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CONVERSION FACTORS, VERTICAL DATUM, WATER-QUALITY INFORMATION, 
AND WELL-NUMBERING SYSTEM

Multiply by To obtain

inch (in.)

foot (ft)

mile (mi)

million gallons (Mgal)

gallon per minute (gal/min)

million gallons per day (Mgal/d)

degree Fahrenheit (°F)

25.4

0.3048

1.609

3,785

0.06309

0.04381

°C = 5/9 x (°F - 32)

millimeter

meter

kilometer

cubic meter

liter per second

cubic meter per second

degree Celsius (°C)

Vertical Datum

In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929) a geodetic datum 
derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called 
Sea Level Datum of 1929.

Water-Quality information

Chemical concentrations, water temperature, and specific conductance in this report are given in metric units. Absolute 
concentration of major dissolved ions is expressed in milligrams per liter (mg/L) or micrograms per liter (fig/L). 
Milligrams and micrograms per liter are units expressing weight of solute per unit volume (liter) of water. One 
thousand micrograms per liter is equivalent to 1 milligram per liter. Micrograms per liter is equivalent to "parts per 
billion." The relative concentration of a cation or anion can be expressed as relative percentage of the total 
milliequivalents per liter (meq/L) of cations or anions. The milliequivalent concentration is obtained by multiplying 
the absolute concentration by the reciprocal of the combining weight of each ion, which is the formula weight divided 
by the ionic charge. Specific conductance is reported in microsiemens per centimeter (|iS/cm) at 25 degrees Celsius.

Water Year

In U.S. Geological Survey reports, "water year" refers to the 12-month period, October 1 through September 30. The 
water year is designated by the calendar year in which it ends and which includes 9 of the 12 months.

Well-Numbering System

The "Local Number" of a well is derived from the official rectangular subdivision of public lands as illustrated on p. 
VI. The number of the well in the illustration is SB00601115-BCAD1_001. The first letter (S) indicates the Seward 
baseline and principal meridian, and the second letter (B) represents the northwest quadrant formed by the intersection 
of the baseline and the principal meridian in which the well is located. All well numbers in the upper peninsula begin 
with "SB" and all well numbers in the lower peninsula in and south of Ninilchik start with "SC.'The first three digits 
indicate the township in which the well is located, the next three digits the range, and the next two, the section. Letters 
following the section number indicate the 1/4 1/4 1/4 1/4 subdivisions of the sections. Each of these successively 
smaller subdivisions is lettered counterclockwise beginning at the northeast corner. The next digit is a sequential 
number assigned to distinguish between wells that fall within the same site. The last three numbers are assigned 
sequentially to wells within each section.
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Ground-Water Conditions and Quality in the 
Western Part of Kenai Peninsula, Southcentral Alaska

By Roy L. Glass

ABSTRACT

The western part of Kenai Peninsula in southcentral Alaska is bounded by Cook Inlet and the 
Kenai Mountains. Ground water is the predominant source of water for commercial, industrial, and 
domestic uses on the peninsula. Mean daily water use in an oil, gas, and chemical processing area 
north of Kenai is more than 3.5 million gallons. Unconsolidated sediments of glacial and fluvial 
origin are the most productive aquifers. In the upper (northwestern) peninsula, almost all water 
used is withdrawn from unconsolidated sediments, which may be as thick as 750 feet. In the lower 
peninsula, unconsolidated sediments are thinner and are absent on many hills. Water supplies in 
the lower peninsula are obtained from unconsolidated sediments and bedrock, and a public-water 
supply in parts of Homer is obtained from Bridge Creek. Throughout the peninsula, ground-water 
flow occurs primarily as localized flow controlled by permeability of aquifer materials and surface 
topography.

The concentration of constituents analyzed in water from 312 wells indicated that the chem­ 
ical quality of ground water for human consumption varies from marginal to excellent. Even 
though the median concentration of dissolved solids is low (152 milligrams per liter), much of the 
ground water on the peninsula does not meet water-quality regulations for public drinking water 
established by the U.S. Environmental Protection Agency (USEPA). About 8 percent of wells sam­ 
pled yielded water having concentrations of dissolved arsenic that exceeded the USEPA primary 
maximum contaminant level of 50 micrograms per liter. Concentrations of dissolved arsenic were 
as great as 94 micrograms per liter. Forty-six percent of wells sampled yielded water having con­ 
centrations of dissolved iron greater than the USEPA secondary maximum contaminant level of 
300 micrograms per liter.

Unconsolidated sediments generally yield water having calcium, magnesium, and bicarbon­ 
ate as its predominant ions. In some areas, ground water at depths greater than a few hundred feet 
may be naturally too salty for human consumption. The leaking and spilling of fuel and chemical 
products and the disposal of industrial wastes has degraded the quality of ground water at numer­ 
ous sites.

INTRODUCTION 

Background

Ground water is the predominant source of water used in the western part of the Kenai Pen­ 
insula (fig. 1). Water-quality concerns on the peninsula are typical of those in many rural and urban 
areas throughout the United States. Residents, industries, and land and water planners and manag­ 
ers are concerned about the quantity and quality of water used for drinking and about contamina­ 
tion of water supplies by leaks and spills of fuel; by septic-tank effluent; by disposal of chemical, 
solid, and oil-field wastes; and by forestry, agricultural, and other land-use activities.

INTRODUCTION 1
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Figure 1. Location of study area, Kenai Peninsula, Alaska.
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The objectives of this report are to describe at a regional scale the occurrence and quality of 
ground water in the main aquifers supplying water to residents and industries in the western part 
of the Kenai Peninsula between Kachemak Bay and Turnagain Arm. The information in this report 
is based on well and water-quality data collected by the U.S. Geological Survey (USGS) and 
Alaska Department of Natural Resources-Alaska Hydrologic Survey (ADNR-AHS). Information 
from more than 4,000 wells was used to help determine where and from which aquifers usable sup­ 
plies of ground water were being obtained. Chemical analyses of water from 312 wells were used 
to help describe the concentrations of principal inorganic chemical constituents occurring naturally 
in the ground water of the peninsula. Results from the analyses of water samples collected from 
about 400 wells by the USGS, the ADNR-AHS, the Alaska Department of Environmental Conser­ 
vation (ADEC), or private consultants were used to describe the concentrations of organic constit­ 
uents in the ground water of the peninsula. The results from the analysis of each water sample are 
not included in this report but most are listed in the cited reports or can be obtained from one of the 
above agencies.

