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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policy-
makers at Federal, State, and local levels in making
sound decisions. Assessment of water-quality condi-
tions and trends is an important part of this overall
mission.

One of the greatest challenges faced by
water-resources scientists is acquiring reliable infor-
mation that will guide the use and protection of the
Nation’s water resources. That challenge is being
addressed by Federal, State, interstate, and local
water-resource agencies and by many academic insti-
tutions. These organizations are collecting
water-quality data for a host of purposes that include:
compliance with permits and water-supply standards;
development of remediation plans for specific con-
tamination problems; operational decisions on indus-
trial, wastewater, or water-supply facilities; and
research on factors that affect water quality. An addi-
tional need for water-quality information is to pro-
vide a basis on which regional- and national-level
policy decisions can be based. Wise decisions must
be based on sound information. As a society we need
to know whether certain types of water-quality prob-
lems are isolated or ubiquitous, whether there are sig-
nificant differences in conditions among regions,
whether the conditions are changing over time, and
why these conditions change from place to place and
over time. The information can be used to help deter-
mine the efficacy of existing water-quality policies
and to help analysts determine the need for and likely
consequences of new policies.

To address these needs, the U.S. Congress appro-
priated funds in 1986 for the USGS to begin a pilot
program in seven project areas to develop and refine
the National Water-Quality Assessment (NAWQA)
Program. In 1991, the USGS began full implementa-
tion of the program. The NAWQA Program builds
upon an existing base of water-quality studies of the
USGS, as well as those of other Federal, State, and
local agencies. The objectives of the NAWQA Pro-
gram are to:

« Describe current water-quality conditions for a

large part of the Nation's freshwater streams,
rivers, and aquifers.

« Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the develop-
ment and evaluation of management, regulatory, and
monitoring decisions by other Federal, State, and
local agencies to protect, use, and enhance water
resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investiga-
tions of 59 of the Nation’s most important river
basins and aquifer systems, which are referred to as
study units. These study units are distributed
throughout the Nation and cover a diversity of hydro-
geologic settings. More than two-thirds of the
Nation's freshwater use occurs within the 59 study
units and more than two-thirds of the people served
by public water-supply systems live within their
boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained
from the study units, is a major component of the
program. This effort focuses on selected water-qual-
ity topics using nationally consistent information.
Comparative studies will explain differences and
similarities in observed water-quality conditions
among study areas and will identify changes and
trends and their causes. The first topics addressed by
the national synthesis are pesticides, nutrients, vola-
tile organic compounds, and aquatic biology. Discus-
sions on these and other water-quality topics will be
published in periodic summaries of the quality of the
Nation’s ground and surface water as the information
becomes available.

This report is an element of the comprehensive
body of information developed as part of the
NAWQA Program. The program depends heavily on
the advice, cooperation, and information from many
Federal, State, interstate, Tribal, and local agencies
and the public. The assistance and suggestions of all
are greatly appreciated.

[olet 1. Heracth

Robert M. Hirsch
Chief Hydrologist
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Purpose and Scope

The purpose of the Cook Inlet NAWQA
study is to (1) describe the status of and trends
in the quality of water resources within the
Cook Inlet Basin and (2) provide an under-
standing of factors affecting water quality and
aquatic ecosystems. Geographic and seasonal
distribution of water quality, aquatic biota, and
aquatic habitat conditions in relation to anthro-
pogenic activities, as well as natural features
will be determined. These characteristics also
are important from a national perspective,
because one of the primary objectives of the
NAWQA program is to describe the quality of
the Nation’s water resources.

The purpose of this report is to describe
the environmental setting of the Cook Inlet
NAWQA study unit. The scope includes the
physical, hydrologic, and aquatic-biological
characteristics of the freshwater streams that
flow into Cook Inlet, and how these character-
istics affect or are affected by water quality.
Major aquifers and their properties are identi-
fied. Baseline and historical information is used
to describe what is currently known about the
water quality of Cook Inlet. Future reports will
address specific water-quality issues and pro-
cesses controlling and affecting water quality in
the study area. The marine waters of Cook Inlet
are not considered part of the Cook Inlet
NAWQA and are not discussed in this report.

The description of the environmental set-
ting of the study unit is based on a review of
currently available reports and data from Fed-
eral, State and local agencies. Many reports
about various subjects specific to Cook Inlet
have been written. However, it is beyond the
scope of this report to detail every one; thus,
only general reports and USGS reports are
used. As reports dealing with specific topics of
the Cook Inlet NAWQA study are written,
more thorough literature searches will be
undertaken to obtain all relevant information.

Water-Quality Issues

The water quality of the streams, rivers,
and aquifers in the Cook Inlet Basin is deter-
mined by different combinations of natural fac-
tors and human activities. Natural factors
influencing water quality include climate, geol-
ogy, vegetation, soils, and physiography. Many
of the rivers in the Cook Inlet Basin have their
headwaters in mountainous terrain unaffected
by man, and contain abundant water of high
quality. Most settlement in the Cook Inlet Basin
is in the lowlands along the shores of Cook
Inlet and in the lower alluvial valleys, and most
of the human impact on water quality occurs in
these areas. Contamination of these waterways
and aquifers has the potential to alter water uses
and biological cycles and is of concern to
affected consumers, recreationists, and
resource managers.

