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CONVERSION FACTORS 

MuRlply BY To obt8ln 

centimeter (cm) 0.3937 inch 
millimeter (mm) 0.03937 inch 
meter (m) 3 -28 1 foot 
metex per kilometer (dhn) 5.280 foot per mile 
kilometer (km) 0.6214 mile 
square kilometer (km2) Q.3861 square mile 
liter a) 0.2642 
liter p r  second us) 15 -85 gallon per minute 

cubic meter per second (m3/s) 35.3 1 cubic foot per second 
cubic meter r second p r  square kilometer != 91.4 cubic foot per se~ond per s q u e  

m3isXkrn mile 

IQ this report, temperature is reported in degrees Celsius (OC), which can be converted to degrees Fahrenheit (OF) by 
the following equation: 

O F  = 1.8 PC) + 32 

ABBREVIATED WATER-QUALPrY UNITS 

Chemical concentration and water temperature are given only in metric units. Chemical concentration in 
water is given in milligrams per liter (mg/'L) or micrograms per liter (pgn). Milligrams per liter is a unit 
expressing the solute mass per unit volume (liter) of water. One thousand micrograms per liter is equivalent 
to 1 milligram per liter. For concentrations less than 7,000 milligrams per liter, the numerical value is about 
the same as for concentrations in parts per million. 

VERTlCAL DATUM 

Sea levek 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 Hyd rogeologic 
Conditions at Nine Coastal and Island Sites in 
South-Central and Southeast Alaska 

By Eppie V. Hogan 

ABSTRACT 

The Federal Aviation Administration owns or operates airway-support facilities at Middleton 
Island, Cape Yakataga, Gustaws, Baines, Biorka bland, Big Level Island, Annette Island, Sisters 
IsIand, and Duncan Canal. They wish to consider the environmental setting and hydrogeologic 
conditions when evaluating options for environmental remediation at these facilities. These coastal 
and island sites in south-central and southeast Alaska have a maritime climate characterized by 
mild winters and cool summers. Vegetation consists of coastal hemlock-spruce forest. Bedrock 
consists of sedimentary, volcanic, and metamorphic rocks that are either exposed or very near the 
land surface throughout the region. Relatively thin surficial deposits cover much of the lowland 
areas but are minimal or nonexistent in upland areas. Soils are continuous over the land surface 
except in areas of steep relief or areas covered by ice and snow. Most communities obtain their 
drinking water fsom surface-water suurces, such as lakes, streams, md sivm. A few communities 
use water from shallow aquifers. Surface spills and disposal of hazardous materials may affect the 
quality of drinking water. Alternative drinking-water sources for residents in this area of Alaska 
include both surface water and ground water. Ground water may be found within fractured bedrock 
or unconsolidated deposits. 

INTRODUCTION 

The Federal Aviation Administration (FAA) owns and (or) operates airway-support and 
navigational facilities throughout Alaska. Fuels and potentially hazardous materials such as 
solvents, polychlorinated biphenyls (PCB k), and pesticides may have been used and (or) disposed 
of at many of these sites. The FAA is conducting comprehensive environmental studies mandated 
by the Comprehensive EnvironmentaJ Response, Compensation, and Liability Act (CERCLA) and 
the Resome Conservation and Recovery Act (RCRA) to determine if envhnmentalIy hazardous 
materials have been spilled or disposed of at these sites. This report is a review and summary of 
existing hydrologic and geologic data, and other pertinent information for areas surrounding nine 
sites in coastal and island settings in south-central and southeast Alaska. The report provides 
infomation for the FAA facilities and nearby communities at Middleton Island, Cape Yakataga, 
Gustavus, Haines, Biorka Island, Big Level IsIand, Annette Island, Sisters Island, and Duncan 
Cam1 (fig. 1). 
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Figure 1. Cocation of nine coastal and island sites in southcentwl and southeast Alaska. 
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History 

At the time of first western contact, two groups of Indians occupied coastd and island areas 
in south-central and southeast Alaska, the flingit and the Haida. Their settlement patterns were 
dictated by the variety and abundance of mhml resources. Trade also was an integral part of their 
economic and social life (Selkregg, 1976). 

