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Overview of Environmental and
Hydrogeologic Conditions at Cold Bay, Alaska

By Wendy A. Rice and Eppie V. Hogan

ABSTRACT

Cold Bay is near the southern tip of the Alaska Peninsula and has a maritime climate
with mild winters and cool summers that affect the hydrology of the area. The city of Cold
Bay and the Federal Aviation Administration facility obtain their drinking water from
unconfined ground-water sources. Ground-water contamination and possible flooding of
local communities may affect the quality of drinking water. The Federal Aviation Admin-
istration owns or operates airway support facilities at Cold Bay. The Federal Aviation
Administration needs information on environmental and hydrogeologic conditions when
evaluating options for environmental compliance and possible remediation at these facili-
ties. This report describes the climate, vegetation, geology, ground-water and surface-water
hydrology, and flood potential of the Cold Bay area.

INTRODUCTION

The Federal Aviation Administration (FAA) owns and (or) operates airway support and nav-
igational facilities throughout Alaska. At many of these facilities, fuels and potentially hazardous
materials such as solvents, polychlorinated biphenyls (PCB’s), and pesticides may have been used
and (or) disposed of. To determine if environmentally hazardous materials have been spilled or dis-
posed at the facilities, the FAA is conducting environmental studies mandated by the Comprehen-
sive Environmental Response, Compensation, and Liability Act and the Resource Conservation
and Recovery Act. To complete these more comprehensive environmental studies, the FAA
requires information on the hydrology and geology of areas surrounding the facilities. This report,
the product of compilation, review, and summary of existing hydrologic and geologic data by the
U.S. Geological Survey (USGS) in cooperation with the FAA, describes general hydrogeologic
and other environmental conditions near Cold Bay, Alaska.
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Geology

Most of the landscape in the Cold Bay area was formed in the last 1 to 2 million years as a
result of volcanism and glaciation (McLean, 1979). The distribution of volcanic rocks and surficial
deposits are indicated on geologic maps of the area by Wilson and others (1992).

Volcanic rocks of Quaternary age are mainly of andesite, dacite, and basalt composition and
occur as volcanic breccia and lahar, and debris-flow deposits (Wilson and others, 1992). These
rocks are confined to the area around Frosty Peak (fig. 1) and are not exposed near the FAA facility.
Most of the volcanic rocks in the area were formed by volcanic activity on Amak Island, Frosty
Peak, Mount Simeon, (fig. 1) and Mount Dutton (Waldron, 1961; Wood and Kienle, 1990). Ash
and basalt deposits are assumed to have been deposited by activity on Amak Island and Frosty Peak
(Waldron, 1961). The Amak volcano has been active as recently as 1796; the Cold Bay volcanic
center is extinct (Wood and Kienle, 1990). Volcanic rocks of Quaternary age overlie basalt flows
of Tertiary age from Mount Simeon. These crystalline basalt flows dip towards the southwest
toward Frosty Peak and are rarely exposed because of glacial drift cover. The absolute age of the
Mount Simeon basalt flows is unknown (Waldron 1961). Mount Dutton, which is about 25 km west
of Cold Bay, has no historic eruptive activity; however, in 1984-85 and in 1988, swarms of earth-
quake occurred beneath the volcano (Wood and Kienle, 1990).

Surficial deposits are of glacial, volcanic, and coastal origin (Wilson and others, 1992).
Moraines and other glacial deposits cover most of the lowland near Cold Bay. These deposits are
exposed in nearby bluffs and consist of mixed sand and gravel. A terminal moraine near the FAA
facility forms an arcuate ridge complex around the northern perimeter of Cold Bay. Rock frag-
ments within the glacial deposits are mostly volcanic (Waldron, 1961). The thickness of glacial
drift is unknown. Fine volcanic ash was deposited on exposed glacial deposits as evidenced by sev-
eral layers of dark reddish-brown and black coarse-grained ash that are as much as 13 cm thick
(Waldron, 1961). Coastal deposits are composed of interlayered marine and alluvial deposits with
grain sizes ranging from mud to boulders. Wave erosion on the Pacific shores of Cold Bay has
resulted in the formation of spits and bars. Both Kinzarof Lagoon, at the head of Cold Bay, and
Nurse Lagoon, southeast of the FAA facility, were formed by the deposition of sand spits (Waldron,
1961). No permafrost exists in the area of Cold Bay (Ferrians, 1965).

