 upg/L). Both
springs may represent water from the lower members of the Green River
Formation or the upper part of the Wasatch Formation.

8. Strontium--Strontium concentrations exceeding 2,000 ug/L were common
in lowland springs, especially in nonalluvial source springs. Mean strontium
concentration was significantly smaller (probability level 0.01) in upland
springs. Strontium is common in carbonate sediments (Hem, 1970) and in the
Piceance Creek drainage basin is a significant element in the Uinta Formation
ground water (Robson and Saulnier, 1981). Concentrations of strontium were
less in upland springs of Roan and Parachute Creek basins than in springs in
the Piceance Creek drainage basin. This difference can be attributed to
shorter flow path and residence time for springs in the Roan and Parachute
part of the Piceance basin, resulting in less dissolution of strontium.
Average strontium concentrations are less in springs on the western ridges of
Roan Creek drainage than in springs on the central and eastern plateau areas
in the study area. Trends of increasing strontium to the north in the central
Roan Plateau and to the northwest in the area east of Parachute Creek are
apparent.

9. Vanadium--Vanadium concentrations were significantly greater (pro-
bability level 0.05) in upland springs than in lowland springs in the study
area. Within the upland region, vanadium concentrations are significantly
less in the eastern area than in the western or central areas. Reasons for
these differences are not understood. A substantial negative correlation
exists between vanadium and strontium concentrations. Vanadium concentrations
of 20 to 30 pg/L were determined in six upland-spring samples from western and
central locations.

10. Zinc--Zinc was not present in large concentrations in springs in the
study area. Galvanized-steel pipes used at some springs may have contributed
zinc to water samples. This contamination was somewhat random in occurrence.
A maximum concentration of 450 pg/L of zinc was reported from spring 90 in a
sample collected during September 1981. Three subsequent samples from spring
90 had zinc concentrations of <3, <3, and 36 ug/L. Three samples from other
springs with zinc concentrations of 50 to 100 ug/L were not verified by other
zinc analyses from those springs. Readers are advised to use the larger zinc
concentrations shown in table 16 with caution in any additional analysis of
the data.

Dissolved Nitrogen and Phosphorus

Analytical data for dissolved nitrogen and phosphorus species are listed
in table 15 in the Supplemental Hydrologic Data section. A statistical
summary of the data is tabulated in table 5. Because some of the data contain
censored values or were not normally distributed, computational techniques
previously described in this report were used to estimate central tendency,
variance, and arithmetic mean.
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Ammonia and nitrite were present in small concentrations in springs
throughout the study area. Therefore, nearly all the inorganic nitrogen
present was in the oxidized nitrogen state as nitrate. The nitrite plus
nitrate determination can effectively be considered entirely as nitrate. The
geometric means of nitrate concentration between upland and lowland springs
are not significantly different. However, the large variance in the nitrate
data for the lowland sites results in a significantly greater estimate of
arithmetic mean than for upland springs. A sample from spring 129 had 11 mg/L
nitrate, and two samples from spring 108 had 6.1 and 5.5 mg/L of nitrate.

Both springs are located in small gulches in Roan Creek valley. Reasons for
the large nitrate concentrations at the two springs are unknown. Four springs
located on the western ridgetops of Roan Creek drainage have mean nitrate
concentrations of about 2 to 3 mg/L. Because nitrate concentrations were
quite variable between springs within short distances, distinct spatial trends
were not readily apparent.

The mean organic plus ammonia nitrogen concentrations were greater for
lowland area springs. Lowland springs had a larger variability among springs
than upland springs with respect to organic nitrogen. Springs 108 and 129,
which had the greatest concentrations of nitrate in samples also had the
maximum organic plus ammonia nitrogen concentrations (2.7 and 3.2 mg/L). No
differences in organic plus ammonia nitrogen concentrations were apparent in
the upland springs.

Dissolved phosphorus and orthophosphate concentrations were minimal in

spring samples from the study area. Mean concentrations were near analytical
detection limits, and concentrations in only a few analyses exceeded 0.10 mg/L.

Miscellaneous Constituents

Water-quality constituents discussed in this section include sulfide,
bromide, iodide, cyanide, organic carbon, phenols, and oxygen 18/16 isotope
ratio. Analytical results for those constituents in spring samples are given
in table 15 in the Supplemental Hydrologic Data section. A statistical summary
of the data can be found in table 6.

Mean sulfide, bromide, and iodide concentrations were not significant in
springs of Roan and Parachute Creek basins. Sulfide may be present in slightly
greater concentrations in lowland springs than in upland springs. The maximum
sulfide concentration was 0.8 mg/L in a sample from spring 125, an alluvial
spring on Conn Creek. Sulfide odor was noticed at a few springs. Bromide
concentrations were 0.1 mg/L or less at most springs. More than 80 percent of
the iodide values were censored. Apparently a change in analytical methods for
iodide at the laboratory from 1981 to 1982 resulted in an increase in reporting
limits from 0.01 to 0.25 mg/L.

Forty-six of 50 cyanide concentrations were either zero or <0.01 mg/L.
The maximum concentration of 0.02 mg/L was at spring 43, which also had some
unusual metal concentrations. Dissolved-organic carbon (DOC) results indicate
2 to 5 mg/L DOC in most springs throughout the study area, and no spring
sampled had a DOC greater than 10 mg/L. Phenol concentrations represent a
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gross or total phenol concentration and do not differentiate specific phenolic
compounds or groups. Phenol concentrations exceeded 10 pg/L in five spring
samples. Occasional large phenol concentrations in ground water of the region
are not unexpected because of substantial organic content in rocks of the area.
The maximum phenol concentration reported was 29 pg/L from spring 131 on North
Dry Fork. A sample collected during 1981 from spring 88 on the central Roan
Plateau had 27 pg/L phenols. The phenol data had a large skew and variance,
which results in considerably greater estimates of arithmetic means than of
geometric means.

Oxygen-isotope ratio is the ratio of the heavier, stable oxygen-18 isotope
to the common oxygen-16 isotope. The oxygen-isotope data represent a
difference of the isotope ratio of the sample from the isotope ratio of a
standard called standard mean ocean water (Freeze and Cherry, 1979). The
values are expressed in parts per thousand. Larger negative values indicate
greater depletion of oxygen-18 in the water relative to the standard. Once
oxygen-18 has moved through the soil zone into an aquifer, it becomes a
property of that water, so sources and mixing zones in ground-water systems
can be studied using isotope analysis. Deeply circulating water is likely to
be enriched in oxygen-18 because of reaction losses of oxygen-16, so values of
the isotope ratio are less negative than isotope ratios of shallow waters.
The isotope data given in table 15 (in the Supplemental Hydrologic Data
section) were collected in conjunction with tritium sampling. Values ranged
from -15.5 to -17.0 parts per thousand in 24 spring samples. These values are
comparable to oxygen-isotope values for shallow ground waters in high-altitude
recharge areas in Colorado (H.C. Claassen, U.S. Geological Survey, oral
commun., 1984). The data are presented to define oxygen-isotope values in
shallow waters in the study area. These data could be helpful in future
hydrologic studies of the Piceance basin if isotope data are collected from
alluvial and deeper ground water.

MINERAL SATURATION OF SPRING WATER

Relations of water chemistry to geologic terrain can be examined through
use of chemical-equilibria calculations that can be used to determine mineral-
saturation information from chemical analyses of spring samples. Effects on
water quality caused by outside inputs to the system and estimates of maximum
limits on concentrations of trace elements can be derived from mineral-
saturation data.

The computer program WATEQF (Plummer and others, 1978) was used for
calculation of distribution and activity of selected inorganic aqueous
species. The program also calculates the state of saturation of the water
with respect to certain minerals. An excellent discussion of principles of
solution-mineral equilibria is presented in Garrels and Christ (1965).

The saturation index (SI) used from WATEQF is equal to the log of the ion
activity product divided by the mineral equilibrium constant. If SI was in
the range -0.1 to +0.1, the sample was designated as saturated or at
equilibrium with that mineral; if less than -0.1, the sample was designated
undersaturated; SI greater than 0.1 was designated supersaturated. A summary
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of SI values for selected minerals for spring analyses from Roan and Parachute
Creek basins is given in table 7. Mineral selection was based on possible
precipitation controls for various aqueous species and on mineralogic
information for the Piceance basin found in Desborough and Pitman (1974),
Milton (1977), and Robb and Smith (1974). Soil composition data from Kimball
(1981) and Dean and Ringrose (1979) also were considered during mineral
selection process.

Mineral saturation, predominant ion specié¢s, chemical reactions, and ion-
concentration limits are discussed for the following list of chemical
constituents or groups of constituents:

1. Calcium magnesium bicarbonate system--Calcite and dolomite are
present in cements of the Uinta Formation and are common minerals of the Green
River Formation. Carbon dioxide (CO) charged water infiltrates the weathered
zone and then the unweathered zone. The resultant dissolution of calcite and
dolomite produces calcium, magnesium, and bicarbonate ions in solution.
Calculated CO, partial pressures in spring samples commonly were greater than
atmospheric CO,. This indicates significant CQ, was present throughout the
flow system and aided in mineral dissolution. It is apparent that most
springs represent ground-water systems with sufficient flow-path length and
residence time to reach saturation or supersaturation with calcite and
dolomite (table 7). Carbonate deposits sometimes were observed near spring
discharge points. Because no other major sources of calcium and magnesium are
present in the rocks of shallow flow systems of upland areas, calcium and
magnesium concentrations have become restricted to a narrow range in the
spring water. Mineral saturation and ion exchange had a limiting effect on
calcium and magnesium concentrations. A few springs in the valleys had
greater calcium concentrations because of gypsum dissolution. Bicarbonate
concentrations could increase significantly if nahcolite were present in the
flow system, but that mineral probably has been leached from the shallower
zones and is present in significant quantities only at deeper zones of the
Green River Fomation. From WATEQF species distribution calculations, the

predominant ion species of calcium was Ca?*

with CaSO4 of secondary
importance. The primary ion species of magnesium was Mg?*, but the MgSO4 and
MgH(303+ species account for about 20 percent of the total magnesium.
Bicarbonate was predominantly in the HCOg— form; cation complexes accounting

for about 10 percent of total bicarbonate.
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2. Sodium and potassium--Albite and analcime dissolution and cation
exchange on clay minerals are likely sodium sources in spring water. Hem
(1970) states that sodium may be present as an impurity in calcite cements.
The larger sodium concentrations in lowland springs may be due to clay
available for cation exchange and perhaps nahcolite in the slump and landslide
debris derived from Green River Formation. Nearly all the sodium in solution
was present as Na+ ions. Potassium sources in Roan and Parachute Creek basin
springs were potassium feldspar (adularia) and clay minerals. More soluble
sources of silica cause supersaturation of potassium-silicate minerals in

springs and maintain small potassium concentrations.

3. Sulfate and chloride--Sulfur was present in the oxidized form S042~
in springs of the study area. The presence of moderate sulfate concentrations
and oxidized nitrogen as nitrate indicates oxidizing conditions are prevalent
in spring systems. Because sulfate minerals seldom are reported in the Uinta
or upper part of the Green River Formations, the sulfur source is not clear.
Robson and Saulnier (1981) suggest upward leakage of reduced sulfur from
pyrite sources in the Parachute Creek Member may produce sulfate in Uinta
springs in Piceance Creek drainage basin when reduced sulfur is exposed to
recharge waters. It is not likely that this process is occurring in the Roan
and Parachute Creek area. Gypsum dissolution in the Wasatch Formation
accounts for increased sulfate concentrations in many lowland springs. Only
one sample was saturated with gypsum, indicating the mineral is still actively
being dissolved, despite large sulfate concentrations in some lowland springs.
About 80 to 90 percent of oxidized sulfur was in the S042” form, with minor
contributions from several cation and metal complexes. If a spring analysis
reported measurable sulfide, nearly all reduced sulfur is in the HS form.

The calculated molality of HS usually was about three orders of magnitude

less than sulfate molality.

Some upland springs with large-dissolved solids concentrations tend to
have greater sulfate to bicarbonate ratios and slightly increased percent of
sodium. Those springs may represent discharge from a longer flow-path system

in the upper aquifer system.
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Although no chloride minerals are present in areas where springs are
located, much of the the chloride in spring water probably is derived from
trace chloride in the minerals present. Chloride concentrations in precipi-
tation near the study area are much smaller than concentrations in spring
samples. Because chloride is a conservative ion in the ground water of
concern, its concentration gradually will increase down gradient from con-
tinued dissolution of trace chloride. Several upland springs suspected of
discharging from longer flow systems in the upper aquifer had slightly larger

chloride concentrations.

4. Silica~--Quartz, chalcedony, and potassium feldspar are reported to be
common minerals in Piceance basin. Most springs were saturated or super-
saturated with chalcedony and potassium feldspar, and all springs were super-
saturated with quartz. The presence of more soluble amorphorus silica may
explain why silica concentrations exceeded quartz solubility (Hem, 1970).
Silica concentrations appear to be at a steady state because additional silica
dissolution from amorphous silica is offset by precipitation of silica
minerals. Species distribution calculations by WATEQF indicate silica to be

primarily in the aqueous H4Si04 form.

5. Aluminum--Aluminum bearing minerals illite, kaolinite, muscovite
(potassium mica), and calcium montmorillonite were all supersaturated in
spring water. The more soluble gibbsite was undersaturated in 8 upland and 4
lowland samples. Dawsonite (NaAlCO3(OH),) is not in the WATEQF program, but
calculations of 20 randomly selected analyses indicate it also was super-
saturated in springs. Equilibrium constants and ion activities produced by
WATEQF can be used to calculate an equilibrium concentration or limit for
aluminum (or for the metal of interest) with respect to a selected mineral.
Equilibrium concentrations for aluminum using gibbsite as the controlling
precipitate were in the 2 to 20 ug/L range. If kaolinite was used as the
precipitate, then aluminum limits were less than 1 ug/L at many springs.
Kimball (1981) describes sampling problems that can produce unrealistically
large dissolved aluminum concentrations and apparent mineral supersaturation.
The analytical sensitivity of 10 ug/L for samples collected for this study was
too large to accurately describe aluminum mineral saturation. The complexes
Al(OH)2+ and A1(OH), were the primary aluminum species in the samples tested

by the WATEQF program.
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6. Barium--Nearly all spring samples were saturated or supersaturated
with barite and undersaturated with the more soluble witherite. Neither
mineral is reported to be very common in Piceance basin. Using barite as a
controlling precipitate reaction, barium limits of about 10 to 40 ug/L for
upland springs and 2 to 20 pg/L for lowland springs were indicated from
equilibrium calculations. Greater sulfate activities are a likely explanation

for the smaller mean barium concentrations at lowland springs in the study

area.

