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Figure 8A. Location of selected water-level observation wells, western Kenai Peninsula.

(See figure 8B for hydrographs.)
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Figure 8B. Hydrographs of selected water-level observation wells, western
Kenai Peninsula (see figure 8A for locations of wells)--Continued.
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GROUND-WATER QUALITY
Factors Affecting Ground-Water Quality

Water is continually subject to chemical and biological changes as it progresses through the
hydrologic cycle. The quantity and kinds of minerals and compounds dissolved in water depend
on the natural and man-affected environments through which the water has passed. Freeze and
Cherry (1979) and Hem (1985) describe in detail the chemical properties of water and its chemical
constituents.

Rain and snow are usually quite pure. As water from rain and snowmelt passes over and
through vegetation, soils, and rocks, the water picks up soluble minerals and organic materials.
Water within, or that has been in contact with, sediments that were deposited in a marine environ-
ment may contain high concentrations of dissolved minerals, especially sodium and chloride.
Waters within the study area that are associated with coal or oil and gas deposits commonly contain
hydrogen sulfide, which has a “rotten-egg” odor. Some residents have reported that several wells
in the upper and lower peninsula yield water having the odor of hydrogen sulfide, which most peo-
ple can detect when the value is only at a few tenths of a milligram per liter.

Many of man’s activities also change the composition of water. Chemical constituents are
added to water from leaks and spills of fuel and chemical products, from septic-tank discharge of
wastewater and household products, from leaching of pesticides and fertilizers, and from drainage
of landfills and other waste-disposal sites. The Alaska Department of Environmental Conserva-
tion’s 1992 water-quality assessment lists 20 sites in the study area having impaired ground water
(fig. 9). Harding Lawson Associates (1989) describe sites on the peninsula having known, poten-
tial, or alleged soil or water contamination. These sites include gasoline stations, chemical and
petroleum plants, fire-fighting training areas, fuel or waste-oil spill sites, storage and junk yards,
sites where chemical containers were found, oil-field and gas-field reserve pits, and commercial
septage-disposal sites. Eighteen Alaska Department of Environmental Conservation (ADEC) per-
mitted waste-disposal sites (such as landfills, oil and gas drilling reserve pits, and septage-sludge
or sewage-disposal sites) also occur in the study area (fig. 9); they are described in reports by
ADEC (1992) and Harding Lawson Associates (1989).

Sources and Types of Available Ground-Water-Quality Data

Agencies, individuals, and private industries, collect water-quality data for diverse purposes.
For example, water samples may be analyzed to help determine if the water is safe to drink, meets
an industry’s manufacturing needs, or has been degraded by man’s activities. A variety of physical,
chemical, and biological constituents and properties can be analyzed depending on a project’s
objectives. Also, a variety of collection and analytical techniques can be used depending on the
project’s data-quality objectives and the type of water that is being tested. Results from analytical
procedures are in many forms, such as computer databases, original paper documents, and pub-
lished and unpublished reports by agencies, by water users, and by private consultants. Computer
databases of results of chemical analyses of water from wells on the Kenai Peninsula are main-
tained by USGS, ADNR-AHS, and ADEC.
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[Waste-disposal data from Harding Lawson Associates (1989, appendix C); impaired ground-
water data from Alaska Department of Environmental Conservation (1992, appendix 1.]
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Kenai 250,000, 1958 and Seldovia 1250,000, 1963
disposal sites and locations of impaired ground water, lower Kenai Peninsula.
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[Waste-disposal data from Harding Lawson Associates (1989, appendix C); impaired ground-
water data from Alaska Department of Environmental Conservation (1992, appendix 1.]
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Water analyses available from USGS are generally from water samples that were collected
and analyzed by USGS to determine natural chemical characteristics of water in aquifers. Water-
quality results are available in published reports, in file records, and in a computerized database
called WATSTORE (Water Data Storage and Retrieval System). The field measurements and sam-
ple collection, treatment, and preservation techniques followed procedures described by Marc
Sylvester (U.S. Geological Survey, written commun., 1990), Fishman and Friedman (1989), and
Fishman (1993). The specific water-sampling techniques used during this study are described in a
preliminary planning document. At the beginning of this study, chemical analyses by USGS were
available from about 250 wells in the study area. During 1991, water samples from 63 wells were
collected and analyzed by the USGS to determine physical properties and concentrations of
selected major inorganic constituents, nutrients, metals, and trace elements. During 1992, water
samples from seven sites (six wells and a spring) near Sterling were collected and analyzed for
selected inorganic constituents, nutrients, metals and trace elements, and organic constituents.
Results of ground-water-quality analyses prior to 1991 are in a report by Bullington (1991). Results
have been published for water year 1991 (Lamke and others, 1992, p. 386-387, 391-402) and water
year 1992 (Kemnitz and others, 1993, p. 409-411).