The lithology of sediments from a 41-meter-deep well drilled at the FAA facility in Septem-
ber 1963 indicates that the following deposits are present in the subsurface: muck to a depth of
1.2 m; thawed muck, gravel, and sand to a depth of 2.1 m; clay, gravel, and rocks to 25 m; clay,
gravel, sand, and water to 33 m; hard pan and clay to 34 m; and gravel, clay, sand, and water to 41
m below land surface (appendix 1).

Earthquakes

Cold Bay lies within the circum-Pacific seismic belt that rims the north Pacific Ocean. The
area is traversed by the Aleutian Trough and many smaller faults. In recent years, several earth-
quakes with Richter magnitudes greater than 7 have been recorded along these fault systems
(Brower and others, 1977; Stephens and others, 1986).
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HYDROLOGY

Ground Water

In the Cold Bay area, ground water generally exists under unconfined conditions within the
sand and gravel lenses associated with till (appendix 1). In the underlying volcanic bedrock,
ground water could possibly be obtained from secondary openings such as fractures and joints
(Jones and others, 1978). However, no data are available to support this hypothesis. Ground water
is recharged by infiltration of rainfall and snowmelt. It is assumed to flow from south to north along
the slopes of Frosty Peak, discharging into Cold Bay and (or) the Izembek Lagoon.

At least 10 wells have been drilled near the Cold Bay FAA facility, and another 4 wells were
drilled along Russell Creek (appendix 1; CH2M Hill, 1977). The wells drilled near the facility
range in depth from 17 to 39 m below land surface. Ground water was reached at depths ranging
from 2 to 26 m below land surface (appendix 1). In a 38-meter-deep well at the facility, ground
water was reached at a depth of 19 m below land surface. After 2 hours of pumping at a rate of
0.9 L/s, drawdown in this well was 8.8 m (appendix 1). Recovery-time data are not available. The
four wells drilled near Russell Creek ranged in depth from 25 to 31 m below land surface (appendix
1; CH2M Hill, 1977). Water was reached at depths ranging from 7 to 15 m below land surface. The
largest recorded yields from wells near Cold Bay were between 6.0 and 8.2 L/s (CH2M Hill, 1977;
U.S. Army Corps of Engineers, 1979).

Surface Water

There are no large rivers near the city of Cold Bay. The nearest stream of significant size is
Russell Creek, about 4 km to the southwest. Russell Creek originates on the slopes of Frosty Peak,
generally flows from southwest to northeast, and drains into Cold Bay. The creek is about 20 km
long and has a gradient averaging 180 m/km near its head and 120 m/km near its mouth. Russell
Creek drains an area of about 65 km? upstream from the USGS streamflow-gaging station
15297610, Russell Creek near Cold Bay (fig. 1), where a record of discharge was collected from
1981 to 1986. The flow of Russell Creek varies seasonally. The lowest flows occur during March
and April when mean flow is about 3.5 m3/s (table 2, this report; U.S. Geological Survey, 1987).
Because of increased snowmelt and rainfall, the highest flows in Russell Creek occur from July to
December. Mean flow during this period ranges from 8.8 to 11.4 m%s (table 2, this report; U.S.
Geological Survey, 1987). Mean annual runoff near Cold Bay averages 0.1 (m%s)/km? (U.S. Geo-
logical Survey, 1987).

Table 2. Mean monthly flow at streamflow-gaging station 15297610 Russell Creek near Cold Bay, water years 1981-86

[Values in cubic meters per second]

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Mean 9.1 9.6 8.9 59 49 3.5 3.5 5.7 76 99 8.8 114
Maximum 14.6 15.0 155 9.0 17 43 5.8 8.5 9.3 15.0 10.9 14.8
Minimum 6.7 73 48 29 2.8 2.1 23 39 6.3 74 75 6.2
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Small glacial lakes, typically less than 0.5 km? in size, cover the landscape near the FAA
facility and surrounding lowlands of Cold Bay. The lakes generally are shallow and typically freeze
for 2 to 3 months beginning in mid-January (Selkregg, 1976).