Ia the early 18th century, a series of Russian voyages were made in an effort to Iocate the 
western opening of the Northwest Passage. Explorers landed at Cape St. Elias on July 17, 1741, 
marking the fbst European landfall on the coast of southeastern, Alaska. Over the next $eve& 
years. the Russians con timed to move east in search of new sea otter hunting gmunds. In I 804, the 
Russians established a capital at Sitka. The Russian hold on southeastern Alaska was tenuous and 
was challenged in the early 1820's by England and America (Selkregg, 1976). 

h 1367, the United States purchased Alaska from Russia. After the discovery of gold in the 
late 1800's, southeastem Alaska's popdation boomed. Wrangell, Petenburg, Ketchihn, Craig, 
and other small towns were established, and in 1900, Juneau 'became the capital of the new territory 
( S e h g g ,  1976), 

The economy of this area of Alaska is dependent on natural resources, pardcularly marine 
resources, minerals, and forest products. Growth in State and local governments has provided 
employment opportunities and has stimulated development in other economic areas including 
tourism, retail trade, construction, and transportation services (Sellcregg, 1976). 

Climate in coastal areas of south-central and southeast Alaska is dominated by maritime 
influences (Hartman and .bhnson, 1984). Climatic conditions are characterized by small tempera- 
ture variations, high humidity, heavy precipitation, and frequent cloudy and foggy periods. 
Summers are cool and winters are mild. Surface winds generally are strong and persistent 
(Hartman and Johnson, 1984). Data on the local climate conditions are presented on a site-by-site 
basis later in this report. 

Vegetation in coastal areas of south-central and southeast AIaska consists principally of 
coastal westem hemlock and S i b  spruce forest- The vegetation is characterid by an overstmy 
of Sitka spruce, western hemlock, Alaska cedar, and black cottonwood and an understory of 
blueberry, fire-leaf bramble, gold thread, and several types of ferns, lichens, and mosses (%ereck 
and Little, 1972). Muskeg vegetation exists in many places on local islands and includes sphagnum 
moss, Labrador tea, and bog rosemary. Shoreline vegetation, common along coastal areas, includes 
silveweed, hair grass, yarrow, buttercup, and a variety of sedges, Alpine vegetation, starting at 
about 600 m above mean sea level includes mountain hedock, low mat-forming shrubs, deer 
cabbage, heather, lichen, berries, and willow (Environmental Setvices Ltd., 1979). 



Geology 

In general, bedrock is either exposed or very near the land surface throughwt the coastal and 
island areas of south-central and southeast Alaska. Bedrock consists of sedimentary, voIcanic. and 
metamorphic rocks (Berg and Gehels, 1992). The predominant northwest-trending bedrock 
pattern contains many folds and faults (Selkregg, 1976). Most of the bed& in these areas of 
Alaska is overlain by unconsolidated deposits of Quaternary age (Berg and Gehrels, 1992). 
Swficid materials cover much of the lowland areas but are minimal or nonexistent in upland areas 
(Berg and Gehrels, 1992). Soils are continuous over the land surface except in areas of steep relief 
or areas covered by ice and snow. 

Earthquakes 

The nine FAA facilities described in this ~~ lie within the active circm-Pacific seismic 
belt. Middleton Island and Cape Yakataga are near the Aleutian Trench, the Yakataga Seismic Gap, 
and the St. Elias fault. The r a t  of the facilities are in an area traversed by the Chatharn Strait fault, 
the Fairweather fauIt, and numerous smalIer faults (Bmwer and others, 1977; Stephens and others, 
1986). In recent years, several eafthquakes with Ftichter scale magnitudes greater than 7 have been 
morded (Brower and others, 1977). The Yakataga Seismic Gap is considered to be a likely site far 
a 7.8 or larger earthquake within the next decade (Stephens and others, 1986). Much of the Iand in 
south-central and southeast Alaska has been uplifted since the last gIaciation as shown by the wide- 
spread presence of emergent marine deposits ( S e k g g ,  1976). Studies on Middleton Island indi- 
cate a significant amount of vertical displacement as a result of past seismic activity [Prescott and 
Lisowski, 1977). Large, fast-moving sea waves (tsunamis) generated by earthquakes are a pptentiaI 
hazard for most coastal and island communities (U.S. Army Corps of Engineers, 1993; Brower and 
others, 1977). 