The U.S. Fish and Wildlife Service intermittently monitors the quality of water from water-
supply and contamination-monitoring wells in oil and gas fields in Kenai National Wildlife Refuge
and from water-supply wells in refuge campgrounds. Data from about 20 wells are in file records
at the refuge headquarters and many of these analytical results have been entered into a database
by ADNR-AHS.

A water source that is being used by a public-water system is required by Alaska law to be
analyzed intermittently for selected inorganic, organic, and biological constituents (Alaska Depart-
ment of Environmental Conservation, 1993). Information about the quality of water from public-
supply wells is submitted to ADEC and is available in file reports and a computer database (known
as the “Drinking Water” database) maintained by ADEC. The location and construction of many
wells are not always known and the water may be a blend from several wells. The analyses com-
monly are of water that has been “treated” to soften the water, to remove iron, and (or) to reduce
turbidity and concentrations of bacteria and viruses. The ADEC requires that ground-water and
ground-water-quality conditions be determined in or near sites of potential and known water-qual-
ity problems, such as ADEC permitted waste-disposal sites and sites where fuels or chemicals have
been spilled. Water samples from wells at these sites have been collected and analyzed by ADEC
and by private consultants. The location and construction of most monitoring wells are known.
Reports and water-quality analyses are available in file records at ADEC, and many of the results
of water-quality analyses have been entered into a computer database by ADNR-AHS.

The ADNR-AHS collected and analyzed water from 30 wells in the Nikiski area in 1991. The
field measurements and sample collection, treatment, and preservation techniques used by ADNR-
AHS followed procedures described by Maurer (1991). The results of water-quality analyses are
available in a published report (Maurer, 1993) and in ADNR-AHS’s water-quality database.

The availability of ground-water quality data is not uniform throughout the peninsula. Most
ground-water quality analyses are from wells in or near Nikiski, Kenai, Soldotna, and Sterling.
Only a few analyses are from wells in smaller communities such as Clam Gulch, Ninilchik, and
Anchor Point, or from wells distant from a community. The concentrations of constituents in
ground water in data-poor areas are not known. However, because the near-surface geology of the
peninsula is complex, ground-water quality may vary widely—even over short distances—both
horizontally and vertically.
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Selection of Water-Quality Constituents and Analyses

Constituents for this study were selected for human health, aesthetic, geochemical, and con-
tamination-detection purposes; however, not all constituents analyzed by all agencies are included
in this report. The types of water-quality determinations selected can be categorized into five
groups: (1) physical properties and field measurements; (2) major inorganic constituents; (3) nutri-
ents; (4) metals and trace elements; and (5) organic compounds.

To reduce bias in the descriptive statistics, a mean value was calculated for each constituent
from all water analyses from each well. This mean value for each well is given in the appendix; the
value was used to determine the constituent’s mean and median values (table 2) within the study
area. Concentrations of some constituents were less than analytical detection levels. When this
occurred and the detection level was known, the “not detected” concentration was set to the detec-
tion level before area-wide means and medians were calculated; when the detection level was not
known, the “not detected” concentration was set to zero. Mean and standard deviation values were
not reported in table 2 when more than 25 percent of the analyses for a constituent were less than
analytical detection levels. Median (50th percentile) values were included because when data are
highly skewed or contain less-than-detection-limit values, medians can be more useful than means
in interpreting the data. The results of analyses for major inorganic constituents, nutrients, metals,
and trace elements are from water samples that were filtered at the time of collection using a mem-
brane filter having 0.45 micron (um) openings. Physical properties (except hardness), field mea-
surements, and analyses of organic compounds were determined from total (unfiltered) water
samples. Some samples (especially samples that were turbid) that were analyzed for alkalinity
were filtered; most were not.