Tides

A two-layered estuarine-circulation system is common in the coastal areas of the Alaska Pen-
insula. This phenomenon is seasonal and begins during the spring thaw with an increase in fresh-
water discharge. The fresh water flows seaward along the surface and is replaced by saline water
that intrudes at greater depths. During the fall and winter, storms and reduced runoff combine to
thoroughly mix the layers and destroy the system. Tidal fluctuations also may contribute to the
mixing and circulation of fresh and salt water. The diurnal tide range in Cold Bay averages 2.2 m
and is the difference in height between mean higher high water and lower low water in a single day
(Brower and others, 1977). The maximum predicted tide at Cold Bay is 3.4 m above mean sea
level. The minimum predicted tide is -0.7 m below mean sea level (Brower and others, 1977).

Flooding

Cold Bay has a low flood-hazard rating; however, it is subject to some degree of flooding
from storm-surge or tsunami waves (U.S. Army Corps of Engineers, 1993). Tsunami waves com-
monly are generated by seismic activity and are capable of traveling great distances across water
striking shore areas with destructive effect. Storm-surge waves also can affect low-lying coastal
areas, but have less potential to travel inland because of their reduced wave velocity. Brower and
others (1977) describe return periods for maximum significant wave heights for coastal areas in
Alaska. A 100-year-wave more than 20 m high is possible at Cold Bay (table 3).

Table 3. Annual maximum
waves for selected return

periods near Cold Bay
Return :fgaxm'f?;:g:
period wave
(years) (meters)
5 13.0
10 14.5
25 17.5
50 19.5
100 22.0

Overbank flooding of stream channels on the lower Alaska Peninsula may occur during the
months from July to October and is primarily the result of intense rainfall augmented by melting
snow. Overbank flooding also may result from the rapid melting of snow and ice during volcanic
eruptions (Selkregg, 1976; Jones and Fahl, 1994). On October 22, 1981, rainfall runoff caused a
maximum stream discharge of 170 m3/s at the USGS streamflow-gaging station 15297610, Russell
Creek near Cold Bay (Jones and Fahl, 1994). Flooding, however, was not reported in the Cold Bay
area at this time.
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DRINKING WATER

Present Drinking-Water Sources

Ground water is the principal drinking-water source for Cold Bay and typically is found in
unconsolidated deposits at depths between 2 and 26 m below land surface. The aquifer is uncon-
fined and shallow, and thus it is vulnerable to contamination. Drinking water for Cold Bay is
obtained from two wells equipped with submersible pumps and is stored in four holding tanks. Two
tanks hold 56,700 L of water that is chlorinated and distributed by pipe to residents, and the remain-
ing two tanks hold 94,500 L of water that is held in reserve for fire fighting (Environmental Ser-
vices Ltd., 1982). Average daily water use in Cold Bay ranges from 76,000 to 113,600 L/d
(Environmental Services Ltd, 1982).

In general, the quality of ground water on the lower Alaska Peninsula and in the Aleutian
Islands is good (Selkregg, 1976). Most ground-water samples contained total dissolved solids of
less than 200 mg/L. Although some ground water may be corrosive to metals, most water is accept-
able for domestic, agricultural, and industrial uses. Existing data indicate that most inorganic con-
stituents of sampled ground-water sources satisfy the Class A regulations of the Alaska
Department of Environmental Conservation (ADEC) and the U.S. Environmental Protection
Agency (USEPA) (appendix 2; U.S. Army Corps of Engineers, 1979; Salvato, 1992; CH2M Hill,
1977). The quality of water from wells drilled near Russell Creek was reported to be excellent
(appendix 2; CH2M Hill, 1977, table 4, this report).

Table 4. Selected chemical analyses of water from wells near Cold Bay, Alaska

Concentration, Concentration,
Constituent in milligrams per Constituent in milligrams per
liter liter
Dissolved solids, total 90 Nitrate <.8
Alkalinity, as CaCOg 18 Fluoride <3.2
Chloride <2.9 Suspended solids, total <5
Iron <1

Alternative Drinking-Water Sources

Drinking-water alternatives for the FAA facility and the city of Cold Bay include Russell
Creek and many small lakes. During the 1950’s and 1960’s, personnel stationed at the Thornbrough
U.S. Air Force Base (fig. 1) used a small lake as a drinking-water source (Feulner, 1966). Chemical
analyses of the lake indicated that concentrations of major ions and water properties were within
current ADEC and USEPA drinking-water regulations (appendix 2; Feulner, 1966). The quality
and quantity of the water in other lakes near Cold Bay are unknown.
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The flow in Russell Creek represents an abundant source of drinking water for the area. Dur-
ing months of low discharge in March and April, mean flow of Russell Creek is about 3.5 m%/s
(table 2; U.S. Geological Survey, 1987), which is greater than the estimated water use of the city.
Major ions, nutrients, dissolved metals, and other water properties in Russell Creek are within cur-
rent ADEC and USEPA drinking-water regulations (table S; appendix 2; U.S. Geological Survey,
1983).

