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WATER-SUPPLY ASSESSMENT OF THE LARAMIE-FOX HILLS AQUIFER IN PARTS OF

ADAMS, BOULDER, JEFFERSON, AND WELD COUNTIES, COLORADO

By Paul A. Schneider, Jr.

ABSTRACT

Ground water in the Laramie-Fox Hills aquifer is a potential source of
supplemental municipal water supplies for the communities of Erie, Lafayette,
louisville, and Superior. The present water supplies for these communities are
not always adequate to meet current demands. At the request of the U.S. Bureau of
Reclamation, which is investigating and evaluating alternative sources of water
for the communities, the U.S. Geological Survey made a water-supply assessment of
the Laramie-Fox Hills aquifer.

Recharge to the aquifer is mostly in the western and southwestern parts of
the study area. Ground-water movement is generally from the southwest to north-
east. Ground-water discharge in the study area is primarily by pumping wells.
Since 1961, this pumping has caused water-level declines of about 250 to 300 feet
from Broomfield to east of Erie, Colo. Generally, water levels in other parts of
the area have remained the same.

The aggregate sand and aquifer thickness determined from well logs ranges
from 42 to 360 feet and the mean thickness is 229 feet. The volume of ground
water in storage in the study area is about 5 million acre-feet. Reported yields
from 93 wells ranged from 1 to 90 gallons per minute and averaged 22 gallons per
minute. Well yields tended to be larger in the areas where aggregate sand thick-
ness is the greatest.

The water changes from a sodium calcium bicarbonate type to a sodium calcium
sulfate type as it moves through the aquifer away from the recharge areas. The
maximum 1imit established by the U.S. Environmental Protection Agency for nitrite
plus nitrate in public-water supplies was exceeded in water from three wells, the
maximum limit for fluoride was exceeded in water from two wells, and the maximum
limit for selenium was exceeded in water from three wells.
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INTRODUCTION

The towns of Erie, Lafayette, Louisville, and Superior, 15 to 20 miles
northwest of Denver, Colo., are in a rapidly expanding urban area called the Front
Range Urban Corridor. Population increases have caused an increased need for
water. The present water supplies for these communities are not always adequate
to meet current demands, and restrictions on water use have been imposed. In
March 1978, at the request of the U.S. Bureau of Reclamation, which is investigat-
ing and evaluating alternate sources of water for the communities, the U.S.
Geological Survey began a study to determine the quantity and quality of water in
the Laramie-Fox Hills aquifer so that this source could be evaluated as a possible
supplemental supply of municipal water.

The present study was limited to the Laramie-Fox Hills aquifer within an area
defined by the U.S. Geological Survey topographic maps for the Erie, Lafayette,
Louisville, and Niwot 7%-minute quadrangles (fig. 1). The volume of water in and
the vyield of water from abandoned coal mines in the area are not included in this
study because the mines generally are in one or more stratigraphic horizons above
the top of the Laramie-Fox Hills aquifer. Cochran and Robinson (1973) reported,
""Miners and the mining company's safety inspector report the mine (Crown) was
considerably wetter during the irrigation season than during the rest of the year.
They also stated that the mine intercepted a well that flowed at the surface. The
.casing was broken during mining and the water from the underlying sandstone caused

V3 Lo
% & 0

flooding in the mine until the hole was plugged *

Well records from the Colorado State Engineer's Office and data from files
and published reports of the U.S. Geological Survey were used to construct the
maps showing the potentiometric surfaces and the maps showing aquifer thickness
and reported well yields. Reported data were not always verified. Unpublished
water-quality data collected in the area were evaluated and incorporated into the
maps showing chemical quality and specific conductance of water. These data also
were used to compile the table summarizing the chemical quality of the water.
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LARAMIE-FOX HILLS AQUIFER

The Laramie-Fox Hills aquifer consists of the major sandstone beds at the
base of the Laramie Formation and the underlying Fox Hills Sandstone of Late
Cretaceous age. The aquifer is underlain by the Upper Cretaceous Pierre Shale,



which includes the upper transition member. The thickness of the Pierre Shale is
about 9,000 feet (Colton, 1978). The Pierre Shale is the underlying confining bed
throughout the study area. Shales in the Laramie Formation above the aquifer form
the upper confining bed in most of the study area. The outcrops of the aquifer
are generally west of Louisville (Colton and Anderson, 1977; Machette, 1977;
Spencer, 1961; and Trimble, 1975).