Acknowledgments

This study was part of multi-phased plan (Munter, 1990a, 1990b; Swan, 1991) developed by 
the Kenai Peninsula Ground-Water Task Force, a committee composed of representatives of Fed­ 
eral, State, and Kenai Peninsula Borough agencies, industry, environmental organizations, and the 
public. The task force was formed during 1990 to design, obtain funding for, and oversee studies 
that address ground-water issues on the peninsula. Funding for this study was provided by the U.S. 
Geological Survey, Alaska Department of Natural Resources, Kenai Peninsula Borough, and 
Kenai Soil and Water Conservation District (KS&WCD). Several Alaska Oil and Gas Association 
members (ARCO Alaska, Marathon Oil, Phillips Petroleum, Tesoro-Alaska Petroleum, Unocal Oil 
and Gas, and Unocal Chemical) contributed funding to ADNR-AHS and KS&WCD to help fund 
ground-water studies on the peninsula.

Previous Investigations

The water resources of the Cook Inlet basin are described by Freethey and Scully (1980) and 
Selkregg (1976). McGee (1977) estimates the depth to brackish water throughout the Cook Inlet 
basin using information from oil and gas wells. Bullington (1991) lists peninsula wells having 
water-quality data in the USGS WATSTORE database and selected well data in the USGS Ground 
Water Site Inventory database. The ground-water or water-quality conditions in the northwestern 
or "upper" part of the peninsula have been described by Anderson and Jones (197 la, 1971b, 1972), 
Dames and Moore (1976), Howland and Freethey (1978), Nelson (1981), Munter and Maurer 
(1991), and Maurer (1993). The U.S. Environmental Protection Agency (USEPA) analyzed water 
samples from 59 lakes in the upper peninsula in August 1988 (Eilers and others, 1993). Bailey and 
Mclntire (1993) show the water-surface elevations of 12 lakes near Kenai and Nikiski from 1970 
through 1992. Savard and Scully (1984) discuss the surface-water quantity and quality in the 
"lower" peninsula; Nelson and Johnson (1981) describe the ground-water resources of the western 
part of the lower peninsula. The Alaska Department of Environmental Conservation (1988), Petrik 
and Munter (1991), and Petrik (1993a) have also described ground-water conditions in the com­ 
munity of Anchor Point. Cederstrom and others (1950), Feulner (1963), Waller (1963), and Waller 
and others (1968) have described ground-water conditions in the Homer area. Harding Lawson 
Associates (1989) describe sites on the peninsula having known, potential, or alleged soil or water 
contamination.
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More than 100 reports from site-specific studies of ground-water contamination on the pen­ 

insula are available at ADEC office in Soldotna or Anchorage or at ADNR-AHS office in Anchor­ 
age. The ADEC maintains a computerized "Contaminated Sites" database that describes sites of 
soil and water contamination and their remediation history. Most of the information in ADEC's 
database is collected during site investigations and remedial activities. The most common type of 
contamination is from leaking fuel-storage tanks. When a contaminated site has been remediated, 
the site is removed from the database. Biennially, the ADEC assesses the quality of water in 
Alaska; the 1992 water-quality assessment (Alaska Department of Environmental Conservation, 
1992) lists 19 sites in the study area where petroleum products or chlorinated solvents have 
impaired ground water and one site where nitrogen products have impaired ground water.

DESCRIPTION OF STUDY AREA 

Physical and Cultural Features

The Kenai Peninsula is in southcentral Alaska (fig. 1). The Kenai Mountains trend northeast­ 
ward through the peninsula, and a lowland plain lies between these mountains and Cook Inlet. The 
study area encompasses much of the land west of the Kenai Mountains and north of Kachemak Bay 
and includes the communities of Nikiski, Kenai, Soldotna, Sterling, and Homer, as well as a part 
of Kenai National Wildlife Refuge. In this report, the term "upper peninsula" refers to the area 
north of Tustumena Lake and "lower peninsula" refers to the area southwest of Tustumena Lake 
and north of Kachemak Bay (fig. 1).

The surfaces of many low-lying areas are hummocky, and drainages are poorly defined. More 
than 800 lakes are present in the upper peninsula (Eilers and others, 1993), and many have closed 
basins, that is, they have no outlet. Scrub-shrub and black-spruce-forested wetlands cover many 
low-lying areas, whereas forests of white, black, and Sitka spruce cover drier upland areas, foot­ 
hills, and lower mountains. |

The peninsula is sparsely populated and most of the land is uninhabited. Most residents live 
near Cook Inlet, Kachemak Bay, or the Kenai River. The Alaska Department of Community and 
Regional Affairs (1992) reports that the population of Kenai Peninsula Borough in July 1991 was 
40,312. The populations of the larger communities in the study area in July 1991 were Kenai  
6,543; Homer 4,513; and Soldotna 3,733. Populations during 1990 for Sterling and Nikiski 
were 1,732 and 1,630, respectively. Residential development is generally of medium density 
(greater than one but less than six housing units per acre) in community centers and low density 
elsewhere. A

Government, oil and gas development, commercial fishing, fish processing, outdoor recre­ 
ation, and tourism are the major economic bases of the communities. Federal, State, and Borough 
government activities are concentrated in Soldotna and Kenai. Extraction of oil and natural gas 
occurs from platforms in Cook Inlet or from wells in upper and lower parts of the peninsula. The 
communities of Nikiski and Kenai are the main centers for oil, gas, and chemical industries.
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Water Use

Except for parts of Homer, all water used in the study area for domestic, commercial, and 
industrial supplies is from ground water. Most residents are not served by public water or sewer 
systems and must rely on individual wells and septic systems. Water use in areas served by public 
supplies is described by Petrik (1991 and 1993b) and data for the three largest public-water suppli­ 
ers are summarized in table 1. The water-distribution system for Kenai is supplied from two wells 
near Beaver Creek, about 4 mi east of Kenai. In Soldotna, most water is obtained from five wells, 
but during summer four more wells are used to provide water to campgrounds. Water used for pub­ 
lic supply in Homer is obtained from a diversion from Bridge Creek, a stream about 2 mi north of 
Homer. All water used by oil, gas, and chemical industries in the Nikiski and remote oil field areas 
is supplied by private wells. The mean daily water use in the Nikiski industrial area during 1992 
was more than 3.5 Mgal (Petrik, 1993b).

