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METRIC CONVERSIONS

The inch-pound units used in this report may be converted to S! (Inter-
national System of Units) by use of the following conversion factors:

Multiply inch-pound unit By To obtain SI unit

inch 25.40 millimeter

foot 0.3048 meter

mile 1.609 kilometer

foot per mile 0.1894 meter per kilometer

micromho per centimeter at 1.0 microsiemen per centimeter
25° Celsius at 25° Celsius

National Geodetic Vertical Datum of 1929: A geodetic datum derived from
a general adjustment of the first-order level nets of both the United States
and Canada, and formerly called mean sea level, is referred to as sea level
in this report.



A RECONNAISSANCE OF GROUND-WATER CONTAMINATION
AT SELECTED LANDFILLS IN COLORADO

By Paul A. Schneider, Jr., and John T. Turk

ABSTRACT

A reconnaissance study of eight landfills in Colorado shows that they
have contaminated the shallow ground-water system. Contamination is indi-
cated by values of specific conductance and concentrations of major ifons and
trace elements. Because only shallow ground water was sampled, it was not
possible to determine whether deeper ground-water systems also are contami-
nated.

The major effects on water quality caused by contaminants in the land-
fills were increased salinity, nitrogen, iron, manganese, and phenols in the
shallow ground-water system.

INTRODUCTION

The location of landfills in the past commonly was based on proximity to
population centers and transportation costs rather than on possible effects
on the ground water. Disposal of domestic and industrial wastes directly
into the ground water by pit excavation or in areas of rapid infiltration has
resulted in hazards, including methane-gas generation and ground-water con-
tamination.

The U.S. Geological Survey, in cooperation with the Colorado Department
of Health, conducted a reconnaissance of landfills in Colorado, seven of
which are within the urbanized Front Range area between Fort Collins and
Colorado Springs. The remaining landfill is in Durango (fig. 1). This study,
the first such study in Colorado, has documented the presence and the nature
of chemical changes in water quality in the vicinity of the landfills. The
results are presented both on maps and in tables to facilitate rapid assess-
ment of the relative hazards in various directions from the landfills.

Landfill studies have been conducted in many parts of the country in
recent years. In humid climates, contamination by infiltration of rain and
snowmelt through the waste is common; typical examples of such contamination
are well documented for two Long lIsland, N.Y., landfills (Kimmel and Braids,
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1975; 1977). In these studies the authors found detectable leachate plumes
following the general ground-water movement at least 10,600 feet downgradient
from the sites studied. The plumes were observed to extend vertically beneath
the landfills to the first relatively impermeable layer, mixing and traveling
with ground water in the downgradient direction until dilution and interac-
tion with the aquifer matrix made the plume indistinguishable from the ambi-
ent ground water.

In arid and semiarid climates, landfills may not contaminate ground
water as extensively as in humid climates. The great depth to water in many
areas of Colorado can prevent direct contact between waste and the water
table, while the small ratio of precipitation to evaporation can 1limit the
effective infiltration of water into the waste. In such cases, landfills in
arid or semiarid locales may be effectively isolated from the ground water,
and the leachates from these landfills react primarily with the oxygen in the
unsaturated soil to release carbon dioxide, methane, and ammonia to the soil
atmosphere.

To determine the nature of landfill and ground-water interactions in
Colorado requires consideration of the likely geochemical reactions between
the waste, the soil atmosphere, the soil itself, and water. Discussion with
tandfill operators revealed the landfill material to be primarily paper, con-
struction debris, and food waste. Incomplete oxidation of organic matter in
such material produces reducing conditions in the immediate vicinity of these
wastes. While some major ions can be expected to be leached from construction
debris, such as wallboard, and from bleached paper, the principal contribu-
tions are likely to be carbon and nitrogen species liberated by the incom-
plete oxidation of organic material and soil constituents dissolved under the
reducing, carbon dioxide-rich conditions resulting from waste decomposition.
Thus, iron, manganese, calcium, and magnesium from the soil and bicarbonate,
ammonia, organic nitrogen, and organic carbon from the waste might be expect-
ed to increase in ground water contaminated by landfills. Such contamination,
if it occurs, will be most severe at the waste site, and its transport will
be controlled by the ground-water movement near the site.

