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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain

millimeter (mm) 0.03937 inch

centimeter (cm) 0.3937 inch

meter (m) 3.281 foot

kilometer (km) 0.6214 mile

square kilometer km?) 0.3861 square mile
centimeter per second (cm/s) 0.03281 foot per second
liter per second (L/s) 15.85 gallon per minute
liter per day (L/d) 0.2642 gallon per day
cubic meter per second (m3/s) 35.31 cubic foot per second
degree Celsius (°C) °F=18x°C+32 degree Fahrenheit (°F)

Sea level:

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

of 1929.

Abbreviated _quality units in thi L

mg/L, milligram per liter
pg/L, microgram per liter

MS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius
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Overview of Environmental and
Hydrogeologic Conditions at King Salmon, Alaska

By Christopher F. Waythomas

Abstract

The Federal Aviation Administration is conducting preliminary environmental
assessments at most of its present or former facilities in Alaska. Information about environ-
mental conditions at King Salmon, Alaska are presented in this report. This report gives an
overview of the geology, hydrology, and climate of the King Salmon area and describes
general geohydrologic conditions. A thick alluvial aquifer underlies King Salmon and both
ground water and surface water are plentiful in the area.

INTRODUCTION

The Federal Aviation Administration (FAA) owns and (or) operates airway support, and nav-
igational facilities throughout Alaska. At many of these sites, fuels and potentially hazardous mate-
rials such as solvents, polychlorinated biphenyls, and pesticides may have been used or disposed
of. To determine if environmentally hazardous materials have been spilled or disposed of at the
sites, the FAA is conducting environmental studies mandated under the Comprehensive Environ-
mental Response, Compensation, and Liability Act (CERCLA or “Superfund Act”) and the
Resource Conservation and Recovery Act (RCRA). To complete these environmental studies, the
FAA requires information on the hydrology and geology of areas surrounding the sites. This report,
the product of compilation, review, and summary of existing hydrologic and geologic data by the
U.S. Geological Survey in cooperation with the FAA, describes general ground-water conditions,
flood hazards, and other environmental conditions for the FAA facility and nearby areas at King
Salmon, Alaska (fig. 1).

A variety of environmental studies related to hydrocarbon contamination of surficial deposits
and ground water at the King Salmon Air Force Station have been conducted by private consultants
(e.g., Science Applications International, 1993). Although little, if any, of this work is published,
many of the reports contain useful information about ground-water conditions and commonly
include well logs and water-quality data. Because these reports are difficult to obtain, their utility
as a source of information about environmental conditions in the area is somewhat limited.

FAA FACILITIES

The FAA facility at King Salmon is primarily an air navigation station located at the King
Salmon Airport. Some of the facilities owned by the FAA include the Outer Marker (OM), the Very
High Frequency Omidirectional Range Tactical Air Navigation (VORTAC), the Approach Light
System (ALS), an abandoned Remote Center Air/Ground Communications (RCAG) facility, the

INTRODUCTION 1
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Figure 1. Location of King Salmon.
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Glide Slope Indicator/Runway Visual Range facility, the Localizer, the ALS Regulator, and the
Quarters Area/Flight Service Station (FSS) (fig. 2). Most of these facilities are located in the vicin-
ity of the King Salmon Airport except the VORTAC and OM facilities, which are located about 8
km northwest of the airport (fig. 2). A detailed description of the FAA facilities at King Salmon is
given in a report by Ecology and Environment, Inc. (1992).

ALS
FACIUTY

Uewr ! Glide Slope Indi
pe Indicator/
Ff&ffr;y LANE SITE Runway Visual Range

Facility

ALS REGULATO
SiE on

Z —>»

LOCAUZER
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T
1 KILOMETER

NAKNEK RIVER

OUTER MARKER AND VORTAC LOCATIONS

EXPLANATION
ALS Approach light lane site

RCAG Remote tommunication air/ground facility

VORTAC Very high frequency omnidirectional
range tactical air navigational site

Modified from Ecology and Environment, Inc., 1992.

