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WATER CHEMISTRY

Water in the Denver aquifer is generally of good chemical quality, meeting
drinking-water standards (Colorado Department of Health, 1978; U.S. En-
vironmental Protection Agency, 1976, 1977) for public water supplies in most
of the area. Water in the central part of the Denver aquifer generally contains a
preponderance of dissolved calcium and bicarbonate ions and is classified as a
calcium bicarbonate type water. Near the margins of the aquifer, a sodium
bicarbonate or sodium sulfate type water is more common. The calcium
bicarbonate water occurs as a result of the calcium bicarbonate water in the
overlying Dawson aquifer moving down into the Denver aquifer. As the
calcium bicarbonate water moves laterally through the Denver aquifer, the
water is naturally softened by the exchange of calcium ions for sodium ions on
the surfaces of the clay minerals that abound in this predominantly silty and
clayey formation. This process increases the dissolved-sodium concentration
in the water while decreasing the dissolved-calcium concentration. As water in
the Denver aquifer moves beyond the limit of the overlying Dawson aquifer,
other factors affect the chemical composition of the water. In the outcrop
areas, the availability of oxygen in the soil and bedrock can lead to the
formation of soluble minerals in these sediments and in the coal and other
organic material which commonly occur in the formation. Part of the precipita-
tion that falls on the outcrop area percolates to depth carrying some of these
soluble minerals from the soil, rock, and coal into the aquifer. This process,
coupled with the ion-exchange occurring in the aquifer, produces the sodium
bicarbonate or sodium sulfate type waters found near the margins of the
aquifer.

The concentration of dissolved solids in the ground water is a measure of the
total mineral content of the water. Dissolved-solids concentrations of water in
the Denver aquifer are less in the central part of the aquifer, near the source of
recharge from the overlying Dawson aquifer. The concentrations of dissolved
solids increase to as much as 1,000 milligrams per liter as the water moves
toward the north, east, and south margins of the aquifer as shown on the
accompanying map (fig. 11). This increase occurs as the result of soluble
minerals being carried into the aquifer from near-surface sources, and also
seems to be affected by the thickness of the aquifer. As the aquifer becomes
thinner near the edge, poorer quality water percolating from the surface has
smaller quantities of better quality ground water available for dilution, result-
ing in ground water with larger dissolved-solids concentrations in the areas
where the aquifer is thinner.

The trough in the potentiometric surface along the South Platte River
separates an area west of the river, where ground water contains relatively
large dissolved-solids concentrations, from an area east of the river, where
ground water contains relatively small dissolved-solids concentrations. This
difference in water quality occurs because the water in the Denver aquifer west
of the river is derived primarily from water percolating from the land surface
through the outcrops of the Denver Formation into the aquifer, whereas water
in the aquifer east of the river is derived primarily from the Dawson Arkose.
The leaching characteristics of these two formations are such that recharge
passing through the Dawson Arkose is of relatively good chemical quality
while recharge passing through the Denver outcrops is of relatively poor
chemical quality.

Organic material present in the Denver Formation alters the chemistry of the
ground water by decreasing the availability of dissolved oxygen in the water.
In an oxygen-deficient environment, iron, which is normally relatively insolu-
ble, can be dissolved and transported with the flowing ground water. When
this water is pumped from a well and exposed to oxygen in the air, the
dissolved iron reverts to an insoluble form that is visible as a black to reddish-
brown precipitate, which clouds and discolors the water and stains porcelain
fixtures and laundry. Although iron is present in the water throughout the
aquifer, the severity of the problem varies considerably from well to well,
apparently in response to the chemical environment in the local area.
Dissolved-iron concentrations generally ranged from 10 to 150 micrograms
per liter, which is less than the limit of 300 micrograms per liter recommended
for public water supplies (U.S. Environmental Protection Agency, 1977).
Dissolved-iron concentrations as much as 6,600 micrograms per liter occurred
in water from a few widely scattered wells.

Dissolved-sulfate concentrations in excess of 250 milligrams per liter occur
in a 300-square-mile area along the northern margin of the aquifer and in a
few isolated areas in the southern part of the aquifer (fig. 12). The U.S.
Environmental Protection Agency (1977) recommends that dissolved-sulfate
concentrations not exceed 250 milligrams per liter in public water supplies
because of the laxative effect this compound can have on people not accus-
tomed to drinking the water. Measured concentrations of dissolved-sulfate
ranged from 2 milligrams per liter in the central part of the aquifer to as much
as 2,760 milligrams per liter in the northern part of the aquifer.

Hardness also may affect the acceptability of water for domestic use. Hard
water is objectionable because it leaves scaly deposits on the inside of pipes,
steam boilers, and hot-water heaters, requires more soap to make a good
lather, and roughens washed clothes and hands. The U.S. Geological Survey
classifies hardness in terms of calcium carbonate as shown on the explanation
of the map of ground-water hardness (fig. 13). Soft water occurs in three
distinct areas of the aquifer with hard and very hard water occurring in most of
the remaining area.