An adequate description of water quality
includes the integration of physical, chemical,
and biological components. Water-quality
issues can be viewed from both national and
Alaska perspectives. From the national view-
point, Cook Inlet offers the opportunity to char-
acterize water quality in undeveloped areas,
which is not possible in most parts of the
United States. From the Alaska viewpoint,
many believe that development can take place
without degradation of water quality. A com-
mon theme is that “Alaska is where we have the
last chance to do it right the first time.”

The Cook Inlet NAWQA program will
focus on how the following natural factors and
human activities influence water quality in
general and the salmon fisheries in particular.
These particular elements of the Cook Inlet
NAWQA were based on internal discussions
with NAWQA personnel and on external dis-
cussions with a liaison committee consisting of
Federal, State, and local water-management
and water-quality agencies. Cook Inlet
NAWQA personnel will continue to meet with
the liaison committee twice a year to present
findings on various aspects of the program.
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Natural Factors

The Cook Inlet Basin has moderate to
high annual precipitation (Jones and Fahl,
1994). In the mountainous areas, which are
unaffected by man, the water quality is con-
trolled by factors such as the geology, soils, and
vegetation. Dissolved-solids concentrations
range from 33 to 185 mg/L (U.S. Geological
Survey, 1959-96), which indicates that concen-
trations of ions, such as calcium and sulfate, are
below drinking-water standards. The limited
nitrogen and phosphorus data also indicated
that nutrient concentrations in the natural
waters are comparable with background con-
centrations found in water in the conterminous
48 states of the U.S. (Mueller and Helsel,
1996). Thus, the chemical quality of most sur-
face water throughout the basin is considered
good and is suitable for most uses.

Natural suspended-sediment concentra-
tions are highly variable in Cook Inlet streams
and rivers. Sediment concentration is sensitive
to increases in streamflow. For example, during
low-flow periods in winter, suspended-sedi-
ment concentrations commonly are less than 10
mg/L, but during high-flow periods may
increase to more than 1,000 mg/L (Knott and
others, 1987). If a stream or river is fed by gla-
cial meltwater, relatively high suspended-sedi-
ment concentrations will remain for longer
periods, particularly in mid- to late summer.
Regardless of whether or not a stream is glacier
fed, most sediment transport will occur during
the open-water period, from May to September.

Large floods, including those caused by
volcanic eruptions, have occurred at irregular
intervals in all parts of the Cook Inlet Basin.
These floods typically cause massive erosion
and can deliver anomalously large loads of sed-
iment. The effects of erosion or deposition of
large amounts of sediment in streambeds can be
detrimental to fish spawning. Floods through-
out the Cook Inlet Basin have been caused pri-
marily by large rainstorms occurring in August

or September.

A unique characteristic of the Cook Inlet
NAWQA is the large area of national parks and
wildlife refuges in the basin (fig. 1). These Fed-
eral lands are unlikely to be developed, except
for some Native inholdings. Collection of base-
line data in these areas offers the possibility to
examine trends through time and how natural
conditions affect water quality.

Human Activities

Human activities can contribute contami-
nants to surface and ground water in the Cook
Inlet Basin through both point and nonpoint
source pathways. The primary human activities
that have led or can lead to degradation of water
quality are summarized here:

Residential development—Previous
studies by Brabets and Wittenberg (1983) and
Brabets (1987) documented the effects of resi-
dential development in two streams in Anchor-
age: Campbell Creek and Chester Creek (fig.
3). Residential development has led to
increases in concentrations of suspended sedi-
ment, trace elements, fecal coliform bacteria,
and dissolved constituents. Brunett (1990) doc-
umented the movement of contaminated
ground water from Merrill Field landfill (fig. 3)
in Anchorage. Milner and Oswood (1990)
described the adverse impacts on biological
communities in the lakes and streams. Petro-
leum hydrocarbons also have been found in the
bottom materials of one lake in Anchorage. As
a result, the fisheries of some of the local
streams have been affected. At the present time,
the Wasilla—Palmer and the Kenai—Soldotna
areas (fig. 2) are the fastest growing communi-
ties in the Cook Inlet Basin. A thorough inves-
tigation of the causes and effects of residential
development on water quality and fisheries will
help planners minimize the effects of future
residential development in the growing com-
munities.
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Table 1. Types and amounts of land cover in the Cook Inlet Basin, Alaska
[Data from Alaska Geospatial Data Clearinghouse, 1998]

Amount of area covered, in square miles and percentage

aom, | Mamda | e | S s
Type of land cover Area
nﬁlzs E:r:; nﬁl?e.s Zeer:t rrﬁlis ::r:t nﬁl?e-s E:r:t Sq. miles E:rrlt

