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Sheet 3.—Saturated thickness of the alluvial aquifer in the Fountain Creek Valley,
El Paso County, Colorado, October, 1991

(GEOLOGY MODIFIED FROM SCOTT AND WOBUS, 1973)

SATURATED THICKNESS AND GROUND-WATER FLOW

The alluvial deposits in the study area range in thickness from 0 to more than 100 feet. In October 1991, the
saturated thickness ranged from O to about 45 feet. The largest measured saturated thickness was just southeast
of the Sand Creek channel near the northeast boundary of the study area. The areas with the greatest saturated
thickness (in the buried channel of the alluvial aquifer, near Little Johnson Reservoir, Windmill Gulch, and
southeast of Sand Creek) are in buried channels of ancestral Fountain Creek, Sand Creek, and the creek in
Windmill Gulch.

Water flow into and out of the aquifer (underflow) was estimated for selected hydrogeologic sections at the
upgradient and downgradient ends of the study area and across tributary alluvial valleys along the northeastern
boundary of the study area using Darcy’s equation,

Q=-KIA, (1)

where steady ground-water flow (Q) through a homogeneous porous medium equals the product of
hydraulic conductivity (K), the hydraulic gradient (I), and the saturated area normal to the gradient (A). The
minus sign in equation 1 results from the definition of hydraulic gradient as being positive in the direction of
decreasing hydraulic head (Lohman and others, 1972). If the water-table contours are not parallel to the
hydrogeologic section, then the hydraulic gradient is not perpendicular to the hydrogeologic section and the
flow across the hydrogeologic section is equal to the product of the cosine of the angle of incidence of the
hydraulic gradient to the hydrogeologic section and the product of equation 1.

Q=-KIA cos(a) 2)

where a is the angle of incidence of the hydraulic gradient to the hydrogeologic section. If water-table
contours are parallel to the hydrogeologic section, the gradient is perpendicular to the hydrogeologic section.
The angle of incidence, a, is zero degrees and equation 2 reduces to equation 1. Because water-table altitudes
near the boundaries of the aquifer were relatively stable during 1991-92, rates of underflow are assumed to
approximate steady-state rates.

Values of hydraulic conductivity used in this analysis were estimated from 30 bail tests conducted in
August 1992 (K. R. Watts, U.S. Geological Survey, written commun., 1992), from four constant-discharge
tests (Wilson, 1965), and from 16 reported values (W.P. Johnson, Wenck Associates, Inc., written-commun.,
1992). Hydraulic-conductivity values from 30 bail tests are listed in table 1.

The alluvial aquifer is heterogeneous, and estimated and reported values of hydraulic conductivity range
from about 1.4 to about 1,300 feet per day. The largest values of hydraulic conductivity generally occur in the
buried channel along the main axis of the aquifer, and the smaller values generally occur near the boundaries of
the aquifer. The median of the estimated hydraulic-conductivity values near the aquifer boundaries was about
60 feet per day, which is in the range of values typical for clean sand and silty gravel (Freeze and Cherry,
1979). The median value of 60 feet per day is much smaller than hydraulic-conductivity values of the buried
channel of the aquifer, which range from about 700 to 1,300 feet per day (Wilson, 1965). Because slug and bail
tests may be strongly affected by well construction and completion effects, results from these tests need to be
considered as approximate values.

Estimated rates of ground-water flow across the upgradient and downgradient ends of the study area and
across tributary alluvial valleys on the northeastern side of the study area are summarized in table 2. The
median value of hydraulic conductivity from tests done near each hydrogeologic section were used in
computation of estimated underflow rates. Horizontal hydraulic gradients vary considerably throughout the
area, ranging from about 0.003 (18 feet per mile) in the southern part of the main aquifer to about 0.047 (250
feet per mile) on the eastern boundary. The hydraulic gradients were estimated from the October 1991 water-
table map (sheet 2) and the area of saturated porous media for the hydrogeologic sections from the October
1991 saturated thickness map (sheet 3). Combined ground-water flow across hydrogeologic sections A-A’, A-
A”,B-B’, B’-B”, C-C’, and C’-C” and into the study area was 10.1 cubic feet per second in October 1991
(table 2). Estimated ground-water flow across section D-D’ and out of the study area was 1.0 cubic feet per
second in October 1991 (table 2). Estimated inflow to the study area exceeded estimated outflow from the
study area by approximately 10 times.

During 1991 and 1992, the quantity of water interchanged between Fountain Creek and the aquifer was
estimated by 14 gain-loss investigations. A gain-loss investigation is an accounting of all surface water
entering or leaving specified reaches of a stream. Differences in streamflow that cannot be attributed to
tributary inflow of surface water or diversions from the stream are attributed to an interchange between the
stream and the aquifer. For this study, Fountain Creek was divided into two reaches for investigation of the
gain-loss relation. Reach | extended from the streamflow gaging station on Fountain Creek at Janitell Road
(07105530) 3.75 miles downstream to a temporary gaging station on Fountain Creek at Pinello Ranch
(384540104454201); reach 2 extended from Fountain Creek at Pinello Ranch 2.75 miles downstream to the
gaging station on Fountain Creek at Security (07105800) (sheet 2). Gain-loss relations were evaluated using
two methods: (1) An instantaneous-discharge method. and (2) a volumetric-discharge method. For the
instantaneous-discharge method, the discharge of a creek is measured at the upstream and downstream ends of
a specified reach. For this study, the parcel of water was tracked using fluorescent dye. For the volumetric-
discharge method, stream stage and discharge are measured over an extended period (72 hours) in a specified
reach, and the mean discharge values for the upstream and downstream ends of the reach are used to estimate
the gain-loss relation. Tributary contributions were monitored and accounted for in both methods. Losses due
to evapotranspiration were not accounted for and could represent a substantial volume of water during the
summer.