Table 1. Water use during 1990 and 1992 in selected areas served by a public-water supply, 
Kenai Peninsula

[Data from Petrik, 1991 and 1993b]

.. . , .. Volume of water Mean daily water use Number of water connections .... . .' _ 
jn19go withdrawn in 1990

Source of (million gallons) (million gallons per day) 
i OCuTion .

Residential

Homer 798

Kenai 1,195

Soldotna 1,210

TOTAL 3,203

CommGrcial . ... , . . -. _ . . ... ComrnGrcial 
and industrial 199° 1992 Residential industrla|ctl IvJ II IvJUoll Ictl ctl Ivl II IvJUoll Idl

211 Surface water 180 Unknown 0.16 0.24

178 Ground water 265 283 .33 .33

146 Ground water 212 272 .24 .28

535 657 0.73 0.85

Water for public supply is withdrawn by public and private water suppliers and delivered to 
users for a variety of uses, such as domestic, commercial, or industrial purposes. Domestic uses of 
water include all water uses related to a household setting, such as drinking, food preparation, 
washing of clothes and dishes, bathing, flushing toilets, and watering of lawns and gardens. Com­ 
mercial uses of water include water use by businesses such as in office buildings, institutions, 
hotels, motels, restaurants, and campgrounds. Industrial uses of water include seafood processing 
and the production of oil, gas, and chemicals.

Climate

The climate of the Kenai Peninsula varies widely and is transitional between the relatively 
mild maritime climate of Gulf of Alaska and the dry, cold, continental climate of interior Alaska. 
The study area is in a rain shadow of the Kenai Mountains. Seward, on the eastern side of the Kenai 
Mountains, has a mean annual precipitation of about 68 in. (Leslie, 1989), and high in the Kenai
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Mountains mean annual precipitation may be as great as 200 in. (Blanchet, 1983). Values of mean 
annual precipitation for Homer and Kenai are about 25 and 19 in., respectively (Leslie, 1989). Most 
of the precipitation falls as rain in late summer and autumn and as snow from November to March.

Mean annual air temperature also decreases from south to north. Homer and Kenai have 
mean annual air temperatures of 37 °F and 34 °F, respectively. Temperatures in the study area rarely 
drop below -30 °F in winter or rise above 80 °F in summer. Mean temperatures for January for 
Homer and Kenai are 23 °F and 12 °F, and mean temperatures for July are 53 °F and 54 °F, respec­ 
tively.

Geologic Setting *

The physical makeup (including mineral composition, grain size, and grain packing); 
arrangement of lenses, beds, and formations; and structural features such as fractures, folds, and 
faults help control the location, movement, and natural quality of ground water. The geology of the 
Cook Inlet area has been studied extensively because the area contains rocks that yield oil, gas, and 
coal. Geologic studies by several investigators were helpful in evaluating the geohydrology of the 
water-supply aquifers in the study area. Martin and others (1915), Magoon and others (1976), 
Fisher and Magoon (1977), Sisson (1985), Bailey (1985), and Rawlinson (1986) describe the geol­ 
ogy and mineral resources of the Kenai Peninsula. Karlstrom (1964), Reger (1977), and Schmoll 
and others (1984) describe the glacial history and map the extent of the unconsolidated materials 
that yield most of the water to wells in the study area. The geologic histories and descriptions of 
rock materials making up water-supply aquifers were derived from these reports.

The study area and the oil- and gas-producing basin lie between the Kenai Mountains and an 
arc of volcanoes that form parts of the Alaska and Aleutian Ranges. The Kenai Mountains are gen­ 
erally made up of metamorphosed sedimentary and volcanic rocks of Jurassic and Cretaceous ages 
(shown as Brim, fig. 2). During Tertiary time, sediments accumulated in low areas. These sedi­ 
ments (Brs, fig. 2) are now partially hardened and partially cemented beds of sand, clay, coal, and 
ash and they form a basin in which oil and gas have collected. These rocks of Tertiary age are 
locally known as the Kenai Group: they are partially exposed along beach cliffs from Clam Gulch 
to the head of Kachemak Bay northeast of Homer and occur within about 150 ft of land surface 
throughout much of the lower peninsula. The thickness of these Tertiary rocks ranges from 0 ft at 
the Kenai Mountains to about 20,000 ft near Nikiski. Wells producing gas in the upper part of the 
peninsula are typically 3,000 to 8,000 ft deep, whereas wells producing oil are 10,000 to 15,000 ft 
deep.

During Quaternary time (and possibly during late Tertiary time), at least five major glacia- 
tions affected the study area as indicated by moraine locations and stratigraphy of the sediments 
deposited. Clay, silt, sand, and gravel were deposited or moved by glaciers, streams, lakes, and 
wind throughout the study area. The total thickness of these deposits ranges from 0 ft in hills north 
of Kachemak Bay and the Kenai Mountains to about 750 ft beneath Nikiski. The sediments making 
up these deposits are commonly interlayered and are unconsolidated, that is, the rock particles are 
loosely arranged and are not cemented together.