Hydrology 

Surliace Water 

Parts of Alaska's Pacific coast receive more than 2,500 d y r  of precipitation ( H ~ m  and 
Johnson, 1984). Because of steep topographic gradients, most of this precipitation runs off rapidly 
into lakes and streams as surface water, and ody a minor amount infiltrates to the pund-water 
system (Selkregg, 1976). Most of the smal1 fakes, rivers, and creeks in southeast Alaska drain h m  
the west side of the Coast Mountains and St. Elias Mountains, and from the islands of the 
Archipelago directly into the sea. South-central and southeast Alaska are free of permafrost 
(Fenians, 1980). Mean annual runoff m t ~  range from about 0.02 to more than 0.14 (rn3/s)/h2 
(B.B. Bigelow, U.S. Geological Survey, written commun., 1995). 

Tides 

A two-layered estuarine circuIation system is a common phenomenon in coastal ateas of 
Alaska and is most IikeIy ta w u r  in protected bays and along passages near the outer coast. In this 
system, fresh water Rows seaward along the surface and is replaced by sea water flowing toward 
the coast at greater depths. Fall storms, reduced runoff during the winter, and tidal variations 
combine to mix the layers and destroy the system (US. Army Corps of Engineers, 1989). Brower 
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and others (1977) discuss diurnal tidal ranges, as well as the maximum and minimum tides 
predictsd to occur at several coastal and island sites in Alaska, Estimated data for sites near FAA 
facilities are given in table 1. 

Table 1. Estimated tide data near FAA facilities 
DurnaI range is the average di f f m  in height kmem mean hjghw high wster and rncan h e r  law water 

in merers on a single day; maKimurn and minimum tide are the highest and M M e  prdckd to occrrr at the 
lacation in meters a m  mean s ~ a  level. a negstive n m n h  indicates a Ievel behw maan sea level. m, metml 

Location Diurnal range Maximum tide Minimum tide 
Iml (m) Im) 

Middleton Island 

Cape Yakataga 

Gustavus 

Haines 

Biorka Island 

Big LeveI M d  

Annette Island 

Sisters Island 

Duncan Canal 

Floods 

Although most of the island and coastal communities in south-central and southeast Alaska 
have low flood-hazard ratings, they are vulnerable to some degree of flooding by storm-ddven or 
tsunami waves (UPS. Army Corps of Engineers, 1993). Tsunami waves are generated by seismic 
activity and are capable of traveling great distances across water striking shore aaras with 
potentially destructive effects. Storm-driven waves also can affect low-lying coastal communities 
but have less potential to travel inland because of reduced wave velocity. Bmww and others (1 977) 
describe return periods for maximum wave heights for serected marine areas in Alaska (table 2). 
A 100-year storm wave that is more than 20 m in height is estimated for coastal areas in south- 
centtal and southeast Alaska. 



Table 2. Estimated maximum wave heigMs for selected rehrrn periods 

Location Return period (years) Maximum slgnHlcant wave 
(meters) 

Cape Yakataga 

Annette Island, Big Level 
Island, Biorka Island, 
Gustavus, Halnes, Sisters 
Island, and Duncan Canal 

Overbank ff d i n g  of stream channels in south-central and southeast Alaska may war as the 
result of intense rainfall augmented by snow and glacier melting (Selkregg, 1976; Jones and Fahl, 
1994). Flmd crests in southeastern Alaska are typically short in duration and are characterized by 
a very sharp increase and decrease of flow. Available flood data for Alaskan communities in this 
report along with the flood-hazard rating are given in table 3. 
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Table 3. 'Flood-hazard ratings for nine coastal and island sites 
[U.S. Army Corps: of Enginctrs, 1993, unless othcmisc notodl 

Community Flood-hazad rating 

Middleton Island Not available, but assumed low; probably subject to 
10x1 drdlnage problems and (or) tsunamis 

Cape YahWa Low: glacial wtburst flooding has d in the past 
(Selkregg, 1976) 

Gustaw s Low; last R d  in 1976 due ta heavy &tins 

Low; some flooding in 1988 due to rain on h z e n  
ground 

Biorka Island Low: local tsunami possible 

Big Level Island Not available, but assumed low; prohbly subject to 
l d  drainage problems a d  (or) tsunamis 

Annette Island Low; tsunamis and 10x1 drainage may be problems 

Sisters Island 

Duncan Canal 

Not available, but assumed low; p M l y  subject to 
local drainage problems and (or) tsunamis 

Not available. but assumed low; probably subject to 
local drainage problems and (or) tsunamis 

