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WATER RESOURCES OF THE
KENAI—SOLDOTNA AREA, ALASKA

5y Gary S. Anderson and Stanley H. Jones

SUMMARY

eyater is abundantly available throughout the Kenai-Soldotna
but its poor quality in some areas and the high cost

area,
present restrictions or interpose

-f development either

economic considerations on its use.

ater use during 1970 was approximately 1,260 million

almost entirely supplied from wells. The major
plants, which pumped 890 million

*Total w

gallons,
water users were industrial

gallons during 1970.

*srecipitation is the principal source of all potable watér.

Precipitation averages 19.91 inches per year at the Kenai

However, total precipitation was greatly deficient

Airport.
By November 1969 the net defi-

for the years 1968 to 1970.
ncy was 18.16 inches, a loss of almost one normal year's

cie
precipitation in less than 2 calendar years.

study area is underlain by the Kenai Group of Tertiary
and unconsolidated glacial deposits of Quaternary age.
incipal source of ground water is from glacial outwash

*The
age

The pr
and unconsolidated alluvial sediments of Quaternary age.

*The Kenaj-Soldotna area is drained by glacial and nonglacial

streams that differ markedly in their total volume and in

their seasonal variability of flow. The Kenai River (glacial)

at Cooper Landing has an average annual runoff of 58.4 inches
éand Beaver Creek (nonglacial) near Kenai, 6.59 inches.

*The major sources of runoff are snowmelt in the spring,
<lacial melt during the summer, and rain during the fall. _



*Most streams have well-sustained low-flow periods because g¢f
ground-water and lake storage. Streams having sustained 1o
flow have good potential for surface-water development.

*Lowest measured streamflows range from 0.12 to 0.38 cfs per
sq mi. (cubic feet per second per square mile). The prob-
ability is one chance in five (20 percent) that the average
discharge for 30 days during a particular year will be less
than 1,000 cfs (cubic feet per second) on the Kenai River
at Soldotna.

*Highest measured streamflows range from 1.37 cfs per sq mi.
on nonglacial streams to 33.9 cfs per sq mi. on glacial
streams.

*The numerous lakes in the study area form an important part
of the total water resource. They are glacial in origin

and are distributed throughout the areas mapped as glacial
moraine and drift. In morainal material the lakes are
perched above the regional ground-water table, but in drift
they occupy depressions that extend below the ground-water
level. During the period 1967 to 1970, water levels in lake
basins overlying drift deposits declined as much as 6 feet
largely because of the drought conditions of 1968 and 1969.

*A water-table and an artesian aquifer generally occur
throughout the study area. The artesian aquifer is the
principal source of ground water.

*Principal recharge to the ground-water reservoir is from
local precipitation.

*Ground-water runoff during 1969 and 1970 from the Beaver
Creek basin is estimated to be 4 inches per year.

*Ground-water flow rates are low.



*Ground water is discharged by surface springs, streams,
evaporation, transpiration, submarine springs, wells,
artificial drains, and vertical leakage.

*water-level fluctuations are an index to seasonal and long-
term changes in ground-water storage. Ground-water levels
have been generally declining since 1968, in both water-
table and artesian aquifers, mainly because of drought
conditions but also in the artesian aquifers because of
pumpage.

*Decreases in ground-water storage from 1967 to 1970 are
related to the precipitation deficiency during this period.

*Domestic ground-water supplies can be developed throughout
the study area; most of the domestic wells are 100 feet or
less in depth, but many have water of poor quality.

*High-capacity industrial and municipal ground-water supplies
are commonly difficult to obtain. The most favorable areas
for high-yield wells have been in glacial outwash deposits
of North Kenai and the buried outwash of the Beaver Creek
and Kenai River valleys.

°Yields from wells in the artesian aquifers of North Kenai
range from 200 to 1,400 gpm (gallons per minute). Industrial
pumpage is causing a decline of artesian water levels; how-
ever, the declines are not sufficient to cause serious
problems, and preliminary estimates of basin yield indicate
that recharge is greater than pumpage.

*Drought conditions from 1968-1970 are believed to be the
principal cause of water-level declines in the water-table
aquifer and the lakes. However, ground-water pumpage from

the North Kenai artesian aquifer may be contributing to the
decline. )



*The water-table aquifer near Kenai contains large amounts of
ground water; however, the artesian aquifer is poorly defineg
and only a few low-yielding wells penetrate it. Both aqui-
fers have had restricted development because of objectionable
quantities of iron, dissolved minerals, or organic material,

*Well yields of the Beaver Creek artesian aquifer are as much
as 1,000 gpm. The Beaver Creek valley should have good
potential for development. Conflicts in water use can be
avoided by proper management.

*Well yields of the Soldotna artesian aquifer range from

10 to 500 gpm. Ground-water pumpagde is causing local decline
of the potentiometric surface; however, such a decline is
normal and no adverse effects are anticipated provided future
high-capacity wells are spaced to minimize mutual interfer-
ence.

*Dissolved mineral constituents and physical properties of
water that are objectionable in the study area include:
iron, chloride, dissolved solids, color, odor, and turbidity.

*The highest and most objectionable iron content occurs in
water-table aquifers near Kenai.

*The artesian aquifer can be separated into an area of
generally satisfactory quality and an area of generally
unsatisfactory quality.

*Artesian water of satisfactory quality comes from 60 to 300
feet below land surface and occurs inland from the coast.
It is generally the best water in the area.

*Artesian water of unsatisfactory quality ranges in depth
from 100 to 450 feet.below land surface and occurs near the
natural discharge areas. Many samples from this zone have
dissolved-solids contents of more than 250 mg/1 (milligrams
per liter) or color of more than 75 units. '



esurface water is generally of good quality; however, nongla-
cial streams have excessive iron and color and glacial
streams are heavily laden with glacial flour.

*The sediment concentrations and total sediment discharge of
glacial streams in the Kenai-Soldotna area are relatively
small in relation to the amount of stream discharge. However,
these streams do contain fine suspended-sediment concentra-
tions throughout the year; the resulting turbidity makes the
water undesirable for some uses.

*Measured surface-water temperature in the Kenai-Soldotna
area ranges from near freezing to 17°C (62°F).

*Observations during a period of low flow and maximum tides
in the Kenai River indicate that a salt-water wedge encroached
to Eagle Rock, 12 miles above the river mouth.

*Domestic water requirements should double by 1977; however,
this projected demand can probably be satisfied by individual
domestic ground-water wells.

*Projected industrial requirements may increase the demand by
4.5 mgd (million gallons per day) in the foreseeable future.

*Expanded industrial development in North Kenai may reguire
new sources of water or proper management of the present
source.

*Additional ground water is probably available from water-
bearing deposits underlying the cities of Soldotna and Kenai
and from the Beaver Creek valley and the Kenai River valley
downstream from Soldotna.

*The development of additional ground-water sources will
require proper management of the reservoir including
continual inventory of components in the hydrologic cycle
and definition of the undesirable results of pumping that
must be avoided.



*Maximum use of ground-water reservoirs cannot be achieved
by holding the storage constant; it is achieved by drawing
on storage during dry years, but only to the extent that
the storage can be replenished during wet years.

*The largest untapped source of water is the Kenai River.
However, it is heavily laden with glacial flour and treatment
would be required. It would be desirable to develop a.uni-
fied water system using ground water in conjunction with
surface water for temperature control and to supplement the
surface water during times of heavy load on treatment facil-
ities, such as during periods of peak sediment concentration.

*A unified system can be envisioned to include: (1) Several
million gallons per day supply of surface water from an infil-
tration gallery or run-of-the-river intake of water from the
Kenai River somewhere above Eagle Rock, (2) 3 mgd from water
wells near Soldotna, (3) 3 mgd from ground-water wells in
Beaver Creek valley, and (4) 2 to 6 mgd from ground-water
wells near North Kenai.



INTRODUCTION

Purpose and Scope

This report summarizes the results of a water-resources
jnvestigation in the Kenai-Soldotna area by the U.S. Geolog-
jcal Survey in cooperation with the Kenai Peninsula Borough.
The investigation was started in July 1967 and expanded in
1969 and 1970 to include cooperation with the city of Kenai.

The purposes of the investigation were: (1) To provide
a general areawide appraisal of the water resources, (2) to
appraise the availability and quality of municipal and
jndustrial water supplies, and (3) to evaluate the effects
of industrial pumpage in North Kenai. The information
obtained during the study will be useful in future water-
resources development and management. Much of the area is
now undeveloped but part is developing at a rapid pace.
There has not been sufficient time to evaluate comprehensi-
vely the long-term effects of this progressive development on
the water resources.

The work was done under the supervision of Harry Hulsing,
district chief, U.S. Geological Survey, Alaska District.

Location and Extent of the Area

The Kenai-Soldotna area, as defined for this report,
encompasses approximately 900 square miles on the east shore
of Cook Inlet and includes the communities of North Kenai,
Kenai, Soldotna, Sterling, and Kasilof (fig. 1).
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History of Water-Resources Development

and Investigations

In the study area, original domestic water supplies were
obtained from surface water or shallow dug wells. The first
known deep water well in the area was drilled to a depth of
187 feet at the Kenai Federal Aviation Administration Station
in 1943. This well produced a small quantity of water, which
was reported to be too salty for use. Consequently, water
continued to be obtained from shallow dug wells, lakes, and
small streams. During the early 1950's, several wells,
ranging in depth from 50 to 700 feet, were drilled by cable-
tool methods. More recently, wells producing as much as 300
gpm of good quality water have been drilled near Soldotna,
along the Kenai River valley, and in North Kenai. However,
the wells drilled near Kenai have all produced only small
amounts of poor quality water. The U.S. Army Corps of
Engineers has conducted ground-water investigations and dril-
led wells at Wildwood Air Force Base from the early 1950's
to the present (1970), but these wells have had small yields.

The first municipal water-distribution system in the
area was constructed at Kenai in 1964. By 1968 it included
10 shallow wells that produced 35 to 50 gpm each. Also
during the 1960's, three subdivision systems that obtained
water from wells were constructed. In 1970, the city of
Kenai built a reservoir, to insure water for fire demands,
on a small unnamed tributary to Cook Inlet. To date, this
reservoir has not beéen used, but it is the only major attempt
to utilize surface water.

Pumpage of ground water for industrial use started in
North Kenai in 1962, and industrial requirements accelerated
from 1966 to 1970 (fig. 2). An intensified exploration pro-
gram for developing ground water was conducted by Dames and
Moore for Collier Carbon and Chemical Corp. (Dames and Moore,
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Figure 2.--Ground-water use, by year,
in the Kenai-Soldotna area.

1967). As a result of their study, three wells were construc-
ted, each capable of pumping from 1,000 to 1,400 gpm, the
largest well yields in the area.

In 1967, the Kenai Peninsula Borough recognized the need
for comprehensive water-resources information and arranged
for the U.S. Geological Survey to initiate a cooperative
study. Information obtained through 1970 is summarized in
this report. Earlier reports resulting from the cooperative
study include progress reports (Anderson and Jones, 1968 and
1969) and a hydrologic basic-data release (Anderson and
Jones, 1971).

In 1968, Adams, Corthell, Lee, Wince, and Associates
prepared a comprehensive water and sewer report for the city
of Soldotna. Their report discussed results of test drilling
near the city and recommended drilling a production well for
municipal supply.

10



In 1569, the city of Kenai and the U.S. Geological
survey cooperated in a ground-water exploration program in
Beaver Creek valley east of Kenai. Tests indicate the aqui-
fer is capable of yielding 1,000 gpm to individual wells.

The results of this study were summarized by Anderson (1971).
The city of Kenai has since constructed a production well

in Beaver Creek valley; this now satisfies their municipal
water requirements of approximately 400 gpm.

Tryck, Nyman and Hayes (1970) prepared a comprehensive
water and sewer report that presented general conclusions and
recommendations pertaining to future growth and development
and the related water systems for the Kenai Borough. Also,
other private consultants have made studies that have aided
in the planning and development of water resources within
the study area.