The results of the gain-loss investigations were highly variable within the two study reaches. This
variability was due partly to measurement error and partly to natural variation in the gain-loss relation. On
average, reach 1 was estimated to gain about 5.5 cubic feet per second (about 4,000 acre-feet per year) and
reach 2 was estimated to gain about 1.3 cubic feet per second (about 930 acre- feet per year). Because these
values were within the error of streamflow measurement (8 percent), they are only an approximation of the true
relation. Gain-loss relations were dependent on hydraulic-head differences between the stream and aquifer;
therefore, decreased water levels in the aquifer caused by drought and large aquifer withdrawals could reverse
the current (1991-92) trend of ground-water discharge to Fountain Creek and cause surface water from the
stream to recharge the aquifer.

Table 1. -- Estimated hydraulic-conductivity values for the alluvial aquifer

Well location® Estimated hydraulic conductivity

(feet per day)
SW, NW, SE, 19, 148, 66W 48
SW, SW, SW, 34, 14S., 66W 9.5
SE. NW.NW, I, 15S. 66W 330
NW, NW, NW, 2, 158, 66W 66
SW, SE, NW, 2, 158, 66W 330
SW, SW, SW, 2, 15S, 66W 320
NE, NW, NE, 3, 15S. 66W 480
SW. NW. NW, 3. [5S. 66W 21
NE, NE, NE, 4, 158, 66W 91
NE, NW, NE, 4, 158, 66W 180
NW, SE, NE, 10, 158, 66W 86
NW, SE. NE. 10. 15S. 66 W 18
SE, SE, NE, 13, 158, 66W 16
NW, NE, SE, 24, 158, 66W 270
SE, NW, SE, 24, 158, 66W 110
NW., NE, SE, 29, 148, 66W 1.300
NE, SE, NE, 32, 148, 66W 53
NE, NE, NE, 32, 14S, 66W 600
SE, NE, SW, 33, 148, 66W 43
SW, NE, SE, 33, 148, 66W 68
SW, NE, SE, 33. 14S. 66W 100
SE, SW, SW, 34, 14S, 66W 400
NE, NE, SW, 35, 148, 66W 330
NW, SW, NW, 19, 158, 65W 120
SW. NE. NW, 3. 15S. 66W 43
NE, SW, NE, 4, 158, 66W 510
SW, NW, NE, 11, 158, 66W 830
SE, SW, NE, 11, 158, 66W 1.4
SW, SE., SW, 12, 15S. 66W 380
SW, SE, SE, 13, 15S, 66 W 140

! Well location is an abbreviated description of the 10-acre tract in
which the well is located; it is described as follows: 1/4 section of the 1/4 sec-
tion of t he 1/4 section of the section. township. and range. For example, NE.
SW, NE, 4,158, 66W is NE 1/4, SW 1/4, NE 1/4 sec. 4, T.15.S, R.66.W, of the

Sixth Principle Meridian.

HYDROGEOLOGIC CHARACTERISTICS OF THE ALLUVIAL AQUIFER AND ADJACENT DEPOSITS OF THE FOUNTAIN CREEK VALLEY,
EL PASO COUNTY, COLORADO

By

M.J. Radell, M.E. Lewis, and K.R. Watts

1995

WATER-RESOURCES INVESTIGATIONS REPORT 94-4129

Saturated thickness of the alluvial aquifer, Fountain Creek Valley—SHEET 3

Radell, M.J., Lewis, M.E., and Watts, K.R., 1995, Hydrogeologic characteristics of the
alluvial aquifer and adjacent deposits of the Fountain Creek Valley, El Paso County, Colorado

Table 2. -- Selected aquifer characteristics and estimated ground-water flow across hydrogeologic sections of the

alluvial aquifer, October 1991.

Weighted Saturated area
Weighted
Trace of mean of Flow rate Flow rate
mean
hydrogeologic hydraulic hydrogeologic (cubic feet per (acre-feet per
hydraulic
section name conductivity’ section second) day)
gradient? 4
(feet per day) (square feet)
Inflow
A-A 250 0.012 25,250 0.9 1.74
A-A” 200 .013 106,250 3.2 6.34
B-B’ 70 .025 72,800 1.5 2:92
B’-B” 48 .033 87,750 1.6 3.19
cC 52 027 147,300 2.4 4.75
c-C” 16 .035 81,900 0.5 1.05
Outflow
D-D’ 215 004 96,500 1.0 1.98

! Weighted mean hydraulic conductivity is the mean hydraulic conductivity weighted by saturated area of
hydrogeologic section

% Mean hydraulic gradient is weighted by the saturated area of the hydrogeologic section
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