Figure 2. Location of Federal Aviation Administration facilities at King Salmon.
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PHYSICAL SETTING

The FAA facilities at King Salmon are located on the northern end of the Alaska Peninsula
(latitude 58°41' N, longitude 156°39' W.) about 26 km east of Kvichak Bay and about 14 km west
of Naknek Lake (fig. 1). King Salmon is situated in the Nushagak-Bristol Bay lowland, a broad,
low-relief piedmont characterized by arcuate belts of morainal topography and numerous small
lakes and bogs (Wahrhaftig, 1965). The region is underlain by several tens to perhaps hundreds of
meters of unconsolidated glacial, fluvial, and marine sediment, most of which was deposited during
Quaternary glaciations of the area (Muller, 1952, 1953; Detterman, 1986).

The Naknek River is the principal drainage in the area (fig. 1). It flows westward from the
outlet of Naknek Lake for approximately 35 km and empties into Kvichak Bay (fig. 1). The Naknek
River is influenced by tides and the lower part of the river is an estuary that extends at least 10 km
upriver. Numerous small creeks enter the Naknek River between Naknek Lake and its mouth.

Shallow permafrost is uncommon in the King Salmon area, but it may be present in
low-lying areas with silty substrates and thick tundra vegetation (Muller, 1953; Ferrians, 1965).
Deep permafrost has been penetrated by wells in the Bristol Bay region at about 13 m depth, but
most of this permafrost is probably relict permafrost that formed during cold periods of the Pleis-
tocene epoch (Muller, 1953).

Socioeconomic Description

Approximately 700 people live in the greater King Salmon area (U.S. Census Bureau, 1991).
The community has become an important regional center for government, transportation, and com-
mercial fishing. The King Salmon Air Force Station is located in King Salmon and it shares a large
runway with commercial and charter airlines. Several two-lane roads and bridges traverse the area
and connect King Salmon with the village of Naknek on the Kvichak Bay coast (fig. 1). The town
of King Salmon consists of mostly single-storied structures that serve as private residences, busi-
nesses, or support facilities for the Air Force and other Federal and State agencies.

Climate

The King Salmon area has a climate that is transitional between maritime and continental
(Hartman and Johnson, 1984). The region is strongly influenced by cyclonic storms that originate
in the Aleutians (Selkregg, 1976; Moritz, 1979) and the region experiences cool, cloudy, wet sum-
mers, and moderately cold winters (National Oceanic and Atmospheric Administration, 1980). For
the period 1955 to 1984, the mean annual temperature at the King Salmon airport was 5 °C and the

mean annual precipitation was about 487 mm (table 1). Average annual snowfall is about 1,110
mm.

The modern wind regime at King Salmon is characterized by southeasterly and easterly win-
ter winds (October through March) that are associated with high pressure over northern Alaska and
low pressure over the southern Bering Sea or Gulf of Alaska (Keegan, 1958; Moritz, 1979). Sum-
mer winds (June through September) are primarily from the south and southeast, and usually result

4 Overview of Environmental and Hydrogeologic Conditions at King Salmon, Alaska
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from a blocking ridge of high pressure that extends into Alaska from the southeast and cyclonic
storm activity over interior Alaska (Reed and Kunkel, 1960; Streten, 1974; Moritz, 1979). Late
winter and early spring winds (February through April) are primarily from the north and northeast
and also result from high pressure over northern Alaska and low pressure over the Gulf of Alaska
(Moritz, 1979).

Vegetation

The lowlands bordering Kvichak Bay are covered by mesic to wet shrub tundra that consists
of alder, willow, shrub birch, and sedge tussocks (Viereck and Little, 1972; Selkregg, 1976).
Sphagnum bogs and sedge fens also are common in the lowlands. The King Salmon area lies south
of the southwestern limit of the boreal forest. However, localized stands of closed-canopy spruce-
hardwood forest are present in well-drained sites along the eastern end of Naknek Lake (Viereck
and Little, 1972) and on well-drained glacial deposits east of King Salmon (Selkregg, 1976).

BEDROCK GEOLOGY

King Salmon is situated in a lowland that is bounded by the northeastern Aleutian Range on
the east, the southern Kuskokwim Mountains on the north, and the Ahklun Mountains on the west
(fig. 1). Bedrock crops out mainly in the vicinity of Naknek Lake, where deep glacial erosion has
stripped surficial deposits from the underlying bedrock. Scattered outcrops northwest of Naknek
Lake and northeast of King Salmon consist of plugs, dikes, and lava flows of basaltic composition
and subordinate lava flows and breccia of dacitic to andesitic composition (Church and others,
1989). South of Naknek Lake, a few outcrops consist of lava flows, breccias, and lahars, interbed-
ded with volcaniclastic sandstone, conglomerate, and shale (Church and others, 1989).