Ground Water 

Ground-water data for the FAA facilities in south-central and southeast Alaska are sparse. 
Water-bearing surficial materials include alluvial and glacial deposits that are found at depths 
typically ranging from 3 to 30 m below land surface (Selkregg. 1976)- Ground water may also 
occur in fractured bedrock. Freshwater occurs beneath islands and coastal areas as a "freshwater 
lens" that floats on sdtwater (Hunt and others, 1988). This is sometimes r e f e d  to as basal water 
and it can accut under confind or unconfined conditions (Runt and others, 1988). Basal water 
often extends to depths below sea level of about 40 times the water-table elevation or 
potentiometric surface. Near the base of the lens, freshwater grades into saltwater in a transition 
zone that may range from a few meters to a few hundred meters (Hunt and others, 1988). The 
possibility of sdtwater intrusion into coastal and island aquifers increases with depth and pumping 
rate. 



Gulf of 

Alaska 

Rgure 2. Location of Middleton Island, Alaska and the Federal Aviation Administration facilities. 
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MIDDL€TON ISLAND 

Location and Facillty History 

Middleton Islmcl is a small uninhabited island about 6.5 lun long and about 1.5 h wide. It 
is about 200 km south of Vddez in the Gulf of Alaska at lat 5gm27W., long 146'18' W., (figs. 1 and 
2). The first FAA navigational aids on Middleton Island were constructed in 1942. The FAA facil- 
ities currently include storage buildings, a &ravel airstrip, and mdio towers. FAA personnel 
stationed in Kenai carry out facility maintenance, Occnpation of F M  buildings occasionally 
occurs during visits by other Federal agencies conducting seasonal research on Middleton Island. 
A detaiIed list of FAA-owned and ogerated facilities on Middleton Island, and a list of potential 
sources of contamination can be found in an environmental compliance investigation report by 
Ecology and Environment, Inc. (1992a). 

Climate 

Middleton Island has a mean annual temperature of 5.7 'C. Temperatures range from an 
August mean maximum of 14.4 'C to a February mean minimum of -0.8 "C (LesIie, 1989). Mean 
annual precipitation is about 1,460 mm and mean annual snowfall is about 860 m. Mean monthly 
and annual temperature, precipitation, and snowfall are summarized in table 4 (Leslie, 1989). 

Table 4. Mean monthly and annual temperature, precipitation, and snowfall, Middleton Island. Alaska, 
1 942-72 
wified fmm k l i e  (1989): 'C. degree Celsius] 

An. Fa.  Mar. Apr. May June duly Aug. Sspt Oet Nw. Dec. Annual 

(Record maximum 222 'C August 1957) 

M m  0.9 0.9 1.6 3.4 6.0 8.9 11.4 123 10.4 6.8 3.9 13 5.7 

PFedpitatlwL, in millimetem Tatal 

I35 IDD 85 83 92 57 88 I22 181 176 143 1.462 

Snowfall. h mlltinders Total 

Geology 

B d m k  on Middleton Island is composed of sedimentary mks (W~dder and Plafker, 1993). 
Depth to bedrock typically is less than 10 m below land surface (Wdder and PIafker, 19931, 
Middleton Island lies within a major fault system and the geologic record illustrates significant 
tectonic uplift (Hudson and others, 1976; Prescott and Lisowski, 1977; WinkEer and Plafker* 1993). 
The average uplift rate during the past 4,500 years is about I d y r .  Unconsolidated deposits on 
Middleton Island are beach sand and till. The deposits are arranged in a unique series of step-like 
temces ranging in height from 3 to 30 m above mean sea level (Hudson and others, 1976). Beach 



deposits consist of sand, minor amounts of p v d ,  and silt; till consists of unconsolidated silt, md, 
gravel, and boulders. 

Hydrology 

Surface Water 

Wetland areas and small ponds compose Middleton Island's surface-water system, Wetland 
areas extend along 1.5 km of the northwest coastline (fig. 2). Bonds on the island are shallow and 
are typically less than 0.02 h2 in area. A topographic gradient of about 60 m/km directs water 
from the center of the island to the coast. Mean annual mnoff on the island is estimated to be 
between 0.1 and 02 ( m 3 / s ) h 2  @.B. Bigelow, U.S. Geological Survey, written commun., 1995). 

Ground Water 

Ground water on Middleton Island is present at depths between 1 and 3 rn below lmd surface 
(WnWer ztnd Plafker, 1993). A 3-meterdeep well at the Middleton Island FAA facility reached the 
aquifer about I m below the land surface (Appendix 1 ; EcoIogy and Environment, Inc., 1992a). In 
general, flow of ground water is likely to follow surface topography toward the coast. The 
avaitability of ground water from bedrock is unknown Ground water is recharged by infilmtion 
of precipitation. 