7. Boron--Boron concentration in ground water is likely to be a function
of availability rather than of equilibrium contfols. Milton (1977) reports
boron containing minerals in the Green River Formation, but their solubility
is unknown. The predominate boron species in the spring samples is aqueous
H3BO3.

8. Cadmium--Although not present in significant concentrations in spring
samples, cadmium and a few other constituents are included in this discussion
to obtain concentration limits for selected heavy metals. Using the
equilibrium constant for otavite (CdCO3) and CO32~ activities, cadmium (as
Cd2*) equilibrium concentration limits in the 50 to 300 pg/L range are
indicated for spring water. Chemical analyses of spring samples show cadmium
concentrations of about 1 pg/L; thus CdCO; was undersaturated in spring water.
An influx of soluble cadmium into a spring's water source could result in

concentrations of the element well in excess of background concentrations.

9. Fluoride--Fluorite is a likely controlling precipitate mineral for
fluoride ion, and its presence is reported in mineralogic studies of the
Piceance basin. All spring samples were undersaturated with fluorite (table
7). At the calcium activities commonly found in spring samples, saturation
concentrations of 2 to 3 mg/L were indicated for fluoride. Analytical
concentrations of fluoride in the samples were an order of magnitude less than

equilibrium concentrations.
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10. Iron--Spring water in equilibrium with siderite would have iron
concentrations of about 150 to 1,500 pg/L. Concentration limits greater than
1,000 pg/L iron were limited to a few springs where measured pH was less than
7.5. Only one sample was saturated with siderite, and that sample was
suspected of being contaminated. Siderite is a rare mineral in Piceance basin
and not a likely source of iron in spring water. Pyrite is common in oil
shale of the Green River Formation, but pyrite is not a likely iron source for
springs in the study area. Iron may be present in iron-oxide cements of Uinta
Formation sandstone and siltstone. Assuming slightly oxidizing conditions in
springs, the primary iron species were Fe?', FeSO4, and FeOH+. Although
calculation of iron limits from siderite equilibria depends only on pH and
€032~ activity, a fully accurate description of iron species distribution and
saturation of iron minerals in natural waters needs consideration of
oxidation-reduction reactions and actual values of eh (redox potential), if

valid field measurements could be made.

11. Lead--Using thermodynamic data from Robie and others (1978) and
activities of C032~, OH , and S042”, lead limits were calculated with respect
to cerussite (PbCO3). Assuming all lead was represented by the aqueous
species Pb2%, PbOH+, and PbSO4, equilibrium lead concentrations of about 2 to
15 pg/L were calculated for spring samples. A majority of the samples were

undersaturated with lead using cerrusite as the controlling precipitate.

12. Lithium--Nearly all lithium was in the Li+ aqueous form in samples
from the springs. The primary control of lithium concentration was likely to
be availability. Robson and Saulnier (1981) report large lithium concentra-
tions associated with large bicarbonate concentrations in Piceance Creek drain-
nage basin. Lithium concentrations in springs of Roan and Parachute Creek basins
were greater in valley locations where it may be more available as a trace ele-

ent in clays of the Wasatch and lower part of the Green River Formations.

13. Manganese--Manganese limits in spring water generally were in the
150 to 500 pg/L range calculated from rhodochrosite equilibrium. A few
springs having pH near 7.0 had equilibrium concentrations of about 1,000 ug/L.
All spring samples were undersaturated with respect to rhodochrosite, and
manganese concentrations commonly were 10 to 20 times less than the calculated

limits. The primary aqueous species of manganese were Mn?" and MnHCO3-.
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14. Strontium--Strontium limits generally ranged from 2,000 to 20,000
Mg/L for water at equilibrium with strontianite. All upland-spring samples
were undersaturated with strontianite, but five samples from lowland springs
were saturated or supersaturated with strontium. Those five samples had a pH
of 8.3 to 8.5, which results in an increase in €032~ activity and less Sr2*
activity to attain equilibrium with strontianite. Springs having a pH of
about 7 with a C032” activity typical of the area could exceed 20 mg/L stron-
tium at equilibrium. Strontium minerals are seldom reported in Piceance basin

mineralogy. The source of strontium may be as an impurity in carbonate minerals.

15. Zinc--Zinc was not in the WATEQF program, but zinc limits with
respect to smithsonite (ZnCO3) can be estimated. Calculations indicated that
most springs in the study area were undersaturated with zinc by 1 to 3 orders
of magnitude with limits of 700 to 7,000 pg/L as Zn?'. Complexes such as
ZnS04 and ZnOH+ would increase maximum zinc solubility. It appears zinc
concentration would be more a function of availability rather than mineral-

solubility controls.

A geochemical flow path model from precipitation recharge water to deep
circulation water in the lower aquifer would necessitate additional chemical
information from wells in Roan and Parachute Creek basins. With current data,
only the part of the flow path from precipitation to shallow zone waters
represented by springs could be examined. Additional samples from the upper
aquifer near or at the A groove and well samples from the lower aquifer would
be needed to develop a geochemical flow-path model of the ground-water system.

Solubility of many trace elements, including the heavy metals, could be
enhanced in spring water by a decrease in pH or' removal of carbonate. Some
element solubilities in natural waters can be increased because of ion com-
plexing by increasing the pH. Initial decreases in pH of a spring are likely
not to occur due to the buffering capacity of spring waters in the study area.
An external input that could produce a pH change in spring water would
probably contain significant concentrations of other ionic species that may
have large effects on chemical equilibria. Shallow zone springs in Roan and
Parachute Creek basins have the capacity to retain dissolved trace metals in
solution in concentrations well in excess of currently determined background
concentrations.
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TRITIUM SAMPLING
Theory

Tritium is a radioactive isotope of hydrogen having two neutrons and one
proton in its nucleus. The isotope has a half-life of 12.3 years and has both
natural and manmade sources. Prior to 1953, background tritium concentrations
in ground water probably were about 2 to 4 tritium units (TU). One TU is
equal to 3.2 pCi/L (picocuries per liter). With the advent of atmospheric
testing of nuclear bombs during 1953, tritium concentrations in the atmos-
phere, precipitation, and recharge to groundwater substantially increased
compared to natural concentrations.

Tritium sampling has become a useful tool for hydrologic studies. One
use is dating ground water, because any water with tritium concentrations
exceeding 5 to 10 TU is of post 1953 age. Interpretation of tritium data may
make it possible to distinguish various ages in post-1953 water in simple
situations. Tritium could be useful in detecting mixing patterns of distinct
water types. Because tritium is unaffected by reactions other than decay, it
is useful as a tracer. Tritium dating could aid in determining ground-water
velocity in recharge areas. Peak tritium concentrations in ground water may
correlate to tritium concentrations in precipitation if long-term records on
tritium concentrations in precipitation were available.

Methods of Sampling and Analysis

Samples for tritium analysis were collected in 125-mL glass bottles. The
bottles were overfilled until all air was purged from the sample. Tritium
samples from snowpack were collected using a snow corer and filling a 3-L
plastic bottle with packed snow. The sample then was collected from the melt
water, which represented a composite of several snow cores. All samples were
sealed in wax to prevent atmospheric contamination prior to analyses at the
laboratory.

All samples were analyzed by U.S. Geological Survey laboratories. Two
analytical methods were used depending on the detection limit requested.
Initial tritium samples collected during 1981 were analyzed at a detection
limit of 200 pCi/L. That method of analysis uses the liquid scintillation-
counting procedure with no sample enrichment. The method is described in
detail in Thatcher and others (1977). All additional tritium samples were
analyzed using gas-counting equipment. The use of such equipment, without
sample enrichment, decreases the detection limit to about 30 pCi/L, and
individual samples may be successfully counted to even lesser concentrations.

Results and Conclusions

Analytical results for tritium samples collected at 32 springs from 1981
to 1983 are given in table 8. Four additional samples are listed in table 8.
One of the additional samples represents a flowing well located along Willow
Creek in the Piceance Creek drainage basin. The flowing well is completed in
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Table 8.--Analytical results for tritium samples collected at 32

springs and 4 miscellaneous locations

[Concentrations in picocuries per liter]

Site
number Local
(plate 1) identifier Date Tritium, total
SPRINGS
1 SC00409531DAA1 09-01-81 <200
3 SC00409635DBD1 09-01-81 <200
9 S€00509319DBD1 07-29-81 <200
10 SC00509329DBA1 07-29-81 48
21 SC00509420ABB1 08-19-81 <200
25 SC00509423CCC1 08-18-81 190
09-23-82 170
02-16-83 180
34 SC00509505ABA1 09-01-81 <200
36 SC00509514BCD1 08-19-81 <200
38 SC00509536BAD1 08-18-81 <200
52 SC00509720DBA1 09-16-81 <200
56 SC00509725BCD1 09-16-81 <200
07-28-82 120
58 SC€00509727DCA1 09-08-81 <200
66 SC00509913CAB1 08-24-82 100
11-03-82 83
02-15-83 89
76 5€00510023DCC1 08-13-81 110
77 SC00510027BCAl 08-05-82 120
78 SC00510027DAD1 08-13-81 <200
90 SC00609704DCA1 09-08-81 <200
95 SC00609712AAB1 09-02-81 <200
96 SC00609714BCC1 09-02-81 <200
101 SC00609723ADC1 09-02-81 130
07-28-82 120
10-13-82 130
02-15-83 130
106 SC00609826AAA1 09-08-81 <200
108 S$C00609922CCD1 12-07-82 100
109 $C00609922CCD2 07-21-82 62
12-07-82 89
112 SC00609932CCB1 08-19-82 180
10-21-82 45
02-15-83 180
116 SC00610016CAD1 08-13-81 <200
118 SC00610034CBC1 08-25-81 <200
122 SC00709610BDD1 11-17-82 24
127 SC00709713BAC1 09-02-81 <200
133 SC00710005BCC1 08-25-81 <200
137 SC00710127ADC1 08-25-81 68
10-21-82 190
139 SC00809916DCD1 11-23-82 <10
141 SC00810012DCB1 11-23-82 86
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Table 8.--Analytical results for tritium samples collected at 32
springs and 4 miscellaneous locations--Continued

Alti- Type
Site tude, of Tritium,
location feet sample Date total

MISCELLANEOUS LOCATIONS

Precipitation gage 1 mile

northwest of spring 90,

central Roan plateau.
Latitude: 39°33'39"
Longitude: 108°13'50"-----==~- 8,600 Snowpack 03-11-82 28

Weather station near

Douglas Pass, 5.5 miles

west-northwest of spring 82.

Latitude: 39°28'26"

Longitude: 108°45'44"--~emeun- 9,000 Snowpack 04-15-82 78

Well SC00509704BBD1,
southern Piceance
Creek basin, 1.6 miles
northeast of spring 49.
Latitude: 39°38'50"
Longitude: 108°17'22"-=-~-ne--- 7,778 Ground water, 07-27-82 <10
lower aquifer

Weather station 0.25 miles

west of spring 25, East Fork

Parachute Creek basin.

Latitude: 39°35'29"

Longitude: 107°54'59"--==-==-- 8,840 Precipitation 12-16-81 to 48
01-20-82

the lower aquifer and was sampled because of the need to define tritium
concentrations in the lower aquifer. No wells were available to sample that
represent lower-aquifer water in the Roan and Parachute Creek basins. Two of
the additional sites are U.S. Geological Survey snowcourse sites where snow-
pack samples were collected for tritium analysis. One snowcourse site is on
the Roan-Parachute Creek drainage divide at headwaters of Willow Creek; the
other site is northeast of Douglas Pass, just to the west of the study area.
The fourth miscellaneous sample is a composite precipitation sample collected
at a U.S. Geological Survey climatic station located in the upper East Fork
Parachute Creek basin 0.25 mi west of spring 25.

Initial tritium samples were collected at 24 springs during the summer of

1981. The analytical method selected to analyze these samples proved to have
too large a detection limit, and all results were reported as <200 pCi/L.
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Five of the samples were reanalyzed at a smaller detection limit, and defini-
tive values were obtained. Prohibitive cost prevented reanalysis of more
samples. All subsequent tritium samples were analyzed using gas-counting
equipment so that tritium concentrations as small as about 10 pCi/L could be
detected. The tritium concentrations listed in table 8 were not decay cor-
rected for the time between sample collection and analysis. Such corrections
would be about 1 or 2 percent and were not necessary for this study.

Eight of the spring samples collected for tritium analysis represent
lowland springs. The large differences in water quality between springs 108
and 109 were discussed previously; tritium results for the two springs do not
indicate large differences in age, as both were post-1953 waters. Explana-
tions for the disparity in water chemistries may be the result of rock and
soil differences between the springs or in different types of flow paths,
rather than in a large difference in residence time. Large concentrations of
dissolved solids at spring 122 indicate that the spring might represent deeper
circulation or slower moving ground water than other springs in the study
area. A tritium value of 24 pCi/L indicates that a large percentage of the
water from the spring was post-1953 age. Of the tritium samples analyzed at
the lesser detection limit, only spring 139, located in South Dry Fork
drainage, had a concentration less than 10 pCi/L. That spring represents
pre-1953 age ground water. The spring is on a hillside slope of older terrace
and slopewash deposits that are stratigraphically located on the Wasatch
Formation. Spring 139 probably represents an older local flow system or
bedrock discharge from the Wasatch Formation. Other dating techniques are
needed to estimate the age of pre-1953 waters.

Seven upland springs definitely were post-1953 age waters, but using the
data available it was not possible to define age in terms of weeks, months, or
years. Seventeen upland springs had a single tritium sample with a concen-
tration reported as <200 pCi/L; no conclusions about age of these springs can
be made. Tritium in the Roan Plateau snow sample collected during March 1982
did not correlate with tritium in samples collected in July from springs 56
and 101, the nearest springs sampled. Similar results were obtained when tri-
tium in the Douglas Pass snow sample was compared to tritium in spring samples
collected in the western area. There was little variation in tritium concen-
trations between the three samples at spring 25, the four samples at spring
101, or the three samples collected at spring 66. Apparently no samples
for tritium analysis were collected soon enough after snowmelt infiltration to
detect any effects of recent recharge water mixing with the spring water.

Reasons for the unusual change in tritium concentration at spring 112
during October 1982 are unknown. A large fluctuation in tritium should
indicate a major change in source or flow path of spring water, but discharge
and chemical data do not indicate any anomalous event occurring at the spring.