For some constituents, regulations have been set for their maximum concentrations allowed
(or recommended) for drinking water (table 2). A primary maximum contaminant level (PMCL) is
health related. It is set by State (Alaska Department of Environmental Conservation, 1993) or Fed-
eral (U.S. Environmental Protection Agency, 1988a) agencies and is legally enforceable for sup-
pliers of water to the public. A secondary maximum contaminant level (SMCL) applies to aesthetic
qualities such as taste, odor, or staining properties, and is a guideline for public-water suppliers
(U.S. Environmental Protection Agency, 1988b; Alaska Department of Environmental Conserva-
tion, 1993).

To determine the natural range in the quality of ground water that is generally unimpaired by
human contamination, only analytical results that met the following criteria were used: (1) the
water sample was obtained from a well between 20 and 450 ft deep, (2) the well was not in or
immediately near a possible or ADEC-permitted waste-disposal site, (3) the well yielded fresh
water, not brackish or saline water, (4) the water collected was untreated, and (5) the water sample
was collected and analyzed using known and standardized procedures. Analyses from about 430
water samples from 312 wells met these criteria and were used in the statistical summary (table 2).
All analyses used were from water samples collected by USGS or ADNR-AHS personnel. Some
results from water sampled by other agencies and private industries, from water that is brackish or
saline, from springs, or from wells shallower than 20 ft or deeper than 450 ft, or wells in and near
actual and potentially contaminated sites are discussed but were not included in the statistical sum-
mary. For this study, fresh water is defined as water having a dissolved-solids content less than
3,500 mg/L.
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For each constituent, the number of analyses available, the number of wells sampled, the val-
ues of minimum, maximum, mean, and median concentration, and standard deviation are listed in
table 2. Most wells were sampled only once, but some wells have been sampled many times and
have many sets of water analyses.

Physical Properties and Field Measurements

Physical properties and field measurements include specific conductance, pH, water temper-
ature, and hardness (table 2; appendix table A). In general, most water from wells on the peninsula
had a low mineral content, had a pH value between 6.5 and 8.5 units, and was “soft.” The mean
and median water temperatures were 6.2 °C (43 °F) and 5.0 °C (41 °F), slightly warmer than the
mean annual air temperatures for Kenai (34 °F) and Homer (37 °F).

Specific Conductance: The presence of charged ionic species in solution makes water con-
ductive. Measuring the electrical conductance of a water sample is a rapid and convenient way to
determine the approximate concentration of dissolved constituents in the water sample. Specific
conductance is the electrical conductance of a water sample measured in microsiemens per centi-
meter (LS/cm) with the water temperature at 25 °C. Pure water has low concentrations of dissolved
minerals and a very low electrical conductance. Water with high concentrations of dissolved solids
(more than about 2,000 mg/L) has high electrical conductance and usually contains minerals that
give it a disagreeable taste or make the water unsuitable in other respects. The approximate relation
between dissolved solids (determined by adding the concentrations separately determined for all
the ions in the water) and specific conductance in ground water in the western part of the Kenai
Peninsula is shown graphically in figure 10. The maximum recommended dissolved-solids concen-
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Figure 10. Approximate relation between values of dissolved solids
and specific conductance in ground water on the Kenai Peninsula.
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tration for drinking water is 500 mg/L, and for ground water in the Kenai Peninsula, 500 mg/L of
dissolved solids is approximately 820 uS/cm. The mean value of specific conductance for ground
water within the study area was 336 uS/cm, about equal to 224 mg/L of dissolved solids. The
median value of specific conductance was 219 uS/cm. The areal distribution of specific conduc-
tance of water from wells is shown in figure 11. Most wells yielding water having high values of
specific conductance are near the coast in the Nikiski, Kenai, Soldotna, and Homer areas. In com-
parison to water in lakes in the upper peninsula, ground water contains much more dissolved min-
erals. Fifty-nine lakes sampled by USEPA had specific conductance values that ranged from 8 to
175 uS/cm, and a median value of 21 puS/cm (Eilers and others, 1993).

pH is a measure of acidity. A pH value of 7.0 units is neutral: waters having lower values are
acidic and waters having higher values are basic. The recommended range of pH for drinking water
is 6.5 to 8.5 units. The median value of pH in ground water in the western part of the Kenai Pen-
insula was 7.5 units, but values ranged from 5.8 to 10 units. Wells yielding water with pH values
of 6.5 or less were usually less than 100 ft deep, whereas wells yielding water with pH values of
8.5 and greater were usually more than 100 ft deep. The distribution of pH in well water is shown
in figure 12.