Sediments left by glaciers (Qmd, fig. 2) are commonly called "till" or "drift" and typically 
are poorly sorted, that is, they consist of rocks having a wide variety of particle sizes (clay, silt, 
sand, gravel, and cobbles) that are mixed together and lack stratification. Outwash and fluvial 
deposits (Qow) commonly consist of stratified sediments, chiefly sand and gravel with some silt

>   
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and clay intermixed, that were deposited by glacial meltwater streams, commonly across a plain 
below the terminus of an advancing or receding glacier. Sediments deposited by winds (Qes) con­ 
sist of thin layers of clay, silt, and sand. Materials deposited in lakes and estuaries (Qlf) consist 
mostly of silt and clay, but are commonly interlayered with materials deposited by streams (alluvial 
deposits, Qat) that contain abundant sand and gravel. In poorly drained areas having little topo­ 
graphic relief, peat has developed. The peat consists of partially to well-decomposed plants, com­ 
monly mosses, sedges, grasses, reeds, and shrubs.

GROUND-WATER CONDITIONS

Sources and Types of Available Ground-Water Data

Ground-water and well information in Alaska is maintained by the USGS in a database called 
Ground Water Site Inventory (GWSI). The database contains information on wells such as location 
(township, range and section; latitude and longitude; and lot and block); construction (such as 
depth drilled, casing type, length, and diameter; depth and types of openings); static water level; 
yield; types of rocks penetrated; and type of water use. Most of the information is from well drill­ 
ers' logs, but water levels in many wells have also been measured by USGS and ADNR-AHS per­ 
sonnel. Between January 1, 1990 and July 1,1993, information from 2,290 wells was entered into 
the database. As of July 1993, data from more than 4,680 wells in the Kenai Peninsula Borough 
were available in the database. Information from more than 3,700 wells in the upper peninsula and 
more than 690 wells in the lower peninsula is available (fig. 3). Maps showing more detailed loca­ 
tions of these wells are available from the District Chief of the U.S. Geological Survey in Anchor­ 
age.

Ground-Water Hydrology

An aquifer is defined as the saturated part of permeable geologic materials that is capable of 
yielding significant water to wells or springs. Rock materials differ in their abilities to contain and 
yield water, depending on the degree of compaction and amount of interconnected space (holes) in 
the rock material. The rock material may be consolidated or unconsolidated. The water can occur 
in and move through fractures in consolidated rock, in small openings between grains of unconsol­ 
idated materials (clay, silt, sand, gravel, and cobbles), or in large open caverns or conduits, such as 
the solution cavities found in limestone and dolomite. The various types of aquifers that are com­ 
mon in different parts of the United States are illustrated in figure 4.

An unconfined or water-table aquifer is one in which the upper surface of the aquifer is the 
water table (fig. 5). Under normal conditions, all permeable rocks below the water table are satu­ 
rated, and pressure at the water table is atmospheric. A confined or artesian aquifer is one that is 
overlain by materials of significantly lower permeability than those of the aquifer; this impedes the 
upward and downward movement of water between zones of more permeable materials. The water 
in the lower aquifer is thus "confined" under additional pressure, and, where the aquifer is tapped 
by a well, the water surface will rise in the well above the top of the aquifer to the level of the poten- 
tiornetric surface for that aquifer. Such a well is an artesian well, and, if the pressure is sufficient 
to raise the water above land surface, it is a flowing artesian well.

GROUND-WATER CONDITIONS 7
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Quaternary sediments. (Contours and geology from Freethey and Scully, 1980).
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Map unit Lithology Landforms and 
occurrence

Surface drainage,
infiltration, and

permeability
Potential for ground-water use

Qow Stratified sediments, chiefly 
Outwash sand and gravel with some 
and valley silt and clay intermixed, 
train Generally grades to finer 
deposits grained materials with

increasing distance from its
glacial source.

Forms as long, narrow deposits 
confined by the valley walls 
downstream from terminal 
moraines or as fans or other 
broad alluvial sheets of glacial 
outwash sediments immediately 
downstream from glaciers.

Surface drainage poor to moder­ 
ate, since relief is generally low. 
Infiltration moderate to good, 
due to coarseness of material and 
thin soil cover. Permeability 
moderate to good where coarse­ 
grained materials predominate; 
poor to moderate in finer grained 
sediments.

Ground-water potential depends on the 
extent and thickness of the deposit. 
Thickness usually limited in upper val­ 
leys. Recharge source is readily avail­ 
able. Occurs in unpopulated areas 
where few wells have been drilled. 
Ground-water availability probably 
poor to moderate.

Qal
Holocene 
flood
plains, ter­ 
races, and 
alluvial 
fans

Well stratified silt, sand, and Forms alluvial flood plains, allu-
gravel. Coarser grained 
materials near mountains 
grading to sand and silt 
away from mountains.

vial fans, and terraces along most 
streams. Long, narrow deposits 
too small to be shown at the map 
scale used.

Surface drainage, infiltration, 
and permeability moderate to 
good.

Ground-water potential usually good 
because of abundant sources for 
recharge and, normally, large saturated 
thickness. Wells drilled into this mate­ 
rial usually obtain adequate domestic 
supplies at less than 100 feet. A few 
yields greater than 1,000 gallons per 
minute have been reported.

Qlf Heterogenous mixtures of Forms channeled and terraced, 
Proglacial silt, sand, and gravel, inter- marsh and muskeg-covered flat 
lake and layered with more homoge- areas, typically in the lowest 
associated neous deposits of silt and parts of the basin, 
fluvial clay (lake deposition) and 
deposits sand and gravel (fluvial dep­ 

	osition).

Surface drainage poor, due to 
low relief; numerous lakes, 
marshes, and swamps are typi­ 
cal. Infiltration poor to good, 
depending on soil texture and 
type of surficial deposits present. 
Permeability good in coarse­ 
grained strata, poor in fine­ 
grained strata.

Ground-water potential moderate to 
good where surficial materials are 
coarse grained and thick. Many domes­ 
tic wells are less than 100 feet deep. 
Confined aquifers at greater depths 
have a potential for yields large enough 
for public supplies.