Water 246 1 46 <l] 296 5 57 <1 645 2
Permanent snow and ice 2668 13| 1305 28 864 13| 1894 26 6731 17
Alpine tundra 3896 19| 1256 26 520 8 1726 24| 7398 19
Dwarf shrub tundra 160 <1 90 2 7 <1 29 <1 286 <1
Tussock sedge/dwarf shrub tundra 601 3 14 <1 0 0 12 <1 627 2
Moist herbaceous/shrub tundra 611 3 42 <1 48 <1 22 <1 723 2
Low shrub/lichen tundra 4 <1 16 <1 12 <1 34 <1 66 <1
Low shrub tussock tundra 37 <1 6 <1 151 2 48 <1 242 <1
Low and tall shrub 2 <1 71 21 250 4 8 <1 331 <1
Tall shrub 5302 26| 664 14| 1150 18| 2168 30| 9284 24
Closed broadleaf forest 3608 17| 408 8 238 4| 621 9 4875 12
Closed mixed forest 712 3| 237 5| 827 13 55 <l 1831 5
Closed spruce forest 603 3 260 5| 1678 26| 540 7 3081 8
Spruce woodland/shrub 1740 8 176 4 118 2 10 <1 2044 5
Open spruce forest/shrub/bog mosaic 341 2 44 <1 104 2 36 <1 525 1
Spruce and broadleaf forest 0 0 0 0 5 <1 0 0 5 <1
Open and closed spruce forest 90 <1 25 <1 10 <1 0 0 125 <1
Open spruce and closed mixed forest 2 <1 0 0 0 0 0 0 2 <1
Closed spruce and hemlock forest 98 <1 36 <1 252 4 3 <1 389 <1
Burned forest (1990 fires) 0 0 0 0 7 <1 0 0 7 <1
Burned forest (1991 fires) 31 <l 36 <l 31 <1 10 <1 108 <l

Total 20,752  100| 4,732 100 6,568 100 | 7,273 100 | 39,325 100
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Ecoregions

Omernik (1995) has defined ecoregions
as areas with common ecological settings that
have relatively homogeneous features includ-
ing potential natural vegetation, geology, min-
eral availability from soils, physiography, and
land use and land cover. The Cook Inlet Basin
contains parts of six ecoregions (fig. 11): (1)
Alaska Peninsula Mountains, (2) Cook Inlet,
(3) Alaska Range, (4) Copper Plateau, (5)
Pacific Coastal Mountains, and (6) Coastal
Forest. Specific descriptions of these regions
are taken from Gallant and others (1995).

Alaska Peninsula Mountains—Com-
posed of rounded, folded, and faulted sedimen-
tary ridges intermittently surrounded by
volcanoes. The mountains were heavily glaci-
ated during the Pleistocene Epoch (Quaternary
Period). A maritime climate prevails, and the
region is generally free of permafrost. Many
soils formed in deposits of volcanic ash and
cinder over glacial deposits and are highly
erodible. Vegetation cover commonly consists
of dwarf scrub communities at higher altitudes
and on sites exposed to wind, and low scrub
communities at lower altitudes and in more
protected sites.

Cook Inlet—Located in the southcentral
part of Alaska adjacent to Cook Inlet, has one
of the mildest climates in the State. The cli-
mate, the level-to-rolling topography, and the
coastal proximity have attracted most of the
settlement and development in Alaska. The
region has a variety of vegetation communities
but is dominated by stands of spruce and hard-
wood species. The area is generally free from
permafrost. Unlike many of the other nonmon-
tane ecoregions, the Cook Inlet ecoregion was
intensely glaciated during the Pleistocene
Epoch.

Alaska Range—Covered by rocky
slopes, icefields, and glaciers. Much of the area
is barren of vegetation. Dwarf scrub communi-

ties are common at higher altitudes and on
windswept sites where vegetation does exist.
The Alaska Range is in the Continental Climate
Zone, but because of the extreme height of
many of the ridges and peaks, annual precipita-
tion at higher altitudes is similar to that mea-
sured for some ecoregions in the Maritime
Zone (fig. 6).

Copper Plateau—Occupies the site of a
large lake that existed during glacial times
(Pleistocene Epoch). The nearly level-to-roll-
ing plain has many lakes and wetlands. Soils
are predominantly silty or clayey, formed from
glaciolacustrine sediments. Much of the region
has a shallow permafrost table, and soils are
poorly drained. Black spruce forests and tall
scrub, interspersed with wetlands, are the major
types of vegetation communities.

Pacific Coastal Mountains—Composed
of steep and rugged mountains along the south-
eastern and southcentral coast of Alaska. This
ecoregion receives more precipitation annually
than the Alaska Range ecoregion. Glaciated
during the Pleistocene Epoch, most of the
ecoregion is still covered by glaciers and ice-
fields. Most of the area is barren of vegetation,
but where plants do occur, dwarf and low-scrub
communities dominate.

Coastal Forest—Located near the south-
eastern part of the Cook Inlet Basin. The terrain
is a result of intense erosion and deposition dur-
ing late glacial advances of the Pleistocene
Epoch. Evidence of the effects of glaciation are
deep narrow bays, steep valley walls that
expose much bedrock, thin moraine deposits on
hills and in valleys, very irregular coastline,
high sea cliffs, and deeply dissected glacial
moraine deposits covering the lower slopes of
valley walls. The region has the mildest winter
temperatures in Alaska accompanied by large
amounts of precipitation. Forests of western
hemlock and Sitka spruce are widespread.
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Drought of 1972 to 1976—This drought
resulted from severe flow deficits in southcen-
tral Alaska streams in the high-altitude areas of
the Kenai Peninsula and the Anchorage vicinity.
Deficits in the most affected streams ranged
from 60 to 88 percent of average flow.

Drought of 1995 to 1996—The winter of
1995-96 was one of the lowest snowfall years;
the snowpack at the end of March ranged from
37 percent to 70 percent of normal. The average
streamflow for June 1996 at many streams was
the lowest for their period of record. The
Miller’s Reach fire near Big Lake in 1996 spread
quickly and became the worst fire in terms of
monetary damage in Alaska history. This proba-
bly happened because of the extremely dry ante-
cedent conditions. For the year, the flow deficits
at most of the sites were only second to the def-
icits of 1969. Flow deficits continued through
water year 1997, which may indicate another
prolonged drought period.