Hardness: The property of hardness is associated with effects observed in the use of soap or
with the encrustations left by some types of water when they are heated. Water hardness is caused
by several different cations (principally calcium and magnesium), and is commonly reported in
terms of an equivalent concentrations of calcium carbonate (CaCOj3). Hardness in water used for
ordinary domestic purposes does not become particularly objectionable until it reaches a level of
about 100 mg/L (Hem, 1985). The following classification from Hem (1985) is widely used:

Hardness range

(milligrams per liter as Description
calcium carbonate)
0-60 Soft
61-120 Moderately hard
121- 180 Hard
More than 180 Very hard

Using this classification, hardness data for 260 wells were evaluated. The percentage of wells
falling within each range were 55 percent, soft; 35 percent, moderately hard; 9 percent, hard; and
1 percent, very hard. Values of hardness ranged widely in all areas (fig. 13). Hardness of well water
in the study area ranged from 2 to 209 mg/L as CaCOj; the mean and median hardness values were
65 and 57 mg/L as calcium carbonate. Several deep wells yielded water having high values of pH
(more than 9 units) and low values of hardness (less than 15 mg/L as CaCO3). Nineteen wells
yielded water having hardness values less than 15 mg/L.

Major Inorganic Constituents

Major inorganic constituents generally occur in concentrations greater than a few milligrams
per liter. They include calcium, magnesium, sodium, potassium, bicarbonate (which is a major part
of alkalinity), sulfate, chloride, fluoride, silica, and the sum of all dissolved constituents, which is
reported as dissolved solids (table 2; appendix table B). Almost all wells sampled by USGS and
ADNR-AHS yielded water that meets the primary and secondary drinking water regulations for
the major inorganic constituents.
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Figure 11A. Specific conductance of water from wells, upper Kenai Peninsula.
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Figure 11B. Specific conductance of water from wells, lower Kenai Peninsula.
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Figure 12A. pH of water from wells, upper Kenai Peninsula.
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Figure 12B. pH of water from wells, lower Kenai Peninsula.
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Figure 13A. Hardness in water from wells, upper Kenai Peninsula.

Base from US. Geological Survey, Kenai 1250,
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Figure 13B. Hardness in water from wells, lower Kenai Peninsula.
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Sodium and chloride: Concentrations of dissolved sodium (fig. 14) or chloride (fig. 15) were
greater than the recommended levels of 250 mg/L in water from about 10 wells that are deeper than
100 ft in coastal areas near Kenai and Homer. Concentrations of dissolved chloride (fig. 15) were
greater than the recommended level of 250 mg/L in six wells. High concentrations of sodium in
drinking water can adversely affect persons who must maintain low-sodium diets. High concentra-
tions of chloride in drinking water, although not a health hazard, cause objectionable taste and can
corrode pipes and plumbing fixtures. The mean and median concentrations of dissolved sodium
within the study area were 43 and 8 mg/L, respectively. The mean and median concentrations of
dissolved chloride were 23 and 5.9 mg/L, respectively.

Alkalinity: The alkalinity of a solution is the capacity for solutes it contains to react with and
neutralize acid (Hem, 1985). Except for water having high pH (greater than about 9.5), alkalinity
is produced predominantly by bicarbonate and carbonate. The principal sources of these carbon-
dioxide species are atmospheric carbon dioxide, respiration by plants, and oxidation of organic
matter. Alkalinity is determined by titrating a water sample with a strong acid and is expressed as
an equivalent amount of calcium carbonate (CaCO3). Water having low alkalinity is poorly buff-
ered and is sensitive toward pH change, such as that resulting from the uptake and respiration of
carbon dioxide by plants and from acid rain. The alkalinity of ground water in the peninsula ranged
from 18 to 1,080 mg/L as CaCO3 with mean and median values of 142 and 112 mg/L, respectively.
The distribution of alkalinity in ground water is shown in figure 16. Eilers and others (1993) sam-
pled water from 59 lakes in the upper peninsula. They observed that 47 lakes contained water that
had alkalinities between 1 and 15 mg/L and 12 lakes had values between 36 and 87 mg/L.