DATA COLLECTION

Wells were installed in and around the landfill sites by drilling with
an auger, installing 3- or 4-inch diameter perforated polyvinyl-chloride
casing, and sealing the hole with material from the auger cuttings. Caps were
installed immediately, and perforations above ground level were sealed with
tape. Full-length perforation was necessary to allow the wells to be wused
for the sampling of methane, as well as for the collection of water samples.
The presence of impermeable surficial materials minimized any possible effect
from infiltration around the casing; in addition, samples were not collected
during or immediately after periods of rain or snowmelt.



In many cases the wells from which the water samples were drawn had
filled with sand and some fine gravel to within the upper foot or so of the
zone of saturation, so only the uppermost part could be sampled. Therefore,
samples of water exclusively from the upper part may not represent the entire
saturated zone. Samples from the upper part might, for examplie, contain
lesser dissolved-solids and transition-metal <concentrations than might be
found in deeper samples because of changes caused by density stratification
and oxidation in the upper samples.

The holes were drilled and cased by contractors under the direction of
the individual health departments in whose jurisdiction the particular land-
fills were situated. The wells were constructed primarily for methane
sampling.

Well locations were selected based upon an assumed direction of ground-
water flow and the landfill extent, when known. Wells could not be completed
successfully 1in every case, primarily because of slumping of the unconsoli-
dated sand and gravel in the saturated zone. Although all wells yielding
sufficient water were sampled for specific conductance, detailed chemical
analyses were performed on only three wells at each landfill. These wells
were selected, based on specific-conductance data, to represent the most
dilute, intermediate, and most concentrated water at each landfill.

After completion, the wells were bailed to remove water; normally, three
well volumes were removed before sample collection. Immediately after
collection, the unfiltered samples were tested for temperature, specific
conductance, and pH by methods described by Skougstad and others (1979). The
large concentration of suspended material made it necessary to fill plastic
containers with the sample and allow the sealed container to stand for
approximately one-half hour prior to filtration to allow sufficient settling
of suspended solids. No discoloration was observed. The samples then were
analyzed by the methods described by Skougstad and others (1979).

RESULTS AND DISCUSSION

Hydrology of the Landfills

Those landfills chosen for the study were constructed on three different
types of geologic terrain (fig. 2). Five landfills were constructed on sand
and gravel deposits, one was constructed on permeable bedrock, and two were
constructed on relatively impermeable bedrock. In all the landfills the water
table was either intercepted during the excavation phase, or a perched water
table formed during the filling and compaction phase.
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City and County of Denver

The landfill sites (investigated in the city and county of Denver at
Cherry Creek and Place Junior High School (figs. 5 and 6 and tables 3 and 4)
were formerly sand and gravel pits. After the mining was discontinued, the
city and county refilled them with rubbish. The full extent of the areas
occupied by the landfills during their active phase is not known. After they
were filled, compacted, and covered, the landfills were converted to con-
struction sites by developers. The Cherry Creek site has had differential
settling, resulting in damage to some of the structures. Water-level meas-
urements showed that the fill was partly saturated. They also showed that
the landfills had little effect on the regional water-table gradient. The
thickness of the fill material is as much as 10 feet at the Cherry Creek site
and as much as 15.5 feet at the Place Junior High School site.

El Paso County

The landfill site near the intersection of Hancock Road and Academy Bou-
levard in Colorado Springs (fig. 7 and table 5) was excavated in the alluvium
of a tributary to Fountain Creek. The converted gravel pit, used as a land-
fill for several years, now is inactive. The extent of the area occupied by
this landfill during its active phase is not known. Exploratory drill holes
were Jlocated in and adjacent to the site, and fill penetrated was as much as
20.5 feet thick.

The shallow water table slopes more at this 1landfill than at others
studied which also were located in alluvium. This slope and the beds of well-
sorted coarse sand and fine gravel in the saturated zone give the site the
most potential for transport of contaminants away from the landfill. Logs of
holes 1, 2, 4, and 8 show thicknesses up to 21 feet of coarse sand to fine
gravel interbedded below the water table and adjacent to the landfill. These
permeable beds are expected here because the site was originally excavated to
mine the sand and gravel for construction products.

The eastern part of the landfill between holes 5 and 8 has an ellipti-
cally shaped dry area about 100 feet long. Four holes drilled to a maximum of
32 feet within this area encountered no saturated material above the bedrock.
This drained area |Is topographically high, and the shallow ground water on
the north and west drain toward the East Fork Sand Creek, which is a losing
stream. During the study the creek had water flowing continually in the chan-
nel. This created a ground-water mound which expanded from directly beneath
the creek out to an Indeterminate distance and caused the shallow ground
water to flow, in part, downstream parallel to the mound.