During 1970, the total ground-water withdrawal in the.
Kenai-Soldotna area was approximately 1,260 million galions
(3.4 mgd). Of this total, 890 million gallons were used by
the six major industrial plants and associated service compa-
nies. This industrial water was obtained from 16 wells
ranging in depth from 74 to 308 feet and in yield from 300 to
1,400 gpm. The remaining 370 millior gallons were withdrawn
by small industrial plants, trailer courts, public facilities,
Wildwood Air Force Ease, private residences, and the city of
Kenai. This water was produced from approximately 2,000
wells, mestly private with small yields, altrnough the city
of Kenai well is capable of producing 800 gpm.

CLIMATE

The Kenai-Soldotna area lies in a transitional climate
zone influenced by both maritime and continental factors
(Watsen, 1959). Althcugh the long-term averace precipitation
at Kenai is 19.91 inches per year, both the yearly (fig. 3)
and the monthly (fig. 4) precipitaticr vary greatly, with the



greatest amount of precipitation in August and September ang
the least in April and May.

The maximum range in temperature at Kenai, from -44°C
(-48°F) to 34°C (93°F), is typical of a continental climate.
The mean annual temperature is 0.7°C (33°F) and the average
temperature during the warmest month of the year, June, is
12.1°C'(53.7°F). The maritime climatic effects commonly
cause some days of above-freezing temperatures during the
winter months.

Of special significance to this investigation is the
yearly precipitation since 1962 (fig. 3). The precipitation
from 1963 through 1967 averaged 23.07 inches per year, or
3.16 inches per year above normal. The precipitation for
1968 and 1969 averaged 11.28 inches per year or 8.70 inches
per year below normal, which was the greatest 2-year defi-
ciency during the period 1950-70. Figure 5 illustrates the
accumulated precipitation since January 1968 compared to the
long-term (22 year) average cumulative precipitation; the
difference between the two curves is the net deficiency. By
November 1969 the net deficiency was 18.16 inches, which is
almost equivalent to the loss of one year's normal precipita-
tion in two calendar years.

Evaporation is not measured in the Kenai-Soldotna area,
but data from the Matanuska Agricultural Experiment Station
near Palmer (fig. 1) are included in figure 4 because general
weather conditions are similar and the seasonal distribution
of evaporation can be assumed to be similar. The period of
maximum evaporation coincides with the period of minimum pre-
cipitation, and the minimum evaporation during the growing
season coincides with the maximum precipitation. These
coincidences resuit in a smaller water loss by evaporation
than would result if the period c¢f maximum evaporetion coin-
cided with the pericd of highest precioitation or if precipi-
tation were distributed more evenly throughout the year.

12
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GEOLOGIC UNITS AND THEIR
HYDROLOGIC CHARACTERISTICS

The area is underlain by the Kenai Group of Tertiary
age and unconsolidated glacial deposits of Quaternary age,
whose areal distribution and general physical properties are
shown on plate 1. A generalized stratigraphic section of the
water-bearing rocks is given in table 1. The following
discussion is partly adapted from Karlstrom (1958 and 1964).

Kenai Group

The Kenai Group crops out in sea cliffs and river bluffs
near the southern border of the study area, dips to a depth

15



Table 1.--CGeneralized stratigraphic section of the water-bearing

sediments in

the Kenati-Soldotrna crea.

Surficial,
unconfined,
or shallow
aquifer

Confining
unit

Principal
artesian or
confined
aquifer

Confining
unit with
discontin-
uous water-
bearing
zones

Minor
aquifer

Sand and gravel, silt and peat. Composed
of all the deposits mapped on plate 1.
Commonly overlain by silt or peat. Thick-

ness of surficial depesits 20-100 feet.

Clay, silt, poorly sorted clayey gravel,
complexely interbedded; low permeability.
Composed of estuarine, ice-contact, and
glaciomarine deposits 20 to 100 feet
thick. Rare permeable and water-bearing
lenses of sand and gravel.

Sand, gravel, silt, and clay, complexely
interbedded.
aquifers. Aquifer from a few to 100 feet
thick, absent in some places.

Includes principal artesian

Clay, silt, fine silty sand; complexely
interbedded; moderate to low permeability.
Contains thin, discontinuous permeable

~and water-bearing lenses of sand.

Kenai Grcup, interbedded sand, silt,

clay, and coal. Contains water-bearing

strata generally of low permeability.

16



of more than 700 feet below land surface near Kenai, and
slopes upward to within 300 feet of land surface at the
northern border of the study area. However, no outcrops are
large enough to map at the scale of plate 1. The Kenai Group
consists of alternating strata of moderately indurated sand,
si1t, clay, and lignite; in many respects it is similar to
the glacial deposits. No wells are known to produce water
from the Kenai Group in the study area; however, south of the
¢tudy area, wells do produce from this formation. Although
the physical characteristics of the Kenai Group are well
understood from oil and gas exploration, its water-bearing

properties are poorly known.

Unconsolidated Quaternary Deposits

Unconsolidated deposits in the area are made up of debris
remaining from at least three glaciations during the Pleisto-
cene Epoch. In addition to drift (a general term for all
deposits of glacial origin) derived from these glaciations,
there are minor amounts of wind-laid deposits of Pleistocene
agé and lake and swamp deposits and alluvium of Pleistocene
and Holocene (post-glacial) agé.

For this report, drift is divided into glacial moraine,
glacial drift undifferentiated, outwash-plain, coastal plain,
and deltaic deposits; the alluvium is subdivided into terrace,
flood-plain, and abandoned-channel deposits. Lake, swamp,
and eolian deposits are not mapped because they occur as thin
veneers on the above-differentiated sediments.

Not all unconsolidated deposits in the study area can be
classified precisely. Locally, moraine and outwash deposits
are intimately associated and are mapped as undifferentiated
glacial drift. The morainal deposits are transitional to
outwash and shore deposits, which are, in turr, transitional
to aliuvium. Nevertheless, at most places the unconsolidated
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deposits differ from each other in form, physical character-
istics, and water-bearing properties.

The details of the Quaternary history are complex, and
the sequence of subsurface sediments has not been firmly
established. However, some generalizations can be made.
Each time the area was glaciated a succession of till, out-
wash, alluvium, and estuarine or lacustrine clay and silt
beds was laid down. The deeper unconsolidated sediments are
predominantly sand, silt, and clay, indicating long periods
of land submergence. In general, the coarse, well-sorted
sediments are found near the morainal deposits and comprise
or 1lie beneath the terrace, flood-plain, abandoned-channel,
deltaic, or outwash-plain deposits.

Ground water in the unconsolidated deposifs occurs in
the openings between the rock particles; hence, the hydro-
logic properties of these deposits differ according to
particle size and shape, sorting, and packing of the constit-
uent materials. In general, the porosity, permeability, and
specific yield of coarse-grained sediments, such as sand and
gravel, are high, especially if these materials are well
sorted. The porosity of fine-grained sediments, such as silt
and clay, commonly is high also, but because most of the
water in the numerous small pores is bound by molecular
forces, these sediments are Tairly impermeable and have a
low specific yield. Sediments made up of poorly-sorted
materiais have a low porosity, permeability, and specific
yield, especially if the particles are firmly packed.

HYDROLOGY

The circulation of the water from the sea through the
atmosphere, to the land, and back to the sea is called the
hydrologic cycle (fig. 6). Precipitation is the source of
frash-water supplies. Of the precipitation that reaches the
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ground, part evaporates, part is stored in lakes and glaciers
part runs off directly to streams, and part infiltrates into
the soil and rocks. The water that reaches the ground-water
bodies moves slowly under gravity toward areas of discharge.
Ground-water discharge occurs naturally by evapotranspiration
or by flow to streams, springs, or to the sea. A major
objective of hydrologic studies is to describe the availabil-
ity and variability of the usable water, which occurs as
streamflow, ground water, or lakes.

Streamflow

Streams in the Kenai-Soldotna area are of two types,
glacial and nonglacial; these differ markedly in both their
volume and seasonal variability of flow. The Kenai and
Kasilof Rivers are glacial streams that derive most of their
discharge from the snowfields and glaciers of the Kenai
Mountains. Runoff for the Kenai River is 58.4 inches per . -
year (Cooper Landing station, pl. 2} and.for the Kasilecf
River, 43.9 inches per year (Kasilof station, pl. 2). . These
rates reflect the high precipitation in the mountains.
Numerous small nonglacial streams originate in the Kenai
lowlands, an area which has no snowfields or glaciers.
Typical of these nonglacial streams is Beaver Creek whose
average runoff fbr 3 years of record has been 6.59 inches.
Plate 2 illustrates the general pattern of runoff. Stream-
flow for ungaged basins was estimated by drainage area-runoff
relations and miscellianeous discharge measurements.

The streamflow summaries in this report are based on
records from the gaging stations shown on plate 2. The
record from the Kenai River at Cooper Landing, which is
outside the area, is included because it is the long-term
index station for the Kenai River drainage. Basic data used
in these summaries are from "Surface Water Supply of the
United States" (U.S. Geological Survey, 1957, 1964, and
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1971b), "Water Resources Data for Alaska" (U.S. Geological
Survey, 1967, 1968, 1969, 1970, and 197%a), and "Hydrologic
Data of the Kenai-Soldotna Area, Alaska" (Anderson and Jornes,
1971).

" Variability of Streamflow

Streamflow is highly variable, not -only from day to
day but also from year to year. The seasonal and yearly
variability of flow and the magnitude and frequency of
floods and low flows must be evaluated before the resource
can be developed efficiently. These characteristics are
illustrated in this report by summary tables, duration
curves, low-flow frequency curves, hydrographs of daily or
annual flow, and flood-frequency curves.

The general pattern of seasonal runoff is high flows in
the spring from snowmelt and in the late summer and fall from
rain. In addition, the glacial streams have high flow during
the summer coinciding with periods of peak glacial ice melt.
Low flows occur mainly during winter and are sustained by
ground water in nonglacial stream basins and by outflow from
large lakes in the glacial stream basins. Low flow may also
occur in nonglacial streams during July and August when
evapotranspiration is high during years of low precipitation.

The seasonal and annual variability in streamflow re-
corded at gaging stations is illustrated on plate 2. The
glacial streams have low variability because of the regulatint
effect of lake and ice storage. Individual monthly average
flow in these streams is generally within 60 percent of the
Eong-term monthly average; however, during some individual
months, flow of the Kenai River at Cooper Landing has been
more than 250 percent of the monthly average. Abnormally
high flows have also occurred in October and November as the
result of rain storms and ice-dammed Take releases. VYeariy
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flow of the Kenai River at Cooper Landing ranges from 73 to
139 percent of the mean annual flow, and yearly flow of the
Kasilof River at Kasilof ranges from 79 to 134 percent of the
mean annual flow.

Flow-duration curves, giving the percentage of time that
certain discharges are equaled or exceeded at the four con-
tinuous-record gaging stations, are shown in figure 7. The
slope of a flow-duration curve is a measure of the variability
of streamflow. Flat slopes at the lower end of the curves
indicate periods of sustained low flow. On the glacial
streams, the Kenai and Kasilof Rivers, low flows are sustained
by lake storage in Skilak, Kenai, and Tustumena Lakes; on
nonglacial streams, such as Beaver Creek, the low flows are
sustained by inflow from ground-water sources. On glacial
streams, the rate of release from ice, srow, and lake storage
controls the seasonal summer and fall high flows. On nongla-
cial streams, such as Beaver Creek, retention by swamp and
ground-water storage restrains the high flows. The steep
slope on the upper end of the duration curve for Kenai River
at Cooper Landing is a result of periodic high flows from
giacier outburst ficods. The shapes of the flow-duration
curves for the Kenai and Kasilof Rivers and Beaver Creek
(fig. 7) indicate that all of these streams have good water-
supply potential because of their sustained low flows from
natural water stcrage.