Fluoride: Excessive concentrations of fluoride in drinking water can cause dental fluorosis
(mottled tooth enamel). The primary drinking water regulation for fluoride is 4 mg/L and the sec-
ondary or recommended maximum concentration is 2 mg/L. The mean and median concentrations
of dissolved fluoride were 0.27 and 0.14 mg/L. Only 5 wells yielded water exceeding 2 mg/L, and
the highest concentration observed was 3.5 mg/L.

Silicon: The element silicon is second only to oxygen in abundance in the Earth’s crust. A
strong chemical bond forms between a silicon ion and four oxygen ions. The term “silica,” mean-
ing the oxide Si0O,, is widely used in referring to silicon in natural waters (Hem, 1985). Unlike
other major ion constituents, dissolved silicon is not a charged ion and does not contribute to spe-
cific conductance. Concentrations of silica in ground water within the study area ranged from 2.2 to
55 mg/L and had both mean and median values of 31 mg/L. The distribution of dissolved silica in
ground water is shown in figure 17. Of 59 lakes in the upper peninsula sampled by USEPA, 39 had
concentrations of dissolved silica less than their analytical detection limit of 0.04 mg/L, and the
highest concentration observed was 8.7 mg/L (Eilers and others, 1993).

Dissolved solids: Concentrations of dissolved solids in well water (determined by the sum of
constituents) ranged from 44 to 1,273 mg/L, with a mean of 206 mg/L and a median of 152 mg/L.
Wells yielding water having low concentrations of dissolved solids (less than 100 mg/L) were more
commonly less than 100 ft deep. Wells yielding water having high concentrations of dissolved sol-
ids (more than 250 mg/L) were commonly deeper than 100 ft deep. Fifteen of 253 wells yielded
water exceeding the secondary maximum contaminant level of 500 mg/L and all were within a few
miles of the coast. Because the dissolved solids determine the property of conductance (dissolved
solids average about 0.58 of specific conductance in the sampled wells), areas of high dissolved
solids correspond directly with areas of high specific conductance (fig. 11).
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Figure 14A. Dissolved sodium in water from wells, upper Kenai Peninsula.
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Figure 14B. Dissolved sodium in water from wells, lower Kenai Peninsula.
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Figure 15A. Dissolved chloride in water from wells, upper Kenai Peninsula.
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Figure 15B. Dissolved chloride in water from wells, lower Kenai Peninsula.
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Figure 16A. Alkalinity in water from wells, upper Kenai Peninsula.
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Figure 16B. Alkalinity in water from wells, lower Kenai Peninsula.
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Figure 17A. Dissolved silica in water from wells, upper Kenai Peninsula.
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Figure 17B. Dissolved silica in water from wells, lower Kenai Peninsula.
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Methods to compare water commonly describe relative chemical composition of each cation
(positively charged ion) and anion (negatively charged ion). Units of milliequivalents per liter
(megq/L) are used and are based on the absolute concentration of each major ion (in milligrams per
liter), the ion’s electrical charge, and the reciprocal of the ion’s molecular weight. When expressed
in milliequivalents per liter, the sum of the cation values equals the sum of the anion values.

One method of showing relative compositions of water is the trilinear diagram. A trilinear
diagram contains three fields for plotting a water sample’s major ion constituents—two equilateral
triangles at the lower left and lower right corners of the diagram for cations and anions, respec-
tively, and an intervening diamond-shaped field between the triangles for indicating the relative
composition in terms of cation-anion pairs. Compositions of water from selected wells in the
Nikiski area are shown in figure 18. As an example, the chemical composition of water from well
SB00701216DDBB1 007, a 174-foot-deep well west of Bernice Lake is shown. Calcium and
sodium compose about 43 and 39 percent of the cations, and chloride and bicarbonate about 46 and
34 percent of the total anions, respectively. It is a mixed water type because no single cation or
anion exceeds 50 percent. The predominant ions occurring in ground water throughout the western
part of the Kenai Peninsula are calcium, magnesium, and bicarbonate. Waters containing predom-
inantly sodium, calcium, and bicarbonate water were less common. Only a few wells yielded
sodium chloride type water. Water having sodium as the predominant cation commonly had a pH
value of 8.5 or more and was from wells greater than 200 ft deep or from wells near the coast.

