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CONVERSION FACTORS

Multiply By To obtaln
millimeter (mm) 0.03937 inch

meter (m) 3.281 foot

kilometer (km) 0.6214 mile

square kilometer (km?) 0.3861 square mile
kilometer per hour (kph) 0.6214 mile per hour
liter per day (L/d) 0.2642 gallon per day
hectare (ha) 2.471 acre

In this report, temperature is reported in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by

the following equation:

VERTICAL DATUM

°F=1.8 (°C) + 32

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 the United States and Canada, formerly called Sea Level

Datum of 1929,
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Overview of Environmental and Hydrogeologic
Conditions at Dutch Harbor, Alaska

By Kathleen J. Lemke and Ann M. Vanderpool

Abstract

The Aleutian Island village of Dutch Harbor, Alaska, has mild winters, cool summers, and
abundant rainfall. Bedrock in the area is altered sedimentary and volcanic rock that is fractured and
faulted. Numerous lakes and streams are in the area and ground water is plentiful. The water supply
for the village of Dutch Harbor is trucked from nearby Unalaska which obtains its water from
lakes, streams, and shallow ground water. The FAA facilities are located near the north side of the
village of Dutch Harbor. Fuel spills and disposal of hazardous materials may affect ground and sur-
face water in the vicinity of these facilities.

INTRODUCTION

The Federal Aviation Administration (FAA) owns and (or) operates airway support and nav-
igational facilities throughout Alaska. Fuels and potentially hazardous materials such as solvents,
polychlorinated biphenyls, and pesticides may have been used and (or) disposed of at many of
these sites. To determine if environmentally hazardous substances have been spilled or disposed of
at any of these sites, the FAA is conducting environmental studies mandated by the Comprehensive
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 is the
product of compilation, review, and summary of existing hydrologic and geologic data by the U.S.
Geological Survey, in cooperation with the FAA, and provides such information for the FAA facil-
ities and nearby areas at Dutch Harbor, Alaska. Also presented in this report is a brief description
of the FAA facility history and physical setting of the region surrounding Dutch Harbor.

BACKGROUND
Location

The Dutch Harbor FAA facilities are located near the fishing village of Dutch Harbor at
lat 53° 54' N., long 166" 32' W., about 1,200 km west-southwest of Anchorage (fig. 1). Dutch Har-
bor is on the southeast side of Amaknak Island which is in Unalaska Bay and is connected to
Unalaska Island and the city of Unalaska by a 200-meter-long road bridge. Unalaska Island is part
of the Aleutian Island chain.
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Figure 1. Location of Dutch Harbor, Alaska and Federal Aviation Administration facilities.
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Facility History

The Dutch Harbor FAA facilities have been in operation since 1976 (Ecology and Environ-
ment, Inc., 1992). The FAA facilities comprise six sites on Amaknak Island and one site in
Unalaska (fig. 1). A storage building is adjacent to the Dutch Harbor airstrip, the Nondirectional
Beacon/Distance Measuring Equipment (NBD/DME) facility is north-northeast of the Dutch Har-
bor airstrip, the Remote Center Air/Ground Communications facility/Remote Communications
Outlet (RCAG/RCO) High Site is near the northern end of Amaknak Island, the Automated
Weather Observation Station (AWOS) facility is at the southwest corner of the airstrip at Dutch
Harbor, the Runway End Identification Lights (REIL) facility is at the southeast end of runway 30,
Visual Approach Slope Indicator (VASI) facilities are on the southeast end of runway 30 and at the
northwest end of runway 12 at the Dutch Harbor Airport, and the RCAG/RCO base station is in
the city of Unalaska (Ecology and Environment, Inc., 1992). A detailed description of FAA facil-
ities near Dutch Harbor and a listing of suspected sources of contamination can be found in an envi-
ronmental compliance investigation report by Ecology and Environment, Inc. (1992).

The FAA maintains a temporary rotating maintenance staff at the Dutch Harbor facilities,
which have no permanent employees. The only year-round access to the FAA facilities and Dutch
Harbor is by aircraft or boat. In 1990, the population of Unalaska was 3,089 (U.S. Census Bureau,
1991); however, the 1990 census did not include a separate listing for Dutch Harbor.