Low Flow

The low-flow characteristics of a stream should be
known before the stream is developed as a water supply or
utilized for waste disposal. The lowest measured discharges
on selected streams are summarized on plate 2. The lowest
measured discharges of nonglacial streams range from 0.12 cfs
per sq mi. to 0.29 cfs per sg mi., and periods of no flow
have been observed on some smail basins. For glacial streams,
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the low flow range is from 0.30 to 0.38 cfs per sq mi. How-
ever, the Kenai River at Cooper Landing was observed to have
no flow on March 27 and 28, 1964, and the Kasilof River at
Kasilof had flow as low as 19 cfs (which would be equivalent
to 0.026 cfs per sq mi. over the entire basin) on April 2,
1964. Both of these low flows were attributed to the March
1964 earthquake and are not considered in organizing the
low-flow discussion.

Low-flow frequency curves show how often the average
discharge for prestated perijods of consecutive days may be
expected to equal or to be lower than specified discharges.
Such frequency curves indicate the probability of future
occurrences of specific discharge values if hydrologic condi-
tions during the base period are representative of long-term
conditions and conditions remain unchanged. The 30-day low-
flow frequency curves for the Kenai and Kasilof Rivers are
shown in figure 8. The probability of a specific event
cccurring is expressed in recurrence intervals at the bottom
of the figure. For example, the Tow-flow frequency curve of
the Kenai River at Soldotna shows an annual minimum 30-day
average discharge of 1,000 cfs with a 5-year recurrence
interval. Therefore, future discharges may be expected to
average 1,000 cfs or less over any 30-day period at intervals
averaging 5 vears. The probability of such an event occurring
in any particular year, which is the reciprocal of the recur-
rence interval, is 20 percent (one chance in five).

The sustained low flows of streams in the Kenai-Soldotna
area are demonstrated by miscellaneous low-flow measurements
(p1. 2), flow-duration curves (fig. 7), and the 30-day low-
flow frequency curves (fig. 8). These indicate that even
during drcught periods, such as 1968 and 1969, properly
designed systems to develop surface water can provide depend-
atle water supplies. The Kenai River in particular could be
expected to meet all foreseeable water requirements in the
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Kenai-Soldotna area, barring unpredictable catastrophic events
such as the 1964 earthquake.

Floods

The flood characteristics of any stream must be consid-
ered in the design of structures in its channel or on its
flood plain. In the study area, floods on the large glacial
streams caused by high rainfall occur generally during late
summer and fall. Floods on small nonglacial streams result
primarily from snowmelt runoff in the spring. The sudden
release of water from glacier-dammed lakes or backwater from
ice jams may also cause flooding.

Maximum floods recorded for gaging stations through
water year 1970 are presented on plate 2. Highest measured
streamflows range from 1.37 cfs per sq mi. on nonglacial
streams to 33.9 cfs per sq mi. on glacial streams. Flood-
frequency curves [Log Pearson Type III flood-frequency
method (Water Resources Council, 1967)] (fig. 9) show the
recurrence interval or frequency of floods for the Kenai
and Kasilof Rivers for the period of record through 1970.
The recurrence interval is defined as the average interval
of time within which the given flood will be equaled or
exceeded once. From a given recurrence interval, the
probability of a flood of &@ given magnitude occurring in
any one year can be estimated. For example, if the recur-
rence interval of a flood of given magnitude is 25 years,
the probabiiity of such a flood in any one year is 4 percent
(one chance in twenty-five). Flood magnitudes of selected
frequerncies for ungaged streams within the study area can
be estimated using the method proposed by Childers (1970).
Areas along the Kenai River from Soldotna to the mouth that
are prone to flooding are delineated in "Flood Plain Infor-
mation Kenai River" (U.S. Army, Corps of Erngineers, 1967).
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Natural glacier-dammed lakes form in the upper drainages
of the Snow and Skilak Rivers, which are tributary to the
Kenai River (table 2). The natural storage release of water
from these lakes causes flooding, such as experienced when
glacier-dammed lakes emptied in the Snow River basin in
September 1967 and in the Skilak River basin in January 1969.

Lakes

The numerous lakes in the study area form an important
part of the water resource. The lakes are natural reservoirs
in which water is temporarily stored; their net effect is to
reduce peak streamflows and to increase low flows. Also, the
lakes of the Kenai-Soldotna area are valuable in terms of
scenic and recreational attraction.

Most lake basins of the Kenai-Soldotna area are glacial
in origin and are distributed throughout the areas mapped as
glacial moraine and drift (pl. 1). Many lakes in the drift

occupy depressions that extend below the ground-water level,
_and the fluctuation of the lake level is similar to the
<f1yptqatipn of adjacent water-table ground-water levels.

The lakes in glacial moraines are commonly perched, that
is, their water levels are generally above the regional
ground-water tabie. Thus, adjacent lakes may have widé]y
different water levels.

From 1967 to 1970, water levels in lakes dropped. The
magnitude of these drops was documented from discussions with
local residents, photographic comparisons, and field surveys.
The field surveys included measurement of the elevation dif-
ference between the water surface and the highest established
beachline (fig. 10).
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Table 2.--0Occurrence and magnitude of Snow River outburst
floods for Kenai River at Cooper Landing.

[After Post and Mayo, 1971 and surface water records]

Date Maximum gage height Maximum discharge
(caiendar year) (feet) (cubic feet per second)
1047 No outburst -
1948 No outburst -
1949, Oct. 28 13.55 11,600
1950 No outburst -
1951, Nov. 18 7.53 6,250
1952 No outburst -
1653, Dec. 17 6.56 4,420
1954 No outburst -
1955 No outburst -
1956, Oct. 30 8.11 7,310
1957 No outburst -
1958, Oct. 17 8.44 8,350
1959 No outburst -
1960 No outburst -
1961, Oct. 8 10.50 14,000
1962 No outburst -
1963 No outburst -
1964, Sept. 24 14.30 14,200
1965 No outburst -
1966 Nc outburst -
1967, Sept. 1 16.25 21,500
1968 No outburst -
1969 No ocutburst -
1970, Sept. 23 13.52 12,100
1971 No outburst -

water

fevel,
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Results of the lake survey did not indicate a definite
pattern of lake-level declines. The greatest declines were
observed in closed basins in drift deposits; the maximum
decline of 6 feet was measured in three lakes near North
Kenai industrial plants (pl. 2). Minimum deciines were
observed in perched lakes in the morainal deposits and in
lakes interconnected by streams in the drift deposits. Lake
levels in perched lakes may have been lower during 1969; but,
during the normal rainfall of 1970, the perched lakes would
be expected to recover faster than the lakes interconnected
with the water-table aquifer because little inflow would be
lost to ground-water recharge. Lakes interconnected by
streams generally exhibited a constant water level during the
drought period; presumably the lake levels were maintained by
surface-water inflow. The drought conditions of 1968 and 1969
are believed to be the principal cause of lake-level declines.

Ground Water

The Ground-Water Reservoir

In the Kenai-Soldotna area, ground water occurs under
water-table and artesian conditions. The general occurrance
of ground water is summarized on plate 1. A water-table
aquifer generally occurs throughout the area. It ranges in
thickness from about 5 feet to 100 feet and, in most areas,
yields at least modest suppliies of water to wells. The
artesian aquifers underiie confining units of clay, silt, and
poorly sorted clayey gravel ranging in thickness from 20 to
100 feet. The movement of water through the confining units
is slow because the permeability is low. The artesian aqui-
fers range in thickness from a few feet to 100 feet and are
absent in some places. They are the principal sources c¢f
ground water in the area and are predominantly fine sand
interbedded with coarse sand and gravel and beds of clay or
silt. The most productive wells are completed in lenses of
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coarse sand and gravel, which are difficult to locate. Al-

though not extensive, the lenses intersect or apparently are
interconnected, forming a hydraulic artesian system of con-

siderable areal extent and thickness.

Recharge

Recharge to aquifers of the study area is from infiltra-
tion of rain and snowmelt, seepage from lakes, and ground-
water underflow from outside the study area. Areas of
recharge are shown in figure 11.

The principal areas of recharge are the permeable outwash
sediments, and the areas of minor recharge are the low-perme-
ability glacial moraines (pl. 1). Recharge from local infil-
tration of precipitation and snowmelt is estimated to range
from 4 to 15 inches per year.

The rate of ground-water underflow entering the study
area from the east is not known. However, it is not consid-
ered to be high because the gradient across the Kenai lowlands
and the permeability of the underlying glacial deposits are
both Tow.

Movement

The general direction of ground-water movement is from
points of recharge to points of discharge. The shape and
slope of the potentiometric surfaces are controlled by the
topography, local differences in the permeability and thick-
ness of the aquifers and by variations of recharge and
discharge. The position of the water-table or artesian
potentiometric surface is usually mapped by measuring water
levels in weils., However, in the Kenai-Soldotna area the
wells are too few and too widely spaced to permit accurate
mapping. In general, the water-table surface in this area
is considered to be a subdued replica of the land-surface
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topcgraphy and is as much as 100 feet below the surface of
hilltops and is at or near the land surface in the lowlands.
Because the Kenai-Soldotna area has little relief, the water
table has a gentle gradient and the rates of water movement
are low. Swampy areas exist where the water-table gradient
is nearly flat.

The potentiometric surface (level to which water will
rise) of the artesian aquifers is poorly defined and has not
been mapped. In general, the potentiometric surface is simi-
lar to the water-table surface in areas of recharge. But in
areas of discharge, such as the area of flowing artesian
wells in figure 11, the artesian potentiometric surface is at
a higher elevation than the water table. Where the water-
table and potentiometric surfaces are at different elevations,
vertical flow through the confining unit between the two
aquifers may occur.

Discharge

Ground water is discharged both naturally and artifi-
cially. It is discharged naturally from water-table aquifers
through seeps or springs, as ground-water runoff to streams,
and by evaporation and transpiration, and from artesian aqui-
fers by possible vertical leakage through the confining beds
or by submarine discharge into Cook Inlet. Ground water is
discharged artificially from artesian or water-table aquifers
by pumping and from water-table aquifers by drainage ditches.

A major area of discharge is illustrated in figure 11.
Numerous seeps occur along the sea ¢liffs near Kenai where
impermeable clay crops out at the surface and where water
draining from the water-table aquifer is forced to the
surface. The discharge along this seepage front is estimated
to be about i cfs per mile of beach. Springs also discharge
along the Kenai and Kasilof Rivers; however, they have not
been mapped in figure 11.
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1 discharge from water-table aquifers to streams
ura e

(a3t .
e During dry periods when

js defined as ground-water runoff.
f runoff is minimal, differences between streamflow at
surface

ts along a stream indicate ground-water dis-

two or more poin .
Those streams in the Kenai-Soldotna area

charge or recharge.
having low flows sustained by ground-water runoff are illus-

trated in figqure 11. Measurements on Beaver Creek during
July 1969 indicated an increase of 16 cfs (ground-water dis-
charge) along 7 miles of channel above the gaging station,
and on the Swanson River during July 1968, an increase of

24 cfs along 16 miles of channel (fig. 12). Measurements
durinag November 1967 along the Kenai River, including the
tributary inflow, did not indicate any differences that were
significant within the accuracy of the measurements.

Where ground-water runoff can be separated from surface-
water runoff in a hydrograph of total streamflow, it is
possible to determine the mean annual ground-water runoff
from a basin. Using a separation technique, an estimate of
the ground-water runoff during 1969 and 1970 from the Beaver
Creek streamflow record was determined (fig. 13). The hydro-
graph separation was made by developing a reiationship between
mean daily ground-water runoff, measured stream discharge
during dry periods when surface runoff is minimal, and mean
daily ground-water stage at one observation well near Beaver
Creek gaging station. This plot of ground-water runoff and
stage is used to determine the proportion of ground-water
runoff in the total stream discharge during wet periods of
surface-water runoff. This separation technique is similar
to tne method developed by Meinzer and Stearns (1929, p. 127),
who used many observation wells in a basin to compute an
average ground-water stage. However, in this study there are
not enough welis for a meaningful average water-level stage;
therefore, the record from one good observation well is
used as an index.
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For the 2 years of record, the average ground-water dis-
charge was estimated to be about 15 cfs. The area of Beaver
Creek basin above the gage is 50 square miles, so the average
annual ground-water runoff was estimated to be about 4 inches.