Water from the lower Green River aquifer should have pre-1953 tritium
concentrations. That conclusion was verified by the sample from the flowing
well. The determination of actual age of the lower-aquifer water would
require additional age-dating techniques. Mixing of shallow-zone water of
post-1953 age with deep water of pre-1953 age may be detected by tritium
sampling if adequate information exists on tritium concentrations in the
unmixed waters.
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SPRINGS AND THE GROUND-WATER SYSTEM

Upper Aquifer

The upper aquifer consists of the upper part of the Uinta Formation and
the upper part of the Parachute Creek Member of the Green River Formation
above the Mahogany zone. The aquifer is very incised by major drainages and
tributary creeks in the study area and is not a continuous aquifer. Some
upland springs drain small-scale, perched ground water in confined sandstone
layers of the Uinta Formation. Other upland springs may be contact springs,
the result of downward moving water in the Uinta Formation reaching less
permeable marlstone layers in the upper part of the Green River Formation. In
many areas the contact is not distinct and there is considerable intertonguing
of the formations; therefore, identifying true contact springs is difficult.
Upland springs also drain the upper part of the Parachute Creek Member. These
springs probably are the result of fracture systems conducting water to the
land surface. Springs in the Piceance Creek drainage basin are related to a
northwest trending fracture system (Colorado Division of Water Resources,
1978), but it is not known if that fracture system continues into Roan and
Parachute Creek basins. Because of extensive fracturing, the A groove, at the
base of the upper aquifer, may be a consistent water-yielding zone, but no
springs or seeps could be studied from that layer.

It was not attempted to classify upper-aquifer springs by geologic unit.
Because the units are areally discontinuous yet hydrologically connected
locally, no distinct chemical, radiochemical, or discharge characteristics
could be discerned between the units.

Lower Aquifer

The lower aquifer consists of the lower part of the Parachute Creek
Member of the Green River Formation below the Mahogany zone. A Piceance basin
model predicts lower-aquifer discharge into the canyons of Roan and Parachute
Creeks and their tributaries (Taylor, 1982). That prediction has been
difficult to verify with direct evidence. Efforts were made during this study
to locate springs discharging from the lower aquifer in the study area.

A reconnaissance for springs was conducted in major stream valleys,
gulches, and talus areas. As shown earlier in this report (fig. 7), springs
typically were found in valley alluvium and in small gulches eroded into
slump, slopewash, or talus deposits of the Green River and Wasatch Formations.
The springs were sampled to compare spring chemistry with lower-aquifer water
chemistry. The sources of chemical data for the lower-aquifer water in the
study area and in the Piceance Creek area were referenced in the previous
studies section. Chemical analyses of spring water collected at sites in the
canyons of the study area and from basin perimeter slopes did not resemble
lower-aquifer water.

In the Piceance basin, large fluoride concentrations in a water sample is
an excellent indicator of lower-aquifer water. The fluoride concentrations
were too small in lowland spring samples for the water to be representative of
lower-aquifer discharge. 1In addition, boron and sodium concentrations were
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too small and sulfate concentrations were too large in the spring samples for
the water to be solely from lower-aquifer discharge. The springs located
above the stream alluvial deposits may represent local flow systems in
Quaternary deposits derived from the Green River and Wasatch Formations. The
dissected topography partitions the lower aquifer into hydrologically
disconnected units in the Roan and Parachute Creek basins. The quantity of
lower-aquifer discharge into any single canyon could be quite small. A small
discharge from the lower-aquifer in a canyon spring could easily be masked by
water from other sources.

Four springs (springs 9, 10, 86, and 137) that were sampled are located
on basin-perimeter slopes near the Green River-Wasatch contact. Chemical data
for these springs indicate these springs represent local flow systems in talus
slopes of the Green River Formation below the Roan Cliffs. In the canyons,
springs 108, 109, 122, 129, and 140 are located in the vicinity of the Green
River-Wasatch contact. Springs 108, 109, 122, and 140 appear to represent
local flow systems in material of the lower members of the Green River
Formation or of the upper part of the Wasatch Formation. Spring 129 was the
only spring that could definitely be placed at the base of the Parachute Creek
Member. It issues from a distinct fracture in the bottom of a deep, narrow,
steep~walled gully. The gradient of the gulch bottom steepens at the spring
location, where the gulch bottom is in contact with the Parachute Creek
Member. The chemical analysis of this spring had larger nitrate, selenium,
and molybdenum concentrations compared to other lowland springs. However, the
major-ion chemistry and the small fluoride concentration were not indicative
of lower-aquifer water.

In many canyons, wet areas are visible on cliff faces, but the sources of
the water were not readily distinguishable. Potential sources include seepage
from the bedrock aquifers, surface and spring waters from sources above the
rim seeping down the cliff face, and precipitation recharge water mixed with
other upper-zone aquifer ground water flowing down vertical fractures in the
cliff faces. Attempts to correlate wet zones on cliffs with a particular
stratigraphic layer probably are not useful unless the bedrock seepages can be
differentiated from other water sources. C(lose inspection of some wet spots
indicate that a few appeared to be seepage faces from bedrock ground-water
discharge, but verifying that observation was very difficult. Access to these
wet zones was very limited, and they were impossible to sample unless they
were frozen. Melted ice samples collected in Cascade Canyon and in the East
Fork Parachute Creek valley from cliffs of the Parachute Creek Member had
specific~conductance values less than 300 pS/cm. Those values were too small
to represent any ground water in the study area. The ice may have been
composed of precipitation moving down fractures in the cliff faces and
possibly mixing with other source waters. Another possibility is that freeze
and thaw cycles of the ice may have precipitated salts from the water and
altered its chemistry. Melt water from a third ice sample collected in the
West Fork Parachute Creek canyon had a specifi¢ conductance of 2,850 upS/cm;
therefore, a chemical analysis was done on that sample. Results of the
analysis will be discussed later in this report.
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Wasatch Formation

Springs 138 and 139, located in the South Dry Fork valley, may represent
ground-water discharge from the Wasatch Formation. The springs' stratigraphic
location can be placed in the upper part of the Wasatch Formation. Both
springs are characterized by large dissolved solids and sulfate concentrations
and greater percent sodium compared to other lowland springs. The tritium
result for spring 139 indicates it is pre-1953 age water. Because of the
incised terrain, these springs probably represent small-scale, localized
aquifers in the Wasatch Formation.

Ton-Mass=-Balance Studies

Discharge from the lower aquifer may flow under talus slopes and into
valley and stream alluvium. A gain and loss study on streams in the canyons
may not permit any conclusions regarding discharge from the lower aquifer if
ground-water inflow sources into the stream cannot be delineated. Chemical
samples were collected in conjunction with the streamflow measurements in
order to use ion-mass-balance calculations to determine chemical concentra-
tions of gaining streamflow components. A substantial downstream increase in
boron, fluoride, lithium, and molybdenum concentrations in a gaining stream
may indicate discharge from the lower aquifer. Downstream increases of
dissolved boron and lithium concentrations occur in Roan Creek (Adams and
others, 1985) because the stream alluvium is in contact with the Wasatch
Formation, a significant source of those ions. If study reachs are selected
where stream alluvium is not in contact with the Wasatch Formation, the
affect the Wasatch has on stream chemistry should be lessened.

Two stream reaches, one on Carr Creek, the other on West Fork Parachute
Creek, were selected for this type of study during late 1982. The primary
considerations for stream selection were access, perennial flow, and strati-
graphic location of the stream channel in the lower part of the Green River
Formation.

Carr Creek

Discharge was measured and water-quality samples collected during
November 1982 at four sites on Carr Creek (fig. 16). Additional samples also
were collected at surface-water sites C3A and C3B in small gullies on the
Brush Mountain side of the valley. The reach of Carr Creek from sites C4 to
Cl1 flows through valley-fill alluvium material that is about 0.25 to 0.5 mi
wide and probably less than 100-ft deep. The valley bottom is stratigraphi-
cally located in the Green River Formation in the reach measured. The geo-
logic map of the Henderson Ridge area (Roehler, 1973) shows a syncline from
upper Quakie Canyon plunging east-southeast to southeast down Carr Creek
valley to about the confluence with Left Fork Carr Creek. The presence of
this syncline could direct bedrock ground-water flow toward the Carr Creek
valley in this area.
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Discharge and chemical data collected during November 1982 are listed in
table 9. Discharge increased downstream in Carr Creek, with the largest gain
in flow occurring between sites C3 and C2, where the alluvium is the most
extensive. Water chemistry was relatively unchanged from sites C4 to C2, but
had a distinct change from sites C2 to Cl.

Concentrations of selected constituents in the gaining water in each
section calculated by ion-mass-balance differences are listed in table 10.
There was no observed surface flow into Carr Creek in the study reach, thus,
this gaining stream water represents discharge from the alluvium to the creek.
Noticeable increases in boron, lithium, fluoride, and molybdenum were calcu-
lated in the gaining water for the reach between sites C2 and Cl compared to
the upstream reaches. These increases may indicate the presence of a small
quantity of lower-aquifer discharge into the Carr Creek alluvium.

The calculated ion concentrations in table 10 are dependent on the
accuracy of the discharge measurements. The calculated concentrations could
vary 10 to 20 percent for reasonable errors in discharge. However, if dis-
charge errors were reasonably consistent at all sites the relative magnitudes
of the ion concentrations between the three stream reaches would not be
greatly affected.

Samples from the Camp Gulch Springs on Brush Mountain had greater
sulfate, chloride, and strontium concentrations than Carr Creek upstream from
site C2. This spring water flows off the mountain, infiltrates talus slopes,
and recharges the stream alluvium. Inflow of upland waters into the alluvium
between sites C2 and C1 could account for some of the calculated increase in
sulfate, chloride, and strontium. Inflow of upland waters would not increase
boron, fluoride, lithium, or molybdenum concentrations in Carr Creek unless
these elements were dissolving into the water during movement through or over
the talus and colluvial materials. However, the distance from the Brush
Mountain cliffs to the alluvium is short and dissolution of these ions from
talus material probably is insignificant.

Sites C3A and C3B (fig. 16) represent sampling locations on small (about
0.01 ft3/s) surface flows in gullies off Brush Mountain. Neither creek flows
to Carr Creek at the surface because both infiltrate into the stream alluvium.
Surface flow off Brush Mountain above these gullies is evidenced by ice masses
on the cliffs at the heads of the gullies. The source of these surface waters
at the time of year the sampling was conducted (November) would be upland
springs. A comparison of the chemical analyses of samples from sites C3A and
C3B with chemical data for the Kaiser Spring (Adams and others, 1985) on Brush
Mountain (fig. 16) indicate notable differences in sodium, sulfate, boron,
fluoride, and strontium concentrations between the water at sites C3A and C3B
and from the spring. Fluoride concentrations were 10 times greater and boron
concentrations about 5 times greater at sites C3A and C3B than at the spring.
These increases in fluoride and boron concentrations from the cliff to the
edge of the alluvium were not likely to occur in such a short distance unless
other water sources were present. Small discharge from the lower aquifer
seeping through the talus materials and into the gulches could increase
fluoride and boron concentrations in creeks in the gulches.
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Table 10.--Calculated concentration of selected dissolved chemical
constituents in ground water discharging from the alluvium to
Carr Creek.

Discharge Stream reach
and
Constituents Sites C4-C3 Sites C3-C2 Sites C2-C1

Discharge change,

in cubic feet per second +0.5 +1.3 +0.4
Dissolved solids,

in milligrams per liter 391 394 844
Sodium,

in milligrams per liter 40 42 146
Sulfate,

in milligrams per liter 67 69 230
Chloride,

in milligrams per liter 2.2 2.7 6.3
Fluoride,

in milligrams per liter .3 .5 1.2
Boron,

in micrograms per liter 80 82 310
Lithium,

in micrograms per liter 30 26 106
Molybdenum,

in micrograms per liter 17 19 42
Strontium,

in micrograms per liter 620 557 1,220

Using chemical data of water from wells completed in the lower aquifer in
upper Clear Creek basin (Chevron 0il Shale Co., 1982b), average concentrations
of fluoride, boron, and lithium in the lower aquifer in the Carr Creek area
can be estimated. Using these ion concentrations for the lower aquifer and
the calculated ion concentrations in the gaining water in Carr Creek reach,
the contribution from the lower aquifer was estimated. The percentage of the
gaining water in Carr Creek attributed to inflow from the lower aquifer was
7 percent based on fluoride data, 8 percent based on boron data, and 10 percent
based on lithium data. These approximations assume there are no other impor-
tant sources of fluoride, boron, and lithium in the Carr Creek study area.

West Fork Parachute Creek

Discharge was measured and a chemical sample collected at seven sites on
the West Fork Parachute Creek during December 1982; the sampling sites are
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shown in figure 17, and the chemical and discharge results are given in table
11. The stream gained water between sites SW1 and SW3 and lost water from
sites SW3 to SW6. The stream is located in a narrow, steep-walled valley and
the alluvium seldom is more than 0.25-mi wide. Alluvial material is more
extensive where Light and Red Gulches intersect the West Fork Parachute Creek
valley between sites SW3 and SW6. The greater alluvium may explain the water
loss in the creek between sites SW3 and SW6. Surface flow was not observed in
Light or Red Gulches at their confluence with the West Fork. 1In the last mile
of the study reach, between sites SW6 and SW7, the stream regained the water
lost upstream. The canyon narrows in one reach immediately downstream from
site SW6 and the stream alluvium becomes limited in extent. The base of the
alluvium may rest on the Wasatch Formation or clay zones in the alluvial
deposits may create a less permeable layer that directs ground water back into
the stream. The presence of springs and seeps in the narrow reach indicated
ground-water discharge from the alluvium was occuring in that reach.

There was no variation in chemical composition of the stream from sites
SW1 to SW6. Major increases in sodium, bicarbonate, chloride, boron, and
lithium and slight increases in fluoride and molybdenum were noted from sites
SW6 and SW7. Calculated concentrations of the ground water discharging from
the alluvium are tabulated in table 12 for the gaining reaches. Site SP2
(spring 46 on plate 1) is a spring in the seep area between sites SW6 and SW7.
Chemical analysis of SP2 compared reasonably well to the calculated ion
concentrations of the gaining water in this reach. It is not known why
chloride concentrations increased by the magnitude indicated at the seep area.

The magnitudes of calculated ion concentration for the alluvial water
discharging into the stream between sites SW6 and SW7 provide little evidence
for inflow of water from the lower aquifer to West Fork Parachute Creek. The
results were somewhat unexpected because the West Fork Parachute Creek would
more likely receive water from the lower aquifer than Carr Creek, based on the
areal extent of the lower aquifer in each area.