Effects from Volcanic Eruptions

Volcanic eruptions disturb watersheds pri-
marily by depositing rock, debris, and ash on
land or directly in the water and by substantially
increasing the water flow and temperature in
local rivers and lakes. Deposits of material in
the watershed can accumulate in streams and
impede movement of fish or create high concen-
trations of suspended sediment that can be lethal
to fish. Increases in streamflow generated by
melting of snow and ice on a volcano can scour
streambeds where salmon have placed their
eggs, or debris moving in the stream can be
deposited over the spawning arcas and incubat-
ing eggs can suffocate. Subsequent high-flow
velocities greater than about 6 ft/s can wash
juvenile salmonids downstream before they
have developed sufficiently. Extreme tempera-
ture increases resulting from hot volcanic mate-
rial entering a stream can kill incubating eggs,
developing fry, or mature fish.

Four volcanoes are located in the Cook
Inlet Basin: Mt. Spurr, Redoubt, Iliamna, and
Augustine (fig. 5). These volcanoes are part of

an arc of volcanoes that extends from upper Cook
Inlet along the Aleutian Islands. Coastal streams
that are found along the volcanoes and drain into
Cook Inlet support one of the most productive
salmon fisheries in the world. Although marine
survival and commercial harvest are the primary
factors most often considered as threats to fisher-
ies, the cumulative loss of spawning and rearing
habitats resulting from volcanic activity could
also threaten this resource.

The two most recent eruptive periods
occurred in 1989-90 when Redoubt was active
and in 1992 when Mt. Spurr was active. For these
two eruptions, flow estimates of the affected riv-
ers were made. Comparing the estimated flows of
the Drift River and Chakachatna River to the esti-
mated 100-year flood (table 6) indicates the mag-
nitude of floods caused by volcanic eruptions.
Although no fishery data are available to deter-
mine the magnitude of losses in these two rivers,
most likely all fish present in the rivers or in
spawning beds were substantially affected.
Although eruptions may be infrequent when
compared with the frequency of floods and
droughts, the time required for a watershed to
recover from the effects of a volcanic eruption
may be quite lengthy (50-100 years). Thus, even
when eruptions in the Cook Inlet Basin are sepa-
rated by many years, recovery periods will likely
overlap.

Table 6. Magnitude of floods from eruptions of Redoubt
and Mt. Spurr Volcanoes, Alaska

[fts/s. cubic feet per second; data from Dorava and Meyer (1994) and Meyer
and Trabant (1995)]

. 100-year .
- - S
(fig. 5) (i) (%)
Drift River 19.100 121589 640,000 to 800,000
(Redanbt) 01-02.90 420,000 to 2,100,000
02-15-90 350,000 to 880,000
03-14-90 88,000
04-15-90 35,300
Chakachatna 26500  06-27-92 70,600

River (Mt. Spurr)
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Water Quality

The quality of surface water in rivers and
streams of the Cook Inlet Basin is affected by
both natural and anthropogenic factors. Natural
factors that affect stream-water quality include
climate, ecology, physiography, geology, and
soil type. Anthropogenic factors in the Cook
Inlet Basin include runoff from urban areas,
timber-harvested areas, mining, and acceler-
ated bank erosion from intense recreational use.
The present discussion is limited to suspended
sediment, alkalinity, dissolved solids, and the
nutrient phosphorus.

Suspended sediment—Suspended sedi-
ment in streams and rivers is the result of ero-
sion, which can occur naturally, or can be
accelerated by land-cover disturbances such as
mining and logging. Elevated suspended-sedi-
ment concentrations can adversely affect
aquatic life by covering fish spawning sites or
altering habitat of benthic organisms. Sus-
pended sediment in urban runoff also is likely
to have contaminants adsorbed onto it.

Concentrations of suspended sediment
from various streams and rivers in the Cook
Inlet Basin show considerable variation (fig.
19). Much of this variation can be attributed to
(1) the presence or absence of glaciers in the
basin, (2) the presence of lakes that can act as
sediment traps, and (3) the relatively low con-
centrations during winter or low-flow condi-
tions. The Susitna, Knik, and Matanuska
Rivers all have glaciers in their basins and have
the highest median values and the largest vari-
ability of suspended-sediment concentration.

The Chakachatna, Kasilof, and Kenai Rivers all
have large lakes in their basins (fig. 16) that
trap much of the suspended sediment. Thus,
median suspended-sediment concentrations for
these three rivers are low compared with con-
centrations for glacier-fed rivers without lakes.
Chester Creek, a small urbanized stream in the
Anchorage area, does exhibit higher sus-
pended-sediment concentrations than the river
basins that contain lakes. This increase in sus-
pended sediment may be due to the effects of
residential development in the basin (Brabets,
1987).