The extent and locations of the faults existing in the aquifer system have
been discussed by Spencer (1961), Colton and Lowrie (1973), Trimble (1975), Colton
and Anderson (1977), and Colton (1978).

Water-table conditions exist primarily in the outcrop-subcrop area along the
western limit of the aquifer. Artesian conditions exist primarily throughout the
rest of the study area, even where the aquifer is faulted to the surface, as evi-
denced by comparisons between water-level measurements made by the U.S. Geological
Survey, and the top of the aquifer, as determined from drillers' logs.

Potentiometric Surface

The Laramie-Fox Hills aquifer in most of the study area is a confined
aquifer, which means that the water in the aquifer is under pressure and will rise
above the top of the aquifer in wells completed in the aquifer. In a few areas,
the pressure is sufficient to cause the water in wells to rise above the land sur-
face where the wells will flow if not shut in. The imaginary surface connecting
water levels in wells tapping only the confined Laramie-Fox Hills aquifer defines
the potentiometric surface.

The rate and direction of movement of water through an aquifer is seldom
uniform because of changes in permeability, saturated thickness, and recharge-
discharge relationships. Recharge and discharge to the aquifer affect the shape
of the potentiometric surface more than any other factor. The direction of flow
is generally perpendicular to the potentiometric contours and water moves from
areas of recharge downgradient to points of discharge.

The potentiometric surface (pls. 1, 2) is highest in the southwestern part
of the study area and lowest in the eastern and northeastern parts, indicating
that ground-water movement, in general, is from the southwest to the northeast.
The primary areas of recharge are in the western and southwestern parts of the
area. The potentiometric surface under Rocky Flats has a gradient as steep as
200 feet per mile for about 3 miles east of the outcrop-subcrop area. The
gradient and direction of ground-water movement indicate that the Laramie-Fox
Hills aquifer is being recharged along the upturned edge of the aquifer as it
subcrops beneath the saturated alluvium under Rocky Flats. Significant recharge
also occurs on Davidson and Lake Mesas as a result of leakage from irrigation
canals and from reservoirs cut into the underlying sandstones. Limited recharge
occurs where saturated alluvium in stream valleys overlie the subcrop of the
aquifer. Discharge from the aquifer is by pumpage and possibly by upward leakage
into Boulder Creek downstream from the confluence with Coal Creek. Some leakage
by gravity occurs from the aquifer to Boulder Creek valley upstream of the
confluence of Coal Creek.



The mound in the potentiometric surface east of Lafayette is not the result
of local recharge, but may be a remnant of the potentiometric surface that existed
prior to extensive ground-water development in the area. The northeast-trending
faults in the area may act as barriers to flow and may have minimized the effects
of drawdown in this area. Another possible explanation for this mound is vertical
leakage from overlying water-bearing formations along fault planes or directly
down the well bore of corroded or improperly constructed wells.

Interpretations of the water-level data indicate that the general configura-
tion of the potentiometric surface has persisted for more than 20 years (pls. 1,
2), but increased pumping since 1961 has slightly modified the configuration.
As pumping increased, isolated cones of depression developed rapidly around the
pumping centers. In the past, these cones remained relatively isolated because
movement of water through the aquifer was impeded in some areas by impermeable
fault zones. However, as pumpage continues to increase and the drawdown cones
continue to expand, the shape of the potentiometric surface will be greatly modi-
fied in the next 20 years. This change in shape will be disclosed by a greater
depth to the potentiometric surface below land surface, thereby increasing pumping
lifts and costs. Increased pumpage also will decrease discharge to Boulder Creek
valley. The depth to the potentiometric surface may be determined at any location
by subtracting the altitude of the potentiometric surface shown on plate 2 from
the altitude of the land surface.