Site SP1 (spring 44 on plate 1) represents an ice sample collected in the
West Fork Parachute Creek valley between sites SW1 and SW2 at the junction of
the talus slope with cliffs of the lower part of the Parachute Creek Member.
The sample was obtained to determine if any of the ice accumulations seen on
the cliffs represent seepage zones from the lower aquifer. The analytical
results from the melt water did not aid in this determination. The water was
a magnesium sodium sulfate water with a large molybdenum concentration and
moderate boron and fluoride concentrations. The sulfate concentration is far
too large to be representive of unaltered ground water of the Uinta Formation
or Parachute Creek Member of the Green River Formation in the study area.
Calcite precipitation during freezing and thawing cycles may have enriched
magnesium relative to calcium and sulfate relative to bicarbonate in the ice.
Determination of a water source or sources for the ice was not possible based
on that one chemical analysis.

Environmental impact statements for the Chevron 0il Shale Project on
Clear Creek (Chevron 0il Shale Co., 1982a, b) contain ground-water data for
the aquifers and flow and chemical data for streams in that area. Based on
streamflow data for 1980 and 1981, one reach of Clear Creek gains about 10 to
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Table 12.--Calculated concentration of selected dissolved chemical
constituents in ground water discharging from the alluvium to
West Fork Parachute Creek

[-, ion concentration not calculated for losing reach]

Discharge Stream reach

C agd SW1-SW2 SW2-SW3 SW3-SW4 SW4-SW5 SW5-SW6  SW6-SW7
onstituents

Discharge change,

in cubic feet per second +0.3 +0.2 -0.6 -0.2 -0.1 +0.9
Dissolved solids,

in milligrams per liter 430 375 - - - 680
Sodium,

in milligrams per liter 54 64 - - - 132
Sulfate,

in milligrams per liter 95 95 - - - 123
Chloride,

in milligrams per liter 3.5 3.0 - - - 70
Fluoride,

in milligrams per liter .2 .2 - - - .5
Boron,

in micrograms per liter 40 40 - - - 250
Lithium,

in micrograms per liter 4 9 - - - 37
Molybdenum,

in micrograms per liter 4 4 - - - 20
Strontium,

in micrograms per liter 1,100 1,100 - - - 1,100

12 ft3/s. Ion-mass-balance calculations using fluoride data indicate part of
the increase of water on Clear Creek might be discharge from the lower aquifer
into the canyon.

Discharge and chemical data were collected on the major tributaries of
Roan Creek during November 1983 for support of the U.S. Geological Survey's
ground-water modeling effort in the study area. Analyses of stream discharge
and fluoride data show there are unaccounted gains of water in Brush and Clear
Creeks and that part of this water may be attributed to lower-aquifer dis-
charge into those canyons.
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SPRING MONITORING AND OIL SHALE DEVELOPMENT

Monitoring of shallow aquifers near an oil-shale mine or process facility
for ground-water contamination may be feasible by sampling of nearby springs.
If springs were located near the area of concern, monitoring efforts would be
less costly than if wells had to be drilled for the same purpose. However,
springs in Roan and Parachute basins, especially in upland areas, represent
small-scale, short flow-path systems in a very incised plateau. A spring
would only be useful for monitoring the affects of mining on ground water if
it were located in the immediate vicinity of the potential problem area.

Pumping a well completed in a shallow aquifer in the Uinta Formation or
upper part of the Parachute Creek Member of the Green River Formation could
affect flow at nearby springs. Perched-water zones could be dewatered quite
easily, resulting in springs issuing from that aquifer ceasing to flow.

A change in major-ion chemistry of a spring might be indicated by
monitoring only specific conductance. The presence of mine-drainage water or
shale-processing and retort waters in the water source of a spring could
result in increased specific conductance and in increases of sodium, bi-
carbonate, and fluoride in excess of natural concentrations determined during
this study. A mixing of significant quantities of deep ground water with
spring water could increase fluoride concentrations noticeably in spring
samples. The natural direction of ground-water movement is downward in the
study area so any mixing of deep water with the shallow zone spring water
could be caused by man.

Arsenic, lithium, mercury, molybdenum, and selenium are enriched in oil
shales (U. S. Environmental Protection Agency, 1977). The elements arsenic,
boron, mercury, molybdenum, and selenium have been identified as the most
likely trace elements discussed in this report to be found in significant
quantities in retorted shales and retort water (U.S. Environmental Protection
Agency, 1977). The presence of certain elements in oil-shale waste products
will depend on the shale-processing methods used. Because springs in the
study area have small background concentrations for the constituents listed
above, the presence of leachate or process water in shallow ground water could
increase those element concentrations. Mine-drainage water is likely to have
large concentrations of arsenic, barium, boron, fluoride, lithium, and molyb-
denum based on chemical information in ground-water studies in the Piceance
basin. Mixing of mine-drainage water with water sources for nearby surface
springs may cause noticeable increases in concentrations of some trace
elements in spring water.

Ammonia could be present in significant concentrations in oil-shale
processing wastewater and it also could be present in spoil-pile leachates
under certain conditions (Slawson, 1979). Infiltration of water with large
concentrations of ammonia into the shallow ground water might affect the
nitrogen concentration in a nearby spring. An increase in ammonia in the
spring would occur, though it is likely the nitrogen would begin oxidizing to
the nitrite and nitrate forms, resulting in increases in concentration of
those constituents.
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Dissolved organic carbon, phenols, and cyanide are likely to be present
in wastewater from oil-shale retorting and processing. Contamination of
spring water with retort waters could result in a large increase in DOC,
phenols, and cyanide. Background concentrations of those constituents are
small in the springs sampled for this study. Therefore, DOC, phenols, and
cyanide could be useful constituents for monitoring water-quality of springs
near an oil-shale facility.

SUMMARY

A study of springs was conducted from 1981 to 1983 in Roan and Parachute
Creek basins to collect and interpret hydrologic information. The study area,
part of the oil-shale rich Piceance basin, currently (1984) has one shale
project in operation and has potential for widespread oil-shale mining.
Description of chemical and discharge characteristics of springs will help
define the hydrologic system, which is necessary for planning and developing
the oil-shale resources.

Discharge was measured at 129 springs located in the study basins and on
nearby basin perimeter areas. Mean spring discharge was about 5 gal/min, with
a range in instantaneous measurements from zero to 300 gal/min. Larger
recharge areas for springs in the central plateau resulted in greater mean
springflow in that upland part of the study area.

Upland springs discharge from small-scale, short flow-path aquifers and
often responded briefly to recharge during or immediately after the snowmelt
period. Increased discharge from springs in 1982 was the result of increased
water content of the winter snowpack. Long-term monitoring of spring
discharge would be needed to relate discharge changes to climatic trends.

Upland spring waters contained from 216 to 713 mg/L dissolved solids and
are a mixed cation bicarbonate water. Lesser mean calcium concentrations were
found in spring samples from the eastern part of the study area. Accurate
definition of ion concentration spatial trends on a small scale needs a dense
sampling network because of the variation in spring chemistry within short
distances. A generalized map of specific conductance of spring discharge
shows an area of lesser specific conductance for the upland areas east of
Parachute Creek on the Naval 0il-Shale Reserve and small areas of generally
larger specific-conductance values north of West Fork Parachute Creek and on
parts of Brush Mountain and Skinner Ridge.

Variation in major-ion chemistry was greater between lowland area
springs, where specific conductance values ranged from 600 to 4,900 pS/cm.
These waters were of mixed water types. Anion composition ranged from more
than 80 percent sulfate at several springs to 80 percent bicarbonate at other
springs. Mean dissolved solids of alluvial springs was about one-half the
mean dissolved solids of springs from other sources in the canyons. Increased
dissolved solids usually can be associated with increased sulfate concen-
trations because of dissolution of gypsum in the downstream reaches of
valleys.
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Background concentrations of many trace elements in spring water were
about equal to or less than analytical detection limits. Arsenic, barium,
boron, lithium, molybdenum, selenium, strontium, and vanadium commonly were
present in measurable concentrations in spring samples. Mean concentrations
for barium, strontium, and vanadium were the only trace-element concentrations
significantly greater than detection limits. Springs on the uplands have
significantly greater arsenic, barium, and vanadium concentrations and signi-
ficantly smaller boron, lithium, molybdenum, selenium, and strontium con-
centrations than the lowland springs. In the upland parts of the study area,
springs on the western ridges of Roan Creek drainage tended to have more
molybdenum and vanadium than other upland area springs.

Inorganic nitrogen generally is present in the oxidized nitrate form in
both upland and lowland springs. Nitrate concentrations commonly were less
than 1 mg/L in upland-spring samples, but a few samples from western-area
springs had concentrations of 2 to 3 mg/L. Nitrate concentrations in lowland
springs were quite variable; concentrations ranged from 0.1 to 11 mg/L.
Concentrations of other inorganic nitrogen species and phosphorus species
usually were less than 0.1 mg/L. Cyanide, bromide, iodide, and sulfide
concentrations usually were at or less than detection limits. Phenols were
quite common in springs, and five samples had more than 10 pg/L of total
phenol.

Calcite and dolomite dissolution in the Uinta Formation and upper part of
the Parachute Creek Member of the Green River Formation is a primary factor
affecting chemistry of upland-spring water. Those minerals were saturated or
supersaturated in many samples from springs. Albite and analcime dissolution
and cation exchange contribute sodium to the water. Sulfate sources in upper-
aquifer spring water are not apparent. Sulfate concentrations are greatly
increased in some lowland-spring water from gypsum dissolution, and saturation
indices indicated the mineral is actively dissolving if present. Equilibrium
calculations indicated that springs are saturated or supersaturated with
aluminosilicate minerals and barium and generally are undersaturated with
fluoride, strontium, and several heavy metals.

Tritium results for samples analyzed at small detection limits indicate
post-1953 age water issuing from almost all springs in the study area. The
single exception was a sample collected at a spring on South Dry Fork. A sample
from a well completed in the lower aquifer contained pre-1953 age water based on
the tritium concentration. Available data are inadequate to correlate tritium
concentrations in springs with tritium in recharge water in order to estimate a
residence time of spring water.

A comparison of lower-aquifer chemical analyses from the Piceance basin
with chemical analyses from springs in Roan and Parachute Creek basins in
conjunction with tritium dating indicates none of the springs sampled represents
direct lower-aquifer discharge. The presence of a small quantity of lower-
aquifer water in a spring could easily be masked by water from other sources.
Results from two ion-mass-balance studies on streams indicated there is some
evidence of lower-aquifer inflow into Carr Creek valley; results from the West
Fork Parachute Creek study were not definitive. An analysis of discharge and
water quality data from other streams in Roan Creek drainage show evidence of
lower-aquifer inflow into the canyons.
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Springs in Roan and Parachute Creek basins represent discharge from
localized, small-scale flow systems located in incised terrain. Only springs
located in the immediate vicinity of an oil-shale project will be useful for
monitoring the shallow aquifers near the project. Dewatering a local aquifer in
the Uinta Formation or the upper part of the Parachute Creek Member could affect
flow at nearby springs. Mixing of wastewater from shale processing with source
water for a spring may result in increased specific conductance at the spring.
The most probable change in major-constituent chemistry would be an increased
concentration of bicarbonate. Constituents that may be concentrated in waste
water include fluoride, arsemic, boron, mercury, molybdenum, cyanide, organic
carbon, and phenols. An increase in concentration of any of those constituents
in excess of background concentrations in a spring may indicate the presence of
wastewater. Ammonia may be a by-product in retort waters. Mixing of retort
waters with spring water could noticeably affect ammonia and nitrate
concentrations. Mixing of deep ground water from mine dewatering with the
shallow aquifer water could increase fluoride, boron, and lithium concentrations
in spring water. Because springs generally are undersaturated with many trace
elements, heavy-metal concentrations could increase in excess of background
concentrations if a metal source became available.

SELECTED REFERENCES

Adams, D.B., Goddard, K.E., Patt, R.0., and Galyean, K.C., 1985, Hydrologic data
from Roan and Parachute Creek basins, northwest Colorado: U.S. Geological
Survey Open-File Report 83-859, 115 p.

Cashion, W.B., and Donnell, J.R., 1974, Revision of nomenclature of the upper
part of the Green River Formation, Piceance Creek basin, Colorado and
eastern Uinta basin, Utah: U.S. Geological Survey Bulletion 1394-G, 9 p.
1972, Chart showing correlation of selected key units in the organic-rich
sequence of the Green River Formation, Piceance Creek basin, Colorado and
Uinta basin, Utah: U.S. Geological Survey Oil and Gas Investigations Chart
0C-65.

Chevron Shale 0il Co., 1982a, Surface water hydrology and water quality baseline
report, Clear Creek property, Preliminary draft environmental impact
statement: 51 p.
1982b, Geohydrology baseline report, Clear Creek property, Preliminary
draft environmental impact statement: 58 p.

Chew, R.T., III, 1974, Geology, hydrology, and extraction operations at the
Occidental Petroleum Corporation oil shale pilot plant near DeBeque,
Colorado, in Guidebook to the energy resources of the Piceance basin,
Colorado: Denver, Rocky Mountain Association of Geologists, Field
Conference, 1974, p. 135-140.

Coffin, D.L., Welder, F.A., Glanzman, R.K., and Dutton, X.W., 1968, Geohydro-
logic data from the Piceance Creek basin between the White and Colorado
Rivers: Colorado Water Conservation Board Ground Water Circular 12, 38 p.

Coffin, D.L., Welder, F.A., and Glanzman, R.K., 1971, Geohydrology of the
Piceance Creek Structural basin between the White and Colorado River,
northwestern Colorado: U.S. Geological Survey Hydrologic Investigations
Atlas HA-370, 2 sheets, scale 1:125,000.

69



Cohen, A.C., Jr., 1959, Simplified estimators for the normal distribution when
samples are singly censored or truncated: Technometrics, v. 1, no. 3, p.
217-237.

Colorado Division of Water Resources, 1978, Piceance basin spring hydraulics
investigation: Denver, 54 p.

Dean, W. E., and Ringrose, C. D., 1979, Geochemical variation in soils in the
Piceance Creek basin, western Colorado: U.S. Geological Survey Bulletin
1479, 47 p.

Desborough, G.A., and Pitman, J.K., 1974, Significance of applied mineralogy to
0il shale in the upper part of the Parachute Creek Member of the Green
River Formation, Piceance Creek basin, Colorado, in Guidebook to the energy
resources of the Piceance basin Colorado: Denver, Rocky Mountain
Association of Geologists Field Conference, 1974, p. 81-89.

Donnell, J.R., 1961, Tertiary geology and oil shale resources of the Piceance
Creek basin between the Colorado and White Rivers, northwestern Colorado:
U.S. Geological Bulletin 1082-L, p. 835-891.

Donnell, J.R., 1969, Paleocene and lower Eocene units in the southern part of
the Piceance Creek basin, Colorado: U.S. Geological Survey Bulletin
1274-M, 18 p.