PHYSICAL SETTING
Climate

Dutch Harbor has a maritime climate, characterized by high humidity, frequent cloudiness
and precipitation, and strong surface winds (Hartman and Johnson, 1984). The mean annual tem-
perature is 4.8 °C with monthly mean temperatures ranging from -0.2 °C in February to 11.9 °C in
August (table 1). These temperatures place Dutch Harbor, like most of the Aleutian Island chain,
outside of the permafrost region (Ferrians, 1965). On the average, more than 90 days each year
have greater than 2.5 mm of rain and more than 54 days each year have greater than 25 mm of
snowfall. Total mean annual precipitation is 1,475 mm (Leslie, 1989). Fog occurs about 30 days
out of the year and is more frequent in the summer than in the winter. Winds average 18 kph and
extreme winds may reach 130 kph (Selkregg, 1976).
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Table 1. Mean monthly temperature, precipitation, and snowfall for the period 1922 to 1987,
Dutch Harbor.

[Modified from Leslie (1989); °C, degree Celsius; mm, millimeter; >, more than]

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

Mean maximum 2.6 22 32 5.1 1.7 10.7 13.8 15.2 12.2 8.2 53 3.3 7.4

(Record maximum 26.7 °C, September 1939)
Mean minimum  -2.1 -2.7 -23 -0.4 2.1 5.1 7.6 8.7 6.7 3.2 0.3 -1.3 4.4

(Record minimum -22.2 °C, January 1986)

Mean 0.3 -0.2 04 24 49 7.9 10.7 11.9 9.4 5.7 2.8 1.0 4.8
Mean total 168 168 119 104 107 T2 39 60 132 182 156 165 1475
Mean No. wet 82 12.3 10.0 6.1 4.7 5.0 4.2 52 9.8 75 8.8 10.5 924
days (> 2.5 mm
rain)

Mean No. snow 10.0 16.5 12.5 6.0 0.0 0.0 0.0 0.0 0.0 0.3 2.5 6.3 54.8
days (> 25 mm
snowfall)

Mean snowfall! 381 490 287 163 . 0 0 0 0 5 114 305 1748
(mm)

! Moisture content of the snowfall is included in precipitation totals.

Vegetation

The vegetation near Dutch Harbor is characterized as either alpine tundra or moist tundra
(Viereck and Little, 1972). The well-drained alpine tundra occurs at higher elevations on the island
and is dominated by low heath shrubs, prostrate willows, and dwarf herbs (Viereck and Little,
1972). The moist tundra occupies lower elevation areas and consists of tall grass meadows, low
heath shrubs, mosses, lichens, and tufted hair grass (Viereck and Little, 1972).

Physiography

Dutch Harbor is in the Aleutian Island physiographic section of the Alaska-Aleutian province
(Wahrhaftig, 1965). Similar to other Aleutian Islands, Unalaska Island results from the ongoing
convergence of tectonic plates and is mostly volcanic in origin. Makushin Volcano (elevation,
2,036 m) and an associated hydrothermal field are about 25 km west of Dutch Harbor on the north-
ern part of Unalaska Island (fig. 1). The steep volcano slopes are drained by small swift streams,
some of which run over porous rock and flow only during heavy rains. Lakes commonly occur in
ice-carved basins (Wahrhaftig, 1965).
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Many of the FAA facilities at Dutch Harbor lie at less than 12 m elevation in an area that is
otherwise dominated by fiords and high sea cliffs. On the nearby mountainous island of Unalaska,
the south-facing cliffs are steeper than the north-facing cliffs. Both glaciated U-shaped valleys and
postglacial V-shaped ravines occur across Unalaska Island (Drewes and others, 1961).

Bedrock Geology

Site-specific geologic information for the vicinity of the Dutch Harbor FAA facilities is
scarce. Drewes and others (1961) mapped Unalaska Island at a large scale and reported that
Amaknak Island was composed of andesite and basalt extrusive rocks having intruded dikes of
similar composition. Deep fracture and fault systems are prominent regionally (Motyka and others,
1993). A reconnaissance visit by USGS staff to the Dutch Harbor area found that the bedrock is
dominated by hydrothermally altered volcanic rocks that are intruded by numerous dikes and veins
(Frederic Wilson, U.S. Geological Survey, written commun., 1992). Some altered tuffs also are
present, as well as a few outcrops of coarse sandstone. Nearby (approximately 15 km south of
Dutch Harbor) emplacement of granitic to dioritic intrusive bodies caused the hydrothermal alter-
ation of these rocks (Drewes and others, 1961; McLean and others, 1984). The erosional resistance
of the volcanic rocks causes the steep cliffs on the perimeter of Amaknak Island.