Quid
Moraines 
and other 
unsorted 
glacial drift

Qes
Sand 
dunes and 
other 
eolian 
deposits

Brim
Igneous 
and meta- 
morphic 
bedrock

Heterogeneous blend of 
gravel, sand, silt, and clay, 
and with discontinuous 
lenses consisting largely of 
well-sorted material.

Well-sorted windblown 
sand and silt deposits con­ 
taining some clay-size parti­ 
cles.

Igneous and highly meta­ 
morphosed rocks, usually 
well consolidated and 
dense; jointing and faulting 
common. Lower grade 
metamorphic rocks are less 
consolidated and less dense.

Forms hummocky terrain with 
muskeg-and marsh-filled depres­ 
sions, in places extensively dis­ 
sected by postglacial erosional 
processes. Typically occurs near 
the upland areas of basins where 
bedrock may be at shallow 
depths.

Numerous small loess deposits 
occur throughout the basin, gen­ 
erally as a thin mantle overlying 
thicker glacial deposits.

Underlies entire basin. Exposed 
in ridges and rounded hills near 
the foot of mountain ranges and 
on steep hills and peaks in the 
Kenai Mountains. Found at shal­ 
low depths in some places under 
Quaternary sediments near the 
mountain fronts.

Surface drainage moderate to 
good on slopes, poor in depres­ 
sions. Infiltration poor to good, 
depending on soil texture and 
grain size. Permeability poor to 
good, depending on amount of 
fine-grained materials.

Surface drainage poor to good, 
depending on relief. Infiltration 
moderate to good, except where 
deposits consist of silt. Perme­ 
ability poor to good.

Surface drainage very good. 
Infiltration poor to moderate. Pri­ 
mary permeability poor; second­ 
ary permeability in fault zones 
and jointed areas poor to moder­ 
ate.

Ground-water potential ranges from 
poor to moderate, depending on grain 
size of underlying material, saturated 
thickness, and availability of recharge. 
Typical domestic wells are finished in a 
relatively shallow lens of coarse­ 
grained material which yields enough 
water for a household supply. Few 
large yield wells have been drilled in 
areas underlain by this material.

Ground-water potential poor because 
deposits typically are thin and fine 
grained and are above the water table.

Ground-water potential poor because 
of low permeability and limited satu­ 
rated thickness. Many wells drilled into 
this type of material are dry. Ground- 
water yields are typically less than 5 
gallons per minute.

Brs
Sedimen­ 
tary bed­ 
rock

Well-consolidated to poorly Found at shallow depths beneath
consolidated sedimentary 
rocks, including arkose, 
graywacke, gravel con­ 
glomerate, sandstone, silt- 
stone, shale, coal, and 
limestone.

Quaternary sediments on the 
southern half of the Kenai Penin­ 
sula and in places near mountain 
fronts.

Surface drainage good. Infiltra­ 
tion poor to moderate. Primary 
permeability poor to good, 
depending on coarseness of 
material, type of cementation, 
and degree of consolidation. Sec­ 
ondary permeability in fault 
zones and joint systems, poor to 
moderate.

Ground-water potential poor where 
rocks are well consolidated or consist 
mostly of fine grained rock types such 
as siltstone, shale, or graywacke. 
Ground-water potential poor to good in 
poorly consolidated formations of 
coarse-grained sandstone and gravel 
conglomerate.

Explanation of geologic units on figure 2.
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Figure 3A. Location of selected wells, upper Kenai Peninsula.
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Figure 3B. Location of selected wells, lower Kenai Peninsula.
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Figure 4. Generalized occurrence of ground water in various types of aquifers. A Fractures and 
joints in igneous and metamorphic rocks, e, Solution cavities in limestone. C, Spaces between 
particles in unconsolidated sedimentary deposits. [From Molenaar, 1988.]

entiometric

Flowing .artesian well

Figure 5. Confined and unconfined aquifers. [Modified from Molenaar, 1988.]
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The level to which water will rise inside a well is known as hydraulic head. Ground-water 
levels are affected by recharge to and discharge from the aquifer. Recharge occurs when water from 
rain, snowmelt, streams, or lakes seeps into the aquifer. Discharge occurs when shallow water 
evaporates or transpires from plants, when water is pumped from an aquifer, and when water nat­ 
urally flows out of the ground at a spring or into a lake, stream, wetland, or ocean. All areas having 
permeable materials at the surface that are not fully saturated are capable of accepting recharge 
waters. Ground water flows from areas of recharge to areas of discharge, which have lower values 
of hydraulic head in comparison to their areas of recharge.

How much and how fast ground water flows though an aquifer depends upon the thickness, 
width, hydraulic conductivity, and porosity of the saturated material and the hydraulic gradient 
(differences in hydraulic head; flow is from higher head to lower). Hydraulic conductivity is a mea­ 
sure of the ability of the aquifer material to transmit a fluid, the viscosity of the fluid, and is, to 
some extent, an indicator of the shape, size, and arrangement of the spaces in the aquifer materials. 
Well-sorted coarse-grained materials have large, connected spaces and high hydraulic conductivi­ 
ties. Poorly sorted and fine-grained materials have smaller, partly connected spaces and lower 
hydraulic conductivities.

Water-Supply Aquifers of the Kenai Peninsula

Water is available to wells from bedrock and unconsolidated rock aquifers. The metamor­ 
phosed rock of Jurassic and Cretaceous ages (Brim, fig. 2) have little or no primary (intergranular) 
porosity: most water is contained and conducted through fractures. The Kenai Group (Brs) con­ 
tains beds of sand that are only partly hardened and cemented and thus has greater primary poros­ 
ity. The Kenai Group is exposed or occurs at shallow depths (generally less than 150 ft) throughout 
much of the lower peninsula. Oil and gas wells drilled near the Swanson River, about 18 mi north­ 
east of Kenai, penetrate the top of the Kenai Group approximately 600 ft below land surface, but 
the depth to bedrock may be as great as 750 ft near Nikiski. No water-supply wells in Nikiski or 
Kenai are known to yield water from bedrock, but several wells in Sterling may penetrate into bed­ 
rock and numerous wells in the lower peninsula yield water from bedrock. The median yield for 
123 wells penetrating more than 25 ft of bedrock was 7.5 gal/min, but less than 10 percent yielded 
more than 25 gal/min. Water in the Kenai Group may be unconfined or may be confined by silty 
claystones within the Kenai Group or by glacier till.