Beyond the western perimeter of Naknek Lake, surficial deposits are sufficiently thick to
obscure bedrock. At King Salmon, water wells drilled to 65 m depth did not reach bedrock, and
bedrock is not exposed in bluffs along the Naknek River at King Salmon (Muller, 1952).

SURFICIAL DEPOSITS

The King Salmon area is underlain by a thick sequence of unconsolidated sediment that was
deposited mainly during Quaternary glaciation of the Alaska Peninsula (fig. 3; Muller, 1952; Det-
terman, 1986; Riehle and Detterman, 1994). Moraines of the last (Brooks Lake glaciation of
Muller, 1952; >10,000 yr. B.P!, <20,000 yr. B.P.) and penultimate (Mak Hill glaciation of Muller,
1952; >20,000 yr. B.P.) glaciations are preserved in the King Salmon area (fig. 3). During the Mak
Hill glaciation, a large lobe of glacier ice extended down the Naknek River valley to within a few
kilometers of the present coastline of Kvichak Bay. Till and other glacial sediments were deposited
by this advance and are exposed in bluffs along the Naknek River downstream from King Salmon
(Muller, 1952).

IBefore present

6 Overview of Environmental and Hydrogeologic Conditions at King Salmon, Alaska
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The village of King Salmon is built on outwash deposits of Brooks Lake age (Muller, 1952;
Detterman, 1986). The outwash consists of well-sorted sand, silty sand, and minor amounts of
gravel that were deposited by glacial meltwater when glaciers on the Alaska Peninsula were at their
last glacial maximum position (fig. 3; Muller, 1952; Detterman, 1986). In general, the thickness
and particle size of the outwash decreases in the downstream direction and most of the shallow sub-
surface sediment at King Salmon is sand (Muller, 1952). Drillers’ logs described by Muller (1952,
p. 59) and Feulner (1963) indicate that deposits of sand, sandy gravel, and gravel are up to 66 m
thick in the King Salmon area.

An arcuate belt of hummocky topography with numerous closed depressions and small lakes
is a prominent geomorphic feature approximately 6.5 km east of King Salmon. This feature is the
Brooks Lake moraine and it records the maximum extent of the glacier that occupied the Naknek
River valley during the last (Brooks Lake) glaciation (fig. 3; Muller, 1952).

An older, less prominent moraine is present downstream from King Salmon (fig. 3). This
moraine was deposited during the Mak Hill glaciation (Muller, 1952) and records the advance of a
glacier down the Naknek River valley to a point about 10 km west of King Salmon. Drift deposited
by this advance consists of till and minor amounts of glacial-fluvial sand and gravel. Deposits of
Mak Hill age are present in the subsurface beneath King Salmon and are stratigraphically below
outwash of Brooks Lake age. The FAA facilities near the King Salmon Airport are situated on out-
wash gravel deposits of Brooks Lake age (fig. 3; Riehle and Detterman, 1994).

HYDROLOGY

Surface water is a major component of the physical environment of the King Salmon area.
The Naknek River is a major tributary to Kvichak Bay and is the outlet stream for Naknek Lake
(fig. 1). The region contains numerous fresh-water lakes, streams, and bogs. Moist tundra vegeta-
tion is ubiquitous throughout the area indicating abundant water at or near the ground surface.
Because the area contains a significant number of surface-water bodies and is underlain by uncon-
solidated sediment, mainly sand and gravel, ground water also is an important water resource.