DrlinMng Water 

Selkregg (1976) reports the use of b t h  ground-water and surface-water sources for diinking 
water on Middleton Island; however, the FAA facility uses only ground water for drinking-water 
supplies (Ekology and Environment hc., 1992a). The drinking-water system, constructed In 1980, 
is an infiltration gallery with a capacity of about 0.3 Ws. Before settling and filtration, the water is 
chemically treated with potassium pernaganate, ammonium sulfate, and soda ash (Ecology and 
Environment Inc., 1992a). Small unnamed ponds represent drinking-water alternatives for 
Middleton Island. I-Iowever, the quality and quantity of these water resources is undocumented. 

CAPE YAKATAGA 

Locatlon end Facility History 

Cape Yakataga is in the Yhtaga  Glacid Valley along the Gulf of Alaska. It is about 450 hn 
southeast of Anchorage near lat 6Q003' N., long 142"25' W. (figs. 1 and 3). The FAA facilities at 
Cape Yakataga consist of air-navigation and support equipment that has been operating since May 
1942. Facilities include n nondimtional beacon, a powerhouse and shop, employee living quarters, 
and a beacon tower that are maintained by FAA personnel stationed in Cordova. A detailed list of 
FAA facilities at Cape Yakataga and potential sources of contamination can be found in an envi- 
ronmental compliance investigation report by h l o g y  and 'Envimnment Inc. (1992b). 
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142*20m 142"15' 

60' 
05' 

Gulf of Alaska 

80" 
Base ham U.S. G e o W  Suw, Bedng GMer (Ad), M s k a ,  tm,m. 1959 

Figure 3. Location of Cape Yakataga, Alaska and the Federal Aviation Administration facilities 

Climate 

Cape Yakataga has a mean annual temperature of 4.4 "C. Temperatures range from a July 
mean maximum of 40.6 "C to a Januaq mean minimum of -5.5 "C (Leslie, 1989). Mean annual 
precipitation is about 2,580 m and mean annual snowfall is about 2,700 mm. Mean monthly and 
annual temperature, precipitation, and snowfa11 are summarized in table 5 (Leslie, 1989). 

Table 5. Mean monthly and annual temperature, precipitation, and snowfall, Yakataga, Alaska, 1943-83. 

Jan. Feb. Ma?. Apr. May June July Aug. Sept. Oct, Nw. Dec Annuel 

Temperature Sf3 
Mean maximum (1.7 2.5 3.8 6.4 9.7 36.8 40.6 14.7 12.7 8.5 4.1 13 7.6 

(Record minimum -23.8'C. March 1956) 

hkan -24 -0.9 0.3 2 K  6.3 9.6 11.7 11.5 9.3 5 2  1.2 -15 4.4 

Recipihtkm, in m i n d e m  Tdd 

79 135 150 145 114 139 201 294 287 2582 

Snowfa& in millmetem Total 

521 541 4x1 I17 203 0.0 OD 0.0 0.0 61 226 587 2,706 

CAPE Y A W A G A  1 f 



Geology 

The bedrock underlying Cape Yakataga consists of sedimentary rocks of Miocene and 
Pliocene age (Miller, 1971; Winkler and Plafker, 1993). The rocks include concretionary and 
pyritic siltstone, daystone, and sandstone and subordinate, organic-rich shale. silty shale, and 
calcareous sandstone WIler, I97 1 ; Winkler and Plafker, 1993). Depth to b&mk is greater than 
9 m below land surface (Miller, 1971). Surficial materids near Cape Yakntaga are principdly out- 
wash aIluvium of Quaternary age consisting of thick, extensive sand and gravel deposits that are 
at least 9-m thick (Miller, 1971). Soils in the area are of two principal types (Rieger and others, 
1979). Soils developed on well-drained outwash consists of gravelly loam and silt loam. Organic- 
rich soils are found in poorly drained low-lying areas and consist mostly of peat in various stages 
of decomposition (Rieger and others, 1979). 