Pumping has lowered the hydraulic head and decreased the altitude of the
potentiometric surface by about 250 feet at Broomfield, Colo. The area of decline
has become elongated and presently (1978) extends to near Erie, 8 miles to the
northeast. The greatest declines in the potentiometric surface--about 300 feet--
have occurred in this part of the area since the early 1960's. Outside of this
area, little change in the potentiometric surface has occurred during the last
20 years.

Thickness

The composition of the Laramie-Fox Hills aquifer in the area is mostly sand.
Therefore, the thickness of the aquifer shown on plate 3 and the aggregate sand
thickness are virtually the same. This thickness was determined by examination of
drillers' lithologic 1logs and electrical-resistivity logs for wells in the area.
In parts of the study area, wells are constructed so close together that they
cannot be plotted as individual data points on the map. Where these circumstances
occurred, values were averaged and shown as one data point. Based on data from
well logs, the thickness of the Laramie-Fox Hills aquifer ranges from 42 to
360 feet and the mean thickness is 229 feet. Reported thickness exceeds the
values on those data points shown on plate 3 which are foliowed by a plus sign,
because these wells are bottomed in sand.

No attempt was made to infer the effect of faulting on the thickness lines.
On the downthrown side of some faults, thickening of the aquifer indicates
movement contemporaneously with deposition (Louis Gaz, oral commun., 1978). This
mechanism may be the cause of the greater than expected thickness of the aquifer
in areas adjacent to faults.



Storage

The volume of water stored in the aquifer was calculated using aggregate sand
thickness of the aquifer, specific yield, and area of the aquifer within the study
area. The mean value of 229 feet was used for the aggregate sand thickness.
Specific yield is the ratio of the volume of water which can be drained by gravity
to the volume of rock drained, and is equal to porosity minus specific retention.
The value for specific yield of 0.22, used in the calculation of volume of water
in storage, was estimated using existing data from core samples previously
analyzed by the U.S. Bureau of Reclamation and by the U.S. Geological Survey
(McConaghy and others, 1964). Many of the samples were cored from outcrops,
although some samples were obtained during well drilling. The area of the aquifer
within the study area is 114,000 acres. Using these values, about 5 million acre-
feet of water is stored in the Laramie-Fox Hills aquifer within the study area.
Using the probable extremes of the individual variables, the limits of this esti-
mate are a minimum of 2 million acre-feet and a maximum of 11 million acre-feet.

Well Yields

The yields of 93 wells completed in the Laramie-Fox Hills aquifer were
obtained from data reported by well drillers to the Colorado State Engineer's
Office and from data in reports published by the U.S. Geological Survey (Jenkins,
1961; McConaghy and others, 1964). The reported well yields shown on plate 4
range from 1 to 90 gallons per minute and average 22 gallons per minute.

The yield of a well depends on the pump capacity, well construction
(table 1), and the hydrogeologic characteristics and conditions of the aquifer.
One of the characteristics that contributes to the potential yield of a well s
the aggregate sand thickness. The relationship between reported well yield and
aggregate sand thickness determined by data from 35 wells in the study area
(fig. 2) shows that as sand thickness increases the yield increases. The band
shown in figure 2 represents plus or minus one standard error of estimate. The
reported well vyields may not represent the maximum yields that could be obtained
from the aquifer principally because most of the wells were constructed for
domestic wuse. Properly constructed wells equipped with larger capacity pumps may
yield several timzs the amount of water normally obtained from domestic wells.