Annual sediment loads for the Susitna
River (Knott and others, 1987), Knik River, and
Matanuska River (U.S. Geological Survey,
1954-98) have been determined. In addition,
suspended-sediment samples have been col-
lected at three other major inflows into Cook
Inlet (Kenai, Kasilof, and Chakachatna Rivers).
A method described by Colby (1956) was used
to compute the annual suspended-sediment
loads for these three rivers. This method
requires defining a relation between instanta-
neous sediment discharge and water discharge
and applying this relation to daily discharge.
This computation indicates that the annual sus-
pended-sediment load to Cook Inlet is more
than 44 million tons (table 7). The largest load
is from the Susitna River, followed by the Knik
and Matanuska Rivers. Because the correlation
between suspended-sediment discharge and
water discharge is high, most of the load is
transported during the high runoff period, May
through September (fig. 20).
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Figure 21. Boxplots of alkalinity for four rivers in the Cook Inlet Basin, Alaska.

Figure 22. Boxplots of dissolved solids for four rivers in the Cook Inlet Basin, Alaska.
Figure 23. Boxplots of total phosphorus for four rivers in the Cook Inlet Basin, Alaska.
(See figure 16 for locations.)
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Ground Water

Residents of the Cook Inlet Basin were
using ground water from springs, domestic
wells, and public-supply wells long before the
USGS began collecting ground-water informa-
tion in the 1950’s. Well-drilling companies
operating in most of the major communities
have drilled thousands of wells to supply the
needs of individual homes, businesses, and
municipal water systems. Most of these wells,
however, are clustered near the major commu-
nities. Relatively little is known about aquifers
in the unpopulated areas, where ground-water
availability must be inferred from the surficial
geology, drainage density, baseflow in streams,
and other indirect methods. The geometry of
aquifers is known only in parts of the Anchor-
age, Kenai, and Nikiski (fig. 2) areas.

The highest rate of pumping occurs in the
central part of the basin, in the Anchorage,
Kenai, and Nikiski areas (fig. 2). In these areas,
the main production is from multiple aquifers
located in outwash deposits distal from the ter-
minal moraine of a major glacial advance. The
aquifers are separated by confining units of
tidal and marine silt and clay. Similar geologic
conditions occur in the Point MacKenzie area
(fig. 24), an area where only shallow wells have
been drilled and where subsurface conditions
are not well defined.

In the major river valleys of the basin,
current and ancestral rivers created broad allu-
vial plains and ice-marginal outwash deposits.
Some of these outwash deposits are in terraces
and benches as much as several hundreds of
feet above the valley floors. These deposits
provide abundant water to many communities
and individual residences.

Underlying much of the basin are Ter-
tiary-age sandstones of the Kenai Group.
Although these are not productive aquifers, in
the southern part of the Kenai Peninsula they

do provide enough water for many homes and
small businesses. Exploratory drilling in west-
ern Cook Inlet has indicated that coal beds are
among the best producers of ground water.

In the foothills and mountain ranges of
Cook Inlet Basin, ground water in small quan-
tities is obtained from low-grade metamorphic
rocks. Most of the ground water produced from
metamorphic bedrock aquifers is withdrawn by
domestic wells in hillside areas of Anchorage
and Eagle River (fig. 24).

Anchorage Lowlands Aquifers

The Anchorage lowlands are located on
the eastern flank of the Cook Inlet sedimentary
basin, a deep structural trough filled with many
thousands of feet of Mesozoic- and Cenozoic-
age (Tertiary) sedimentary deposits (Barnwell
and others, 1972). Except on steep hillslopes
and in high mountain areas, these deposits are
overlain by glacial and alluvial deposits that
reach thicknesses greater than 1,000 ft under
the western part of Anchorage. These glacial
and alluvial deposits form the aquifer system
that supplies a large part of the water used by
Anchorage consumers. The northern boundary
of the lowlands aquifer system is generally
accepted as the Elmendorf Moraine (fig. 3).
This moraine lies north of Ship Creek on
Elmendorf Air Force Base and Fort Richard-
son, and extends across Cook Inlet in the area
between Mt. McKinley and Wasilla. Ground
water in the Municipality of Anchorage is
available north of the Elmendorf Moraine, but
in discontinuous, poorly defined glacial aqui-
fers. Underlying much of the lowlands south of
the moraine is an extensive confining layer, the
Bootlegger Cove Formation (fig. 25), which
consists of dense clayey silts (Updike and
Ulery, 1986). This confining layer separates the
upper unconfined aquifer from an underlying
confined aquifer (fig. 25).
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Figure 27. Ground-water pumpage data for 13 wells in the Municipality of Anchorage,
Alaska water system. (Data from Anchorage Water and Wastewater Utility, written

commun., 1998.)

Eklutna Lake (fig. 24) became a source of
water supply. At its peak in 1985, the public-
supply wells in Anchorage produced more than
10 Mgal/d from 13 wells in the municipality.
During this time of peak production, the poten-
tiometric surface of the confined aquifer was
drawn down more than 50 ft.

Kenai Lowlands Aquifers

The coastal areas of the northern Kenai
Peninsula near the communities of Kenai, Sol-
dotna, and Nikiski (fig. 2) overlie aquifers that
are geologically similar to those of Anchorage.
That is, multiple aquifers of outwash deposits

are separated by confining units of clayey silt
deposited in ancestral Cook Inlet. An upper
unconfined aquifer is hydraulically connected
to the many lakes and streams in the area
(Anderson and Jones, 1972).