11
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La Plata County

The Bodo Industrial Park site (fig. 8 and table 6) is approximately
1 mile south of the city of Durango and about 1 mile west of the Animas
River. The site was excavated in colluvium overlying shale. The colluvium
was derived from the surrounding steep sandstone cliffs, and the base of the
excavation is in the underlying shale. The surface topography slopes steeply
towards the Animas River from the cliffs bordering the site. The grade from
the middle of the site to the river alluvium is approximately 10 percent.

Several wells not shown in figure 8 completed in the shale bedrock out-
side of the limits of the landfill were dry--both upgradient and downgradient
from the fill. Saturated material was penetrated in wells completed within
the landfill limits. The water table is maintained by recharge entering the
colluvium and fill material at the site.

Larimer County

The Fort Collins landfill (fig. 9 and table 7) is on relatively imperme-
able bedrock. The north side is truncated by Fossil Creek, which is an
intermittent stream until it receives irrigation-return flow from areas down-
stream from the landfill. The shallow water table within the site probably
has no hydraulic connection with ground water in the surrounding areas.
Because most of the landfill is not excavated into the shale but is on the
graded surface and is buried by locally derived material, the fill is slowly
increasing in height above the original natural land surface. Water levels in
test wells 8, 7, 6, and 5 which cross the landfill from west to east showed
less than 3 feet of saturated material at the base of the fill when the wells
were first measured.

Water levels, measured regularly in the test wells from July through
October 1979, showed that during this time the landfill was only intermit-
tently saturated. Water from precipitation and water applied for dust sup-
pression moves down through the fill material and then east along the top of
the bedrock. Because of the fill material, shale filler, compaction, and
cover, water movement through the fill is very slow. This is also indicated
by a relatively steep gradient of approximately 90 feet per mile along the
north side near Fossil Creek. The top of the water table here generally is
below the bed of Fossil Creek, but during wet seasons water from the landfill
may contribute to the flow of the creek.

The gradient across the south part of the site is less steep because the
ground-water table is intercepted by a ditch which is normal to the ground-
water flow but causes a shift in direction. Most of the water from this part
of the landfill leaves the area as a surface stream.

All test holes drilled at the Fort Collins landfill were within the 1lim-

its of the site, and only test well 2 did not penetrate fill. The 38.5 feet
of fill in test well 8 was the thickest penetrated.

18
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Table 9.--Water-quality rank of samples from sump or wells
at each landfill site

[For each landfill site, the sump or the number of the well with the smallest
value for each listed water-quality characteristic is listed in row 1, the
number of the well with the intermediate value is listed in row 2, and the
number of the well with the largest value is listed in row 3. Giving a val-
ue of 1 for each occurrence in row 1, a value of 2 for each occurrence in
row 2, and a value of 3 for each occurrence in row 3, the values are summed
and recorded in parentheses beside the well number in the last column]

Specific Chemical Combi ned
Row Iron Manganese Nitrogen oxygen Phenols
conductance score
demand
Golden Rubble site
1-- Sump Sump Sump Sump Sump Sump Sump (6)
2-- 5 3 3 5 5 5 5(14)
3-- 3 5 5 3 3 3 3(16)
Marshall site
1-- 10 3 10 3 10 3 3(9)
2-- 3 10 3 1 3 10 10(10)
3-- 1 1 1 10 1 1 1(17)
Cherry Creek site
1-- 7 7 1 1 1 1 1(9)
2-- 5 1 7 7 7 7 7(13)
3-- 1 5 5 5 5 7 5(14)
Place Junior High School site
1-- 4 6 L 6 6 4 L,6(9)
2-- 6 L 6 4 4 6 4,6(9)
3-- 5 5 5 5 5 5 5(18)
Hancock Road and Academy Boulevard site
1-- 8 (1) 8 5 H 8 8(6)
2-- 2 (1) 2 2 (1) 2 2(8)
3-- 5 5 5 8 (1) 5 5(13)
Bodo Industrial Park site
1-- 4 L 3 [ 4 4 4(7)
2-- 3 3 L 3 3 3 3(11)
3-- 2 2 2 2 2 2 2(18)
Fort Collins site
1-- 4 2 2 5 5 2 2(11)
2-- 5 4 4 4 2 4 L(12)
3-- 2 5 5 2 L 5 5(13)
Brighton-Fort Lupton site
1-- 5 (H 2 5 1 (1) 2(7)
2-- 2 () 1 2 2 () 5(11)
3-- 1 1 5 1 5 5 1(18)