Chemical Quality of Water

The location of wells from which water samples were collected for chemical
analysis or determination of specific conductance by the U.S. Geological Survey
during 1975-78 (D. C. Hall, written commun., 1978) are shown on plates 5 and 6.
The chemical analyses are listed in table 2. The water varied from a sodium
calcium bicarbonate type to a sodium calcium sulfate type. The concentration of
dissolved solids ranged from 171 to 2,910 milligrams per liter. Hardness ranged
from 8 to 2,000 milligrams per liter.
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Figure 2.--Relation between well yield and aggregate sand thickness.
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Interpretation of the data indicates that as the water in the aquifer moves
downgradient and away from the recharge area it changes from a sodium calcium
bicarbonate type to a sodium calcium sulfate type. This change in water type is a
result of ion exchange as the water moves through the coal and carbonaceous clay
and shale existing in the formation. The diversity of water type across the study
area is controlled by the amount and type of water recharged to the aquifer,
vertical leakage from overlying or underlying water-bearing formations, and resi-
dence time of the water in the formation. Other factors which may contribute to
the deterioration of water quality are improper well construction and deteriora-
tion of casing, which would allow more mineralized water from other water-bearing
zones to enter the well.

Nitrite plus nitrate concentrations in water from three wells, fluoride
concentrations in water from two wells, and selenium concentrations in water from
three wells exceeded the maximum limits for public-water supplies established by
the U.S. Environmental Protection Agency (1976). Dissolved-solids concentrations
in water from eight wells, the iron concentration in water from one well, manga-
nese concentrations in water from two wells, and sulfate concentrations in water
from seven wells exceeded the recommended 1limits for public-water supplies
established by the U.S. Environmental Protection Agency (1977). At least one
constituent in water from 12 of the 14 wells exceeded either the maximum or recom-
mended limits.

ADDITIONAL DATA REQUIREMENTS

Examination and interpretation of the available data have indicated that
there are some data deficiencies that need to be eliminated if a complete
definition and understanding of the hydrologic system of the area is to be made.
Additional well data, such as location, depth, water level, and yield, are needed
in selected parts of the study area. Water-level data are needed particularly
across the northern and southern parts of the study area to better define the
potentiometric surface. Data to determine the relationship between faulting and
the potentiometric surface are needed.

Aquifer tests are needed throughout the study area to refine the estimates of
specific vyield used in calculating the volume of water in storage. These tests
and data also would aid in making better estimates of potential well yield.

Additional water-quality data would contribute to a more complete description
of the water quality of the area. It also would provide a basis for a better
understanding of the changes in water quality that could occur and the factors
that control these changes.
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SUMMARY

Water in the Laramie-Fox Hills aquifer is a potential source that could be
used to supplement the existing municipal water supplies of the communities of
Erie, Lafayette, Louisville, and Superior. The altitude of the potentiometric
surface has declined as much as 300 feet in parts of the area in and adjacent to
the major centers of pumping, but the data also i~dicate little change in water
levels in the area generally west and north of Coal Creek. The increase in con-
struction of wells and the associated increase in pumping over the last 20 years
has slightly modified the shape of the potentiometric surface. The shape and
modification of the potentiometric surface also is affected by faulting of the
aquifer in the area. In the next 20 years increased pumpage probably will cause a
greater change in the potentiometric surface than has occurred during the last
20 years. These changes will include greater depths to the potentiometric sur-
face, an increase in pumping lifts and costs, and decreased discharge to Boulder
Creek valley.

Aggregate sand thickness of the aquifer determined from well logs ranges from
42 to 360 feet and the mean thickness is 229 feet. About 5 million acre-feet of
water is in storage in the aquifer.

Reported vyields from 93 wells ranged from 1 to 90 gallons per minute. The
average vyield was 22 gallons per r.inute. A plot of well yield versus aggregate
sand thickness indicates that yields tended to be larger from areas of greater
aggregate sand thickness.

Water moving through the aquifer comes into contact with coal and other beds
of carbonaceous material which causes the water to change from a sodium calcium
bicarbonate type to a sodium calcium sulfate type. Analyses of water samples
collected from 14 wells indicate that there is a change in water quality down-
gradient from the recharge areas. Nitrite plus nitrate concentrations in water
from three wells, fluoride concentrations in water from two wells, and selenium
concentrations in water from three wells exceeded the maximum }imits for public-
water supplies established by the U.S. Environmental Protection Agency (1976).
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