Hydrology 

Surface Water 

The South Channel of the Yalrataga River, the M o t h  River, and Iron Creek are the principal 
freshwater bodies near the FAA facilities at Cape Yakataga (fig. 3). The South Channel of the 
Yakataga River passes due east of the aiqmrt, flows from northeast to southwest, and empties into 
the Gulf of Alaska. The Duktoth River passes due west of the facilities, flows from north to south, 
and also empties into the Gulf of Alaska. Iron Creek passes the a i m  about 1.5 km to the north 
and is a tributary of the Duktoth River (fig. 3). Surrounding the facilities are other unnamed 
tributaries of the Gulf of AIaska that originate in the Robinson Mountains. Mean annual runoff in 
the Cape Yakatags area is estimated to exceed 0.14 (m3/s)/km2 (I3.B. Bigelow, U.S. Geological 
Survey, written commun., 1995). 

Ground Water 

Ground water near the FAA facilities at Cape Yakataga is found in the unconsolidated 
deposits of Quaternary age. A southward-sloping area of alluvial fans and outwash deposits, 
extending from the base of the Robinson Mountains to the coast, contains ground water 
(Rosenshein, 1988). On a regional scale, ground-water flow likely matches the local topography, 
flowing from the Robinson Mountains, south-southwestward to the coast. Locally, ground-water 
flow is generally towards drains such as rivers, streams, and ponds. Water was reached in a 
8.5 meterdeep well at the FAA facilities between 4.5 and 7.5 rn below land surface (Ecology and 
Environment Inc., 1992b). The availability of ground water from bedrock is unknown. 

Recharge to the unconsolidated deposits primarily is from infilmtion of precipitation and 
streamflow, and fmm subsurface inflow. Recharge is probably gmtest when precipitation is high 
and streamflow is at or near maximum for the year, although the quantity of recharge to the ground- 
water system near Cape Yakataga is unknown. Ground water discharges from the unconsolidated 
deposits into springs, streams, and the Gulf of Alaska, and is lost through evapotranspiration and 
well withdrawal. Data are not available to determine the quantity of ground-water discharge. 
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Drinking Water 

Selkregg ( 1976) reports that a well is the primary drinking-water source for the community 
of Cape Yakataga. Ecology md Environment Inc. (1 992b), however, reports that we11 water is not 
used by FAA personnel or by residents within 6.5 h of the FAA facilities. Drinking water Is flown 
or hauled in with other supplies. 

The South Chamel of the Yakataga fiver, Duktoth River, Iron Creek, and untapped areas of 
the aquifer represent alternative drinking-water sources for residents near the Cape Yakataga FAA 
facifities. Data for these water resources are unavailable. 

GUSTAVUS 

Location and Facility History 

Gustavus is a small community adjacent to the southern boundary of Glacier Bay National 
Park. It is about 80 km west of Juneau near the north end of Icy Strait at Eat 58"25' N., long 
135'463' W. (figs. 1 and 4). The Gustavus FAA faciIities were fitst constructed as a military support 
airstrip during World War H. Some of these facilities were transfed to the State of Alaska in 1965 
(Ecology and Environment Inc., 1992~). The FAA currently operates communication and 
navigation support facilities at or near the Gustavus Airfield. A detaiIed list of FAA owned and 
operated facilities at Gustaws and a list of potentid sources of contamination can be found in an 
environmental compliance investigation report by Ecology and Environment Inc. (1 992~). 

Climate 

Gustavus has a mean annual temperature of 4.9 "C. Temperatures range from a July mean 
maximum of 17.4 "C to a January mean minimum of -5.9 "C (Leslie, 1989). Mean annual 
precipitation is about 1,370 mm and mean annual snowfall is about 1,790. Mean monthly and 
annual temperature, precipitation, and snowfall are summarized in table 6 (Leslie, 1989). 

Table 6. Mean monthly and annual temperature, precipitation, and snmfall, Gustavus, Alaska, 1923-87. 
Wified irom Wit (1989): 'C. degmzCelsius1 

Jan. Rib. Mar. Apr. May Jum Jwly Aug. Sapt M Nw. DbE. Annual 

-per%hrC) 

Mean maximum 0.3 1.6 4.3 8.6 I29 16.2 17.4 17.2 14.2 8.9 4.0 1.1 8.9 

( R d  maximum 30.6.C. August 1957) 

M ~ I I I  -2.9 -1.9 0.4 4 1  8.1 11.3 13.0 12.5 9.8 5.8 0.9 -1.8 4.9 

Pretiprtatlon, In dllimetera TOM 



R g u ~  4. Localion of Gustaws, Alaska and the Federal Aviation 
Administration facility. 
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Geology 