If specific water-quality information is required at a particular well site, it is
often necessary to make a chemical analysis of a water sample. Because this
can be time consuming and costly, it is helpful to be able to estimate the
concentrations of some dissolved constituents from the value of one easily
measured constituent. Chemical analysis of water samples from about 30
wells indicate that reasonable estimates of dissolved-solids, bicarbonate, alka-
linity, chloride, sulfate, and sodium concentrations can be made when the
specific conductance of the water sample is measured. These relations are
shown in the graphs (fig. 14) and apply to areas where ground water contains
less than 400 milligrams per liter of dissolved solids.
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FIGURE 12.—MAP SHOWING DISSOLVED-SULFATE CONCENTRATIONS OF WATER IN THE AQUIFER

USE OF THE MAPS

The maps presented in this report are intended to provide a general
understanding of the hydrologic and geologic conditions in the Denver aquifer
and to provide specific information useful in developing and using the water.
Those readers who may be unfamiliar with hydrologic and geologic maps may
wish to consider the following examples, which illustrate how the maps can be
used to evaluate the water supply in different areas of the Denver aquifer. In
addition to comparing areas within the same aquifer, it is also possible to use
these maps with other data (Robson and Romero, 1981) to compare the water
supply potential in different bedrock aquifers. The calculated values are
referenced by letter to the corresponding letter shown on the diagram (fig. 15)
and the computations are shown in table 1. Two sites were considered as
examples, one at Littleton, the other at Kiowa. The land surface elevations can
be estimated from the topographic contours shown on the adjacent maps or
from U.S. Geological Survey 7%-minute topographic-quadrangle maps.
Land-surface elevation is about 5,400 feet at Littleton and is about 6,400 feet

at Kiowa.
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FIGURE 15.—DIAGRAM SHOWING COMPUTED
QUANTITIES

Table 1.—Summary of computations (in feet)

Littleton Kiowa

A. Depth to base of aquifer:

Land-surface elevation .............. 5,400 6,400

Aquifer-base elevation ............... 5,080 5,370

IRHOYENCE: 54 5 s slsisns 5 hust #5506 5 fonss o om 6 i 320 1,030
B. Depth to top of aqufier:

Land-surface elevation .............. 5,400 6,400

Potentiometric-surface elevation. ... ... 5,270

Aquifer-top elevation ................ 6,260

Difference ..............ccooviina... 130 140
C. Depth to water:

Land-surface elevation .............. 5,400 6,400

Potentiometric-surface elevation. ... ... 5,270 6,340

DIHCYRIICE 2 =5 5 56555 515 & 510 o v s st v wins o 130 60
D. Aquifer thickness:

Potentiometric-surface elevation .. .. 5,270

Aquifer-top elevaton ................ 6,260

Aquifer-base elevation ............... 5,080 5,370

1D, 1111 - R 190 890
E. Sandstone and siltstone thickness

read directly frommap .............. 110 225
F. Water-level change, from 1958 to

1978, read directly from map 50 (decline) less than 50

The depth to the base of the aquifer is the difference between the
land-surface elevation and the elevation of the base of the aquifer. The
depth to the base of the Denver aquifer is 320 feet at Littleton and 1,030
feet at Kiowa. These values are in close agreement with those shown on
the map of depth to the base of the aquifer.

The depth to the top of the aquifer is calculated in one of two ways
depending on the location of the site. Littleton is located in the partially
saturated zone so the depth to the top of the aquifer is the difference
between the land-surface elevation and the elevation of the potentiomet-
ric surface. Kiowa, however, is not in the partially saturated zone so the
depth to the top of the aquifer here is the difference between the land-
surface elevation and the elevation of the top of the aquifer. The depth to
the top of the Denver aquifer is 130 feet at Litfleton and 140 feet at
Kiowa.

The depth to water in a well is the difference between the land-surface
elevation and the elevation of the potentiometric surface. During 1978
the depth to water in a well completed in the Denver aquifer was 130 feet
at Littleton and 60 feet at Kiowa.

The aquifer thickness also is calculated in one of two ways depending on
the location of the site. At Littleton (in the partially saturated zone) the
thickness of the aquifer is the difference between the elevation of the
potentiometric surface and the elevation of the base of the aquifer. At
Kiowa (not in the partially saturated zone) the aquifer thickness is the
difference between the elevation of the top of the aquifer and the eleva-
tion of the base of the aquifer. The Denver aquifer is 190 feet thick at
Littleton and 890 feet thick at Kiowa.

The map showing total sandstone and siltstone thickness indicates the
thickness to be 110 feet at Littleton and 225 feet at Kiowa.

The water-level change between 1958 and 1978 is shown on the water-
level change map. At Littleton, 50 feet of water-level decline had oc-
curred during this period. While data are not adequate to fully define the
water-level change at Kiowa, less than 50 feet of change probably had
occurred.

The information summarized in table 1 can be used to evaluate the water
supply available from the Denver aquifer at each site. The Denver aquifer
occurs at about the same depth below land surface at both sites, but is much
thicker and contains more water-bearing sandstone and siltstone at Kiowa. In
addition, the depth to water is less at Kiowa than at Littleton. The greater
thickness of the aquifer, the larger amount of sandstone and siltstone present
and the shallower depth to water at Kiowa indicate that a well that fully
penetrates the aquifer at Kiowa will yield more water than a fully penetrating
well at Littleton. The shallower depth to water and the potentially larger yield
at Kiowa would mean that the cost of pumping equal amounts of water to the
surface would probably be less at Kiowa. Near Littleton the water levels have
been declining ata rate of 50 feet per 20 years or 2.5 feet per year. Thisand the
thinner aquifer thickness indicates that the useable life of the Denver aquifer in
this area would be much less than near Kiowa. The relatively small differences
in ground-water quality between Littleton and Kiowa are not likely to be a
major factor in the evaluation of the two sites. Dissolved-solids concentrations
are less than 200 milligrams per liter at Littleton and less than 300 milligrams
per liter at Kiowa. Dissolved-sulfate concentrations do not exceed the recom-
mended drinking-water standards of 250 milligrams per liter at either site. The
water is soft at Littleton and hard at Kiowa.
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