Surface Water

Despite an abundance of lakes and streams in the King Salmon area, hydrologic data are lim-
ited. The U.S. Geological Survey operated a gaging station on Eskimo Creek at King Salmon
(USGS gaging station No. 15297900) (fig. 4) and partial streamflow records were obtained from
1965 to 1967 and from 1969 to 1973. A continuously recording gage was installed in 1973 and
water stage was measured from 1973 to 1976 and from 1977 to 1984 During this approximately
10-year period, the average discharge of Eskimo Creek was 0.384 m 3/ (U.S. Geological Survey,
1985). The maximum discharge during thlS same period was 6.81 m 3/s in June 1967 and the min-
imum daily discharge was about 0.045 m 3/s from J anuary 13 to 17, 1980. The flood dlscharge for
the 100-year recurrence interval flood at the gage on Eskimo Creek is about 15.8 m 3s (Jones and
Fahl, 1994). Water-quality data for Eskimo Creek were collected in 1971 and 1972 (table 2).

The Naknek River is influenced by tides and brackish water that extend upstream at least to
King Salmon. Flow in the Naknek River is related to the discharge of water from Naknek Lake.
This large lake probably dampens flood peaks because it occupies a significant portion of the
Naknek River drainage basin. Thus, severe flooding at King Salmon from Naknek Lake outflow
probably is rare. However, if high outflow from the lake coincides with a high tide or storm surge,
areas of backwater and flooding may occur at King Salmon.

8 Overview of Environmental and Hydrogeologic Conditions at King Saimon, Alaska
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Table 2. Selected chemical analyses of water from Eskimo Creek at King Salmon

[Data in milligrams per liter unless otherwise indicated; pS/cm at 25 °C, microsiemens per
centimeter at 25 degrees Celsius; pg/L, micrograms per liter; --, not reported]

Date water sample collected

Constituent or property
July 7, 1971 Sept. 17,1971  Sept. 25, 1972

Specific conductance 95 78 80

(1S/cm at 25 °C)
pH (units) 6.9 7.0 6.9
Temperature (°C) 7.5 6.5 6.0
Color (platinum-cobalt units) 5 40 30
Hardness as CaCO3 (Ca, Mg) 34 28 28
Noncarbonate hardness 0 0 0
Calcium (Ca) 8.2 6.6 6.8
Magnesium (Mg) 3.2 2.7 2.7
Sodium (Na) 6.7 5.7 6.3
Potassium (K) 1.1 i .6
Bicarbonate (HCO3) 42 36 39
Carbonate (CO3) -- - 0
Sulfate (SOy) 6.7 34 22
Chloride (Cl) 4.2 42 4.8
Fluoride (F1) 1 1 1
Silica (SiOy) 14 14 24
Dissolved solids 66 57 68
Nitrate (NO3) 3 8 .07
Iron, total (Fe) (ng/L) 80 --
Iron, dissolved (Fe) (ng/L) - 690 680
Manganese (Mn) (ug/L) -- -- 80

10 Overview of Environmental and Hydrogeologic Conditions at King Salmon, Alaska



Ground Water

Glacial-fluvial sand and gravel deposits (fig. 5) that underlie King Salmon are the primary
aquifer(s) in the area. Although as many as 37 wells were drilled in the King Salmon area (U.S.
Geological Survey, unpub. data; fig. 4; table 3), water levels were measured only when the wells
were drilled and thus are inappropriate for constructing a map of the ground-water surface. How-
ever, the surface elevations of small lakes north of King Salmon decrease toward the Naknek River
indicating that the direction of ground-water flow is to the south toward the river. Unpublished data
from reports about ground-water conditions at the King Salmon Air Force Station also indicate that
ground-water flow is generally toward the Naknek River (Science Applications International,
1993).

Data from wells drilled prior to about 1963 indicate that ground water at that time was about
10 m below the land surface (Feulner, 1963). The deepest well in the area is about 95 m; drillers’
logs from this well indicate that water is present between about 20 and 70 m (Feulner, 1963). Well
logs for wells drilled more recently do not indicate the depth at which water was reached, but pre-
sumably ground water exists between about 10 and 70 m depth. Many well logs indicate that clay
is present in the subsurface. This suggests that several aquifers may exist depending on the thick-
ness and extent of the clay beds.

Information about wells in the King Salmon area (some of which are owned by the FAA) is
stored in a U.S. Geological Survey database called Ground Water Site Inventory (GWSI). The
availability of water-quality data for samples of ground water obtained from wells at King Salmon
is shown in table 3. Although these data were not collected systematically, they may indicate some
general long-term trends in water quality for the King Salmon area. Water-quality data for two
wells (KS-11 and KS-22) are given in table 4. Of the water-quality data for King Salmon in the
USGS GWSI database, these two wells have the longest and most comparable records.