Bedrock is exposed northeast of Gustavus in the C b t  Range and consists of sedimentary 
graywttcke, mudstone, and turbidites of Silurian age, interbedded with lenses of limestone and 
conglomerate mks. Grandiorite intrusions are common (Berg and Gehmls, 1992). Depth to bed- 
rock near Gustavus is unknown. Unconsolidated suficid materials near Gustavus include alluvial 
and glacial deposits (Rieger and others, 1 979). Moderately w e l I ~ n e d  alluvial &posits are found 
along streams and rivers and consist of well-sorted silt, sand, and gravel. Glacial deposits consist 
of sand, silt, p e l ,  and boulders (Rieger and others, 1979). Organic-rich soils occupy areas near 
Gustavus where the water table is shallow and the land gradient is less than 1 percent Weger and 
others, 1979). The soils formed on glacial deposits near Gustavus are typically well drained and 
consist of 0.3 to 0.5 n of dark-gray stratified silt loam (Rieger and others, 1979). 

Hydrology 

Surface water 

The Salmon River and several small tributaries to Icy Sbait are the principal freshwater 
bodies near the FAA facility at Gustavus (fig. 4). Hydrologic data for these bodies of water were 
not found. Gustwus is about 30 m above mean sea level and a gradual topographic gradient of 
abut  5 mflun directs runoff south towards Icy Strait. Average annual runoff near Gustavus is about 
0.10 (m3/s )h2  (SelZuegg, 1976). 

Ground Water 

Ground water near Gustavus generally is present within alluvial and glacial materials. 
Individual wells reached water at depths ranging from 5 to 12 rn below land surface (Appendix 3). 
A 17-meter-deep well was drilled near the FAA facility in September 1965 and water was reached 
at 6 m below land surface (Appendix 3). Drawdown in this well was 1.5 m after 24 hours of 
pumping at a rate of 1.9 Us. Drawdown was 3 m after 24 hours of pumping at a rate of 4.4 Us. 

Ground water is recharged by infiltration of rainfall and the mdting of snow. Ground-water 
flow is south to southwest toward Icy Strait. The presence of water in bedrock is unknown. 
Exposed k h c k  north and east of Gustavus is dense and the occurrence of water in such rocks is 
u*ly. 

Drinking Water 

Ground water is the principal drinking-water source near Gustavus. Some residents, 
however, use sarface-water sources (U.S. Bureau of Census, 1991). About 88 percent of the 
residents near Gustavus obtain their drinking water from individual wells, 10 percent use a single 
community well, and 2 percent use surface-water sources (U.S. Bureau of Census, 1991). The com- 
munity well is within a 500-meter radius of the FAA facility and is completed to a depth of about 
10 m below land surface. Between 1959 and 1968, ground-water samples were taken from at least 
six different wells near the FAA facility (Appendix 3), and major ions and water propaties were 
analyzed. With the exception of iron1 concentrations of measured constituents are within current 
U.S. Environmental Protection Agency (USEPA) regulations (table 7). 



Table 7. Concentrations of selected inorganic conststrtuents in ground water near the FAA 
facility, Gustaws, Alaska 
[m& minigrams p r  liter] 

USEPA Concentration range in 
Constituent (or property) Drinkhpwater regulation ground water at the F M  

(m@) f aciri (mfl) 

Chlwide (a) 250 1.6 - 35 

Sulfate (Sod) 250 11 -53 

Total dissolved solids 5 0  232 - 322 

pH (units) 65 - 8.5 6.7 - 8.2 

The Salmon River and several small Icy Strait tributaries may be alternative drinking-water 
sources for residents near the FAA facility at Gustavus. However, quantity and quality data are not 
available for these water bdies. 

H AENES 

Location and Facility History 

Haines is a small community at the northern end of Lynn Canal between the Chilkoot and 
Chilkat Inlets. It is about 150 krn northwest of Juneau near lat 59" 15' N., long 135"29' W. (figs, 1 
and 5). The FAA invorvement at Haines began in 1948, and the FAA cumntly operates navigation 
and cammunication aids. A detailed list of FAA owned and operated facilities at Haines, and a list 
of potential sources of contamination can be found in an environmental compliance investigation 
report by Ecology and Environment Inc. (1 994). 