Table 5. Selected chemical analyses of water from Russell Creek near Cold Bay, Alaska, water year 1982

{Concentration in milligrams per liter, unless otherwise noted. pS/cm at 25 °C, microsiemen per centimeter at 25 °C; pg/L., microgram per liter]

Constituent or property Concentration Constituent or property Concentration

Specific conductance (US/cm at 25°0) 32-62 Sulfate (SOy4) <50
pH (units) 6.1-7.5 Chloride (Cl) 5.4-11
Temperature (°C) 2.0-7.5 Fluoride (F1) <0.1
Hardness as CaCO3 (Ca, Mg) 9-15 Silica (SiOy) 9.7-20
Sodium (Na) 4.0-7.2 Fecal coliform (colonies/100mL) <1
Potassium (K) 0.6-1.0 Iron, total (Fe) (ug/L) 220-870
Bicarbonate (HCO3) 7-10 Iron, dissolved (Fe) (ug/L) 15-110
Carbonate (CO3) 0.0

SUMMARY

Cold Bay’s population is transient and depends on the local airport and government jobs for
employment. Ground water is the principal drinking-water source and typically is found in uncon-
solidated deposits at depths ranging from 2 to 26 m below land surface. Water in the unconfined
aquifer is currently of acceptable drinking-water quality but because it is shallow, it may be vul-
nerable to contamination. Russell Creek and many small lakes and ponds represent alternative
drinking-water sources.
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APPENDIX 1

Well logs for the Cold Bay area
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UNITED STATES

(October 195 DEPARTMENT OF THE INTERIOR
: GEOLOGICAL SURVEY
WATER RESOURCES DIVISION
WELL SCHEDULE
Date 4 73 ,19.__. Field No.
Record by A - . Office No.
Source of data ;Qﬂ;«.&&a‘). .
1: Location: State LA County
Map
T Nr 4
2. Owner: _. Addressc“"(} ’JY
Tenant Address
Driller .,7-4 L Address
3. Topography
4, Elevation oo ft. g!;fov;
5. Type: Dug,dfiliad, driven, bored, jetted .-<_ 10.6.¢
6. Depth: Rept. “ BTN s,
7. Casing: Diam. & ___in,to . in, TyPemeee-. [~
Depth 435! 2 Pinish 22 H#ED_Erenclon
8. Chief Agquifer From it. to -ft,
Others
9. Water level _..i{..(_... ..... ft. ;fe%ts 19 gg?:; S,
‘ which I8 cerereee ft. gg?:; surface
-10: Pump: Type Capacity . G M. __________.
..-Power: Kind Horsepower
11. Yield: Flow oo G.M.,Pump oo G.M.,Meas., Rept. Est. _______
. Drawdown ... fl. after ________._._hours pumping G. M.
- 12. Use: Dom., Stock, PS., RR., Ind., Irr., Obs.
" - Adequacy, permanence
.-13‘. Quality Temp oo ...°F.
Taste, odor, color Sample %e: et
Unfit for __ .
14. Remarks: @, Analyses, etc.)
U. §. GOVERNMENT PRINTING OFFICE  ]16—62801-1
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UNITED STATES

(©ctober195)  DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

WELL S§C
zd/f 3 |19 Field No.

Record by Office No, comeee .

Souroeofdata.]"AA ////“’

Location: State M— County

1:
Map
14 sec. T N g R E
2. Owner: /’(AA dmssaﬂ(j’ BAy W
Tena.nt‘#‘ (Lo _SPedpcs Y ARE LEELE
Driller ‘ Address
8. Topography
4. Elevation .—...___ft. 200V e o
5. Type: Dug,@@d:iven,bored, jetted ... 19.___.
6. Depth: Rept. ﬁ.".:, ..... ft. Meas. .. ___ft.
7. Casing: Diam. ..?.:..- in,to......_in., Type. . ____.
Depth /%37__1., Finish
8. Chief Aquifer From ft. to ft.
Others
0. Water lwdd . & = __ 1, ept. 19 Bbove
whlch is . __ft. ggg;: surface
10. Pump: Type Capacity oo G. M. .
Power: Kind Horsepower
11, Yiedd: Flow ... _______ G.M,Pump . ........G.M,, Meas., Rept. Bsto oo
Drawdown A ___fi. after ... ______hours pumping 7S G. M.
12. Use: Dom., Stock, PS., RR., Ind,, Irr., Obs.
Adequacy, permanence
13. Quality Temp .- cooe o °F,
Taste, odor, color Sample %e: ——
Unfit for
14. Remarks: (Log, Analyees, etc.)