Transpiration of ground water occurs wherever plants
grow and the water table is near the surface. Also, evapora-
tion of ground water occurs wherever the water table is at
or near the surface. The combined process of transpiration
and evaporation is termed evapotranspiration. The swampy
areas shown in figure 11 are the principal areas of ground-
water discharge by evapotranspiration in the study area.
Evapotranspiration from ground water for the Kenai-Soldotna
area is not known; however, it is probably a significant
proportion of total evapotranspiration, which is estimated
to average 5 to 10 inches per year.

Discharge from the artesian aquifers may occur as upward
vertical leakage in the areas of flowing artesian wells (fié.
11) or in other places where the potentiometric surface is
higher for the artesian aquifer than for the water-table
aquifer. The rate of vertical leakage would depend on both
the hydraulic gradient between the artesian and water-table
aquifers and on the permeability of the confining sediments.

Based on a projected extension of the artesian aquifers
of the North Kenai area seaward, ground water is probably
also discharged by submarine springs in Cook Inlet. The
greatest submarine discharge probably is near North Kenai.

The total pumpage from wells is smail compared to natural
discharge. In 1970, the total ground-water pumpage in the
Kenaj-Soldotna area was estimated to be 3.4 mgd. Of this
total, 2.8 mgd was from artesian aquifers and 0.6 mgd was
from water-table aquifers. A small but undetermined amount
of shallow ground water is discharged by a drainage system
near the Kenai Airport.
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Fluctuations of Water Levels

Water-level fluctuations are related to differing rates
and amounts of recharge and discharge, to changing external
loading caused by tides, by variation in atmospheric pressure,
and to natural forces such as earthquakes. Figures 14 and 15
show typical well hydrographs from the Kenai-Soldotna area
that show the effects of either precipitation or industrial
ground-water pumpage. The locations of these wells are shown
on plate 1.

The hydrographs for water-table wells (wells 10646 and
10155) show marked seasonal fluctuations (fig. 14). The
highest water levels are in August, September, and October,
which is the rainy season. After the ground freezes in
October recharge is reduced, and the water levels decline
generally reaching their lowest position in February or March.
The first appreciable snowmelt in the spring is accompanied
by a sharp rise in the water table, indicating that the
ground-water reservoir is being replenished. Declining water
levels in water-table aquifers during periods of heavy indus-
trial pumpage in 1968-70 cannot be correlated with pumpage
because of the general drought conditions during the period.
However, well 10613, a water-table well near the industrial
wells, declined during 1970 and did not respond to the
recharge from precipitation in the fall of 1970.

The water levels in artesian aquifers do not respond to
precipitation as rapidly as those in water-table aquifers
(fig. 15). The hydrograph of artesian well 10001 generally
shows a rising water level during years of normal precipita-
tion, but the water level does not respond to individual
storms. Short-term periods of ground-water decline caused
by pumpage are indicated by the hydrograph of well 10001.
Long-term periods of declining artesian ground-water levels
associated with Targe ground-water withdrawals by industrial
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pumping are indicated by the hydrographs of wells 10004 and
10582. Water levels in the artesian aquifer near North Kenai
have been generally declining since industrial pumpage began.

Ground-Water Storage

Water-level fluctuations are an index to seasonal and
long-term changes in ground-water storage. A rising water
table indicates recharge and an increase in the amount of
ground water in storage; conversely, a declining water table
indicates discharge and a decrease in the amount of ground
water in storage.

To analyze the significance of ground-water level
changes, it is necessary to know the storage coefficient of
the aquifer. The storage coefficient is defined as the volume
of water an aquifer releases from or takes into storage per
unit surface area of aquifer per unit change in head. The
storage coefficient of water-table aquifers averages about.
0.2. This means that for a 5-foot drop in ground-water level,
there is effectively a 1-foot (5 feet x 0.2 = 1.0 foot) loss
of water.

In the Kenai-Scldotna area, the water level in the water-
table aquifer dropped an average of 4 feet from its high in
the fall of 1967 to its low late in the winter of 1970.

During 1968 and 1969, the precipitation deficiency was approx-
imately 18 inches. The 4-foot ground-water decline multiplied
by a storage coefficient of 0.2 equals an actual water loss
from storage of 0.8 feet, or .about 10 inches. This 10-inch
loss from ground-water storage is expected considering the
precipitation deficiency anrd consequent reduction in ground-
water recharge.

The storage coefficient of most artesian aquifers ranges
from about 0.00007 to 0.001 and probably averages about
0.0001 for artesian aquifers in the Kenai-Soldotna area.
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This storage coefficient is very small, and the amount of
water taken from or added to storage per unit change in water
levels under water-table conditions is generally many times
larger than under artesian conditions. For example, a 30-foot
decline in the water level of the water-table aguifer in the
Kenai-Soldotna area represents about 6 feet of water Jloss,

but the same decline in the artesian aquifer, with a storage
coefficient of 0.0001, would represent about 0.003-foot water
loss.

Ground-Water Development

Ground water at present is the primary source of water
supplies in the Kenai-Soldotna area. Development of ground
water has ranged from wells to provide small domestic supplies
to those for industrial or municipal supplies requiring
several hundred gallons per minute. The developer of a
domestic suppiy is restricted to obtaining a suitable supply
at the site of intended use, although he does have some flex-
jbility in buying land where the chances of developing an
adequate supply are good. The developer of larger supplies
is less restricted because funds available usually allow him,
if necessary, to explore for water at some distance from
points of intended use. Geohydrologic conditions are the
principal control in the development of water supplies.

Plate 1 summarizes the general water-bearing characteristics
of the sediments, and the following discussion summarizes the
status of domestic and industrial-municipal water development.

Domestic Supplies

Domestic wells have been drilled in most inhabited parts
of the study area. Most wells that are of sufficient depth
to allow for water-level declines during drought yield enough
water for normal household use. In the study area, the poten-
tial domestic user of ground water is consegquentiy most con-
cerned with well depth. Figure 16 is a frequency distribution
of the domestic well depths; most are less than 100 feet deep.
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of domestic well depths in the
Kenai-Soldotna area.

Throughout the area some wells are described as dry
because they do not provide sufficient water for modest
household demand. Although the record of dry holes is
incomplete, probably less than 5 percent of the drilied
wells are unsuccessful. These result from poor well con-
struction or from drilling at sites having unfavorable
geohydrologic conditions.

industrial and Municipal Supplies

The developmert of large supplies of ground water
requires detailed information on the geology and hydrology
of the sediments, on ground-water availability of the area,
and on the effects of ground-water withcdrawal on the hydro-
1ogic system. The state of knowledge concerning these jtems
of information in North Kenai, Kenai, Beaver Creek valley,
and Soldotna is discussed in the following section.
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North Kenaj--The major source of ground water in North
Kenai is an artesian aquifer ranging in depth from 100 to
300 feet below land surface. This aquifer is predominately
medium sand containing lenses of gravel. The gravel lenses
have the greatest potential for ground-water development,
but they are discontinuous and their location is unpredic-

table. In general, the coarsest material and the most
numerous gravel lenses of the artesian aquifer are found in
the drift near the moraines at East Foreland (pl1. 1;. Toward
the south, the sediments are finer, the gravel lenses less
numerous, and the depth to productive aquifers is greater
(p1. 1).

Yields from wells in the artesian aquifer of North Kenai
range from 200 to 1,400 gpm. Transmissivity, determined from
aquifer tests, ranges from 1,300 to 20,000 ft2 day-! (10,000
to 150,000 gpd per foot). The transmissivity (T) is the rate
at which water at the prevailing temperature is transmitted
through a unit width of the aquifer under unit hydraulic
gradient. Hydraulic conductivity of the aquifer material is
in the range of 54 to 330 ft day~! (400 to 2,500 gpd per
square foot). Hydraulic conductivity (K) is the rate at which
water of the prevailing temperature is transmitted through a
unit area of material under unit hydraulic gradient. The
transmissivity is equal to the average hydraulic conductivity
times the saturated thickness of the aquifer.

The areal hydraulic characteristics of the artesian
aquifer are compliex. Results of test drilling and aquifer
tests suggest that the major aquifers are lenticular and that
aquifer transmissivity changes over short distances. Also,
the semiconfining beds of the artesian aquifer appear to be
leaky. Data from aquifer tests, such as the one for the
Collier Carbon and Chemical production well 10602, October 8,
1977 (fig. 17), indicate that water is derived from storage
wWithin and leakage through the semiconfining beds. Data from
aquifer tests'responding to these types of conditions may be
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analyzed by a method that utilizes the modified theory of
Teaky aquifers (Hantush, 1960). Results of this method of
analysis provide estimates of the leakage and storage param-
eter (g) of the semiconfining beds and transmissivity and
storage coefficient of the aquifer. The leakage and storage
parameter (B) is a complicated term characterizing the thick-
ness, hydraulic conductivity, and storage coefficient of the
semiconfining beds. However, data from the Collier Carbon
and Chemical test are not adequate to determine a unique
solution for the leakage and storage parameter (8), or of the
individual components of this parameter. An average or best
fit for 8 is used to calculate the transmissivity and storage
coefficient. The same data could be fit to a range of B8
curves resulting in a corresponding range in aquifer charac-

teristics.
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Figure 17.--Aquifer test of Collier Carbon and Chemical production well
(well 10602), October 8, 1971.
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A water-table aquifer occurs in North Kenai where depth
to water ranges from 20 to 60 feet below land surface and
aquifer thickness ranges from 10 to 60 feet. Wells tapping
the aquifer yield from 50 to 1,000 gpm; however, this aquifer
is not generally developed by industry because the around
water contains a high concentration of iron.

The North Kenai ground-water system is poorly defined
because of the early stage and distribution of development
and because the sediments are complexly interbedded. Prelim-
inary estimates of the ground-water availability are based
upon assumed basin boundaries (fig. 18) corresponding with
either surface-water drainage or known impermeable boundaries,
and upon meager water budget data.

Mean annual recharge to the North Kenai system is esti-
mated to be greater than 6.5 mgd. This estimate was derived
by multiplying the unit ground-water runoff value for Beaver
Creek basin by the area of the North Kenai ground-water
system and by assuming that average ground-water recharge is
at least equal to ground-water runoff during drought condi-
tions. This is believed to be a conservative estimate of the
total recharge because: (1)} The assumed value for ground-
water runoff in Beaver Creek basin is probably low because it
is based on records from 2 years of below-normal precipitation
(1969 and 1970), and (2) recharge in the North Kenai area is
probably greater than in swampy Beaver Creek basin with its
relatively high evapotranspiration.

Recharge to the North Kenai artesian aquifer is by
vertical leakage from the water-table aquifer and by around-
water underflow from the east.
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The following assumptions are made to estimate the dis-
charge (Q) from the North Kenai artesian system to Cook Inlet
through the 6-mile profile A-A' (fig. 18): (1) Average
transmissivity (T) is 2,680 ft2 day-! (20,000 gpd per foot)
and (2) the slope of the ground-water surface (I) is 60 feet
per mile through the profile. The quantity of discharge is
calculated from the formula:

Q = TIW

where Q, T, and I are defined above, and W is the width of
flow across profile A-A' in feet.

Q = TIW

Q = 2,680 ft2 day-! «x 60 ft x (6)(5,280) ft
5,280 ft

Q = 7 mgd, or 5,000 gpm

During 1970, North Kenai industrial ground-water pumpage
averaged 2.4 mgd. Industrial pumpage increased rapidly
between 1968 and 1970 {fig. 19), but this pumpage is not
expected to increase markedly from the 1970 rate until new
industry locates in North Kenai.