Duncan, D.C., and Denson, H.M., 1949, Geology of Naval 0il Shale Reserves 1 and
3, Garfield County, Colorado: U.S. Geological Survey 0il and Gas Map
0M-94, scale 1:96,000.

Ficke, J.F., Weeks, J.B., and Welder, F.A., 1974, Hydrologic data from the
Piceance basin, Colorado: Colorado Water Conservation Board Basic-Data
Release 31, 246 p.

Freeze, R.A. and Cherry, J.A., 1979, Ground water: Englewood Cliffs, N.J.,
Prentice-Hall, 604 p.

Galyean, K.C., Adams, D.B., and Collins, D.L., 1983, Hydrologic data from Naval
0il Shale Reserves, Parachute Creek basin, northwestern Colorado,
1980-1981: U.S. Geological Survey Open-File Report 83-858, 82 p.

Garrels, R.M., and Christ, C.L., 1965, Solutions, minerals, and equilibria: San
Francisco, Calif., Freeman, Cooper and Co., 450 p.

Goerlitz, D.F., and Brown, Eugene, 1972, Methods for analysis of organic
substances in water: U.S. Geological Survey Techniques of Water-Resources
Investigations, Book 5, Chapter A3, 40 p.

Hail, W.J., Jr., 1982, Preliminary geologic map of the Circle Dot Quadrangle,
Garfield County, Colorado: U.S. Geological Survey Miscellaneous Field
Studies Map MF-1293, scale 1:24,000.

Helwig, J.T., and Council, K.A., eds., 1979, SAS user's guide, 1979 edition:
Raleigh, N.C., SAS Institute Inc., 494 p.

Hem, J.D., 1970, Study and interpretation of the chemical characteristics of
natural water: U.S. Geological Survey Water-Supply Paper 1473, 363 p.

Johnson, R.C., 1975, Preliminary geologic map, oil shale yield histograms and
stratigraphic sections, Long Point quadrangle, Garfield County, Colorado:
U.S. Geological Survey Miscellaneous Field Studies Map MF-688, scale

1:24,000.

1979, Cross section B-B' of Upper Cretaceous and lower Tertiary rocks,

northern Piceance Creek basin, Colorado: U.S. Geological Survey

Miscellaneous Field Studies Map MF-1129B.

1980, Preliminary geologic map of the Middle Dry Fork Quadrangle,

Garfield County, Colorado: U.S. Geological Survey Miscellaneous Field
Studies Map MF-1215, scale 1:24,000.

70



1981, Preliminary geologic map of the Desert Gulch Quadrangle, Garfield
County, Colorado: U.S. Geological Survey Miscellaneous Field Studies Map
MF-1328, scale 1:24,000.

Keighin, C.W., 1975, Resource appraisal of oil shale in the Green River
Formation, Piceance Creek basin, Colorado: Colorado School of Mines
Quarterly, v. 70, no. 3, p. 57-68.

Kimball, B.A., 1981, Geochemistry of spring water, southeastern Uinta basin,
Utah and Colorado: U.S. Geological Survey Water-Supply Paper 2074, 30 p.

Miesch, A.T., 1967, Methods of computation for estimating geochemical abundance:
U.S. Geological Survey Professional Paper 574-B, 15 p.

Milton, Charles, 1977, Mineralogy of the Green River Formation: The
Mineralogical Record, September-October, 1977, v. 8, no. 5, p. 368-378.

Mullens, M.C., 1976, Structure contours and overburden on top of the Mahogany
zone, Green River Formation, in the southern part of Piceance Creek basin,
Colorado: U.S. Geological Survey Miscellaneous Field Studies Map MF-746,
scale 1:63,630.

0'Sullivan, R.B., Wohl-Pierce, Frances, and Arbelbide, S.J., 1981, Preliminary
geologic map of the McCarthy Gulch Quadrangle, Rio Blanco and Garfield
Counties, Colorado: U.S. Geological Survey Miscellaneous Field Studies Map
MF-860, scale 1:24,000.

Patt, R.0., Adams, D.B., and Collins, D.L., 1982, Hydrologic data from Naval Oil
Shale Reserves, Parachute Creek basin, northwestern Colorado, 1975-1979:
U.S. Geological Survey Open-File Report 82-696, 129 p.

Pitman, J.K., and Johnson, R.C., 1978, Isopach, structure contour, and resource
maps of the Mahogany oil-shale zone, Green River Formation, Piceance Creek
basin, Colorado: U.S. Geological Survey Miscellaneous Field Studies Map
MF-958, 2 sheets, scale 1:126,720.

Plummer, L.N., Jones, B.F., and Truesdell, A.H., 1978, WATEQF-A Fortran IV
version of WATEQ, a computer program for calculating chemical equilibrium
of natural waters: U.S. Geological Survey Water-Resources Investigations
76-13, 63 p.

Robb, W.A., and Smith, J.W., 1974, Mineral profile of o0il shale in Colorado core
hole no. 1, Piceance Creek basin, Colorado, in Guidebook to the energy
resources of the Piceance basin: Denver, Rocky Mountain Association of
Geologists, p. 91-101.

Robie, R.A., Hemingway, B.S., and Fisher, J.R., 1978, Thermodynamic properties
of minerals and related substances at 298.15k and 1 bar (10° pascals)
pressure and at higher temperatures: U.S. Geological Survey Bulletin 1452,
456 p.

Robson, S.G., and Saulnier, G.J., Jr., 1981, Hydrogeochemistry and simulated
solute transport, Piceance basin, northwestern Colorado: U.S. Geological
Survey Professional Paper 1196, 65 p.

Roehler, H.W., 1973, Geologic map of the Henderson Ridge Quadrangle, Garfield
County, Colorado: U.S. Geological Survey Geologic Quadrangle Map GQ-1113,
scale 1:24,000.

Depositional environment of rocks in the Piceance Creek basin, Colorado in
Guidebook to the energy resources of. the Piceance basin, Colorado: Denver,
Rocky Mountain Association of Geologists, p. 57-64.

Saulnier, G.J., Jr., 1978, Genesis of the saline waters of the Green River
Formation, Piceance basin, northwestern Colorado: Reno, University of
Nevada, unpublished Ph.D. dissertation, 33 p.

71



Sichel, H.S., 1952, New methods in the satistical evaluation of mine sampling
data: London Institution of Mining and Metallurgy Transactions, v. 61,

p. 261-288.

Skougstad, M.W., Fishman, M.J., Friedman, L.C., Erdmann, D.E., and Duncan, S.S.,
1979, Methods for determination of inorganic substances in water and
fluvial sediments: U.S. Geological Survey Techniques of Water-Resources
Investigations, Book 5, Chapter Al, 626 p.

Slawson, G.C., Jr., ed., 1979, Ground water quality monitoring of western
oil-shale development--Identification and priority ranking of potential
pollution sources: Las Vegas, Nev., U.S. Environmental Protection Agency,
Interagency Energy Environment Research and Development Program Report EPA
600/7-79-023, 214 p.

Smith, J.W., 1974, Geochemistry of oil-shale genesis in Colorado's Piceance
Creek basin, in Guidebook to the energy resources of the Piceance basin:

~ Denver, Rocky Mountain Association of Geologists, p. 71-79.

Taylor, 0.J., 1982, Three-dimensional mathematical model for simulating the
hydrologic system in the Piceance basin, Colorado: U.S. Geological Survey
Open-File Report 82-637, 35 p.

Thatcher, L.L., Janzer, V.J., and Edwards, K.W., 1977, Methods for determination
of radioactive substances in water and fluvial sediments: U.S. Geological
Survey Techniques of Water-Resources Investigations, Book 5, Chapter A5,
95 p.

Trudell, L.G., Beard, T.N., and Smith, J.W., 1970, Green River Formation
lithology and oil shale correlations in the Piceance Creek basin, Colorado:
U.S. Bureau of Mines Report of Investigations 7357, 14 p.

Trudell, L.G., Beard, T.N., and Smith, J.W., 1974, Stratigraphic framework of
Green River Formation oil shales in the Piceance Creek basin, Colorado, in
Guidebook to the energy resources of the Piceance Creek basin, Colorado:
Denver, Rocky Mountain Association of Geologists, Field Conference, 1974,
p. 65-69.

Union Oil Company of California, 1975, Ground water investigation of alluvial
aquifers, Parachute Creek, Union 0il Shale Plant near Grand Valley,
Colorado: Grand Junction, Colo., 14 p.

U.S. Environmental Protection Agency, 1977, Trace elements associated with oil
shale and its processing: Washington, D.C., EPA-908/4-78-003, 51 p.

Weeks, J.B., Leavesley, G.H., Welder, F.A., and Saulnier, G.J., Jr., 1974,
Simulated effect of oil-shale development on the hydrology of Piceance
basin, Colorado: U.S. Geological Survey Professional Paper 908, 84 p.

Weeks, J.B., and Welder, F.A., 1975, Hydrologic and geophysical data from the
Piceance basin, Colorado: Colorado Water Conservation Board Basic Data
Release 35, 121 p.

Welder, F.A., and Saulnier, G.J., Jr., 1978, Geohydrologic data from twenty-four
test holes drilled in the Piceance basin, Rio Blanco County, Colorado,
1975-1976: U.S. Geological Survey Open-File Report 78-734, 132 p.

Wilber, C.G., 1974, Evaluation of the oil shale industry upon water quality;
Piceance basin, Rio Blanco and Garfield Counties, Colorado: Boulder,
Colo., Thorne Ecological Institute, 126 p.

72



SUPPLEMENTAL HYDROLOGIC DATA

73



1921) 9juydereq yiog isey ‘puerdp 0%8°8 w00,5S0L0T  wLE,SE06E 1000€2%6050008 14
%9217 s3nydereq yIog 3sey ‘puerdn 0%6°8 w00,5SoL0T 0%, SE0bE 1V22€T%605S000S YT
}221) ?juydereq Yrog isey ‘puerdp 0188 w€0,9S0L0T  Ww¥E,SE06E 10222T%60S000S €2
}221) 9Inydered Nrog ITPPTIN Iseqy ‘puerdn ovz's u61,8S0L0T  w¥1,9€06E 1av40Zy60S000S 44
}221) 23inydexed Nrog ITPPTW Iseqy ‘puerdp 0LT‘8 WIS LSol0T  WLT,9€06€ 1899V0Z%605000S |44
}231) Ijnydexeqd jr0y STPPIN 3Iseqy ‘pueidn 09z°s wI€:16S0L0T  1%0,9€06€ 200961%605000S 0

}931) 23Inyoered jiog ISTPPIN 3Iseq ‘puerdp ovz‘s wEY18S0L0T  uTY,9E06E 10Va81%60S000S 61

}921) 23nydexed yrog ITPPIN Iseqy ‘puerdn 0zE‘8 wlS19S0L0T %S .9€06E 10a991%605000S 81

12913 d3nydereq yioj STppIW 3Ised ‘puerdn 05€‘8 wl€19G0L0T  WES,9E€06E 1AOV91%605000S L1

}221) ?3nydered yiog STPPIN 3Ised ‘puerdn 085‘8 wCSiSSol0T  4IE,9E06E 1000S1%605000S 91

}221) Ijnydsered yiog STPPIN 3Ised ‘puerdn SvL‘8 W61,SS0l0T  LET,LEQ6E 1OVVST%605000S St

}221) 9juydered yrog STPPIN 3Isey ‘puerdy 058‘8 WbE ¥Sol0T 190, LE06E 1avey1%605000S vl

}321) I3nydered yroj STPPIN 3Iseq ‘puerdy 0T1°8 WT1.8S0L0T 149G, LE06E 109980%605000S €1

}221) 93nydered yrog STPPIN 3Isey ‘puerdpn 020°‘8 w9E.:8S0L0T  180,8€06€ IVVV.L0%605000S 4

}221) 9jnydered y1og STPPIN 3Iseq ‘puerdy 085‘8 w0¥%,6S0L0T  wI¥%,8E06€ 120VE0Y605000S I

[eradjew dwnys/snfel UT S3JTT) UeOY MOTaq ‘puemo] 0959 w6Si0S0L0T  LE0,SE06E 1VEa6Z€605000S 01
[eraaiew dunys/snyel UT SIFTID UBOY MOT3q ‘pueBTMOT] 0TI‘L wl0.2S0l0T  46Y,SE06E 104a61€605000S 6
Teraajew dumys/snye3 UT SJJTT) UeOY MO[3aq ‘pueIMOT 0%0°¢L w6S 1Sol0T L% ,SE06E 1OVA61€605000S 8
utejunoy ysnig xaddn ‘pueidp ovL‘8 wlSiLE080T ST ,6E06€ 1avazeo014000s L

}221) xea1) ursyizou ‘puerdn 0€0°‘8 w0T,12080T  ,E€0,6€06€ 120aS€860%000S 9

§921) xedT) urdylAou ‘puerdp 086 L wlT.€T080T ST ,6E06€ 1090£€860%0008 S

}931) 23nydered Yrog 3Isay raddn ‘puerdp 0€1‘8 wZSi 910801  ,T0,6E06€ 1202S€£60%000S Y

}991) 9juydered sialempesy ‘puerdp 06L°L wlSiL0080T  LIT,6E06€ 1a9aS€960%000S €

Y221) sInydered yrog STPPIN Isey ‘puerdn 0€1‘8 w0Z,10080T  ¥0,6€06€ 1990S€5607000S z

}931) 9Inyoereqd siaiempedy ‘puerdn 0%9°L w%T.G50080T  ,OE.6E06€ 1VVa1€s604v000s I

cowwmmoﬁ apn3ITITY apn3t8uog spnitjel umﬂMMwMMvﬂ Awmmwmwmmumw

[uorjewiog yojesem 9yl Worj I3jesm punoad

sdeyaad pue seaie JeTIAN[[E-UOU pUE WNTANT[E UT SwWa3SAS Ialjem-punoad oafeods-y[ews juasaadax pue suoz Aue3oyel Iyl
MoTaq pajedo] sdoas pue s3utids a1e s931IS pueTmol {Iaquwal }291) 23nyoeireg iaddn pue uoTjewIO] BIUI SY3I WOIF
193em punox8 juasaidax pue suoz Aueloyey aaoqe pajedo] sdass pue s3urads spnidoutr sa311s puefdn 3993 ul IpNITITV]

sburads Jo0F uoOIBWLIOFUI UOTIIED0T--"C1 3Tqe]

74



§231) 23Inyoered yiog Is3K ‘puerdn 0v0‘8 WEEIETo80T  w0E,SE06E 199VSZL/60S000S SS