The distribution of the aquifers has not
been defined by drilling except in the populated
areas in the immediate vicinity of the road net-
work. The unexplored area includes the Kenai
National Wildlife Refuge (fig. 1), which covers
a large part of the northern Kenai Peninsula. By
extrapolation from explored areas, however,
the refuge likely is underlain by significant gla-
cial aquifers.
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Unconfined Aquifer

The last major advance of glaciers ema-
nating from mountains in western Cook Inlet
terminated at a moraine that trends southwest-
northeast through Nikiski. Outwash from this
and other glaciers entering the Kenai Lowlands
deposited well-sorted sands and gravels that are
the unconfined aquifer of the region. Most of
the lowlands area was periodically inundated
by marine waters of Cook Inlet. Fine-grained
marine and tidal deposits commonly form the
base of the unconfined aquifer.

The unconfined aquifer is the principal
aquifer supplying water to thousands of domes-
tic wells in the Kenai lowlands. It is generally
not used, however, for the large industrial sup-
plies in the Nikiski area nor for the municipal
supply wells in Kenai and Soldotna. In the
Nikiski area, early attempts to develop the
unconfined aquifer for industrial water supplies
created a drawdown of local lakes that was
unacceptable to lakeside residents. Industries
quickly converted to pumping the confined
aquifers instead.

It is likely that pumping from the deeper
aquifers does have some effect on the uncon-
fined aquifer. This effect appears to be mani-
fested as a reduction in outflow from some
streams rather than a pronounced drawdown of
the water table. For example, the outlet stream
from Bernice Lake, about 1 mi east of Nikiski,
largely has ceased to flow, except during brief
periods of snowmelt or heavy precipitation.

In the Kenai-Soldotna area, the Kenai
River has incised through the unconfined aqui-
fer. At Kenai, the aquifer can be seen in out-
crops along the river bluffs near the harbor. It
appears as an unsaturated, buff-colored unit
overlying the dark gray confining layer that is
kept wet by water discharging from the aquifer
above. Elsewhere in bluff exposures, the aqui-
fer largely is covered by colluvium and not vis-
ible. Springs along the bluff, however, mark the
contact between the unconfined aquifer and the
confining layer.

Alluvium adjacent to the Kenai River,
although saturated, is not a commonly used
aquifer in the lower 10 mi of the river. In this
area, the aquifer has been eroded by the river
and is too thin over the confining layer to sup-
ply water to wells. Farther upstream, Kenai
River alluvium and associated terrace deposits
do provide water to wells.

Confining Layer

Except in the Nikiski industrial area,
drilling has been inadequate to define accu-
rately the thickness and lateral extent of the
confining layer. In the Nikiski area, the confin-
ing layer is about 100 ft below land surface and
appears to reflect topography (Nelson, 1981).
The confining layer under the industrial area is
leaky, and drawdowns in the confined aquifer
stabilize within days by inducing leakage from
the overlying unconfined aquifer. The upper
confining layer appears to be only one of sev-
eral confining units that separate multiple aqui-
fers (fig. 28).

Upper Confined Aquifer

Where it has been explored, the upper
confined aquifer is about 100 ft thick and is
bounded on the bottom by a thick confining
unit. It supplies much of the industrial water in
the Nikiski area, about 5 Mgal/d.

The upper confined aquifer is recharged
by downward leakage from the overlying
unconfined aquifer. The aquifer loses water by
discharge to Cook Inlet, by upward leakage to
the unconfined aquifer, and by pumping. In
spite of its ability to supply large quantities of
water to the industrial area, it is not a univer-
sally productive aquifer. Several wells in the
Nikiski area have penetrated fine-grained
materials in the depth-equivalent interval of the
upper confined aquifer.
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are characterized by Diptera (34 percent), but
Ephemeroptera (mayflies) constitute the largest
percentage of the community (41 percent)
(table 9). Plecoptera (stoneflies) at 17.5 percent
and Trichoptera (caddisflies) at 7 percent are
also higher in the Cook Inlet Basin than in other
regions of the State. Where residential develop-
ment influences are present, the percentage of
Diptera increases (Milner and Oswood, 1995),
and also where glacial runoff is a dominant part
of the flow and no lakes are present, Chirono-
midae (Diptera) dominate (Milner and Petts,
1994).

Table 9. Mean percent composition of the
aquatic insect fauna in streams of the Cook

Inlet Basin, Alaska
[Modified from Oswood and others (1995)]

Percent

Fauna "
composition

Taxonomic structure

Coleoptera 0.0
Diptera 34.0
Ephemeroptera 41.3
Plecoptera 17.5
Trichoptera 7.2

Functional group

Shredders 11.6
Scrapers 11.2
Collector-filterers 6.6
Collector-gatherers 60.5
Predators 10.1

In terms of functional feeding groups,
collector-gatherers dominate the macroinverte-
brate community of Cook Inlet streams. They
average about 60 percent by abundance (table
9) because of the dominance of Chironomidae
and Ephemeroptera. Scrapers and shredders are

typically about 10 percent of the community,
indicating the lower importance of periphyton
and leaf litter to the food web initially.

Aquatic Plants

Aquatic plants have been studied exten-
sively in investigations of water quality
because they are relatively easy and inexpen-
sive to sample, transport, preserve, and store.
As with other aquatic organisms, they are capa-
ble of accumulating certain contaminants over
time above ambient concentrations in water.
They are a direct measure of the bioavailability
of contaminants to plants in the environment.
Two groups of aquatic plants are of interest to
the NAWQA program as water-quality indica-
tors: macrophytes and algae. Several character-
istics, in addition to size, make macrophytes
better suited for tissue sampling and analysis
than algae. Differences in species abundance of
macrophytes and algae can also be valuable
indicators of environmental change.