The information briefly described above indicates that the general direction of ground-water
flow near the FAA facilities is toward the Naknek River. To substantiate this hypothesis would
require additional data on the water level in wells from the area and estimates of the hydraulic con-
ductivity of the primary aquifers.

Drinking Water Sources and Water Use

Ground water is the primary source of drinking water in the King Salmon area, including the
FAA facilities. Potable ground water appears to be plentiful below about 10 m depth and most
domestic wells are at least this deep. Within an 8-km radius of King Salmon, there are more than
100 fresh-water lakes, many of which could be used as a source of drinking water. Although the
Naknek River is fed by a fresh-water lake, it is not a suitable source of potable water because tidal
effects push brackish water upstream at least as far as King Salmon. The presence of clay-rich beds
described in drillers’ logs from the King Salmon area indicate that several aquifers may be present
in the surficial deposits that underlie the area. Although unsubstantiated, deeper aquifers could be
utilized as an alternative source of drinking water. Statewide estimates of average water use (Sol-
ley, 1993) indicate that in King Salmon during 1990, about 604,000 L/d were used for commercial
purposes and about 132,000 L/d were used domestically.

HYDROLOGY 11



Well KS-11 Well KS-22

0
Topsoil Fine sand
Sand 5
_ 10 Sand and silt
Till
Clay and sandy silt 15 Sand and silt
Compact sand

20

Clay and sand 25

Coarse sand
30

Clay

Sand

Sand and gravel

Sand

Clay

703 o ~>Sand

Sand and gravel with shells
Sand

DEPTH BELOW LAND SURFACE, IN METERS

Compact blue clay

Figure 5. Drillers’ logs for wells KS-11 and KS-22. (Locations of wells are shown in figure 4.)
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Table 3. Information on selected water wells in the King Salmon area

Well Location Well USGS data available
No. Local well number ) ) depth -
(fig. 4) Latitude  Longitude (meters) Welllog  Water quality
KS-1 SC017044219CBDC1 58°40'19" 156°3527" 27.6 Yes No
KS-2 SC01704510DCCC1 58°42'42" 156°39'54" 183 Yes No
KS-3 SC01704514BDDD1 58°42'16" 156°39'54" 339 Yes No
KS4 SC01704514CDDD1 58°41'50" 156°39'51" 6.0 No No
KS-5 SC01704522BBBCl1 58°41"44" 156°42'16" 243 Yes No
KS-6 SC01704522CCAB1 58°41'08" 156°42:03" 66.0 Yes Yes
KS-7 SC01704523ABAC1 58°41'43" 156°39'32" 324 Yes No
KS-8 SC01704523ABAC2 58°41'43" 156°3932" 17.1 Yes No
KS-9 SC01704523ACCB1 58°41'28" 156°39'33" 423 Yes Yes
KS-10 SC01704523ADCC1 58°41'26" 156°39'17" 513 Yes No
KS-11 SC01704523BACD1 58°41'40" 156°40'05" 68.4 Yes Yes
KS-12 SC01704523BACD2 58°41'39" 156°40'03" 711 Yes Yes
KS-13 SC01704523CDCAL1 58°41'03" 156°40"06" 459 No No
KS-14 SC01704523CDCB1 58°41'01" 156°40'11" 324 Yes Yes
KS-15 SC01704523CDCB2 58°41'01" 156°40'11" 291 Yes No
KS-16 S$C01704523CDCB3 58°41'03" 156°40°11" 29.4 No Yes
KS-17 $C01704523CDCD1 58°40'57" 156°40'10" 18.0 No No
KS-18 SC01704523CDDC1 58°40'58" 156°39'59" 28.8 No No
KS-19 SC01704523CDDC2 58°40'59" 156°39'59" 51.6 No No
KS-20 SC01704523CDDD1 58°40'58" 156°39'51" 28.5 No Yes
KS-21 SC01704523CDDD2 58°40'56" 156°39'52" 423 Yes No
KS-22 SC01704523DABB1 58°4121" 156°39'19" 29.1 Yes Yes
KS-23 SC01704523DADB1 58°41'13" 156°39'09" 339 Yes Yes
KS-24 SC01704525BBDC1 58°40'46" 156°38'42" 68.7 Yes Yes
KS-25 SC01704525BBDC2 58°40'46" 156°38'41" 18.0 No No
KS-26 SC01704526 ABBB1 58°40'53" 156°39'45" 184 Yes No
KS-27 SC01704526 ADAC1 58°40'40" 156°39'11" 34.2 Yes No
KS-28 SCO1704526ADAC2 58°40'40" 156°39'11" 70.8 Yes Yes
KS-29 SC01704526 ADBAL1 58°40'42" 156°39'13" 45.6 Yes No
KS-30 SC01704526ADCB1 58°40'36" 156°39'20" 273 Yes No
KS-31 SC01704526BABB1 58°40'56" 156°40'10" 25.5 No Yes
KS§-32 SC01704526BBAB1 58°40'55" 156°40'10" 174 Yes No
KS-33 SC01704604BBBB1 58°44'22" 156°5347" 26.1 Yes No
KS-34 SCO1804404CCACI 58°38'28" 156°33'46" 50.1 Yes Yes
KS-35 SC01704523ADCC2 58°4126" 156°39'17" 19.5 No No
KS-36 SC01704523BBABI1 58°41'46" 156°4022" 41.1 Yes Yes
KS-37 SC01704526ADBA2 58°40r42" 156°39'13" -- Yes No