Surficial Geology

Surficial deposits near Dutch Harbor generally are composed of mechanically disintegrated
rock and various tephra deposits (Drewes and others, 1961). On steep slopes, abundant moisture
causes these deposits to creep. No permafrost exists in the immediate area. On the slope behind the
Dutch Harbor airstrip, surficial deposits consist of at least 0.5 m of till overlain by 1.3 m of devel-
oped soil containing ash and lapilli layers. Soils here generally contain more clay towards the bot-
tom. The till, also exposed in road cuts, is stony with a matrix of clay and silt (Drewes and others,
1961, p. 648-651). North of Dutch Harbor, on the cliffs of Amaknak Island, talus cones are com-
mon. About 1 km southeast of Unalaska, the bedrock is at a greater depth than that near Dutch Har-
bor. The till here is overlain by 1.4 m of developed soils and colluvium (Drewes and others, 1961).

HYDROLOGY
Surface Water

Unalaska Island is surrounded by the Bering Sea on the north and the Pacific Ocean on the
south (fig. 1). Rivers and streams draining into the Pacific Ocean generally flow in steep-walled
valleys and are short and steep. In contrast, the valleys on the Bering Sea side of the Island are flat-
floored U-shaped glacial troughs with streams originating in cirques and meandering through
unconsolidated sediments (U.S. Army Corps of Engineers, 1984). Many of the numerous rivers
and streams on Unalaska Island are unnamed and have not been assessed for flow or water quality.

Streams near the Dutch Harbor FAA facilities on Amaknak Island originate from the uplands
near Mt. Ballyhoo and drain into Dutch Harbor, Captains Bay, and Unalaska Bay (fig. 1). On the
east side of the island, several small streams flow directly into Dutch Harbor. No perennial streams
exist near these six facilities. Several lakes near Dutch Harbor are indicated on topographic maps
of the area (Unalaska [C-2] Alaska); however, hydrologic data for the lakes and streams were not
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found. The nearest long-term stream-gaging station is at a distance of about 800 km on the north
Gulf of Alaska coast and thus provides little insight to hydrologic conditions near Dutch Harbor
(U.S. Army Corps of Engineers, 1984; U.S. Geological Survey, 1995).

Pyramid Creek and Unalaska Creek are at distances of 2 and 3 km respectively from the
Dutch Harbor FAA facilities (fig. 1). Pyramid Creek is a source of domestic water for Unalaska
and is diverted at the Pyramid Creek Dam (U.S. Army Corps of Engineers, 1984). The drainage
basin area above Pyramid Creek Dam is about 7 km?. Two small unnamed lakes within the basin
have surface areas of 4 and 8 ha respectively (U.S. Army Corps of Engineers, 1984). Unalaska
Creek flows into Unalaska Lake about 3.2 km southeast of the FAA facilities in Dutch Harbor and
about 1.6 km southeast from the Unalaska RCAG/RCO Base Station. Two surface-water reservoirs
within the Unalaska Creek drainage basin and the reservoir above Pyramid Creek Dam are used to
provide water to residents and commercial users on the island. The water usage from the reservoirs
is about 1.1 x 107 L/d (Ecology and Environment, Inc., 1992). The two reservoirs in Unalaska
Creek are about 2 km south of Unalaska on the east and west forks of Unalaska Creek. A third res-
ervoir, Icey Creek Reservoir, is about 5 km inland in the Pyramid Creek valley (Ecology and Envi-
ronment, Inc., 1992; Tryck, Nyman, and Hayes, Inc., 1988).

The U.S. Army Corps of Engineers (1993) indicates that flood hazard is low for the city of
Unalaska and the village of Dutch Harbor. When flooding does occur, it commonly results from
heavy rains in the area. Flooding occurred in 1940, 1985, and 1991 (U.S. Army Corps of Engineers,
1993). Local tsunamis are possible along the coastline both from large earthquakes and eruptions
of Makushin Volcano on Unalaska Island; however, the probability of these events is difficult to
define (U.S. Army Corps of Engineers, 1993).

Ground Water

Ground water in the Dutch Harbor area generally flows through the unconsolidated sediments
away from the mountains toward the coast. Ground water also occurs in secondary openings such
as fractures and joints in the underlying volcanic bedrock. However, no data are available to indi-
cate potential water yields from bedrock. Drillers’ logs for two wells in Unalaska indicate that
ground water is about 150 to 170 m below ground surface (Ecology and Environment, Inc., 1992).
Information on miscellaneous ground-water analyses from wells on Unalaska Island was found in
a search of USGS paper files (Appendix 1).