Macrophytes

Macrophytes, which are aquatic vascular
plants, provide food and cover for many fish
and aquatic invertebrates. A large number of
birds and fish feed directly on the aquatic inver-
tebrates and algae attached to macrophytes. In
addition, some birds, fish, and invertebrates use
macrophytes in their reproductive cycle during
nesting, spawning, or emergence. Rooted
plants help stabilize shorelines, gravel bars, and
streambanks. Healthy stands of macrophytes in
rivers and lakes compete with algae for nutri-
ents and light, and can, therefore, reduce nui-
sance blooms.

Approximately 40 underwater and float-
ing-leaved plants are found in the Cook Inlet
Basin (Hotchkiss, 1972). The pondweed fam-
ily, Potamogeton, is represented by the largest
number of submersed species and a wide vari-
ety of growth forms. Other species found are
water milfoils, bladderworts, and buttercups.
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Algae

Algae may be either attached (periphy-
ton) or free-floating (phytoplankton), and may
be single-celled, colonial, or in filaments or
chains. Information on changes in species com-
position and abundance of algae often is valu-
able for use as an indicator of water quality. As
the degree of pollution increases in an area, the
number of species decreases and the number of
individuals of certain species increases. Phy-
toplankton, such as some blue-green (Division
Cyanophyta) and green (Division Chlorophyta)
algae, may increase greatly in number to form
nuisance blooms in polluted waters. Because
they are attached to a substrate, periphyton
such as some diatoms (Division Chrysophyta)
can reflect water-quality conditions at a spe-
cific location. In large non-wadable rivers and
lakes, however, phytoplankton are more easily
sampled than periphyton. The USGS has col-
lected data on phytoplankton species and abun-
dance for its National Stream-Quality
Accounting Network program during 1974
through 1981 at the Susitna River at Susitna
Station.

ANTHROPOGENIC CHARACTERISTICS
OF THE COOK INLET BASIN

Population and Economic Activity

The population of Alaska in 1996 was
607,800 (Alaska Department of Labor, 1998).
Of this total, about 347,000 residents live in the
Cook Inlet Basin. Anchorage, the largest met-
ropolitan area in the basin, had about 254,000
residents in 1996, and is the primary center for
labor, trade, distribution, and transportation for
the State. The cities and towns in the two other
boroughs within the Cook Inlet Basin, the
Matanuska-Susitna and the Kenai Peninsula
Boroughs (fig. 2), have fewer people than
Anchorage, but have grown at a faster rate
since 1990 (table 10). Much of the growth out-

side of Anchorage is due to a shortage of avail-
able land in Anchorage and the desire for a
more rural lifestyle.

Major development of the Cook Inlet
Basin began with the growth of the fishing
industry in the 1880’s and quickly expanded as
a result of mineral exploration and the need to
provide transportation to and from the interior
of the State. The first major population influx
occurred with the construction of the Alaska
Railroad during 1915-23. Anchorage was
founded in 1915 (Municipality of Anchorage,
1996) as the construction headquarters for the
Alaska Railroad (Alaska Railroad, 1998).

The establishment of Elmendorf Air
Force Base and Fort Richardson Military Res-
ervation (fig. 3) adjacent to Anchorage during
World War II was the primary reason for the
population increase from 4,230 people in 1939
to 30,060 in 1950. During the 1950’s, the
Korean War and Cold War brought further
expansion of defense-related installations
throughout Alaska, and in 1959 oil was discov-
ered on the Kenai Peninsula. By 1960, Anchor-
age’s population stood at 82,830, more than
double what it had been in 1950 (Alaska
Department of Labor, 1998).

The 1964 Good Friday earthquake initi-
ated a major rebuilding program in Anchorage.
However, the chief economic event of the
decade was the announced discovery of oil on
the North Slope of Alaska in 1968. Completion
of the Trans-Alaska Pipeline between Prudhoe
Bay and Valdez in 1977 led to fundamental
changes in Alaska’s economy and that of its
communities. Petroleum companies estab-
lished Anchorage as the Alaska base for their
operations. Anchorage also was selected as the
headquarters for most regional Native corpora-
tions established following passage of the
Alaska Native Claims Settlement Act in 1971.
By 1980, the population of Anchorage had
grown to 174,400, a 38 percent increase from
the 126,400 people present in 1970 (Alaska
Department of Labor, 1998).
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Table 10. Population data for communities in the Cook Inlet Basin, Alaska
[Data from the Alaska Department of Labor, 1998]