HYDROLOGY

13



- 0S1 08¢ - 0z ce (o) o

T ¢ I I 9 T (*ON) eenIN
(1003-2108 12d SuoI)

ST ST 128 LT 3 18 DPIEINOTED ‘SPIJOS POA[OSSI
(7/3w)

601 €11 S01 00T 6£7 £8 PTRINOTED ‘SPIJOS PIA[OSSI

6¢ 6€ 61 %3 v 61 (COrs) BOMIS

I’ 4 0 T € 0 (1:3) spuonyy

(4% 9y S 01 - 0 (1D) spuoryd

4! €l 3 9T 43 Sy (*OS) sreIng

9¢ 09 06 LI 012 oL (*0DH) sreuoqrEdg

67 I's Sy I's 8L $'¢ (3D wnisselod

S 6'S Sl ; 09 oL 89 (eN) wnpog

'S 89 9 91 6'C v'9 (B W) wmisouSey

2l 8'8 £'8 8¢ 9 €8 (D) wnore)

< 1 0 0 0 0 SSauUpIRY 91BUOGIBOUON]

43 0s oF 91 74 Ly (B “&D) fODED SE ssoupreH

YL 9L 6L €8 I's SL (snum) Hd
(Do ST T WO/ST)

611 €Cl LST 86T 61¢ 8C1 20uEIdNpuOd oYroeds

cL6l'shey  go6l ‘Liwdy g6l ‘pI ides 2L6L'sAeN  go6l ‘LMdy g6l ‘Gl ‘ides
pa1os||0o ajdwes Jajem areq pajos|j00 ajdwes Jsjem ajeq Apedoud Jo uenuisuoy
22-S) lIsM FL-S) lI9M

[psurodar j0u ‘- isnis[a)) $9918ap GZ I8 1918WRUA0 Iad SUSWISISOIONW ), G7 18 WO/ST {PajesIpul 9sTMISYIO ssafun 1591] Jod surermruw ut ee(q]

uowes Buly ‘22-SM PUB |1-S) S|[8M WOJ) 181eM JO SaSA[BUR [eD1WLBYD Pa}OdIas '{ dlqel

14 Overview of Environmental and Hydrogeologic Conditions at King Salmon, Alaska



SUMMARY

The FAA facilities at King Salmon, Alaska are situated on outwash sand and gravel near the
Naknek River about 26 km east of Kvichak Bay on the northern end of the Alaska Peninsula. The
area is characterized by numerous shallow lakes and ponds surrounded by mesic to wet shrub tun-
dra and is beyond the southern limit of the boreal forest in Alaska. Numerous water wells in the
King Salmon area indicate that ground water is present at depths of 10 m or less and likely extends
to at least 70 m depth. Although not completely substantiated, the direction of ground-water flow
in the vicinity of the FAA facilities is toward the Naknek River.
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