Drinking Water

Local ground water is not used for drinking water at the Dutch Harbor FAA facilities (Ecol-
ogy and Environment, Inc., 1992). Drinking water is trucked to the facilities from the city of
Unalaska public supply. The Unalaska Department of Public Works municipal water system sup-
plies drinking water for Dutch Harbor and Unalaska (Ecology and Environment, 1992). The sys-
tem is supplied by municipal wells and reservoirs (Ecology and Environment, 1992). The wells
supply about 1.7 x 107 L/d of water to the total system, which has an output of about 2.7 x 10 to
3.0 x 107 L/d of water (Ecology and Environment, Inc., 1992).
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SUMMARY

The FAA facilities near Dutch Harbor are located on Amaknak and Unalaska Islands. The
maritime climate of this area is mild and humid. Bedrock of hydrothermally altered volcanic brec-
cias and altered tuffs is overlain by surficial deposits of glacial sediments and till. The area is char-
acterized by numerous lakes, ponds, and streams and is surrounded by alpine or moist tundra. The
potential exists for tsunamis; however, hazards for flooding near the FAA facilities are low and the
greatest flood hazard is due to heavy rains. Drinking water for the Dutch Harbor FAA facilities is
transported to the site from the public supply in Unalaska which is not at risk from spills at the FAA
sites.
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APPENDIX 1

Ground water analyses for the Unalaska area
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T/A ft 0,0 SPECIFIC ’

' CONDUCTANCE @i/ pg | O XS yeo
DISSOLVED 7.9 o - eoien 3
el M 0,02 rikey 297 = 0:L2 so,

2.%0 R sample S/ 70 = Urg 0.27 Na O'j.y Cl
0.0 X, K 2,090 F
Total /) 0.0/ NO
HCO3(082)— 2 |\ romhos % E sz OI Py
D.S.ppm| — Non-Carb g |lat 25°C §J” "‘\5?8' éum Sfum
g A—————JJ-
| /S/
C@-)\ s % I Z.._______
s S Z :
_ ==
!
«ZJ"/?" - 1
|
|
| %f/
Palmer 1958 oro 976283  DATE STARTED S —/€-EF  CHEMIST 227
DATE COMPLETED Y =28 -&F CHECKED T &\




TE

"ALUMINUM m!|COPPER m
A — Mg Appar. Al [ mg
Agample Fe X.12— Asample Factor
Factor Mn X .04 Acolor
F X.05+ Acorr. Cu ppm
LEAD ml
A
Alppm A l me
sample
MANGANESE (qual.) 7 ml
l Factor Pb ppm
R me Z‘NC mi
Asomple A mgqg
Factor Mn ppm| ©-0/ Asample
CHROMIUM mi | Factor zo ppm| |
ARSENIC ml
A mg
A mgq
Axample Asample
Factor Cr ppm Factor _ As ppm
mi mi
A mg A mg
Asomple Asomple
Factor ppm Factor ppm




ANALYSIS NOTES

‘ Acs
Source _/_:é Y7 4 é: ;ég //C),S
Location 44;,‘ Z Zé lj/é( AL ‘é & g 4 4 ,5/#{4,
1 L _ }  sec, T R Merid. Field/Office No.
& 4 -
Date coll. 2 -2 Y~ §. Time Well Type | Use
Coll. by _ T Spr sotempne ™ Jcagpece Depth (£t.) ceeedopuer . Cased to (£L.)
Field detns: Temp. (%€¥ ¢ “.<  pH Diam. (in.) Date drilled
Sp. cond. (thos) . Eh ‘ Water level (ft.)
Appearance - A % Discharge
Remarks: /ﬁa“"/‘ycs‘ ‘ - H. B. F.
Owner
Percent Sodium L
3 y .
SAR L
B
Free CO,
. . +- _.
Copper (Cu)
S — .. 77777 T I T I I T I 7777,
— Analyst %zfcé;/l%w/ BAR ¢
: 4 1983
P Date started__ ¥ % %# Date completed
l Checked by ACF




U.5. DEPARTMERT OF THE Tnreryl, )ineibs
'GEOLOGICAL SURVEY |
WATER RESOURCES DIVISION

Analyses by Geological Survey, United States Department of the Interior

9-268 q (parts per million)
hbagtm Rumber 8436
Date of collection .. .............. April
135
ST (S102) . e v evvrnrnnnnenennns 7.0
Iron ({‘e) (?1-) ................ L] 0.0
0.13