Most of the water used on the peninsula is obtained from unconsolidated aquifers made up 
of complexly interlayered deposits of glacial, outwash, fluvial, lacustrine, and eolian origins. The 
composition and hydrologic properties of these deposits differ greatly over short horizontal and 
vertical distances. Thus, the depths, yields, water levels, and water quality of closely spaced wells 
are commonly dissimilar. The lacustrine and eolian deposits are commonly fine grained and pro­ 
vide little water to wells. Glacial tills contain large proportions of silt and clay, but in most places, 
saturated zones (thin beds, thick layers, or narrow stringers) of sand and gravel are present that 
yield water to wells at rates sufficient for domestic purposes. Deposits of sorted and stratified sand 
and gravel associated with streams are present within the till. These sand and gravel zones are com­ 
monly elongated and can be as much as several tens of feet thick. Because of the complex nature 
of deposition, it is difficult to map and predict the extent of coarse-grained glacier and 
coarse-grained stream deposits without extensive drill-hole information. Wells completed in gla­ 
cier or stream deposits having thick saturated zones of sand and gravel may yield water at rates 
greater than 1,000 gal/min.
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Throughout much of the upper peninsula, thick zones or layers of silt and clay occur within 
the saturated unconsolidated sediments, creating "confining" conditions in lower zones of perme­ 
able sand and gravel. Some areas having thick unconsolidated sediments may have more than one 
confined aquifer. For example, at an industrial area about 4 mi southwest of Nikiski, two extensive 
silt and clay layers occur (fig. 6). The top of the upper confining layer is about 100 ft below land 
surface and the top of a lower confining layer is about 200 ft below land surface. The lower silt and 
clay unit is more than 100 ft thick. Only a few wells have been drilled into the lower confined aqui­ 
fer and the aquifer is poorly defined away from the industrial area it may actually consist of many 
interconnected lenses and layers of sand and gravel at depths greater than 300 ft below land sur­ 
face.

Unconfined aquifer <

r^^^^J^?'^' ̂ Srr^'^V' *''   o'.'  '  '* /' '' Sand and gravel c

. . .....-..«. 0 -_.«'.   ..   ° .    '    ».   »-   -  «.   ».«« - ...«. ».o«-. - .». ».»« - -».»
^..   f Sand and gravel;; -    '.- -,,' -i : '. ',    t ,' -i:''.° \-       « -

o *>. a e

Figure 6. Generalized geology and aquifer conditions In the Nikiski area (vertical 
distance is greatly exaggerated). [From Freethey and Scully, 1980.]

The relations between type of water use and well yield and well depth are shown in figure 7. 
Domestic wells generally have well casings that are open only at the bottom of the wells. Depths 
of wells used for domestic water supply are similar in the upper and lower peninsula: the median 
well depths are 65 and 71 ft. However, domestic wells in the upper peninsula are capable of yield­ 
ing much more water than those on the lower peninsula. The median value of yield for domestic
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wells in the upper peninsula is 15 gal/min, whereas the median value in the lower peninsula is only 
6 gal/min. Public-supply, commercial, and industrial wells are drilled to depths necessary to yield 
water at rates sufficient for their water use, and are commonly screened wells. The median values 
of yield for public supply, commercial, and industrial wells in the upper peninsula are 50, 30, and 
58 gal/min, respectively. The maximum yield reported is 4,000 gal/min from a 317-foot deep 
industrial well (SB00701221DDBC2 008) near Nikiski. The median values of yield for public sup­ 
ply, commercial, and industrial wells in the lower peninsula are 19, 8, and 15 gal/min. The maxi­ 
mum yield reported for a well in the lower peninsula is 480 gal/min from a 57-foot deep 
commercial well (SC00601321DACA1 012) at the Homer Airport.

Observation or monitoring wells are commonly used to detect or monitor contamination, to 
help determine directions of water flow, or to determine fluctuations in ground-water levels. 
Because most contamination originates from or near land surface, most contamination-monitoring 
wells are shallow.

Ground-Water Levels

Graphs showing water levels as a function of time in several wells representative of condi­ 
tions throughout the peninsula indicate that in shallow wells seasonal changes are small, generally 
less than a few feet (fig. 8.). Variations in water levels are much larger in deep wells in Nikiski, 
Kenai, and Soldotna that are open in confined aquifers from which large volumes of water are 
pumped. Commonly, ground-water levels are lower during February through April than during 
May through August; however, high and low water levels can occur in any month. The median 
depths to water in domestic wells are 35 ft in the upper peninsula and 30 ft in the lower peninsula.

Some wells have water levels that show medium-term trends (about 5 years in length) that 
generally follow trends in precipitation; others show no trend. Few wells show long-term (greater 
than 10 years) trends in water levels. Water levels in a 90-foot-deep well (SB00701226BAAA7 
003) (fig. 8) west of Cabin Lake in the Nikiski area have fluctuated about 10 ft between 1979 and 
1993.

Direction of Ground-Water Flow

The general slope of the water table or potentiometric surface over a broad area indicates the 
general direction of ground-water flow. Water flows from areas of recharge to areas of discharge in 
response to differences in hydraulic head.