19919 9anydereq yaog Isay ‘pueidp 020‘8 WGEIETo80T  WSE,SE06E 120a¥2L60S0008 %S

ya31) 1ea1) ‘puerdp 0L0°8 wITiL1080T  19%.GE06E 149012L6050008 €S

§931) 1e37) ‘puerdp 0S1°8 wb¥ L1801 €S SE06E 1v4d0z£605000S 49

}921) 9anydered Niog Isau ‘puerdp 0SL°L W70.€1080T  wL0,8€o6E IVVVZ1£605000S IS

19219 93Inydeaeq yIof i1saM ‘puerdn 0408 WZl1i9T080T  wTT.LEo06E 1a2J01 26050008 0§

§221) xe31) ‘pueidn 0G1°8 u8Z.8T080T  WYE,LEo6E 1a9980L605000S 6%

§921) 1831) ‘pueldn 010°‘8 u8T.610801  ,TE.8E06E 19V090.605000S 8%

}921) I3Inydexed yIof i1saM ‘pueldn 020‘8 195010801  w00.%€06€ 1900€€9605000S LYy

}931) d3Inydered yiof IsoK‘unraniie ‘pueimo] 026°‘S wIT.L0080T  80,5€06E 1V80529605000S 97

}291) I3Inydeaed jI0f I1seM ‘puerdn 0%8°L uG7. 110801 0T, LEo6E 19V4.19605000S G

}23a) Inyoeaeg

q104 3s9K ‘FFTTO woay 3rsodap 301 ‘pueimo] 0969 uS%.:80080T  W%T.LEo6E 10ad01960S0008 Y

}991) IInydeied jIog IsaM ‘puerdn 008°L W9S.TTo801  ,T10,8€06€ 1099809605000S €y

}931) IInydexed jIof IsoM ‘puerdn 0%6°L wI€iT1o80T YT .8C06E 1800909605008 4/

}291) sanydexeqd Nrog IsaM ‘puerdn 06L°L WIT T1o80T  w61.,8€06€ 1904509605000S Iy

}231) sanysexed jrog 3IsaK ‘puerdn 008°L w9S. I1o80T  WET.,8€06E 1022509605000S oY

}991) 93Inysered yrog Isay ‘puerdp 018°L wSGT.0To80T  wI%,8€06€ 1a0V%09605000S 6€

}291) 9anydexed yaog isey ‘pueidn 0118 160.00080T  10E %€06E 1avd9£5605000S 8¢

untAnile }291) pooy uag ‘puelmo] 081°L wI10120080T  ,/9€,G€06€ 100dzz 56050008 L€

1931) Inydered jIof 2TppIK Isey ‘puerdn 0L8°L W7€.10080T  19S5.9€06€ 1409%156050008 9€

¥931) Inydered NIoj ITPPIN 3Isey ‘puerdp 0LL L uCSi20080T  WSELE06E 1090015605000S Ge

}921) 9Inyoeied savjempesy ‘pueidp 016°‘L w€T.190080T  1,6G,8E06€ 1VgvS05605000S e

}231) 93nysered yIoj ITPpIH 3Isey ‘puerdp 088 ‘L w€SiT0080T  LEY8EL6E TVAVE0S605000S €e

1921y IInydered }I0f TppIN 3Isey ‘puerdn 089°L w8€.100801  19%.8€06¢ 1V04205605000S 43

}231) I3nydered yiog STpPIN 3Ised ‘puerdp GS6°L W61 100801  ¥0,6€06€ 1VV4Z05605000S 1€

¥221) a3nydexed yioj isey ‘puerdn 0006 wI%.9S0L0T  WSTHEL6E 19a95€%605000S 0€

}921) 23nydexed yaoj isey ‘puerdn 09L‘8 wTL.iSSol0T  w6E,ECH6E 10aa%€%605000S 6T

1921) 93Inydereq yioj 3sey ‘puerdp 0L9°8 wlSi9G0L0T  4L0,SE€06E 1204982%605000S 8¢

}221) I3Inydeaed yio4 3sey ‘puerdn 0Z6‘8 wlSi€Sel0T  495,5€06E 1942%2%605000S Lz

}221) 93nyoexeq rog 3Isey ‘puerdn 0068 w0E ¥Sol0T 4SS, SE06E 19904€2%605000S 9
:oww“oﬁ apniTITy spni18uoT  apmirie] EJMWM‘NE Awmmw_mwammww,

panutiuo)--sburads J0j UOTIBEIOFUT UOIIBI0T--"CT 3[qel

75



¥991) 23nydeied Yioj 3isey ‘puerdp 0£8°8 wIZ.950L01  ,E0,£€06€ 1qva105S6090090S S8

¥991) sinydeied Yiog isey ‘puerdp 018‘8 w8E€,6S0L0T  ,,6G,CE06€ 1892090%609000S vg

¥921) 9Inydeieg yiog 3sey ‘puerdp 088°‘8 wC0,9S0L0T . ¥1,€€06€ 1v4090%609000S €3

j§221) ueoy siajempeay ‘pueidp 08Z°‘8 1w8G:6€080T  ,ET,9€06€ 14ady 10150008 78

§921) 13e) YI0og IJT ‘WnTAn[[E ‘pUBTMOT 09€‘L WET Y€080T  LTE,%E€o6E 1VEg9€00150008 18

utejunol yy iaddp‘puerdpy 08€‘s8 W7€.,9€0801  ,,T0,%€06E 10VAS€0015003S 08

utejunol yy iaddp ‘puerdp 0Ev ‘s wGE,G€080T  ,8%.£€06€ 14aay€0015009s 6L

utejunoy yy xaddp ‘puerdp Shy‘g WGEL,GE080T LS, %€0b6E 1qvaLz0015000S 8L

utejunol yy aaddp ‘puerdp 0l%‘8 wCZ.9€080T  ,81,SE06€ 1v29/20015000S LL

utejunol vy 1addp ‘puerdp WLTAK WSS, H€080T  ,,9€,S€06E 1220€Z0015000S 9L

utejunoy ysnxg ‘puerdp 0se‘s u87.,€€080T 1SS, LEobE 1agvZ 100150008 St

utejunoy ysnig ‘puerdpn 00€‘8 WESIE€080T  L8T.8€06€ 1¥A2100015000S 9L

utejunol ysnxg ‘puerdpn 096°L W9€.870801  ,OT.¥€06€ 1YVay€6605000S €L

utejunoy ysnig ‘puerdn 010°8 W61,0€080T  wy1.GE06E 790V876605000S 4

utejunoy ysunag ‘puerd) 000‘8g w81,0€0801  ,€1,5€06€ 190V826605000S 1L

utejunol ysnig ‘pueidn 0Z0°8 400,620801  .%0,S€06€ 19vdL2660S000S 0L

93p1y Isuurys ‘puerdn 0€8°‘L wGT . LTo80T  ,,8%,G€06E 19d0%7660S000S 69

utejunoy ysnag ‘puerdp oy1‘g w07, 2€0801  ,80,9€06€ 1929V61660S000S 89

utejunol ysnag ‘puerdp 010°8 wS7,1€0801T  ,0G,9€06¢€ 12a9.16605000S L9

93p1y Isuutyg ‘puerdp 0S8‘¢L wl1,020801  .Y%,9€06€ 19V0€£16605000S 99

23p1y r3uutys ‘puerdn 00Z‘8 wEEITELBOT  Wh¥,8€06€ 1890V90660$000S <9

23p1y 19uurys ‘puerdp So0‘s wl0,1€080T  4,8€,8E06E 10avS06605000S 9

23p1y rsuuTys ‘puerdn 099°¢L W17.220801 LET.¥€0bE 19a97€86050008 €9

9919 1ea1) ‘puerdn 008°L wC0,TC6801  ,1€,L€06€ 1aQvao1860S009S 79

2919 xea) ‘puerdn 016°L wb%,610801  ,L0,8E06€ 1a4qai086050093S 19

}¥991) 1ea) ‘puerdp 0S0‘8g w90,G610801  ,1T.,%€06€ 1v¥09S€4605000S 09

39919 1e31) ‘puerdyp 0€6°L wE€ L10801  ,,L1,S€06€ 1VAv6Z.605000S 66

j¥991) aea() ‘puerdn 0v0°sg W€,610801 8% ,%€06€ 1V2dLZL60S000S 8G

¥931) aes) ‘puerdn 0L1°g w€0.910801  ,,LT,S€06E 19v4LTL60S000S LS

¥921) Ijnydeaed a0 IssM ‘puerdp YAAR] u80,%10801  ,,£1,S€06€ 1908S2/605000S 99
GOWWMMOH 9pNITITY apnit3uoq apniIle] umﬂwwwmmvﬂ Awmmwmwmommw

panuIjuU0)~~sburads JOF UOIFBRULIOFUL UOIFBIOT~-

‘€1 9T1qBL

76



a3pty vy ‘puerdpn 0628 uwET.E€0801  ,,0C,CE06E 129Y910019000S S11

23p1y vy ‘puerdp GI1‘g WO, 1€0801T %€, TE06E 123d110019003S 11

utejunol [lequtry ‘puerdp 096°L wE€G6:920801  L0,6Z06€ 1VIO€£6609000S €11

utejunol [lequry ‘puerdp 090°8 481.:82080T  .,01,6C06€ 19202€£6609000S 11

utejunoy [lequiy ‘puerdp 090°‘8 uwlG.i8Ca801  ,TT.6C06E 19901£66090008S 111

untAnyie Mwugo ueoy ‘pueimo] 090°9 wl0,620801  ,,GE€,0€06€ 1av40£66090008 011
211eA ¥931) ueoy

‘s3tsodop dumis/apT{Spue] ‘pue{mo] 0919 u10,92080T  .,S%,0€06€ 20d00226609000S 601
K91Tea ¥33x) ueoy

‘s3tsodap dums/sprispue] ‘puelmo] 0L1‘9 4861620801 /% ,0€06€ 10223226609000S 801

98p1y F3uurys ‘pueidp 018°L wIT 920801  ,,01,€€06€ 10VV206609000S L01

¥391) 1ea) ‘pueidp 0zLéL 40T, L1a80T  ,9€,0€06€ 1VVV¥928609000S 901

- Y@a1) zear) ‘puerdp 078°L w62.91o801  ,I¥%,1€06€ 149d€18609002S S0t

¥221) @3nydeied Hccmﬁa: 011°8 uw¥6:160080T  ,,10,6Co6€ IVa9€L609000S %01

¥991) uuo) ‘pueidn 0018 480,11080T  ,,LE,6T06E 1990926090008 €01

¥291) 23nydeieqd ‘puerdn 061°8 WwH1,01080T  ,1€,0806€ 1a49%2L609000S Z01

¥991) 93anyoeieq ‘puerdp 061°8 w€S.01080T  4EE€,0€06€ 10avETL609000S 101

¥991) uuo) ‘puerdp 0€C‘8 w70.21080T  lE,0€06€ 1VOVZZL609000S 001

¥291) uuo) ‘puerdp 09LL uwlT,G10801  ,,80,0€06€ 1U2061£609000S 66

¥321) uuo) ‘puerdp 02Z°8 WI€,210801  ,,8G,0€06€ 1232G1£609000S 86

}¥221) uuo) ”ucmﬁa: 097°8 W7C.C10801  ,9%,1€06€ 1V¥VdS1£609000S L6

y231) a3nyoeaed ‘puerdp 02Z°8 Ww6E, 110801  ,9C,1€06€ 12209%1.609000S 96

¥921) a3nydeaed ‘puerdp 080°8 uwI¥%,60080T  ,9€,2€06€ 19VVZ1.609000S 56

¥991) 23nydeied chmﬁa: 0128 wl€,T1o801  %T,TEL6E 1VO911.609000S 76

¥291) uuo) ‘puerdp 050°8 u80,G61080T  .,80.,2€06€ 1aQvaL0. 6090098 €6

¥921) zear) ‘puerdp 0408 w0T:S10801  1,90,€£€06€ 19V090£609000S 26

¥921) reay) ‘puerdp 0S1°8 wCGi%1o801  LET,EE06E 1a9950£609000S 16

¥9313 uuo) chmﬂa: (IAAR] u8T,€10801  ,,6%,2€06¢€ 1V¥2d%0.609000S 06

jy@91) o3nydeied YI0j ISaMH “@cwﬁmp Ghy‘g 4GS, 210801 461 ,£€06€ 1Vav%0.609000S 68

jy221) s3nydeied YI10j ISIH .@cmﬁa: ILTAR" uw€0,21o80T  ,S0,E€€06€ 10VA€0£609002S 88

Y9219 @3nydeieqd jaojg 3Isay ‘puerdp 061°8 w6Z,110801  ,,8G,C€06€ 209970.609000S L3
SJJTT) ueoy 3O

yinos ‘sitsodap ysemadoys/umraniiod ‘puelmo] 019°S 481,000801  ,8G,6C06E 10v4825609000S 98

uoT3led07 I3TJTIUapPT (1 @3e1d uo)
211§ 2pNITITY apn3tduoq spnitie] TesoT 1oqunu 9318

pPoNUTIIU0)--SHUTIAS JO0F UOIFBUIOFUI UOIFEOOT-- €1 IqeE]

77



yrog Aiq yanog ‘sitsodap dumis/soerray ‘pueimor Sv9°9 u8S.6T0801  S1.TTo6E 1420z10018000S i

Aa11eA Ya0g A1Qg yinog ‘sadofs sniel ‘puemo] 0L0°L w9 120801 1,20,0T06€ 19av.26608000S o%1

A311eA yiog Liq yanog ‘juorjewmrog :uuMmmz ‘puemot 0819 190,920801  ,01,1T06€ 1a20916608009S 6¢1
d1[eA jiog

£1q yinog ‘;ysemadoys/uorjewroq yojesep ‘pueimoq 0209 ul%9To80T  WZ,1T06€ 10VAS16608000S 8¢l
eaxe Apnis

3o 1sam ‘s3itsodap ysemadoys/sniey ‘pueimo] 061°L wl€.,8€080T  ,80,STo6E 10av.z1012000S LET

untAanie jiog Axq STPPIW ‘puemo] 0¥8°‘9 WCl.1€080T  ,/GY,%C06€ 149a920012009S 9€1

umrAnfle }931) [[equry ‘pueimo] L6L°9 WwCLi€€080T . 1%,LT06E 1a0V¥600012000S Ge1

wuntAn{Ie ¥391) [TequUIY ‘pueimo] 0/8°9 WL 9€0801 LT, LTo6E 19aas0001.009S vel

utejunoy [lequry ‘puerdp 0LT°8 wl0,S€0801  ,8€,8706€ 1009$0001£000S €ct

untanle jIxoj £ig nwuoz ‘pueismo] 0619 ul€:520801  .80,S%06€ - 1UOV.Z660L000S AR
911ea Jaog

£1q yraoN ‘sitsodsp sderxal/dumis ‘pueimo] 02z‘9 n20,S%0801  ,,9%,%T06€ 290092660L000S 1€
As11ea Niog