At the present rate of ground-water withdrawal, it is
probable that the North Kenai ground-water basin is under-
developed. Ground-water pumpage is less than estimated
recharge and excess water is being discharged to Cook Inlet.
However, the effects of pumpage can be observed.

The most notable effect of these ground-water withdrawals
has been a decline in artesian water levels (fig. 15). Changes
in water levels correlate with changes in rates of pumping.
Drawdcwn approximated 11 feet in observation well 10004, which
is 2,000 feet from the Collier Carbon and Chemical production
well 7; however, during periods of reduced pumpage, the well
recovered to within 5 feet of the original water level.
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Figure 19.--North Kenaji industrial ground-water pumpage.

Water levels have not stabilized, indicating that near
the pumping wells more water is being pumped than is being
replenished by natural or induced recharge. Although the
water level dropped approximately i1 feet in well 10004 in
the first 2-1/2 years (1968-70), the rate of water-level
decline decreases each year. Assuming no significant change
of ground-water withdrawal from North Kenai, no change in the
rate of natural or induced recharge, and no significant vari-
ation in the regional hydraulic characteristics of the
aquifer, it would probably take another 25 years to double
this drawdown (fig. 20). More likely, however, the rate of
induced recharge will increase as the cone of depression
expands over an increasingly larger area. Eventually the
induced recharge wiil be equal to the ground-water pumpage
and water levels will either stabilize or fluctuate in
response to variations in natural recharge.
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Figure 20.--Predicted time-drawdown for Collier Carbon and Chem-
ical observation well 5B {well 10004).

The effect of pumpage from the North Kenai artesian
system on the water-table aquifer is not known. In general,
the decline of ground-water and lake levels is not markedly
greater near the industrial wells than in the undeveloped
areas. However, water levels in some observations wells in
the water-table aquifer located near the industrial wells do
show a sustained gradual decline, indicating possible effects
of industrial pumpage. This is nat conclusive, however, and
the principal cause of regional water-level declines from
1968 to 1970 is believed to be drought conditions during the
period.
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Conclusive evidence of the extent that industrial pump-
age affects water levels will require continued coliection of
water-level data during several years of normal precipitation.
A comparison can then be made between levels near the indus-
trial areas and those in other areas. From present informa-
tion it is difficult to determine quantitatively how much
water is pumped for industrial use from the water-table system.
This would require a more detailed investigation.

Kenaj.--The city of Kenai is situated on a coastal plain
of outwash and shore deposits (pl. 1). The principal aquifer
is unconfined and depth to the water table ranges from 2 to
20 feet; thickness of the aquifer ranges from 10 to 80 feet.
A few wells produce from artesian aquifers at depths ranging
from 180 to 250 feet below land surface. Yields of as much
as 180 gpm have been obtained from wells in the water-table
_aquifer, and as high as 50 gpm from the artesian aquifer.
However, both aquifers have had restricted development
because of objectionable quantities of iron, dissolved miner-
als, or organic material.

Water produced in 1970 from the Kenai ground-water
system is estimated to have been 200,000 gpd, almost all of
which was developed from the water-table aquifer. About
100,000 gpd was used by Wildwood Air Force Base. The city of
Kenai obtained its water from this aquifer from 1964 to 1970.
During 1969, the city of Kenai's average use was 100,000 gpd
(State of Alaska, Department of Economic Development, 1970).

The hydraulic properties of the Kenai ground-water
system are poorly known. Transmissivity of the water-table
aquifer has an estimated range of 1,340 to 5,350 ft2 day~!
(10,000 to 40,000 gpd per foot) and hydraulic conductivity,

a range of 13 to 54 ft day~! (100 to 400 gpd per square foot).

Mean annual recharge to the water-table aquifer under-
Tying Kenai should be at least equal to the ground-water
runoff in Beaver Creek valley. This rate would be 200,000 gpd
per square mile, or 7 mgd over the entire area.
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The natural discharge from the system is estimated to
include 2 to 4 mgd from the springs along Cook Inlet, the
‘remainder being discharged to streams or lost through
evapotranspiration.

The maximum average sustained yield of the Kenai water-
table aquifer is estimated to be from 2 to 7 mgd. It is
greatly dependent upon the amount of storage that is available
to accept water during periods of surplus and to retain water
for use during periods of deficiency. An estimate of storage
in the Kenaji water-table aquifer is based on the following
assumptions:

The average aquifer thickness is 65 feet.

2. The average depth to water is 5 feet; thus, there
is about 60 feet of saturated section.

3. The average specific yield of the sediments is
20 percent.

On the basis of these assumptions, storage in the water-
table aquifer is estimated to be 2,500 million gallons per
square miie. However, it might be difficult to develop even
one-third of this water.

There are no noticeable effects of ground-water develop-
ment in the Kenai system. Expanded development may lower
water levels in the water-table aguifer; however, this might
be considered desirable because near-surface water levels are
detrimental to building, road, and airfield foundations.

Beaver Creek Valley.--The abandoned-channel deposits of

the Beaver Creek valley constitute a water-table aquifer
ranging in depth from 15 to 80 feet. The water-table aquifer
has only minor development.

The artesian aquifer underlying the Beaver Creek valley
ranges in depth from 100 to more than 285 feet ard yields as
much as 1,000 gpm to individual wells. Ground-water develop-
mernt in the artesian aquifer includes the city of Kenai's use
cf approximately 600,000 gpd and less than 10,000 ¢gpd from
private wells.
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Transmissivity, determined from aquifer field tests
ranges from 2,100 to 9,900 ft2 day-! (16,000 to 74,000 gpd
per foot); laboratory hydraulic conductivities of the aquifer
material range from 1.7 to 76 ft day-! (13 to 570 gpd per
square foot). Like the North Kenai artesian aquifer, the
Beaver Creek artesian aquifer has complex hydraulic character-
istics and appears to be a leaky system. Figure 21 shows a
drawdown curve and Hantush (1960) modified leaky-aquifer
analysis for the city of Kenai production well 1 in Beaver
Creek valley. For this test, as in the Collier Carbon and
Chemical test, the data are not adequate for a unique solution
of 8, so a best fit for 8 is given. The same data could be
fit to a range of B8 curves resulting in a corresponding
range in aquifer characteristics.

Before leaky-artesian conditions were recognized in the
Kenai-Soldotna area, aquifer test data from the Beaver Creek
aquifer had been analyzed by the Theis method (Anderson,
1971). The Theis method assumes that all water is withdrawn
from storage in the aquifer and that there is no source of
recharge to the aquifer. Reevaluation of the same data from
Kenai production well 1 (fig. 21) resulted in a smaller trans-
missjvity value than previously estimated (Anderson, 1971);
however, the new interpretation does account for a probable
source of recharge.

The boundaries of the Beaver Creek ground-water system
(fig. 18) are assumed to correspond with the surficiail
drainage divide of Beaver Creek, except in the southern
part of the system where it coincides with the surficial
expression of the abandoned-channel deposits (pl. 1).

Mean arnual recharge to the Beaver Creek water-table
aquifer is estimated to be greater than the estimated ground-
water runoff at the Beaver Creek gage, which averages 10 mgd.
Recharge to the artesian aquifer would be by vertical leakage
from the water-table aquifer and by ground-water underflow.
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Figure 21.--Aquifer test of Kenai production well (well 10871),
August 11, 1970.

Ground-water discharge from the basin, as underflow in
the artesian aquifer, cannot be calculated because the direc-
tion and gradient of flew are not known. However, flow in
the artesian aquifer through profile B-B' (fig. 18) is
estimated to be in the range of 0.5 to 1.0 mgd.

At present there are minimal effects from cround-water
pumpage in the Beaver Creek valley artesian aquifer.
Problems that can be anticipated from overdeveiopment are:
(1) Intrusion of salt water from Cook Inlet or from upward
vertical leakage in the aquifer, (2) mutual interference
between wells, (3) lowering of water levels in the water-
table aquifers, or (4) depletion of ground-water runoff to
Beaver Creek. Of the potential problems, the intrusion of
salt water is considered to be the most serious. If produc-
tion wells are constructed north of the profile B-3' (fig.
i18), the intrusion of undesirable water should be minimized,
but monitoring of water-quality change in the southern part of
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the system is needed to detect detrimental changes that may
occur. Mutual interference between wells can be minimized
through the proper testing and continual monitoring of all
production wells so that optimum spacing and pumping schedules
can be established. Lowering of water levels in the water-

. table aquifer is not considered a serious problem because
there are few shallow wells. Depletion of ground-water runoff
in Beaver Creek could affect the fisheries, bhut the antici-
pated ground-water withdrawal is small and should not markedly
affect this runoff. A continuing stream-gaging program on
Beaver Creek will help to identify any reduction in ground-
water runoff.

Soldotna.--Alluvial and deltaic deposits of the Kenai
River valley underlying Soldotna constitute a discontinuous
water-tabie aquifer. Depth to the water table ranges from
15 to 50 feet and aquifer thickness ranges from a few to
80 feet.

Depth to the artesian aquifer, consisting of sand and
gravelly sand, ranges from 75 to 220 feet below land surface.
The greatest thickness of water-bearing material penetrated
in a single hole is 60 feet.

Well yields from the artesian aquifer range from 10 to
516 gpm. The yield of 516 gpm was an artesian flow from a
6-inch open-end casing measured several weeks after the well
had been drilled. Transmissivity is estimated to range from
1,300 to 5,300 ft2 day-! (10,000 to 40,000 gpd per ft). A
test in the Soldotna production well (fig. 22) was anaiyzed
using the Hantush (1960) modified leaky-aquifer analysis.
Difficulties with these data, similar to those discussed in
the North Kenai and Beaver Creek valley tests, result in a
range of B and associated transmicsivity and storage
coefficent va'lues.
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Figure 22.--Aquifer test of Soldotna production well (well 10161),

July 23, 1971.

Water development from the Soldotna ground-water system
is principally by private wells in the artesian aquifer.
Total water consumption during 1970 was estimated to be
120,000 gpd.

Geohydrologic boundaries of the Soldotna ground-water
system are uncertain but appear to coincide with the areal
extent of the alluvial and deltaic sediments (pl. 1).
Accordingly, no quantitative estimate of the recharge to
or discharge from this system can be made.

Ground-water pumpage is causing a local decline of the
potentiometric surface at Soldotna. This decline is most
pronounced in the vicinity of the Soldotna municipal well.
However, such a decline is ncrmal and no adverse effects are
anticipated provided future high-capacity wells are spaced
to minimize mutual interference.
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QUALITY OF WATER

The quatlity of water in the Kenai-Soldotna area varies
widely; in most places the water is of suitable chemical
quality for domestic and many industrial uses. A few
artesian wells yield water that is unsuitable for use
because of high mineralization and color, and in many areas
the water-table wells yield water that has excessive amounts
of iron. -The Kenai and Kasilof Rivers are low in dissolved
minerals but heavily laden with glacial flour. A few wells
close to Cook Inlet and the tide-affected reaches of the
rivers are contaminated with salt water.

Chemical Constituents in Relation to Use

The chemical character of water governs its suitability
for most uses. Domestic users are chiefly concerned with the
hardness, iron content, pH, color, turbidity, odor, and the
content of dissolved solids, chloride, and fiuoride, and the
bacteriological quality of the water. Industrial users are
concerned with most of these and also with silica content and
temperature of the water.

Selected chemical analyses are included in tables 3 and 4.
The source, significance, and concentrations of dissolved
mineral constituents and physical properties of Kenai-Soldotna
area water are summarized in table 5.