@ Water analysis from well
SB00701216DDBB1 007

CALCIUM

PERCENT

Figure 18. Trilinear diagram showing chemical composition of water from
selected wells in the North Kenai area.
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Nutrients

Some compounds of nitrogen and phosphorus are required nutrients for plants. However,
high concentrations of nitrogen or phosphorus stimulate the growth of algae in lakes and streams
and are commonly associated with contamination by human activities. Nutrients selected include
nitrite, nitrate, ammonia plus organic nitrogen, phosphorus, and orthophosphorus (table 2; appen-
dix table C). In general, concentrations of all nutrients were low. Many water samples had nutrient
concentrations less than the analytical detection levels. Median concentrations of phosphorus and
orthophosphorus were 0.07 and 0.1 mg/L, respectively.

Concentrations of nitrogen compounds are expressed in milligrams per liter as nitrogen
(mg/L as N); for example, a nitrate (NO;3") concentration of 10 mg/L as N is equivalent to 44 mg/L
as NO3". Combined concentrations of nitrate and nitrite greater than 10 mg/L as N may cause a
blood disorder known as methemoglobinemia in infants. This condition, which can be fatal, usu-
ally does not occur in older children or adults. In unimpaired areas, the highest concentration of
nitrate plus nitrite observed was 6 mg/L as N, and most wells yielded water having concentrations
less than 0.15 mg/L as N (fig. 19). Concentrations of ammonia and organic nitrogen were also low
in ground water from unimpaired areas. Data from ADEC indicate that nitrogen concentrations in
ground water beneath an industrial plant in Nikiski have exceeded 100 mg/L and ammonia plus
organic nitrogen concentrations have exceeded 1,000 mg/L. The plant manufactures anhydrous
ammonia and urea. A 90-foot deep well (SB0O0701201ABCCI1 006) that was previously used to
supply a subdivision in Nikiski yielded water having a nitrate-nitrogen concentration of 10 mg/L,
but the water also has a high concentration of the solvent tetrachloroethylene. Both of these sites
are listed as having impaired ground water (Alaska Department of Environmental Conservation,
1992).

Metals and Trace Elements

Many metals and trace elements are significant to man, animals, and plants. Some are essen-
tial to life in low concentrations; however, in high concentrations many are toxic to man, animals,
and plants. High concentrations of some metals and elements give water a poor taste and stain laun-
dry and plumbing. Metals and trace elements included in table 2 are arsenic, boron, iron, manga-
nese, and selenium. Iron and manganese (appendix table D) commonly occur in ground water in
the peninsula in concentrations greater than drinking-water regulations. Arsenic concentrations
exceeded drinking-water regulations in water from 9 of 113 wells sampled. Concentrations of other
metals and trace elements have also been determined and can be found in reports by Lamke and
others (1992) and Kemnitz and others (1993). However, these are not discussed in this report
because the results are from only a few wells and concentrations were not toxic or greatly out of
ranges considered normal.

Arsenic is present in many rocks, and high concentrations of arsenic minerals commonly are
associated with gold mineralization, volcanic gases, and geothermal waters. Arsenic is released
into water by weathering of arsenic-containing rocks and volcanic activity. Arsenic in water can be
acutely or chronically toxic to humans. As a result, the primary drinking water standard is 50 ug/L.
Eight percent of the wells sampled yielded waters having concentrations of arsenic greater than
50 pg/L (fig. 20). Wells having high concentrations of arsenic were located both in and between
Nikiski and Sterling. The highest concentration of dissolved arsenic measured by USGS or ADNR-
AHS was 94 ug/L. The concentration range of arsenic in ADEC’s Drinking Water database is sim-
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Figure 19A. Dissolved nitrite plus nitrate in water from wells, upper Kenai Peninsula.
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