KLxg yaxoN ‘s3tsodsp aoexxsy /dumis‘pueiaso] 0ZZ‘9 wC0.:STo80T 9% %TobE 1902926600028 0€1

Aarrea yo31) ueoy ‘s3rtsodsp ysemadols .chHsmg ooNHo wE0,81080T  ,,LT,8T06E 19V220860L000S 621

¥231) uuo) ‘puetdp 0€€‘s WYS,0To80T  wl%,9C06€ 10av41.60L009S 8z1

¥291) 9jnydexreq ‘puetdp ovz‘s WGT.0To80T  wEO0.,LTo06E 1OVIETL60L000S Lzt

%9919 s3nydeaeq ‘puerdp 0S1°‘8 WIT.01080T  ,0S.LTo6€ 1AveZIL60L000S 971

UNTANTTR ¥931) uuo) ‘pueymo] 088°‘S w67 10801  ,L€,8C06E 190950£602000S YA

¥231) uuo) ‘puerdp 050°‘8 w60, 110801  %1.8C206€ 192020.60L000S 421

¥931) sjnydereg ‘puerdn 0S1°8 w€0,01080T  ,OT,8206€ 1¥0d10.602000S €1

Ka11ea 3931) s3nyoereq ‘sadoys snie3 ‘pueimo] 0L1‘9 uG%.50080T  180.,LT06€ 10ag0o1960L000S [4A!

utejunoy [requty ‘puerdp 0L0‘8 WET.0€080T  ST.6Co6E I¥V¥D9€0019000S 121

utejunoy [Tequry ‘puetdn 0118 wl1,T€080T  LET.6T06E 1AvISE0019000S 0z1

utejunoy [requry ‘puerdn ov1‘g uSE€.T€080T  180,6C06€ 19a0%€0019009S 611

utejunol Irequry ‘puetdp 01z‘s wES1TEoBOT  WL1,6To6E 1292%€0019000S 811

utejunoy [lequry ‘puerdn Sov‘g uG¥.9€080T  %0,6C06€ 1aad1€0019009S L11

23p1y vy ‘puerdn 09€‘8 uS€.1€€080T  WESI1€06E 1aQvI910019000S 911

UoTIED0] I3TJTIUIPT (1 °1erd uo)
115 pMITITY spn3tduo] spnitle] Tes0T 1oqumu 215

peanuIu0)--sburads JI0jF UOTFRWIOFUI UOTIFBOO0T--"€1 d[qel

78



Table 14.--Inventory data for springs

[E, estimated; gal/min, gallons per minute; WUS/cm, micromsiemens per centimeter;
°C, degrees centigrade]

Site Local Flow Specific pH Temper-
number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min)  (pS/cm) units) (°C)
1 SC00409531DAA1 81-08-04 -- 1,020 7.6 8.0
81-09-01 1200 E50 900 8.0 7.5
81-10-06 56 -- -- --
81-11-10 1200 66 915 8.1 8.0
82-05-26 1215 300 640 8.1 6.5
82-07-20 1140 84 805 8.0 9.0
82-10-07 1400 76 870 7.9 7.5
83-02-16 0845 34 920 8.4 3.5
2 SC00409535DBB1 82-05-28 1000 4.30 540 8.2 6.0
82-07-20 1450 1.10 580 7.9 9.5
3 SC00409635DBD1 81-08-04 0.40 615 7.2 - 16.0
81-09-01 1030 0.23 670 7.9 16.0
82-05-26 1000 2.30 630 7.8 7.0
82-07-20 1100 0.44 675 7.9 13.5
83-02-16 0830 0.00 - -- --
4 S$C00409735CDC1 81-11-12 1230 0.43 670 7.4 6.5
82-06-08 1030 0.43 690 8.2 7.5
82-07-27 1030 0.32 700 7.5 10.5
82-10-26 1000 0.40 685 8.1 7.5
5 SC00409833DBD1 82-06-14 1400 4.70 725 7.6 7.0
82-07-27 1610 0.00 -- - --
6 SC00409835DCC1 82-06-14 1300 2.40 620 8.2 7.5
82-07-27 1545 0.00 -- -- --
7 SC00410032DAD1 82-06-22 1600 3.40 550 8.3 6.0
82-08-11 0910 1.40 600 8.2 9.0
8 SC00509319DAC1 82-04-27 1015 9.30 1,080 7.5 6.0
SC00509319DBD1 81-07-29 1430 1.84 1,070 7.1 10.0
82-04-27 0930 2.40 1,040 7.5 8.5
10 SC00509329DBA1 81-07-29 1230 9.05 950 7.1 10.5
81-11-04 0930 8.60 890 7.0 10.5
82-04-27 1100 -- 890 7.5 --
82-09-23 1500 8.00 910 7.4 11.0
11 SC00509403ACC1 82-05-28 1340 4.30 395 7.8 4.5
82-10-07 0930 4.70 550 8.3 6.5
12 SC00509407AAA1 81-07-22 -- 438 6.9
13 SC00509408BBD1 82-05-28 1215 28 385 7.8

82-07-20 1615

(=]

(=

(=]
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Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-
number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min)  (pS/cm) units) (°c)
14 SC00509414BAD1 82-06-30 1745 5.20 460 7.6 6.0
82-10-07 1000 1.60 520 8.0 8.0
15 SC00509415AAC1 81-06-30 - 530 7.9 24.0
16 SC00509415CDC1 82-06-30 1720 3.80 420 7.8 6.0
82-10-07 1030 2.90 460 8.1 7.0
17 SC00509416ACD1 81-06-30 - 490 7.1 9.0
82-06-30 1700 35 485 8.0 14.0
82-10-07 1100 9.00 550 8.3 8.0
18 SC00509416BDC1 81-06-30 -- 500 7.4 10.0
81-08-19 1615 - 510 7.9 12.0
19 SC00509418DAC1 81-07-21 - 430 -— 7.0
20 SC00509419BCC2 81-07-21 1.13 480 - 10.0
21 SC00509420ABB1 81-06-30 - 500 - 10.0
81-08-19 1115 0.70 595 7.8 8.0
82-06-30 1615 1.30 450 7.3 6.5
82-10-07 1125 1.40 525 7.8 8.0
22 SC00509420BAD1 81-06-30 - 515 7.5 12.0
82-06-30 1630 1.60 500 7.3 7.5
82-10-07 1140 1.70 530 7.7 9.0
23 SC00509422CCD1 81-07-21 1.67 435 -- 9.0
24 SC00509423CCAl 81-06-30 -- 478 7.4 11.0
81-07-21 2.60 390 -- 7.0
25 SC00509423CCC1 81-08-18 1430 2.64 395 7.2 8.0
81-11-04 1100 3.00 460 6.9 7.5
82-06-30 1245 13 355 7.4 7.0
82-09-23 1100 5.10 445 7.5 8.5
83-02-16 1000 2.00 470 8.2 5.0
26 SC00509423DBB1 81-07-20 1.57 470 - 9.0
27 SC00509424CBB1 81-06-30 -- 475 7.8 7.5
82-06-30 1230 33 430 7.6 5.0
82-09-23 1030 8.00 505 7.8 6.5
28 SC00509428BDC1 81-06-30 -- 395 7.5 10.0
82-06-30 1315 4.00 350 7.4 5.5
82-09-23 1130 1.30 400 7.9 8.0
29 SC00509434DDD1 81-06-29 - 490 7.4 14.5
82-06-30 1015 4.10 460 7.7 8.0

82-09-23 0930 <0.10 --
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Table l4.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-
number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min)  (pS/cm) units) (°c)
30 SC00509435BDB1 81-06-29 - 524 7.4 12.0
82-06-30 1000 1.50 360 7.8 5.5
82-09-23 0915 <0.10 - - --
31 SC00509502BAA1 82-05-28 1030 E50 430 8.2 5.5
82-07-20 1430 0.00 - -- -
32 SC00509502BCA1 82-07-20 1515 1.10 910 7.5 9.0
33 SC00509503ADA1 82-05-26 1600 22 655 8.3 7.0
82-07-20 1400 0.00 - -- -
34 SC00509505ABA1 81-08-04 0.79 660 - 11.0
81-09-01 1330 0.70 640 7.7 10.0
81-10-06 0.73 -~ -- --
81-11-10 1130 0.90 675 7.6 5.5
82-05-26 1200 8.80 575 7.9 5.0
82-07-20 1130 3.10 625 7.7 8.0
82-10-07 1330 2.00 670 7.7 7.5
35 SC00509510CBC1 82-05-26 1430 13 620 8.2 6.5
82-07-20 1330 1.40 760 7.7 10.0
36 SC00509514BCD1 81-07-21 1.09 550 - 9.0
81-08-19 0830 1.08 530 7.5 9.0
81-11-10 1400 1.10 550 8.1 7.0
82-06-30 1530 2.00 490 7.4 7.0
82-09-23 1345 0.63 560 7.9 9.5
83-02-16 0930 1.20 570 8.3 4.5
37 SC00509522DDC1 83-03-02 1130 50 600 8.4 6.5
38 SC00509536BAD1 81-08-18 1730 3.66 605 7.3 9.5
81-11-05 1230 2.60 575 7.5 7.0
82-06-30 1445 19 510 7.5 7.0
82-09-23 1230 6.60 570 8.3 9.5
83-02-16 0945 4.00 580 8.3 5.0
39 SC00509604ACD1 82-05-26 1045 E5.00 820 8.2 7.5
82-07-20 1015 7.70 880 8.4 9.5
40 SC00509605CCD1 81-08-06 4.50 840 8.1 -
82-06-09 1400 7.60 925 8.1 8.0
82-07-27 1215 4.50 935 7.6 11.5
41 SC00509605DDB1 81-08-06 5.30 860 8.1 17.
42 SC00509606DCB1 81-08-05 - 715 7.8 8.0
82-06-09 1300 0.16 900 8.3 9.0
82-07-27 1130 <0.10 970 8.1 10.0
43 SC00509608BBD1 81-09-16 1130 11 1,115 7.4 12.
44 SC00509610DDD1 82-12-15 1030 - 2,850 8.5
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Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-
number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min) (pS/cm) units) (°c)
45 SC00509617BAB1 82-06-09 1430 11 625 7.9 6.5
82-07-27 1200 7.10 690 7.7 9.5
46 SC00509625CBA1 82-12~-15 1430 E10 1,000 8.1 6.0
47 SC00509633CCB1 82-06~15 1200 11 540 7.6 6.5
82-08-04 1400 4.50 580 7.9 8.0
48 SC00509706CAB1 81-08-06 12 650 7.7 8.0
82-06-14 1130 10 680 8.0 7.0
82-07-27 1500 9.70 660 7.8 8.5
49 SC00509708CBD1 81-08-06 -~ 600 7.5 8.0
81-09-16 1500 E10 610 7.4 8.0
81-11-20 1200 15.4 615 7.5 7.5
82-06-14 1100 14 600 8.3 6.5
82-07-27 1430 9.70 625 7.7 11.5
50 SC00509710CCD1 81-08-06 E25 555 7.9 11.5
81-09-16 1630 E5.00 570 8.0 10.5
82-06-09 1130 40 530 8.3 8.0
82-07-27 1315 20 570 8.2 10.0
51 SC00509712AAA1 81-11-12 1130 2.80 725 7.4 6.5
82-06-09 1215 2.90 670 8.0 6.5
52 SC00509720DBA1 81-08-11 1.38 995 7.1 10.0
81-09-16 1400 2.53 1,000 7.4 10.0
81~-11-20 1045 0.21 995 7.4 8.5
82-06-14 1500 0.23 960 7.5 7.5
82-07-28 0700 0.13 1,000 7.6 8.0
83-02~-15 1410 <0.10 990 7.6 5.0
53 SC00509721CBD1 81-08-11 - 730 7.6 7.0
54 SC00509724DCC1 81-08-06 1.40 630 -- --
82-06-09 1530 10 565 7.8 7.0
82-07-28 0830 4.50 595 8.0 8.0
55 SC00509725ABB1 81-08-06 3.40 650 7.6 8.0
56 SC00509725BCB1 81-08-06 2.90 540 7.6 8.0
81-09-16 1230 3.17 705 7.3 8.0
81-11-12 1400 2.60 705 7.7 5.5
82-06-09 1600 4.70 575 7.7 6.0
82-07-28 0815 4.00 640 7.8 7.0
82-10-13 1400 3.50 700 8.1 6.0
83-02-15 1330 2.70 700 7.8 4.5
57 SC00509727BAB1 82-06-14 1630 21 620 8.1 7.0
82-07-27 1800 9.70 660 7.7 7.0
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Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-
number identifier Date Time rate conductance (standard ature
(plate 1) i (gal/min) (MS/cm) units) (°c)
58 SC00509727DCAl 81-08-11 - 725 7.9 7.0
81-09-08 1545 E5.00 700 7.7 9.0
82-06-09 1700 40 655 8.0 6.5
82-07-27 1820 22 740 7.6 7.0
59 SC00509729ADA1 81-08-11 2.80 770 7.3 6.0
82-06-14 1530 4.60 690 7.9 5.5
82-07-28 0720 4.70 760 7.8 8.0
60 SC00509735BCA1 81-11-12 1500 4.70 790 7.8 6.0
82-06-09 1630 8.80 690 7.8 6.0
82-07-28 0800 7.50 720 7.9 8.0
82-10-13 1330 6.30 760 8.1 6.5
83-02-15 1400 4.70 790 7.6 4.5
61 SC00509801DDD1 81-08-06 16 660 7.7 7.5
81-09-16 1600 14 775 7.8 9.0
81-11-20 1300 14 750 7.9 7.0
82-06-14 1145 25 795 7.7 7.0
82-07-27 1515 16 770 7.8 8.5
82-10-26 1045 11 780 8.0 7.5
83-02-15 1430 E10 780 7.9 6.0
62 SC00509810DAD1 81-11-20 E1.00 890 8.0 4.0
63 SC00509834BDB1 82-06-22 1300 1.30 600 7.8 7.5
82-08-24 1300 0.30 620 8.5 19.0
64 SC00509905ADC1 81-09-23 1200 E10 730 - 9.5
82-06-22 1000 75 615 7.9 8.5
82-08-11 1400 17 605 8.0 11.5
82-11-03 1100 E5.00 640 8.2 5.0
65 SC00509906ACB1 82-06-22 1400 18 730 7.7 6.5
82-08-11 1330 5.40 750 7.8 7.5
66 SC00509913CAB1 81-09-23 1330 0.99 675 -- 7.5
82-06-22 1100 11 600 7.8 6.0
82-08-24 1100 3.20 650 8.2 7.0
82-11-03 1300 1.80 655 8.1 6.0
83-02-15 1100 1.30 680 7.9 5.0
67 SC00509917BDC1 82-06-24 0900 17 635 8.0 8.5
68 SC00509919ACRB1 81-07-31 0.45 710 -- 12.0
82-06-22 1530 1.20 690 7.9 8.5
82-08-11 1020 0.20 660 8.0 11.0
69 SC00509924CDB1 82-06-22 1130 1.30 960 8.0 6.0
82-08-24 1130 0.40 950 8.3 7.0
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Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-

number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min) (KS/cm) units) (°c)
70 SC00509927DAB1 81-07-31 -—- 650 - 22.0
82-06-24 1000 6.50 570 7.9 6.5