The altitudes of water levels in wells on the peninsula varied widely because some wells may 
tap perched, confined, or semi-confined parts of the unconsolidated aquifer; most well locations 
and altitudes of land surface are imprecisely known; and ground-water levels were measured over 
many years and during all seasons. On a regional scale, ground water generally moves through the 
unconsolidated aquifer system from topographically high areas toward topographically lower 
areas. However, because the size, sorting, and origin of the aquifer materials differ greatly even 
over short horizontal and vertical distances localized ground-water flow systems are complex. 
Ground water discharges naturally to wetlands, lakes, rivers, and Cook Inlet, and directly to the 
atmosphere by evaporation and transpiration.
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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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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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Figure 9A. Waste-disposal sites and locations of impaired ground water, upper Kenai Peninsula. 
[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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Figure 9B. Waste-disposal sites and locations of impaired ground water, lower Kenai Peninsula. 
[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 (jim) 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 ((iS/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-

1000

Dissolved solids = (0.575) (Specific conductance) + 27

200 400 600 800 1000
SPECIFIC CONDUCTANCE, IN MICROSIEMENS PER CENTIMETER 

AT 25 DEGREES CELSIUS

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 |J,S/cm. The mean value of specific conductance for ground 
water within the study area was 336 u.S/cm, about equal to 224 mg/L of dissolved solids. The 
median value of specific conductance was 219 |J,S/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 |LiS/cm, and a median value of 21 |J,S/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 (CaCO3). 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 CaCO3 ; 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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Base from U.S. Geological Survey, Kenai 1:250,000, 1958

Figure 11 A. 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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  8.5 or greater

Base from US. Geological Survey, Kenai 1:250,000, 1958

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.
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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 (CaCCy. 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 CaCC>3 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 SiO2, 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 
(meq/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

$ #
CRLCIUM CHLORIDE, FLUORIDE, N02 + N03 

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 (NO3~) concentration of 10 mg/L as N is equivalent to 44 mg/L 
as NC>3~. 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 (SB00701201ABCC1 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 [ig/L. 
Eight percent of the wells sampled yielded waters having concentrations of arsenic greater than 
50 [LgfL (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 |ig/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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Figure 19B. Dissolved nitrite plus nitrate in water from wells, lower Kenai Peninsula.
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Figure 20A. Dissolved arsenic in water from wells, upper Kenai Peninsula.
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Figure 20B. Dissolved arsenic in water from wells, lower Kenai Peninsula.
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ilar to that found by USGS and ADNR-AHS: however, concentrations reported were as great as 
110 fJ-g/L. Public water systems in Homer, Kasilof, Soldotna, Sterling, Anchor Point, and Kenai 
have yielded water having arsenic concentrations greater than 50 fJ.g/L. Concentrations of dis­ 
solved arsenic in water from wells less than 85 ft deep are generally less than 10 fJ.g/L.

Boron and selenium, when present in high concentrations in irrigation water, are detrimental 
to plants. Because few analyses were made, analytical results are not listed in the appendix. Con­ 
centrations that were observed in ground water in the peninsula are low and not harmful to plants. 
The highest concentrations of boron and selenium were 450 and 3.5 fJ.g/L, respectively.

Iron and manganese commonly are present in many types of rocks and may dissolve into 
water under chemically reducing conditions present in parts of the ground-water system. They 
have similar chemical properties and are objectionable in water supplies because of their taste, 
staining of plumbing fixtures, spotting of laundered clothes, and accumulation of oxide deposits in 
distribution systems. Maximum recommended concentrations for iron and manganese in drinking 
water are 300 fJ,g/L and 50 fJ.g/L, respectively. Fifty-six of 122 wells sampled (46 percent) yielded 
waters having concentrations of iron greater than 300 fj,g/L (fig. 21) and 77 of 121 wells (64 per­ 
cent) yielded waters having concentrations of manganese greater than 50 |ig/L. The mean concen­ 
trations of dissolved iron and dissolved manganese are 2,800 and 218 jig/L. The median 
concentrations of dissolved iron and manganese are 210 and 110 fig/L. Concentrations of dissolved 
iron and manganese vary widely and can be high in water from wells of all depths.

Organic Compounds

All natural waters contain some compounds that contain carbon, but concentrations of 
organic compounds are usually much lower than concentrations of inorganic constituents. The 
composition of natural organic materials in ground water is similar to the decomposed wood, 
leaves, grasses, peat, and coal through which the water passed. These natural organic compounds 
commonly give ground water in the peninsula a yellowish color and undesirable taste and odor. 
Other naturally occurring organics include organisms such as algae, diatoms, and bacteria. In some 
places on the peninsula, ground water may also contain man-made organic compounds such as oil 
and gasoline products, herbicides, insecticides, cleaners, disinfectants, polishes, paints, and preser­ 
vatives. Some organic compounds are toxic to humans, animals, and plant life, even at small con­ 
centrations.

The most common type of contamination in Alaska is caused by spilling or leaking of fuel 
products (Munter and Maynard, 1987). Petroleum-derived fuels are complex mixtures of organic 
compounds, predominantly hydrocarbons, with varying compositions dependent on the source of 
crude oil and the refining process. Benzene, toluene, ethylbenzene, and xylenes are commonly 
associated with gasoline, kerosene, and diesel fuels and have primary maximum contaminant lev­ 
els of 5 ^ig/L, 1,000 ^ig/L, 700 ^ig/L, and 10,000 ^ig/L, respectively.