Location 1990 1996 Eﬁ;"’g: Location 1990 1996 Eﬁ;crgg
Kenai Peninsula Borough Matanuska-Susitna Borough
Anchor Point 866 1,121 29 Alexander 40 35 -12
Clam Gulch 79 93 17 Big Lake 1,477 2,138 45
Cohoe 508 579 14 Butte 2,039 2,374 16
Cooper Landing 243 272 12 Chase 38 52 37
Crown Point 62 92 48 Chickaloon 145 217 50
Fox River 382 422 10 Houston 697 976 40
Fritz Creek 1,426 1,882 32 Knik 272 445 64
Halibut Cove 78 71 -9 Lazy Mountain 838 976 16
Happy Valley 309 388 26 Meadow Lakes 2,374 4,685 97
Homer 3,660 4,064 11 Palmer 2,866 4,282 49
Hope 161 160 -1 Skwentna 85 86 1
Jakolof Bay 28 28 0 Sutton 308 367 19
Kachemak 365 404 11 Talkeetna 250 342 37
Kalifonsky 285 325 14 Trapper Creek 296 310 5
Kasilof 383 523 36 Wasilla 4,028 4714 17
Kenai 6,327 6,950 10 Willow 285 419 47
Moose Pass 81 120 48 Unincorporated areas 23,645 28.341 20
Nikiski 2,743 3,013 10 TOTAL 39,683 50,759 28
Nikolaevsk 371 555 50
Ninilchik 456 643 41 Municipality of Anchorage
Primrose 63 62 -1 TOTAL 226,338 254,269 12
Ridgeway 2,018 2,295 14
Salamatof 999 1,011 1 Cook Inlet Basin
Seldovia 459 395 -14 TOTAL 302,562 347,287 15
Soldotna 3,482 3,968 14
Sterling 3,802 5,378 41
Tyonek 154 148 -4
Unincorporated areas 6,751 1,297 8
TOTAL 36,541 42,259 16

Anthropogenic Characteristics of the Cook Inlet Basin 59



Rapid growth continued in Anchorage
through the early 1980’s, peaking at an esti-
mated 248,300 people in 1985. However, the
boom period, caused primarily by an acceler-
ated rate of government spending, was not sus-
tainable and the economy slipped into
recession in late 1985. The severity of the
recession was greatly compounded by a crash
in oil prices in early 1986.

The Anchorage economy began to
recover in 1989, spurred initially by clean-up
efforts after the 1989 Exxon Valdez oil spill and
a temporary increase in oil prices resulting
from the Iraqi invasion of Kuwait. The 1990
census counted 226,300 people in Anchorage,
about 10 percent fewer than the 1985 peak, but
still about 30 percent more than the commu-
nity’s 1980 population. Increased spending on
capital projects by the State following the oil
spill settlement and employment growth in
construction and retail trade have helped fuel
the local economy since 1990. Growth in tour-
ism and in the use of Anchorage International
Airport for international cargo flights also are
positive developments. Anchorage’s popula-
tion in 1996 had increased by more than 12 per-
cent since 1990 (Alaska Department of Labor,
1998).

Land Ownership and Land Use

Approximately 30 percent of the Cook
Inlet Basin is Federal land (fig. 33). Parts of
four national parks—Denali, Lake Clark, Kat-
mai, and Kenai Fjords—are located in the basin
(fig. 1). Nearly 1,800 mi? of the Chugach
National Forest, and the 3,000 mi? Kenai
National Wildlife Refuge also are within the
study unit (fig. 1). Most likely, these areas will
remain undeveloped with the possible excep-
tion of logging within the Chugach National
Forest. State-owned and Native-owned lands
account for 49 percent and 9 percent respec-
tively. The remaining 12 percent is currently
Federally owned, and managed by the Bureau
of Land Management. This land has been

selected for eventual conveyance to the State or
to Native corporations.

Less than 10 percent of the Cook Inlet
Basin has been developed. The two primary
land uses are residential development and log-
ging. A large part of the Native-owned land in
the lower Kenai Peninsula has been or will be
logged (fig. 1). Additional logging likely will
occur on State-owned lands. Other possible
land uses are potential mining activities near
Sutton and Tyonek (fig. 1) and increased resi-
dential development near towns in the Kenai
and Matanuska-Susitna Boroughs.

Water Use

Water-use data have been compiled from
the USGS National Water-Use Information
Program data base and from other State agen-
cies (table 11). Surface water accounted for 54
percent of all water withdrawals in 1995 in the
Cook Inlet Basin. Public supply accounted for
about 72 percent of surface water withdrawn.
Ground water accounted for 46 percent of all
water withdrawals in 1995. Domestic wells
account for about 17 percent of ground-water
use.

Table 11. Estimated water use during 1995 in the
Cook Inlet Basin, Alaska

[Data in million gallons per day; estimates from G.L. Solin,

U.S. Geological Survey, written commun., 1998]

Category G&Zg:rd Sx;fta;e Total
Public supply 12.25 26.95 39.20
Domestic (self supplied) 5.48 0 548
Commercial 9.50 8.16 17.66
Industrial 4.21 1.14 535
Other 0.19 1.27 1.46
Total 31.63 37.52 69.15

Public water supplies served about
211,000 people in 1995. An average of 39.2
Mgal/d of water were used—31 percent from
ground water and 69 percent from surface
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* The population of the Cook Inlet Basin in
1996 was approximately 347,000 people,
which represents more than half of Alaska’s
population. The major metropolitan area is
Anchorage. Communities outside of Anchor-
age located in the Matanuska-Susitna and the
Kenai Peninsula Boroughs are growing at a
faster rate than Anchorage.

* Most of the land in the Cook Inlet Basin is
undeveloped and is owned by the State of
Alaska or the Federal government. Parts of
four national parks—Denali, Lake Clark,
Katmai, and Kenai Fjords—are located in the
basin. The developed land consists primarily
of urbanized areas and logged areas on the
lower Kenai Peninsula.

» Approximately 69 Mgal of water are used
daily in the Cook Inlet Basin. About 39 Mgal
of this total is used for public water supply
and surface water accounts for about 69 per-
cent of this total.
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