lAnalysis was performed, but constituent was not present at concentra-
tions above the detection limit.
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The sum of all scores for a sample is in parentheses next to the sample
number. It should be emphasized that these scores have only relative values
in determining which samples are most likely to represent the degradation of
water quality caused by the interaction with wastes. A score of 10, for exam-
ple, does not necessarily imply a water quality twice as degraded as a score
of 5. Neither are the scores transferable from site to site; they are valid
only within a given site. Also, the arbitrary choice of the indicators of
chemical interaction can affect the score for a given sample and perhaps its
rank relative to the other samples.

In selecting wells for sampling, an attempt was made to obtain wells
suspected of intercepting water representing no interaction with wastes, the
most interaction, and an intermediate level of interaction or mixing between
leachate and unaffected water typical of the aquifer. Thus, if it is desired
to estimate the worst-case water quality which is likely to move downgradient
from a given site, the analysis of the sample with the largest combined score
shown in table 9 can be wused as a guide. In some instances, such as the
samples from the Marshall or Hancock Road and Academy Boulevard sites, this
water quality may be unsuitable for many uses. Recommended and mandatory
standards (U.S. Environmental Protection Agency, 1977) are available to judge
the suitability of water for various uses. On the basis of these standards
for the more restrictive uses, such as for drinking supplies or as a source
of water to stream or lake systems containing aquatic life, concentrations
commonly exceeded standards with respect to iron (300 micrograms per liter,
recommended), manganese (50 micrograms per liter, recommended), phenols
(1 microgram per liter), nitrate as nitrogen (10 milligrams per liter, manda-
tory), and salinity (250 milligrams per liter, recommended, of chloride or
sulfate). Constituents in some water samples representing the least contami-
nated--perhaps uncontaminated--water at a site may exceed these standards
because of the quality of water in the surrounding deposits or bedrock or the
use of land for purposes other than landfill. The presence of reducing condi-
tions within or beneath a landfill may even cause a decrease in sulfate con-
centrations by the reduction of sulfate to sulfide followed by precipitation
of the sulfide. Similarly, the nitrogen standard is 10 milligrams per liter
of nitrate plus nitrite expressed as nitrogen, whereas reducing conditions
favorable to nitrogen generation in landfills typically produce ammonia or
organic nitrogen. Oxidation of these reduced nitrogen species to nitrate may
occur if contaminated ground water moves away from the landfill and mixes
with oxygenated ground water or interacts with oxygen in the soil atmosphere.

The data collected in this study are useful in estimating the direction
from the 1landfill that ground-water deterioration may occur, the probable
chemical nature, and the magnitude of the degradation. For sites with many
wells intercepting the water table, variations in the specific-conductance
values (tables 1-8) may be used as a guide in delineating the areal extent of
present degradation,
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SUMMARY

The eight landfills sampled in this study all have interacted with the
shallow ground water to some extent, as exemplified by the variation in
specific conductance and the analytical data for major and trace chemical
species. This study of the contamination of the ground water generally was
restricted to the geographical limits of the original landfills, although a
few nearby wells have been sampled; however, data are not sufficient to rule
out the contamination of nearby surface-water systems at some sites. Similar-
ly, data are not sufficient to rule out the contamination of deeper ground-
water systems at some sites.

Water-quality degradation at the sites was similar in nature to the deg-
radation at other sites in other studies. Decomposition products of organic
matter (ammonia, organic nitrogen, and phenols), increased salinity caused by
leaching debris or increased weathering of soil materials, and dissolution of
metals from the soil materials caused by reducing conditions (iron and manga-
nese) occur to some extent at all of the sites. Some samples thought to
represent water uncontaminated by the landfills exceeded standards for drink-
ing-water supplies or water used by aquatic life, as did all samples thought
to represent contaminated well water.

Data from this study are useful in predicting the direction of possible
ground-water degradation now or in the future. The data also are wuseful in
estimating the chemical nature and possibly the worst-case magnitude of
ground-water degradation shown at each site.
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