Manganese (MO). v eovevennnennnnns 0.01
Calelumi (Ch) ... . ¢ seiiwssenmmbiasis k.2
Magnesium (Mg) ....cocvvevvnennnn 1.6
Sodiam NAa) o5 ssissens i s swamess 6.2
Potasslum (K) ...:issvnissnaiawis 0.6
Bicarbonate (HCOs) .....ovvveeenn 14
Carbonate (CO,) ................. c
Sulfate (SO‘) .................... k&
CRIOEIAE IO ioin = fepmmis 5 grmincesamcnns 12
Fluoride (F) cows cosssss s s oownns 0.C
Nitrate NO ................... P 0.6
Carbon Diox dn (cde) 3.5
Dissolved solids

CRICHIRLOD oiss 5.5 svmivne s s osians s Y

Residue on evaporation at 180°C .
Hardness as CaCOg .............. 17
Noncarbonate hardness as CaCOs..| &
Alkalinity as CaCOg.....cvvvnunnn 11
Specific conductance

(micromhos at 25°C)............ 65
pH ............................. 608
LOIOL : & i iivins 7 s vamiend i & swEnTES 8 5

8436 - ACB Btation, Unelasks, Alagke, water coll. at tap, LO'F, domestic uae,

vater fairly clesr at collection.
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ANALYSIS NOTES

_ne/l

<

/ s 12 0. 20
i ml H,S0,
or:Al, Fe, Mn  Total in soln. Total Alkalinity as COj 6 _
Di!.——— Sol’ L__ﬁ mpf"? ?' “ i 007
~ ABSQ:0ZQ l& 2 mlBaClo 2 $- o~
Dil _ / cT _____ml Dil____ _ - 37
ABS . ﬁ%;'r_
= == —-..'_-.-..r-‘ﬁlg ?: L=l ml Hg(N0,), . ( ;I
k2 oLl F (0% m i1 |
Scale [dz .2/ ABS Z2.0co (,l(;l oo
Mg Dil NOy__ L __ml Dil |
g Scale - L.f cOF ABs [-O(O lj 00
Sr . Dil _ PO, - ml Dil
Scale 1 1 ABS
- Na Dil . 6 (&
«  Percent Scale __Total anions :
Trans. ,521 / 0.3¢ || Specific conductance (pmhos at 25°)
v = T 20:3."C -
i {2
R R ¢
Percent Scale KCL__25h sanple_ﬂ/L
_'Ifrans. y l % ;4 || Total Hardness _9, 725 _ ml !l |5
w14 Dil _ Hardness as CaCoz (calc.) / m
Scale J:
. Noncarbonate (calc.)
Total Cations 61 ;
' . : Color :
Dissolved solids (residue on evap. at 180°C) <3
ml Dish No., _ Difference, me/1 3%
: ) Percent difference 7 5
Dissolved Solids (calc.) 44 '
;,-'Co_' u-’gc] Lab. No. /233 2—C & ~ 363
. 4 . P
P 7'/,4% e s
i Z/"’:"HO

o)



U.S. DEPARTMENT OF THE INTERIOk
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

Analyses by Geological Survey, United States Department of the. Interior

9-268 q (paste-persmillion) (miiligraag pur 18ter).
Date of collection..... T f-24.65
Stlica (8Y0:) s v » woviis ¥ %9 waweis o8 8 & 6.5
Iron (Fe)uuveeeeereenenennnenenns A
Manganese (Mn). .....covvvnennnss .00
Calelum (Ca) e o s svsnsi i s comemas s &5
Magnesium (Mg) ........c.0.. T % §
Sodium (Na) .......coeiveennnnnn 8.1
___._._.Potassium Y os & 64 smwsnne 5 8 s v s 1.5
;._;;,-Bicarbonate (HCOg) et vvivvnnnnnnn i8
"Carbonate (COg) oo vevvennnnnn.
Sulfate (80,) s sssuwninisssswmosss 5.4
Chloride (C1)cs s ssmmiis o5 smmais s 13
Fluoride (F) .......covvvvnnennnn. .0
Nitrate (NOg).oovvvevieeneeennnns o3
Dissolved solids
Calenlated «ox a6 sowoas s waess s &4
Residue on evaporation at 180°C .
Hardness as CaCO3 .............. 15
Noncarbonate hardness as CaCO,..| 8§
Alkalinity as CaCO3......c00vueen 10
Specific conductance
(micromhos at 25°C)............ 8:8
pH .......................... % & ‘?;ﬂ
ColOT: civssnmissnsnmess A naam i i 4 8

18334 - Unalaghs « AGE, oltr water supply.

fauoet in AQE house. Clear, temp 40.