The general discussion of these constituents has been
adapted from publications of the U.S. Geological Survey.
Also included in the discussion, where appropriate, is
information ccncerrning industrial experience with the water
in the Kenai area (A. D. Houtz, Collier Carbon and Chemical
Corp., written commun., 1971).
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Table 3.--Selected chemical analyses of ground water, Kenai-Soldotnda area.
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(f1) {Ca) (Mg) ) (HCO,) (NO) lat l&O'C)“"ﬂS""F“m“' mhos
| sium ate |at 25°C) |
— :
NORTH KENAL
10533 |Sept. 7, 1967 | water-taple © . 1w | 7.3 10
21 | 0.06 | 19 .5 . . . . g 1y ) 56 g
10602 |hpr. 8. Togy | aressian 156 R I - B e 3 B B - 2a ™ i | we fss | o | e fro)0
10116 |Aog. 6. 1968 | wareron 157 3 23 s 34 5.4 15| 64 13 2.8 a8 107 53 0 128 | 80] 0
BN water-table 7 2 | v |7 209 a 28| 72 .0 36 2| 0 1 54 0 28 | 7.4 28
" KENAL
10520 |Sept. S, 1966 | artesian 268 2 7 8.5 30
0.4 |19 1.7 | 2.3 92 0 2160 .
ToAan |sbt- 26. 1968 water-tante £ I P I TP B P P - I W o e | 68 0 Mg | 6.8 10
0478 [Sene” 5. Tooy | artestan 20 2| 291 s 7| w08 7 %08 | 20 56 |2 |2zl a0 . 0 s | 8o -
1 e 5, 1568 | water-table 53 2 | 113 |2 2.2 .5 1.4 | 06 6 40 o) ] ” 0 &2 [8.0] 4
BEAVER CREEK VALLEY
10795 {May 20, 1970 | artesian u3 “ | om| a3 o 20
. . 3 2 2.6 | 136 0.0 0.7 0.5 | 0.6 168 1 0 27 | 8.2
10332 {June 6, 1968 artestan 135 I 64 4.5 6.1 0 8.0 | 178 R a6 .1 .0 936 36 0 1700 8.2 20
10311 [Sent. 22, 1967 ) water-table a0 25 | 419 | 96 | 16 6.9 9| a8 0 16 | 40 79 30 F] 84 | 69| 60
10456 |Nov. 17, 1967 | water-table 8 36 35 [ 33 3.0 2.0 | 89 0 3.2 .1 .5 86 66 0 W 77§
SOLDOTNA
10078 |June 6, 1968 | artestan 163 43 0.29 | 22 13 70 4.9 | 163 8.1 0
. . X 92 2 | 2.6 336 108 0 ss8 | 7.9 10
10433 {Sept. 27, 1967 | artestan 75 2 46 | 43 5.2 7 4.2 | 208 .0 36 2| .8 270 128 0 402 8.0} 20
10106 fAug. 8, 1968 | water-table £ 20 0 | .0 4.6 1.3 | 89 4 2.6 .0 .6 82 52 0 125 7.2 5
10435 [Apr. 8, 1955 | water-table 54 £ 031 | 3 7.6 6.2 3.2 {139 16 2.0 212 77 né 2 47 {80} --
STERLING
10284 |Apr, 2, 1968 | artesian 147 24 | 035 |21 6.0 "] 20222 | o0 0.7 0.1 | 0.5 2n ” 4 30 | 7.8 10
}
KASILOF
10234 une 20, 1969 | artestan 150 29 | o3 {a 5.2 19 s | o0z 2.1 0.2 | 0.0 168 & 0 m |7.9] 5

Table 4.--Selected chemical analyses of surface water, Kenai-Soldotna area.

Po Dissolved H‘"cmécsas s;::mtc
Mag- - issolv as CaCoO, conduct -
Date of collection «’(‘1;::;,. Sitcs) Lron fg‘..). o | e | e | Sgte | Chenioe g (tg:’,:.; oo ] o | (e | P [0
> (Mg) (K) » ») | at 180°C) [ magne-jcarbon-| mhos
sium | ate |at 25°C)
13-242C KASILOF RIVER NEAR KASILOF
Dec. 12, 1957 2020 5.0 | 017 | a8 | 12 1.6 1.7‘ 20 L .0 1.0 0.0 | 0.3 28 7 0 3 (66| 20
15-2661 KENAI RIVER AT SKILAK LAKE OUTLET
Nov. 2, 1967 230 3.1 | 0.60 |10 2.8 2.7 10| 27 6.0 0.4 0.0 | 0.7 3% 29 7 64 |7.2 5
15-2661.2 KILLEY RIVER NEAR STERLING
Nov. 2, 1967 233 9.8 | 0.20 | 8.2 | 1.0 3.1 0.7 l 2 | 7.0 L 1.4 0.0 | 1.2 %% 25 4 n | 0
15-2661.6 KENAI RIVER KEAR STERLING
Nov. 2, 1967 50 36 | 053 |10 0.8 0.8 05 | | 8o | o4 0.0 | 0.6 3 29 6 64 | 7.3 5
15-2661.8 MOOSE RIVER NEAR STERLING
Nov. 1, 1967 126 15 0.69 |23 a2 42 1.3| 98 | 0.0 0.7 0.1 | 2.6 99 76 0 159 [7.8] 10
15-2662.1 FUNNY RIVER NEAR SOLLOTNA
Kov. 1, 1967 107 18 0.91 |10 3.6 3.0 o.9| s | 00 0.4 0.0 | 0.6 54 a ) 93 |73 15
15-2662.9 SOLDOTNA CREEK AT SOLDOTNA
Apr. 2, 1963 15.6 {29 « | 0.83 |19 5.3 5.5 2.3] % | 00 | 14 0.1 | 0.8 | M 7 0 158 | 7.4 15
. 15-2663 KENAT RIVER AT SOLDOTNA
Nov. 7, 1970 5980 3.5 ["0.03 | 9.8 | 1.0 1.6 vo | 29 6.3 l 2.0 01 | 1.2 39 29 5 69 | 7.0 0
15-2665 BEAVER CREEK NEAR KENAL
Oct. 1, 1970 199 {28 "2 |18 3.9 5.0 i 2. I ® | 30 | 3s 0.2 | o1 | 106 6! 0 137 | 80| 20
15-2669 BERNICE CREEK NEAR KEWAIL
Apr. 3, 1968 1.33 |20 0.51 | 7.8 | 2.4 3.9 18 | 1.0 5.3 0.1 | 0.3 62 10 0 8 | 7.0 5
15-2670 BISHOP CREEK NEAR KENAI
Sept. 30, 1970 15.1 w o | 12 |29 1.2 I.S% 5| a0 I 3.2 0.2 | 0.3 66 2 0 wo | 7.8l 10
15-2670.5 SWANSCN RIVER NEAR STERLING
Dec. 2, 1958 s | vo | a1 | s 6.5 1.9 | 103 N 0.7 | 0.3 107 7 0 m 1ol e
15- 2671.5 SWANSON RIVER NEAR KENAL
Aug. 20, 1969 - 16 ["o.a8 | 29 | 6.4 10 ] 25140 | o4 § 35 0.1 | 0o 129 | g 0 225 | g3l -
* Fijtered
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Table 5.--Source,

significance,

and concentrations of dissolved mineral constituents .

and physical properties of Kenai-Soldotna area water.

Constituent or
physical property

Source or cause

Significance

Range of concentration or

physical properties

Remarks

Sthica (S!O)

ron (Fe)

Calchum (Ca) and
Majnestum {Mg}

Sodtum (Na) and
Potassium (K)

Blcarhonate {HCO ,)

Sulfate (SO,)

Cnloride (C1)

Fluoride (F)

Mtrate {nns)

Dissolved so¥ids

Hardness as CaCO,

Sperific conductance
{micromhos at 25°C)

Hydrogen-ion concen-

tration (pi)

Color

Tenperature

Dissolved from nearly 211 rocks and solls,
coanunly less than 30 mg/i. Ofatomaceous
earth in the renai-Soldotna area may be
responsible for higher then nurtal silica
concentrations. Higher concentrations
up to 100 mg/1, geaerally occur tn highly
alkaline waters.

Otscolved from nearly all rocke and sofls.
Waters having low ph tend to be corrosive
ana may dissolve 1ron 1n cbjectionable
quantities from pipe, pumps, and other
equipment. More than 1 or 2 mg/l of sol-
ubte tron in surface waters generally
indicates acid wastes from mine drainage
or other sources.

Dissolved from nearly a1} rucks and soils,
but espectally from limestone, dolomite,
and gypsum. Calctum and magnesium are
found in largs quantities in some brines.
Magnestum s present in large quantities
in sea water,

Dissoived from nearly #1) rocks and soils.
Found also in anctent brines, sea water,
some tndustrial brines, and sewage.

Results from action of carbon dioxlde in
water on carbonate rocks such ss linestors
and dolomite.

Dissolved from rocks and sotls containing
gypsum, fron sulfides, and other sulfur
compuunds. (oamionly present in mine
water. and in some Industrial wastes.

Assolved from rocks and sofis. Preseat
in sewage and found in large amouris ta
anclent brines, sea water, and industrial
wastes. Cook Inlet tides force salty
water upstream in tidsl estuaries.

Dissolvad in small to minute quantities
from most rocks and sotls.

Results from decay of organic mattsr,
action of legume plants, sewage, nitrate
fertitizers, and nitrates in soll.

Chiefly mineral constituents dissolved
from rocks and sotls. Includes organic
matter and some water of crystalltzation.

In most water nearly all the hardness s
due to calcium and magnesium. All the
metallic cations other than the alkalt
metals also cause hardness.

Hineral content of the watar.

Acids, acid-generating salts, and free
carbun dioxide lower pH. Carbonates,
bicarbonates, hydroxides, phosphates,
s¥lfcates, and borates raise pH.

Usually caused by organic matter.

Forms hard scale ¥n pipes and Lotlers. Carried in steam from high-pressure botlors to form
Cepoii ts on bizdes of turbines. Inhibits deterforation of zeolite-type water scfteners. In
plants similar to Collier Carbon and Chemical, siilca In concentrations exceoding 15 mg/)
requires special treatment {A. D. Houtz, written commun., 1971)

Mara than about 0.3 mg/1 stains laundry and utensils reddish-brown. Objectionadle for food pro-
ccesing bevareges, dveing, bleaching, ice manufacture, brewing and ather processes. Large
quantities cause unpleasant taste and favor growth of fron bactoria. On exposure to air,
iron in ground water usually is oxidizad and forms a reddish-brown procipitate. “Fublic Health
Service Drinking Water Standards® (1962) recommends that iron in water supplies not oxcoed
0.3 m/1.

Cause of most hardness and scale-forming properties of weter; sosp consuming. {Soe “Hardness.®)
Waters low fn calcium and magnesium are dasired In alectroplating, tanning, dyeing, and textile
manufacture,

Large amounts in combination with chlorides give salty taste. Moderats quantities do not affect
usefuiness of water for most purposes. Sedium salts may cause foaming in steam boilers; 3 high
sodium content may limit use of watar for {rrigstion and n some diets.

Bicarbonata preduces alkalinity. Bicarbonates of calclum and magnesium decompose in steam boilers
and hol-water faciirties to form scale and release corrosive carbon-dioxide gas. In combination
with calcium and magnesfum causes carbonate hardness.

Large amounts may have a laxative effect and, In combinaticn with other fons, give a bitter tasts.
SulTate in water containing calcium forms hard scale in steam boilers. Orinking-wator standards
racommend thet suifate {n water supplies not exceed 250 mg/1).

1 arge quantities increase corrnstvensss of watar and, in combination with sodium, give salty tasto.
Orénking-water standards recommend that chloride In water supplias not exceed 250 mg/}. In plants
siatlar to Colller Carbon and Chemical, chloride in concantrations exceading 5 mg/) can contribute
to stress-corrosicn cracking in cooling systems using stainless steal equipment (A. D. Houtz,
written commun., 197)).