In the upper peninsula, water from 10 wells sampled by USGS and from 11 wells sampled by 
ADNR-AHS for benzene, toluene, ethylbenzene, and xylenes had concentrations below analytical 
detection levels (0.2 or 0.3 fig/L). Results of water analyses to determine benzene concentrations 
from 394 wells (355 wells in the upper peninsula and 39 wells in the lower peninsula) were avail­ 
able in ADNR-AHS's water-quality database (fig. 22). Most of these wells are monitoring or 
domestic wells near known or potential fuel-spill sites. Most wells (273 of 394 wells) yielded no 
detectable concentrations of benzene, but 119 (1 OS from the upper peninsula, 14 from lower pen-
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Figure 21 A. Dissolved iron in water from wells, upper Kenai Peninsula.
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Figure 21 B. Dissolved iron in water from wells, lower Kenai Peninsula.
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Figure 22A. Benzene in water from wells, upper Kenai Peninsula.
(Data from Alaska Departments of Natural Resources and Environmental Conservation.)
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Figure 22B. Benzene in water from wells, lower Kenai Peninsula.
(Data from Alaska Departments of Natural Resources and Environmental Conservation.)
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insula) yielded water having a benzene concentration equalling or exceeding the maximum con­ 
taminant level. Of the 20 sites listed by ADEC (1992) as having impaired ground water, 19 were 
impaired by petroleum products and (or) chlorinated solvents. Sites having high concentrations of 
benzene (greater than 5 |ig/L) in ground water include petroleum refineries and fuel-storage facil­ 
ities in Nikiski and areas near leaking fuel-storage tanks in Nikiski, Soldotna, Sterling, and Anchor 
Point. Spills and discharges into shop floor drains were other causes that led to concentrations of 
petroleum products or chlorinated solvents exceeding the maximum contaminant level.

In Anchor Point, leakage and (or) spillage of fuel created a plume of degraded water about 
1,000 ft long and as great as 250 ft wide beneath the central part of the community and has nega­ 
tively affected nine wells used to supply drinking water (Alaska Department of Environmental 
Conservation, 1988). Concentrations of benzene as great as 206 |ig/L have been determined in 
water from a well in Anchor Point. A 19-foot deep well (SC00501504ACCB2 017) was drilled in 
1988 to supply water to those affected by the contaminated ground water (Petrik, 1991).

SUMMARY AND CONCLUSIONS

Ground water is the predominant source of water supply for the residents, businesses, and 
industries in the western part of the Kenai Peninsula. Continued development in the area has 
increased the demand for this resource while introducing factors that may impair the quality of pota­ 
ble water available. These factors include spills and leaks of fuel products, discharge of domestic 
wastewater, and discharge of industrial wastes.

Almost all ground water in the upper peninsula is from unconsolidated sediments, whereas 
ground water in the lower peninsula is from unconsolidated sediments and from bedrock. The max­ 
imum thickness of unconsolidated sediments is about 750 ft. Well yields greater than 1,000 gal/min 
have been obtained in Nikiski where thick saturated zones of sand and gravel are present. Wells 
obtaining water from bedrock generally have yields less than 8 gal/min. Ground-water flow gener­ 
ally follows surface topography but is controlled by local permeabilities of aquifer materials.

Analyses of water samples from more than 300 wells in the western part of Kenai Peninsula 
showed water ranging from excellent quality (low concentrations of dissolved solids and potentially 
harmful trace constituents) to marginal quality (high in dissolved solids and approaching or exceed­ 
ing established regulations for several constituents). In general, poorer quality water was near the 
coast. Water from 9 of 113 wells sampled exceeded the primary drinking water regulations for 
arsenic, 50 |ig/L. Water from 46 percent of wells sampled yielded concentrations of iron exceeding 
secondary regulations and 64 percent of wells yielded concentrations of manganese exceeding sec­ 
ondary regulations. Background concentrations of nitrate and selected fuel-related organic com­ 
pounds are low or absent in ground water throughout the peninsula. Fresh water occurs in most 
areas at depths less than about 100 ft and is most commonly calcium magnesium bicarbonate type. 
However, brackish and saline waters can be present at depths greater than 450 ft. A few wells 
throughout the peninsula may yield water having the "rotten-egg*' odor of hydrogen sulfide.

Contamination of ground water with petroleum products and (or) chlorinated solvents has 
been documented at 19 sites. The most common sources of contamination by petroleum products 
and chlorinated solvents in the Kenai Peninsula include underground storage tanks, petroleum 
handing facilities, petroleum and chemical refineries, spills, and discharges into drains. Part of 
Anchor Point is underlain by fuel-contaminated ground water and a new well had to be drilled out­ 
side of the affected area to supply water to area residents.
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GLOSSARY

Alkalinity. The capacity for solutes contained in a solution to react with and neutralize acid.

Aquifer. The saturated part of permeable geologic materials that is capable of yielding significant 
water to wells or springs.

Confined (artesian) aquifer. An aquifer bounded above and below by impermeable beds, or by 
beds of distinctly lower permeability than that of the aquifer itself.

Dissolved solids. The quantity of dissolved material in a sample of water, either the residue on 
evaporation, dried at 180 °C, or, for many waters that contain more than about 1,000 parts per 
million, the sum of determined constituents.

Hardness. A property of water causing formation of an insoluble residue when the water is used 
with soap, and forming a scale in vessels in which water has been allowed to evaporate.

Hydraulic conductivity. A measure of the ability of the aquifer material to transmit a fluid, the 
viscosity of the fluid, and is, to some extent, an indicator of the shape, size, and arrangement 
of the spaces in the aquifer materials

Hydraulic gradient. In an aquifer, the rate of change of total head per unit of distance of flow at 
a given point and in a given direction.

Hydraulic head. The height of the free surface of a body of water above a given subsurface point. 

pH. The measure of the alkalinity or acidity of a solution. Values higher than 7 denote increasing
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alkalinity; values lower than 7 denote increasing acidity.

Potentiometric surface. An imaginary surface representing the total head of ground water and de­ 
fined by the level to which water will rise in a well. The water table is a particular potentio- 
metric surface.

Specific conductance. Measure of the capacity of water to conduct electric current and is used to 
estimate the total dissolved constituents in water. It is measured in microsiemens per centime­ 
ter (|LiS/cm) corrected to 25 degrees Celsius.

Unconfined aquifer. An aquifer having a water table, containing unconfmed ground water (i.e., 
water not confined under pressure beneath relatively impermeable rocks).
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APPENDIX

Quality of ground water from selected wells in the Kenai Peninsula

Table A. Physical properties and field measurements 
Table B. Major inorganic constituents, dissolved 
Table C. Nutrients, dissolved 
Table D. Metals and trace elements, dissolved
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