Colleuted by T/Bgt. ¥ P. Teagus from

24027



Analyses by Geological Survey, United States Department of the. Interior

U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

9-268 q (parts per million)
Date of collection................ m ‘
Silica (Si02)-«eeveeerrrernnnnnnn. A6
Iron (Fe)..vveeeneninnennnnnenns 0.5
Manganese (Mn). qualditative. .. . .. .40
Caxben Dioodde (CO2) 3.3
Calcium (Ca) .ovvvrvvevnennonnnns $.0
Magnesium (Mg) . ....covvvennnn. .8
Sodium (Na) . ..vvveernnenrnnnnnns beb
Potassium (K) . .......... Corvasaas a.1
Bicarbonate (HCOs) oo vvvvevnennnn P 3 |
Carbonate (CO3) «vvvvvnnreennnnn. 9
Sulfate (SO¢) v vvvervenrnnennnnns tﬂ
Ehlorlde €D . s s vrsmansscin d
Eluoride (F) :c.ovevsshivsvesensss
PIEERES (NOG). . v ccivemin s nsviasanse 8.0
Dissolved solids

Calculated . ..........ce0nvunn.. »

Residue on evaporation at 180°C .
Hardness a8 CaC0; . cssssmssssss pT 1
Noncarbonate hardness as CaCOs. . 1{
Alkalinity as CaCOg.......c0nun
Specific conductance

(micromhos at 25°C)............ 3
B e o e o T B T o e T T e B zni
COIOL., .« vovicusnamne ponswwssies -
sppenrwoee elear, esllected Yy K. C. + (00 othwe |

24027



GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

=

U.S. DEPARTMENT OF THE INTERIOh

w3 31te ~ Ganleske

Analyses by Geological Survey, United States Department of the Interior

9-268 q ‘(parts per million)
Date of collection.......... ceeens
Silica (Si02). . cvvveeeervenrennns
Iron (Fe). .............. T —

Coxhon Moxide m
Calcium (Ca) ......
Magnesium (Mg)
Sodium (Na) .......
Potassium (K).....

Bicarbonate (HCO,)
Carbonate (CO,)
Sulfate (SOg) ......
Chloride (C1) ......
Fluoride (F) .....
Nitrate (NOg)......

Dissolved solids
Calculated.......
Residue on evaporation at 180°C .

Hardness as CaCO,

Noncarbonate hardness as CaCOsg..

Alkalinity as CaCOy

Specific conductance
(micromhos at 25°C)

»
3
e cslenH ‘i.;

.............
lllllllllllllllll
IIIIIIIIIIIIII

oooooooooooooo

ooooooooo I ”

ooooooooooooooooo

peegge |od

tttttttttttttt
..............

---------------

.............. e

nnnnnnnnnnnnnn
..............

ooooooooooooooo

YD - 18 Bite, Geslasks, Llasks. Gollovied by T8gt, Keaoeth G, Seskell.
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Analyses by Geological Survey, United States Department of the Interior

9-268 q

 U.S. DEPARTMENT OF THE INTERTUS
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

(parts per million)

Laberatary Nusber

8546

Date of collection....

............ 7/26/6#

Silica {Si03).........

X R A

Calcium (Ca) ........

Magnesium (Mg) .....
Sodium (Na) .........

Potassium (K) .......

Bicarbonate (HCO,) ..
Carbonate (COyg) .....
Sulfate (SOg) ........
Chloridge (C1) ........
Fluoride (F) ........
Nitrate (NOsg)....,...

Carhon D reide (Co0)

Dissolved solids

Caleulated . .«.c2464 ;
Residue on evaporation at 180°C .

Hardness as CaCOyg ..

Noncarbonate hardness as CaCOy. .

Alkalinity as CaCOsy..

Specific conductance
(micromhos at 25°C)

llllllllllll

............