Fluoride in drinking water reduces incidence of tooth decdy when the water is consumed during enamel
calcification. However, it may cCause mottling of tha teeth, depending on concentration of fluoride,
age of the child, amount of drinking water consumed, and susceptidility of the individual. Maximum
concentration of fluoride recommended by drinking-watar standards varies with anmual average of
maximum datly alr temperature and ranges downward from 1.7 Mg/) for an average maximum dally tomper-
ature of 50.0°F to 0.8 mg/1 for an averags maximum daily temperature of 90.6°F.

Nitrate enccurages algas and other organisms that cause undesirable taste and odors. Concantrations
much greater than local average may {ndicate poliution. Drinking-water standards recommend that
nitrate conteni not exceed 45 mg/); higher concentrations may cause methomoglobinesia {an often
fatal disease n infants).

Orinking-water standards recommend that Jdissolved solids not exceed 500 mg/). Water containing more
than 1,000 mq/1 of dissclved solids are unsultadblo for many purposes.

Consumes soap before lather forms, depostts soap curd on bdathtubs, forms scale 1n bollors, water
heaters, and pipes. Hardness due to bicarbonate and carbonate Is called carbonate hardness.

Hardness in excess of this is calied noncarbonate hardness. [In ganeral, water of hardness as much

as 60 mg/1 is considered soft; 60-120 mg/, moderately hard; 121-180 mg/), hard; >180 mg/1, very hard.

Indicatos degres of mineralization and 15 a measure of the capacity of wator to conduct electric
current. This property varies with concentrations and degreo of fonizatlon of the constituants
ard with tempersture (therefore reported at 25°C).

A pH of 7.0 indicates neutrality of & solution. Values higher than 7.0 denote increosing alkalinity;
values lower than 7.0, incroasing acldity. pit i3 a measure of hydrogen fon activity. Corrosivenoss
of water genarally iIncreases with decreasing pH. Excessively alkallne waters may also attack metals.

A comparison with the appearance of water that is free of suspended matter. Color of 10 units or luss
usually goes unnoticed. Orinking-water stsndards recosmend that color not oxceod 15 units. Color {a
water 15 objectionablo 1n food and beverage processing and {n many manufacturing processos.

Affects usefulness of watar for many purposes; most users desire wator of uniformly low temperature.
In genaral, temoerature of shallow ground waters shows some seasonal fluctuotion, whoreas tempor-
atures of ground waters from moderato degm remain near mean gnnusl alr temperature of the oreas.
In deop wells, water tamperaturo gonorally incroasos 1*F for each 60-80 foet of depth.

ground water surface vater
max min max min
53 5.3 3 2.3
8.70 0.00 2.4 0.00
48 0.3 44 f.6
21 0.3 6.8 0.3
436 1.1 13 0.7
8 0.0 4.0 0.3
524 " “e 10
56 0.0 1L} 0.0
“ 0.0 5.3 0.0
3.0 0.0 0.6 0.0
4“9 0.0 30 0.0
1,270 43 126 8
180 [} 99 \U
2,157 Ly 234 40
8.9 6.3 8.3 5.9
150 0 50 [
6°C 2°Cc e [ 9

Silica In 145 ground-water samples from 111 wells averages
33 mg/1. Silica ranges from 2.3 to 9.4 mg/1 in water from
the Kenai and Kasilof Rivers, and from 7.0 to 33 mg/1 in
water from nonglacia) streams that have large propos tions
of ground-water runoff.

Lron in 145 ground-water samples from 115 wells averages
V.16 m/1. The highest concentrations are reported for mon-
glacial streams, but these may be erroneous becsuse iron in
suspended sediment was included in many of the samples.

Chioride in 146 ground-water samples from 113 wells averages
31 mg/1; 14 percent of the ground-water ssmples exceeded
50 mg/1 and 4 percent eaceeded 250 mg/ ).

Fluoride in 143 ground-water samples from 110 wells averages
6.3 mg/1; 91 percent of the samples had fluoride content less
than 0.8 mg/), 8 percent of the samples were within the
desirable range of 0.8 to 1.7 mg/}, and | percent of the
samples exceeded 1.7 mg/ .

Oissnlved solids in 142 ground-water samples from 11l wells
averages 224 mg/1; 5 percent of the ground-water samples
contained more than SOV mg/}, and | percent contained
wmore than §,000 mg/1.

Carbonate hardress in 145 ground-water samples from 112 wells
averages 72 mg/l. Carbonate hardness ranges from 14 to 44
/1 tn water from the Kenai and Kastlef Rivers, and from

15 to 99 mg/1 In water from nanglacial streams.

pH of 178 ground-water samples from 136 wells averages 7.7.
Color of 13\ ground-water semples from 100 wells averages I$
units.

Aversge ground-water temperature \s about 4°C (39°F).



Ground-Water Quality

Ground-water quality varies considerably from well to
well in the study area. The greatest concentration difference
within the local areas is between wells in the water-table
aquifers and those tapping artesian aquifers. An area of
generally unsatisfactory ground-water quality is located in
the lower Kenai River valley and along the Cook Inlet shore-
1ine (fig. 23). In this area water from the water-table
aquifer commonly has objectionable concentrations of iron,
and water from the artesian aquifer has objectionable quan-
tities of dissolved solids, chloride, or color.

Water-Table Aquifers

In the Kenai-Soldotna area, water of water-table aquifers
is a calcium magnesium bicarbonate type. Chemical properties
of this type of water are dominated by carbonate, bicarbonate,
calcium, and magnesium, which produce carbonate or temporary
hafdness. The water characteristically has a low dissolved-
solids content but commonly has a high iron content (table 6).
The highest and most objectionable iron content occurs in
water samples collected from the poorly drained swampy areas
near Kenai, the area delineated as ground water of inferior
quality (fig. 23). The spatial distribution of iron content
in the water-table aquifer is illustrated in figure 24.

Artesian Aquifers

The artesian aquifer can be separated into an area of
generally satisfactory quality and an area of generally
unsatisfactory guality as delineated in figure 23. The area
of unsatisfactory water quaiity encompasses those sections
in which a predominance of samples have one or more chemical
constituents which exceed the recommended U.S. Public Health
Service (i1962) water-quality standards. Also, within this
area, many well users report that the water has objectionable
water-quaiity characteristics.
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Table 6.--Relationship of 112 chemical analyses by geohydrologic groupings to

U.S. Public Health Service water-quality limits.
Iron Dissolved solids Chloride Color Percent with no
Water-quality groupings Average | Percent greater Average | Percent greater | Average Percent greater | Average | Percent greater excessive
mg/1 0.3 mg/1 mg/1 500 mg/1 mg/1 250 mg/1 units 15 unit concentrations
1. Water-table aquifers 2.28 66 111 0 3.7 0 15 23 38
(32 samples)
8
2. Artesian aquifers 0.52 52 203 0 18 0 15 26 3
Generally suitable
(50 samples)
30
3. Artesian aquifers 0.54 52 420 27 99 20 70 44
Generally inferior
quality (30 samples)

1/ y.s. public Health Service, 1962.
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Generally Satisfactory Ground Water

The water from artesian aquifers, which range fro~ 60
to 300 feet below land surface, is commonly of the best
quality in the study area. It is principally of the calcium
magnesium bicarbonate type but includes water of the sodium
bicarbonate type, water with no dominant cation-anion pair
type, and water of the sodium chloride type. Waters having
a dominant sodium cation or a dominant chloride anion are
found in the deeper artesian aquifers of the Kenai River

valley or near Cook Inlet.

Although over half of the ground-water samples collected
contained iron concentrations greater than 0.3 mg/1 (table 6),
the concentration of iron is generally at a level that can be
tolerated without treatment or that can be treated without
difficulty. As the iron-rich water-table ground water infil-
trates to the artesian aquifers, the water reacts more quickly
with 1imy material than with iron-bearing materials and the
water becomes harder with decreasing solubility of iron.
Artesian ground water near the recharge area is moderately
hard, and the iron content, although objectionably high for
ordinary uses, remains relatively low with reference to the
total amount of dissolved solids. As the artesian waters
move downgradient, they become extraordinarily soft, although
the dissolved-solids content increases.

Generally Unsatisfactory Ground Water

Artesian water of unsatisfactory quality occurs in wells
at depths ranging from 100 to 450 feet below land surface near
the natural discharge areas (fig. 11). Most of the samples'
are of the sodium bicarbonate or sodium chloride types.

A large percentage of samples has dissolved-solids con-
tents of more than 250 mg/1 or color of more than 75 units.
However, some samples from this area are of good quality,
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especially those from the Beaver Creek valley. Iron contents
are similar to those in other artesian water (table 6).

Saline Ground Water

Ground water from some wells near Cook Inlet has been
reported to be unsatisfactory because it is salty. This has
been confirmed by chemical ana]yses; which show either high
dissolved solids or high chloride, but neither the source
nor the distribution of this water type is known.

Ground water from two wells near Cook Inlet had dissolved-
solids content of more than 1,000 mg/1 and is probably brack-
ish. Ground water from six wells had chloride contents of
more than 250 mg/1, the approximate concentration at which
water will taste salty to some people. Nine sampled wells
yield water having a dominance of chioride anions and sodium
cations.

Saline water may accumulate by any of the following
processes: (1) Retention of salt water trapped at the time
of deposition, or (2) intrusion of salt water after deposi-
tion due to a rise in sea level or a decrease in discharge,
or (3) dissolution of minerals and concentration of the
constituents by filtration by clays. The most probable cause
of saline ground water in the Kenai-Soldotna area is entrap-
ment of salt water at the time of sediment deposition.
However, heavy ground-water development could cause a change
in the present ground-water flow patterns resulting in
intrusion of sea water or movement of the older entrapped
water towards the areas of development.

Surface-Water Quality

Surface water in the Kenai-Soldotna area is generally
of good quality. Water of glacial streams such as the
Kenai and Kasilof Rivers is low in dissolved solids,
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presumably because its source is mainly snow and ice melt,
but the streams contain glacial flour. However, glacial
stream-sediment loads, in the study area, are relatively
low because of the large lakes in which the coarse sediment

settles.

» The nonglacial streams of the Kenai-Soldotna area, such
as Moose River and Beaver Creek, differ in water quality from
the glacjal streams. The quality of water from these streams
is similar to ground water from water-table aquifers because
their principal source is ground-water runoff. However, iron
content is lower in the water from nonglacial streams than in
shallow ground water. The sediment loads of nonglacial
streams are lower than those of glacial streams.

Chemical Quality of Surface Water

A1l surface waters in the Kenai-Soldotna area are of the
calcium magnesium bicarbonate type and are low in dissolved
«:solids and chloride content and hardness. The concentrations
‘of silica, dissolved solids, and iron and the hardness and
color, however, are generally less in glacial streams (Kenai
and Kasilof Rivers) than in ncnglacial streams (Moose River
and Beaver Creek) (table 7).

Water from all the streams generally meets all U.S.
Public Health Service {1962) water-quality standards except
for iron content and color. However, many of the reported
higher iron concentrations were analyzed in such a manner
that they inciude iron dissolved from suspended sediments.

o his iren could readily be removed by coagulation, sedimenta-
tion, or filtration as is done in many treatment piants.
Hence the reported high iron concentrations should not
preclude consideration for use of water from these streams.
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.--Relationship of chemical a7a2yses from féve streams to
Table 7 ¢ U.s. Pubéic Health Service water-quality limits.

Stream stations

Number

of
samples

Silica

=g/l

mg/!