U. 8. GOYERNMENT PRINTING OFFICE  16—62801-1
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APPENDIX 2

Water-quality data for the Cold Bay area

APPENDIX A-2
22
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RUSSELL CREEK HATCHERY

WATER QUALITY
PUMPING WELL #3
(FOR DOMESTIC USE)

Chemical Associated Proposed
- & Geologi- Labs of ADEC
Parameter cal Labs Alaska CH2M HILL Stds.
Alkalinity, mg/l1 as CaCOj 24 - 18 -
Aluminum, pg/1 | <10 1 0.2 ? -
Ammonia, ug/1l <10 <10 40 -
Arsenic, ug/1l <10 — <5 50
Cadmium, ug/1 <0.5 0.34 <10 10
Chloride, mg/1 - <2.9 13 100
Chromium, ig/1 <2 Very Low Level <20 50
Color, Pt-Co units <5 <10 1 15
Copper, Ng/1 - | <2 1 - 12
Fluoride, mg/1l 0.22 0.10 0.32 2.4
Hydrogen Sulfide, ug/1l <10 —— - -
Iron, mg/1 0.01 <0.1 <0.1 0.3
-Iron bacteria-- - None Seen - -
Lead, Mg/l <10 1 <50 50
Magnesium, mg/1l 2.1 18 0.81 --
Manganese, ug/1l <1 0.4 <50 50
Mercury, ug/l <10 Véry Low Level <2 2
Nitrate, mg/l 0.8 0.05 0.038' 10
Nitrite, mg/1 - - - —_—
Potassium, mg/l 1.5 <39 1.8 -
Silver, ug/1l <3 0.22 <50 50
Sulfate, mg/1 2 2 1.8 250
Sulfite, mg/1 - ~- - ——
Total Dissolved Solids, mg/l 78 92.5 87 5002
Total Suspended Solids, mg/1l <0.1 1.5 5 -~
Turbidity, FTU 0.1 <5 1.4 1
Zinc, Mg/l <3 1.8 <20 500

INitrate + Nitrate

2pHS recommended limit
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ACS

Lake used U.S. DEPARTMENT OF THE INTEF R mcfmu' Bﬁ; e

\Oc/\ U.S . Air Force GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

Analyses by Geological Survey, United States Department of the Interior

9-268 q (parts per million)
Laboratory dunber H150
o,
Date of collection................ 2,
X944,
Silica (S102)« v vvnenerernnnnnnnn. e
Iron él_“e;. (adg) . oo .02
Iron (Fe) {(total) .09
Manganese (Mn). .......... .o U
Caleium (C2) v vvnereernrnnnennnns _5_
Magnesium (Mg) .....coocvoveveennn _}i
Sodium (Na) . .ovvevverneacennanss “,} .
Potassium (K) .. .coovvieiennnnnnnn e
Bicarbonate (HCOg) . ...ovvuvnenn. ek
Carbonate (COs) . ...vvevcveenneen <o
Sulfate (804) .................... . i‘%“’:
Chloridg (C1) .............. S “T .
Fluoride (F) ....covvvivnninnnnn. ol
Nitrate (NO_?) ................... =i
Serien Moodde {004} 5.1
Dissolved solids e
Calculated..................... i
Residue on evaporation at 180°C .| .
Hardness as CaCO; .............. ."T’"
Noncarbonate hardness as CaCOs. .|
Alkalinity as CaCO3.............. Nt
Specific conductance e
(micromhos at 25°C)............ Naba
PH .. v
Color. ... ..t ittt e,

.y - o P > e} LT 3 ; pX 2%y Y L% Tt
D08 Bhatdon, 1979Bh Cawmn. Op. o0, wold gy, Alasks. FU. Oell. s (laolel
., “ e - o +
Dolles V. Bl Clark.
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