............

nnnnnnnnnnnn

llllllllllll

llllllllllll

oooooooooooo

oooooooooooo

------------

h.1

oh

o900
4

R 0 O

 od
QDN OWN OWNNO

oc@0 >

2&

&

------------

v ~g

£3hé - Unsleers ACS Bite, creviiy flow frem roceyvoir, ACS Bldg., aedinont.,
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J.S. DEPARTMENT OF THE INTERIOH )
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

ACS Well ~ Unalacke

Anﬁlyses by Geological Survey, United States Department of the Interior

9-268 q

(parts per million)

Laboratory Number

12805

Date of collection......

7-11-69

" Caletom (Ca) vivieis s s 550
Magnesium (Mg) .......
Sodium (Na) . .veevenn..
Potassium (K) .........

Bicarbonate (HCOy) ....
Carbonate (COy4) .......
Sulfate (SOg) cevevennn.
Chloridg (C1) ... vvvnn..
Fluoride (F) ..........
Nitrate (NO3)...c.o....

Dissolved solids

Calculated...........
Residue on evaporation at 180°C .
Hardness as CaCO, ....
Noncarbonate hardness as CaCOs,..
Alkalinity as CaCO;.... 3

Specific conductance

(micromhos at 25°C)..

& 8 a & " 8 0 80P

tttttttttt

..........

..........

oooooooooo

cccccccccc

5.0

o H =3
® o

38
7.0

12805 ~ ACW Well at Unalaska, Coll. by Teague, clear appearance.

24027



U.S. DEPARTMENT OF THE INTERIOK -

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

Analyses by Geological Survey, United States Department of the Interior

9-268 q (pasts.per-million)(mi1ligrens per 1iter)

Iaboratory Hosber 1838

1@-8é-89
6.8
N
0.00

Calelom (Ca) cocicvnmivsss s e 4.8
Magnesium (Mg) ......covvevvvannn 1.}
Sodium (N2) . ..ovvvevneeennennnns 8.1
Potasslum (K) s sansossssmans 1.5
Bicarbonate (HCOs) . ovvvvevevnnne iR r
Carbonate (COs) ... vvvrvvennnnnne
Salfate (BOL) v sssnmmmesssumeess 5.4
CRIGHAR (C1) ... s sssminin v v amimms 13
Fluoride (F) .....cvvviininunnnnn .0
Nitrate (NOg).ovvveveeneennneanns -3
Dissolved solids

Calenlated ..o vneoss s s saamee &4

Residue on evaporation at 180°C .
Hardnessas CaCOs; .............. 18
Noncarbonate hardness as CaCOg..| 8
Alkalinity as CaCOg.......0vunn. 10
Specific conductance

(micromhos at 25°C)............ 2 S —
p!l ............................. 7.0
[0} Lo o &

8338 - Unalagka ~ ACS, oliz water sugply. Osllecied Ly T/8gt. W. P. m frow
fauce< in ACS houpe. esr, texp €0.

24027




U.S. DEPARTMENT OF THE INTERIOnr
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION
Analyses by Geological Survey, United States Department of the. Interior

9-268 q (parts per miIllon)
Date of collection................ Vavey
Silica (S10z) .+ evvereeenneennennnn Fw

Te00 (B8] i cnsinn s snmsnmss i sasas 8.9
Manganese (Mn). galiitative. . . ... o0
Sortiens Biendde (003 3.3
Calcium(Ca) ....ovvvevvennnnnnns 5.0
Magnesium (Mg) .................

Sodinm (NR) «voie semmons s vnsmes

Potasstonm (K) ccs:ssesvas sosnnes |
Bicarbonate (HCOg) ........cvu...

Carbonate (COs)s i s sioeinins s swwens

Sulfate (BOq) «iisasuvivrasssonvas :
ChIOTidg (C1) .. e v eneennnnn. 3
Fluoride (F) ...ueuvnvnennnnnnnn. o

Nitrate (NOg).cxeos wswioows 5 swsmass Q8

Dissolved solids
Calevlated ..o 6: s s ¢ caivaes
Residue on evaporation at 180°C
Hardnessas CaCOj; ..............
Noncarbonate hardness as CaCO,..
Alkalinity as CaCOg3..............

Specific conductance
(micromhos at 25°C)............