82-08-11 1130 2.90 605 7.8 9.5

71 SC00509928ACB1 81-07-31 0.48 1,195 -- 10.0
81-11-13 1200 0.40 1,120 7.7 6.5

82-08-11 1115 0.20 900 7.8 10.0

72 SC00509928ACB2 81-07-31 0.26 1,220 -- 15.0
82-06-24 0935 0.64 790 7.9 7.5

82-08-11 1110 1.30 915 7.8 10.0

82-10-12 1030 0.20 9260 8.1 7.5

73 SC00509934DAA1 82-06-24 1030 0.50 755 8.1 8.0
82-08-11 1150 0.20 755 8.3 20.0

74 SC00510001CDA1 81-09-23 - - -- 7.0
75 §C00510012ABD1 81-07-31 1.35 470 - 10.0
81-11-13 1100 0.32 485 7.6 3.5

82-06-24 0815 5.70 440 8.2 5.5

82-08-11 1000 2.30 455 7.6 7.0

82-10-12 0930 1.70 470 8.1 5.0

83-02-15 1030 0.41 505 8.1 3.5

76 SC00510023DCC1 81-08-13 1600 1.22 660 7.6 7.0
82-06-24 1200 - 625 7.9 8.0

82-08-05 0930 3.40 595 8.0 8.0

77 SC00510027BCA1 81-11-13 1600 1.10 630 7.3 5.0
82-06-24 1230 2.80 610 7.8 5.5

82-08-05 1000 2.00 575 7.8 6.0

78 SC00510027DAD1 81-08-13 1430 0.50 540 7.1 9.5
82-06-24 1300 2.00 530 7.8 6.0

82-08-05 1030 1.00 575 7.8 8.0

82-10-12 1300 0.50 555 7.6 8.0

79 SC00510034DDD1 81-11-13 1530 0.79 740 7.8 5.5
82-06-24 1320 5.40 625 8.1 6.0

82-08-05 1100 1.60 680 7.9 7.0

80 SC00510035DAC1 82-06-24 1400 0.90 530 7.7 9.0
82-08-05 1120 1.10 585 7.6 13.0

81 SC00510036BBA1 81-08-13 1800 - 560 7.8 6.0
82 $C00510124DDD1 81-07-31 -~ 550 -- 14.0
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Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-
number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min) (uS/cm) units) (°C)
83 SC00609406CBA1 81-06-29 -- 560 7.7 14.0
81-08-18 1230 E5.00 510 7.7 10.0
81-11-04 1530 6.00 500 7.5 7.0
82-06-30 1050 7.00 410 7.5 6.5
82-09-23 0945 5.80 470 7.9 8.5
84 SC00609406DCB1 81-06-29 0.09 535 7.7 21.0
85 SC00609501DAD1 81-06-29 -- 560 8.0 18.0
86 SC00609528BAC1 82-04-20 1330 4.30 1,250 7.6 7.0
87 SC00609702CBD2 81-10-22 1300 0.50 520 7.5 5.5
82-06-15 1345 1.20 465 7.8 5.0
82-08-04 1320 0.62 530 7.8 8.0
88 SC00609703DAC1 81-08-11 7.90 485 8.2 12.0
81-09-08 1000 - 480 7.8 9.0
82-06-15 1100 34 460 7.8 6.0
82-08-04 1430 12 495 8.0 7.5
89 SC00609704ADA1 82-06-15 1045 0.40 455 7.8 6.5
82-07-28 1245 <0.10 -- -- -~
90 SC00609704DCA1 81-08-11 2.20 550 7.7 7.0
81-09-08 1100 1.53 560 7.5 7.5
81-10-22 1200 1.70 540 7.5 6.5
82-06-15 1015 2.40 525 8.0 6.5
82-08-04 1530 1.80 585 8.0 7.0
82-10-13 1200 1.90 600 8.3 6.5
83-02-15 1320 2.40 580 8.0 6.0
91 SC00609705BBD1 81-08-06 -- 730 7.2 9.0
81-09-08 1500 E2.00 700 7.8 9.0
82-06-14 1730 30 655 7.8 6.0
82-07-28 0915 12 685 8.0 7.0
92 SC00609706DAB1 82-06-15 0930 9.70 615 8.0 7.0
82-07-28 1000 2.70 710 7.8 8.5
93 SC00609707DAD1 81-08-11 - 680 7.8 11.0
81-09-08 1230 E2.00 680 8.1 19.0
82-06-14 1800 6.20 635 7.9 6.0
82-07-28 1030 4,10 680 8.0 10.0
94 SC00609711BCA1 81-08-06 -- 530 -- 9.0
81-09-02 1330 E4.00 535 8.3 9.5
82-06-15 1400 27 420 8.1 8.5
82-07-28 1300 12 480 8.3 12.5

85



Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-

number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min) (uS/cm) units) (°c)
95 SC00609712AAB1 81-08-12 0.37 635 7.4 10.0
81-09-02 1400 0.38 660 7.8 10.0

82-06-15 1300 3.70 600 8.0 6.5

82-08-04 1340 2.40 645 7.9 9.0

83-02-15 1300 0.86 660 7.8 6.5

96 SC00609714BCC1 81-08-06 - - - 8.0
81-09-02 1230 0.40 585 7.9 8.0

81-10-22 0.70 570 7.6 5.0

82-06-15 1515 5.50 520 7.8 5.5

82-07-28 1320 5.50 540 7.8 5.5

97 SC00609715BAA1 81-08-12 0.75 560 8.0 10.0
82-06-15 1430 10 550 8.1 6.5

82-08-04 1300 4.10 580 8.2 9.5

98 SC00609715CDC1 81-08-12 -- 530 6.8 7.0
82-06-15 1500 40 490 8.1 6.0

82-08-04 1200 8.30 530 8.0 7.0

99 SC00609719DCD1 81-08-11 -- 775 8.0 15.0
82-06-15 0830 2.90 780 7.6 8.0

82-07-28 1200 1.50 760 7.7 11.5

100 SC00609722ACA1 81-08-12 -- 538 7.4 7.0
101 SC00609723ADC1 81-08-12 1.51 655 7.3 11.0
81-09-02 1130 3.66 670 7.5 10.5

81-10-22 1110 1.80 650 7.2 9.0

82-06-15 1530 4.70 575 7.8 7.0

82-07-28 1330 4.40 620 7.5 9.0

82-10-13 1000 2.50 635 8.0 8.5

83-02-15 1240 1.80 675 7.7 4.5

102 SC00609724BDD1 81-08-12 -- 500 7.6 9.5
82-06-17 1230 10 490 7.9 7.0

82-08-04 1110 3.00 515 7.8 9.0

103 SC00609726DBB1 81-08-12 0.50 595 7.4 10.0
82-06-17 1200 27 535 7.6 6.5

82-08-04 1030 4.70 600 7.7 11.0

104 SC00609736DCA1 81-10-22 1045 1.50 510 7.2 10.0
82-06-17 1100 9.60 530 8.1 6.5

82-08-04 1000 7.70 520 7.7 9.0
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Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-

number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min) (uS/cm) units) (°c)
105 SC00609813DBD1 82-06-15 0730 12 740 7.7 7.0
82-07-28 1045 5.20 780 7.9 9.5

106 SC00609826AAA1 81-08-11 0.79 690 7.6 10.0
81-09-08 1330 0.79 690 7.5 10.0

82-06-15 0815 1.40 680 7.7 6.5

82-07-28 1115 0.80 705 7.6 9.0

107 SC00609902AAC1 82-06-22 1215 6.00 940 8.0 8.0
82-08-24 1230 1.20 985 7.9 11.0

108 SC00609922CCD1 82-06-03 1100 5.50 1,750 7.5 10.0
82-07-21 0930 3.30 1,720 7.5 9.5

82-12-07 0915 5.70 1,575 7.7 9.5

109 S$C00609922CCD2 82-06-03 1130 E3.00 3,725 7.9 10.5
82-07-21 1000 1.80 3,780 7.3 11.0

82-12-07 0930 2.00 4,000 7.4 8.5

110 SC00609930BAD1 82-01-19 0930 12 1,290 8.1 8.0
82-11-19 0900 7.90 1,240 7.8 10.0

111 SC00609931DBB1 81-07-30 1.06 730 -- 11.0
112 SC00609932CCB1 81-07-30 1.67 670 - 12.0
81-08-25 1430 0.99 640 7.3 12.5

81-10-23 1200 0.48 640 7.5 9.0

82-06-28 1130 9.10 590 7.8 7.5

82-08-19 1100 3.50 645 7.6 10.5

82-10-21 1130 1.70 650 7.9 8.5

83-02-15 0900 0.82 725 8.0 3.0

113 SC00609933CDA1 82-06-28 1200 0.10 615 8.1 9.5
82-08-19 1130 <0.10 -- - --

114 SC00610011DCC1 82-06-24 1515 2.30 540 7.7 6.5
82-08-05 1245 0.95 585 7.8 8.5

115 SC00610016ABC1 82-06-24 1440 1.70 450 8.0 6.0
82-08-05 1230 1.30 490 7.9 6.0

82-10-12 1345 1.30 475 8.0 5.0

83-02-15 0925 1.40 500 8.1 5.0

116 SC00610016CAD1 81-08-13 1200 0.57 660 7.6 12.0
81-11-13 1430 0.49 675 7.7 6.0

82-06-24 1430 2.30 645 7.7 8.5

82-08-05 1215 0.70 660 8.0 12.5

87



Table 14.--Inventory data for springs--Continued

Site Local Flow Specific pH Temper-
number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min) (pS/cm) units) (°c)
117 SC00610031CDD1 82-06-28 0915 4.10 495 7.9 6.5
82-08-19 0930 0.90 550 7.7 9.0
118 SC00610034CBC1 81-07-30 1.02 660 -- 6.0
81-08-25 1300 0.70 605 7.8 7.0
81-10-23 1100 0.40 570 7.8 5.5
82-06-28 1030 7.90 520 7.8 5.0
82-08-19 1020 2.80 580 7.9 6.0
119 SC00610034CDB1  81-07-30 0.21 590 -- 11.0
120 SC00610035CAD1 81-07-30 0.47 560 -- 14.0
121 SC00610036CAA1 82-06-28 1100 0.10 605 8.0 14.0
82-08-19 1045 0.00 - -- --
122 SC00709610BDD1 82-04-20 1030 0.30 4,900 8.0 5.5
82-11-17 1000 0.14 4,650 8.4 4.5
123 SC00709701DCA1 81-08-12 -- 600 7.4 11.0
124 SC00709702DCB1 81-08-12 1.50 860 7.8 10.0
81-09-02 1030 1.36 865 8.1 9.0
81-10-22 1030 1.20 830 7.3 9.0
82-06-17 1300 3.40 820 7.9 7.0
82-08-04 0945 2.10 860 7.6 9.5
82-10-13 0915 1.60 850 8.3 8.0
83-02-15 1215 0.74 890 7.9 5.0
125 SC00709705BDB1 82-11-16 1100 30 970 7.8 6.5
126 SC00709712BAD1 82-06-17 0940 10 540 7.8 6.5
82-08-04 0920 2.70 490 7.6 9.5
127 SC00709713BAC1 81-08-12 0.40 438 7.8 15.0
81-09-02 0945 .- 450 8.3 10.0
82-06-17 0915 19 510 7.8 5.5
82-08-04 0900 8.30 530 7.7 6.5
128 SC00709714ADC1 82-06-17 0845 3.60 465 7.8 6.0
82-08-04 0845 2.30 485 7.6 10.0
129 SC00709802CAB1 82-12-07 1300 5.20 2,400 8.3 10.0
130 SC00709926CCB1 82-02-03 1330 <3.00 1,790 7.8 8.5
131 SC00709926CCB2  82-02-03 1340 7.20 1,740 7.6 9.0
82-11-23 1215 3.80 1,675 8.0 9.0
132 SC00709927ACD1 82-02-03 1400 6.10 1,550 7.5 7.0
82-11-23 1245 6.90 1,420 7.6 7.5
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Table 14.--Inventory data for springs--Continued

Site

Local Flow Specific pPH Temper-

number identifier Date Time rate conductance (standard ature
(plate 1) (gal/min) (uS/cm) units) (°C)
133 SC00710005BCC1 81-07-30 0.59 665 -- 9.0
81-08-25 1100 0.43 665 7.1 10.0

81-10-23 1015 0.40 680 7.7 7.5

82-06-28 0945 3.00 670 7.7 7.0

82-08-19 1000 1.30 705 7.7 9.0

82-10-21 1000 0.70 665 8.1 8.0

83-02-15 0820 - 690 8.3 -

134 SC00710008DDB1 81-12-17 1015 7.60 810 8.1 6.0
135 SC00710009ACD1 81-12-17 1000 E75 900 7.8 7.5
136 SC00710026DCB1 81-12-15 1300 E3.00 990 8.4 2.0
82-11-23 1400 6.00 890 7.9 0.0

137 SC00710127ADC1 81-07-30 3.10 1,140 -- 8.5
81-08-25 0830 -- 1,140 7.3 8.5

81-10-01 3.70 -- - --

81-10-23 0900 4.00 1,160 7.6 8.0

82-06-28 0830 11 1,250 7.8 7.0

82-08-19 0830 5.80 1,190 7.6 8.5

82-10-21 0830 4.00 1,100 7.8 8.0

138 SC00809915DAC1 82-07-21 1300 5.40 2,225 7.4 11.0
139 SC00809916DCD1 81-12-15 0900 0.66 2,275 8.1 8.5
82-07-09 1230 5.00 2,400 7.6 10.5

82-11-23 1000 4.00 2,250 7.5 9.5

140 SC00809927ADB1 81-12-17 1300 E1.50 2,340 8.5 3.0
82-07-09 0915 0.60 2,250 8.0 10.0

141 SC00810012DCB1 81-12-15 1015 5.30 1,440 7.7 9.5
82-07-09 1015 4.60 1,500 7.4 10.0

82-11-23 0930 4.40 1,500 7.5 9.5
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