I
)

lron

AVeTage | percent greater

0.3 ng/li

Dissolved solids

Chloride

| Hardness i

Color

VeTage |
mg/1

percent greater
500 mg/ll,

Average
mg/1
—

percent greatsr
250 mg/1l;

Average [ Average

mg/1

| units

g

pcrcent greater
15 units}y

15-2420
Kasilof River
nesr Kensi

15-2580
Kenai River at
Cooper Landing

15-2663
Kenai River
at Soldotna

15-2661.8
Moose River
near Sterling

15-2665
Beaver Creek
near Kenai

33

55

42

14

22

5.7

4.0

4.8

24

0.27

.12

.31

.21

26

38

24

95

31

4

42

97

0

1.0

1.0

0

18

32

29

70

55

13

20

33

10

62

86

1, u.s. Public Health Service, 1962.

with the volume of flow.
content decreases with increasing flow (fig. 25).
proportion of ground-water runoff relative to surface water,

however, may cause a greater range in dissolved-solids

content in some streams.

and Kasilof Rivers because during low-flow periods the

The chemical characteristics of water in streams Vary

In general, the dissolved-solids

The

Beaver Creek, for example, has a
greater range in dissolved-solids content than the Kenai

runoff is principally from ground water high in dissolved-

solids content, whereas during high-flow periods the
water is diluted with rain and snowmelt which are low in

and Kasilof Rivers have little
variation in dissolved solids because the principal source

dissolved solids.

The Kenai

of runoff is snowmelt which is regulated throughout the year
by lake storage.

Sediment

The sediment concentration and total sediment discharge
of glacial streams in the Kenai-Soldotna area are relatively
small in relation to the amount cf stream discharge (table 8;
fig. 26). This
load in large lakes, which allows the coarse sediment to

is caused by reduction in stream sediment
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Figure 25.--Comparison of dissolved-solids content with discharge
of the Kenai and Kasilof Rivers and Beaver Creek.

settle. However, these streams do contain concentrations of
fine suspended sediment throughout the year, the resulting
turbidity making the water undesirable for some uses.

The suspended-sediment content increases with amount of
water discharged (fig. 26). The highest sediment discharge
of glacial streams in these drainage basins occurs during
storms that coincide with peak runoff from glaciers. For
example, the highest sediment concentration and sediment
discharge in the Kenai River at Soldotna occurs when the
Funny and Killey Rivers are discharging sediment-laden storm
runoff into the Kenai River, which is already laden with
glacial flour. Date are not available to characterize
sediment concentrations and sediment discharge in nongiacial
streams; however, during most of the year, it is significantly
less than in glacial streams.

67



10, 000 =

inipe

.““

iiacialel il Sak B i = i

1,000
rv .

100

SEDIMENT DISCHARGE, IN TONS PER DAY

charge with water discharge of the Kenai
lof Rivers.

WATER DISCHARGE,

IN CUBIC FEET PER SECOND
Figure 26.--Comparison of suspended-sediment dis-

and Kasi-

Table 8.--Summary of suspended-sediment data.

Stream station

Sediment concentration
(milligrams per liter)

Sediment discharge
(tons per day)

Minimum Maximum

Minimum Maximum

15-2420
Kasilof River
near Kasilof

15-2580
Kenai River
at Cooper Landing

15-2€63
Kenai River
at Soldotna

15 45

4 103
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Temperature

Measured surface-water temperature in the Kenai-Soldotna
area ranges from near freezing to 17°C (62°F). The highest
water temperatures occur in the hot summer months as shown in
figure 27, a graph of maximum and daily water temperature and
stream discharge for Beaver Creek. A wide range in diurnal
and day-to-day temperature occurs during the period May to
July. Beaver Creek is ice-covered from mid-October to mid-
April or May; thus approximately 50 percent of the time the
water temperature is less than 0.3°C (32.5°F) (fig. 28).

Periodic water-temperature measurements for the Kenai
River at Soldotna indicate a seasonal trend similar to Beaver
Creek (fig. 29). However, freezeup does not occur until
mid-November or December and breakup can be as early as
February. This shorter period of ice cover is due to the.
relatively warmer water d%scharged from Skilak Lake into the

river.
Salt-Water Encroachment - Kenai River

The nature of salt-water encroachment caused by tides
into the lower reaches of the Kenai River should be considered
in the planning for any water-withdrawal or waste-disposal
facilities in that area. 7To evaluate this, observations and
measurements of salt-water encroachment in the Kenai River
were made for a 10-hour tidal period during the low-flow
period and maximum tidal period of May 2, 1969. At the time
of observation, the Kenai River was discharging 1,400 cfs
(a flow that is equaled or exceeded 84 percent of the time;
see fig. 7), and the predicted high-tide stage at the Kenai
River entrance was 22 feet (U.S. Dept. of Commerce, 1969).
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Figure‘30 illustrates the extent, magnitude, and nature of
salt-water encroachment into the Kenai River at this time.
At the mouth of the river specific conductance of the water
(a general indicator of dissolved-mineral content) increased
from 2,990 to 42,700 micromhos during the flood tide when
Water with a maximum chloride

water stage rose 23.1 feet.
content was obtained during the peak tidal stage.

At Eagle Rock, 12 miles above the river mouth, specific
conductance increased from 81 micromhos (1 mg/1 chloride)

to 1,100 micromhos
when water stage rose 10 feet.

(392 mg/1 chloride) during the flood tide
Maximum chloride coincided

with the maximum tidal stage, and both lagged 1 hour behind

the maximum inflow velocities.

gradient above Eagle Rock, salt water

far above this point.

At observation

water velocities were observed during
cating that the greatest transporting

Kenai River mouth;
the Kenai

tc accumulate

in

estuary.
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gure 30.--Salt-water encroachment,Kena

River, May 2, 1969.
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FUTURE DEVELOPMENT OF WATER RESOURCES

Future water requirements in the Kenai-Soldotna area
are difficult to estimate because a trend for industrial
and population growth is not firmly established. In 1970,
approximately 25 percent, or 0.9 mgd, of the water pumped
was used for domestic purposes. Assuming a 4 percent per
annum increase in population and a per capita increase of
water use from 100 to 150 gpd, domestic water use should
double by 1977. During 1970, North Kenai industry used
approximately 2.4 mgd. If the number of petro-chemical
plants located in North Kenai were to double, depending
on the specific need of each, additional demand could
range from 1 to 4.5 mgd.

The projected domestic water requirements can prbbab]y
be satisfied by ground-water wells. However, expanded
industrial development in North Kenai may require new sources
of water or proper management of the present source.

A surplus of ground water is probably available from
water-bearing deposits underlying the cities of Soldotna and
Kenai and from the Beaver Creek valley and the Kenai River
valley downstream from Soldotna. An estimated 1 to 3 mgd
supply, in addition to the 5-year projected municipal require-
ment, cculd be developed near Soldotna or in Beaver Creek
valley. However, further testing is required to verify the
potential of ground-water development in the Kenai River
valiey downstream from Soidotna. In addition, artesian
ground water could be further developed in North Kenai or in
the drift deposits east of North Kenai, but the effects on
the water-table system cannot be evaluated at this time.

The water-table aquifer of Kenai could be developed; but
because of the fine sediments, low permeability, and limited
available drawdown, high-capacity wells are difficul:t to con-
struct. Also, the high iron content of water from this
aquifer restricts its development for most purposes. However,
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expanded deve10pment of the Beaver Creek artesian aquifer
would utilize some water from the water-table aquifer by
inducing vertical leakage.

The developer needing large supplies of ground water
must employ sophisticated techniques in the exploration,
development, and management of the ground water. Subsurface
exploration programs that employ appropriate cost-saving
techniques should be designed; production wells should use
up-to-date techniques of well construction, screening, and
developing. Many attempts to construct high-capacity produc-
tion wells in the study area have failed, generally because
of the presence of fine-grained water-bearing material
incapable of high yields. One possible solution to this
problem would be to increase the diameter of the holes and
to gravel pack the wells artificially.

Once a ground-water reservoir is developed, it must be
properly managed to insure wise utilization. Consequently,
management objectives of all agencies or persons dependent
on the water resources in the area must be coordinated.

Effective utilization of the ground-water reservoir
requires continual inventory of components in the hydrologic
cycle, such as quantity in storage, recharge and discharge,
and, in addition, the rate of movement of water through the
reservoir. In the Kenai-Soldotna area, this inventory should
include records of streamflow, ground-water level changes,
ground-water pumpage, lake-level changes, discharge from
springs, precipitation, and estimates of evapotranspiration.

To determine whether moderate quantities of water can
be withdrawn from a given ground-water reservoir is generally
not difficult. But to determine the maximum amount of water
that can be withdrawn without producing an undesirable result
requires detailed knowledge of the geclogic framework of the
hydrolcgic system and plarning decisions as to the extent
that undesirable results can be tolerated. This is difficult
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to do because normally the potential of a basin cannot be
determined in advance of development, However, detailed
hydrologic information concerning the geohydrologic system
and the cause-effect relationships of ground-water pumpage,
can be used in constructing electric-analog or mathematical
models to predict aquifer response. The construction and
refinement of the model are dependert on historical records
of ground-water pumpage and head changes. Even after a model
of the aquifer has been constructed, the hydrologist cannot
estimate the maximum yield until the water users define
precisely the ungesirab]e results that are to be avoided.

Questions that must be considered may include:

1. What is tolerable drawdown, and over what areal
extent can it occur?

2. What is the relative value of the swamp lands?
Should they be preserved for wildlife, or should
the lowering of water levels be allowed with the
associated benefits of conserving water by reducing
evapotranspiration and making the land habitable

for man?

3. Can changes in lake levels be tolerated, and to
what extent?

4. Can the reduction of ground-water runoff be
tolerated?

In any management decision, it should be realized that
optimum development is usually achieved when the average
recharge is balanced by the average discharge and when the
discharge for nonbeneficial purposes has been reduced to a
minimum. In most years, however, such a balance will not be
achieved. During dry years, ground water is drawn from stor-
age, water levels decline, and recharge from lakes and streams
may increase. DJuring wet years, lakes are filled, streams
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flow above normal discharge, and the ground-water reservoir is
replenished. Maximum use of ground-water reservoirs cannot

be achieved by holding the storage constant; it is achieved

by drawing on storage during dry years, but only to the extent
that the storage can be replenished during wet years.

The largest untapped source of water is the Kenai River.
The lowest recorded flow on the Kenai River at Soldotna was
770 c¢fs. If only 10 percent of this flow, or 77 cfs, were
withdrawn from the river, it would provide 50 mad. However,
treatment of the silt-laden river water could be a problem.
To insure that the Kenai River remains a potential source of
water, its chemical and biological quality must be maintained.

There is a good potential for development of the water
resources in the Kenai-Soldotna area, but far-sighted and
rational planning will be required to develop the resource
wisely and economically. An ideal water plan calls for a
water-supply system that can handle the current needs most
efficiently but that can be expanded as the demands for water
grow. To date, the most efficient water system for the area
has utilized ground-water wells near the points of intended
use. With increased demands, it may be necessary to consider
transferring water from areas of surplus to areas of defi-
ciency. Thus, if all future industrial expansion is in the
North Kenai area, importing water through a unified system
may eventually be necessary. Tryck, Nyman and Hayes (1970)
have estimated that North Kenai water use would have to reach
6.5 mgd to justify economically water importation from the
Kenai River. However, this estimate is based on the assump-
tion that local ground water will not be exhausted at some
lower rate of water use.

Whether the water is taken from the Kenai River or from
ground-water reservoirs requires economic evaluation of water-
withdrawal facilities, treatment, costs, and %fransmission
Tines. Local! development of ground water will probably be
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the most economical means of supply until increased demand
lowers the unit cost of a unified system. However, a higher
unit cost would have to be tolerated if local ground-water
supplies prove inadequate. Continued ground-water development
should be compatible with a future unified water system. The
optimum unified system might include conjunctive use of both
surface and grouhd water. Surface water might be the major
source because of its large potential for development. How-
ever, ground water would be included in the system to warm

the water in the winter, when the river water is at or near

0°C (32°F) and to supplement the surface water during times
of heavy load on the treatment facilities, such as during
periods of peak sediment concentration in the Kenai River,

Such a unified system might include: (1) Several million
gallons per day of surface water from an infiltration gallery
or run-of-the-river intake of Kenai River somewhere above
Eagle Rock (fig. 30), (2) 3 mgd from ground-water wells near
Soldotna, (3) 3 mgd from ground-water wells in Beaver Creek
valley, and (4) 2 to 6 mgd from ground-water wells near North
Kenai.
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