24027



U.S. DEPARTMENT OF THE INTERIU.S
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION
Analyses by Geological Survey, United States Department of the Interior

N

9-268 q (parts per million)
Date of collection.................
Silica (S102). vveevvvreacennnnnns 5.0
Toon (F8) .o oo mam s somiims ey wwus .
Manganese (Mn). ......cocoveeenens 5 Y
Calcium (C2) vvovvvenennenenannn &l
Magnesium (Mg) ... cvvvvvnennnnn. 1.8
Sodivm (NB) & . s 5555066 s semwaesise F% 3
Potassium (K)  ccoovoiisiessssnns .00
Bicarbonate (HCOg) ......covvvvnnn 6
Carboniate (CO3) cosevissssssssiiss .00
Sulfate (SOg) .................... ﬁ
Chloridg (C1) ... vvvvvneeinnennnns £
Fhaoride (F) .oxsnmwivs s vomenssss 0.2
Nitrate (NOg) s i s oonnies savmeses s 3
Dissolved solids

Caleulated ;cioa: 0 LR - b 5

Residue on evaporation at 180°C .
Hardness as CaCOjs .............. i
Noncarbonate hardness as CaCOs..| %
Alkalinity as CaCOg.............. 1
Specific conductance

(micromhos at 25°C)..c:vivsavis
) 5 T S
EOIOY :5.50 6 nn i o monwmm o s 8,0

Apptopnnes,

970 = 408 E1te, Salasks, Alashn, Geliscied by Tigh, NeaoeAh ¢, Heskeil,

240



- Unaleska ACE Bite
U.S. DEPARTMENT OF THE mmi]

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

Analyses by Geological Survey, United States Department of the Interior

9-268 q (parts per million)
Date of COECtON . . .. vueennnnnnns Tm_
SHECR (S103) v vevenrnennnnennns "
{aia) 0.00

W@. (totay) e 0.0k
Manganese (Mn). ........... - 0.02
Caletomn (CR) . ccvsoai sasainms oo oa g'e
Magnesium (Mg) . ....cocvvvvncecnnn 33
Sodium (Na) «vvevveneeneenecennns 3.8
Potagsium (K) ccvwnsiossmesssnna "
Bicarbonate (HCOsg) « .. vvvevevenns g
Carbonate (COg) . ..vvveeveeennnns 5%
Bulfate (804) covccssevncossosanss 1 »
Chloride [(C1) :.«ihiei aammmne s s swims 2.0
Fluoride (F) .... cerereiieeaens E o
Nl MRl fooo) oo 1.8
Dissolved solids 28

Calculated . .ccco:vos N S B BT

Residue on evaporation at 180°C .
Hardness a8 CaCOy ;s vasaausvioe i?
Noncarbonate hardness as CaCOy. . 7
Alkalinity as CaCOs.....cvvennn.. 3
Specific conductance

(micromhos at 25°C)............ 20
D o onmw aemes S 5ee nk ioadians Cw A 7.0
BOlOE . o 52 asisnemsna caeie s s sedsesn 5

8546 « Unalunaka Aﬂ‘um gravity flow from ressrvolr, ACS Bldp., sodirant.
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U.S. DEPARTMENT OF THE Mﬂj
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION
Analyses by Geological Survey, United States Department of the Interior

9-268 q (parts per mlllion)
Lavoratory Rumber &h36
Date of collection........coce0eeee April
s

Silica (S102) . e et veerenrcveancnsns 7.0
Iron (Fe).{ass) - . cooovevevcnncnsse 0.0h
Ircns (Fe) (Total) : 0.13
Manganese (Mn). ....cceoeveveeeses 0.01
Calcium (Ca) voveveverenenennennns k,2
Magnesium (Mg) ...ccovvvnrvnnans 1.6
Sodtum (N&) . ¢ s s scomns s 5 3 sremsra 65 2 5 6.2
Potassium (K) .. cvvviirenennneans 0.6
Bicarbonate (HCOs) . vccvvvenenss 14
Carbonate (COg) cvvvvveveennnnnns o
Sulfate (SO¢) ... vvvvrerivernannns 4.8
Chloride (Cl) .. s svwvsse s samwessos 12
Fluoride (F) .:c:ivnwivissnoemisss 0.C
Nitrate (NOg)....ouvennns. “oveinal 0.6
Czrion Dloxide (€Q2) 3.5%
Dissolved solids

Calculated.........covvvieenens L)

Residue on evaporation at 180°C .
Hardness as CaCOg .......ouvnnnn 17
Noncarbonate hardness as CaCOg..| &
Alkalinity as CaCOg.......c0vv.nn 11
Specific conductance

(micromhos at 25°C)............ 6%
) 6.0
COLOY & 4 swvio v o v sramin v o s vwwme o v v e 5

436 - ACB Btation, Unslaska, Almsks, water coll. et tap, LO'F, dmnatle use,

vater fairly clear st ecllection,

24027