Climate 

Haines has a mean annuat temperature of 5.3 'C.  Temperatures range ftom a July mean 
maximum of 19.2 "C to a January mean: minimum of -6.7 "C (Leslie, 1989). Mean annual 
precipitation is about 1,300 mm and mean annual snowfalI is about 3,360 mm. Mean monthly and 
annual temperature, precipi tntion, and snowfall are summarized in table 8 (Leslie, 1989). 
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Figure 5. Location of Haines, Alaska and the Federal Aviation Administration facilities. 

Table 8. Mean monthly and annual temperature, precipitation. and snowfall, Haines, Alaska, 1973-87. 
MadiFwd from Leslic (1989); 'C, degree Cklsius] 

Jan. Feb. Mar. Mr .  May June July Aug. Sept Oct Nw. Dee. Annual 

minimum. -25.6C, Febnrary lW5E 

M c ~  -3.6 -2.0 1.1 5.5 9.6 13.0 145 13.9 103 5.6 4.7 -3.5 5.3 



Metamorphosed bedrock of Mesozoic age underlies the Haines area and incIudes intrusive 
rocks of Ctetacw>us age and basaltic rocks of Triassic age (Berg and Gehrels, 1992; McConaghy, 
1970). The intrusive rocks consist of magnetite-bearing hornblende, metabasalt, pymxenite, 
tonalite, and diorite. At its deepest point, bedrock is about 180 m below land surface. (McConaghy, 
1970). 

Unconsolidated sudicial materials in the Haines area include beach deposits, marine clay, 
alluvial deposits, and glacial outwash (McConaghy, 1970). The most common surficial deposit 
near the FAA facility is glacial outwash which consists of gravel, sand, silt, and clay that is at least 
1 rn thick (McConaghy, 1970). A driller's log of a 34-meter-deep well in the Haines m a  indicates 
that sod, silty clay, and "rock" w r  to 4 rn; layered clay and gravel to 16 rn; coarse gravel and 
boulders to 22 m; blueblack clay to 25 m; clay and fine sand to 26 m; and mixed gravel and clay 
to 34 rn below land surface (Appendix 4). Additional well logs are given in Appendix 4. 

Tho soil types are present near the FAA facilities (Rkger and others, 1979; Environmental 
Services Ltd, 1979). Soils found in m a s  of steep reIief are typically we11 drained and acidic 
(Rieger and others, 1979). These soils are characterized by a thin, gray smface layer over black-to- 
reddish brown subsurface layers (Rieget and others, 1979). Organic-rich soils are formed in poorIy 
drained low-lying areas and consist of partially to highly decomposed peat (Rieger and others, 
1979). 

Hydrology 

Surface Water 

Freshwater resources near the Haines FAA facilities include Sawmill Creek, the Chilkat 
River, and Lily Lake (fig. 5).  Sawmill Creek passes 2 krn northwest of the FAA facilities and flows 
h m  northwest to southeast draining into the Chilkat River. Low flow of the cteek during winter 
months is estimated to be about 0.3 m3/s (McConaghy, 1970; BugIiosi, 1988). 

The Chilkat River passes the FAA facilities less than 2 km to the east and flows fran north- 
west to southeast. The fiver represents the largest drainage within southeastern Alaska. Flow of the 
Chilkat River near K l h a n ,  abut 30 km north of Haines, was recorded from 1959 to 1961 at 
USGS stream-gaging station 15056500, ChiIkat River near W u b a n .  From June to August, mean 
flow of the river is greater than 200 m3/s, and fmrn January to March, mean flow is less than 
13 m3/s (fig. 6, table 9; U.S. Geological Survey, 1962). The Chilkat River drains an area of about 
2,000 & upstream from Klukwan. 

Table 9. Mean monthly flow at 15056500, Chilkat River at Klukwan, water years 1959-61 
[Values in cubic metm per second] 

Det Nov. Dec. Jan. Feb. M .  Apt. May June July Aug. apt.  

Mean 47-2 28.4 232 12.6 7.7 8.6 21.6 112 235 256 209 94.0 

Maxirmm 51.7 3.7 24.4 12.7 822 9.46 24.9 132 239 282 264 109 

Minimum 42.7 26.1 222 12.5 722 7.85 I8A 92.4 231 229 162 72.6 
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Figure 6. Daily mean discharge of the Chilkat River near Klukwan, water year 3960. 

Lily Lake is about 2 km southeast of the FAA facilities at an elevation about 75 rn above mean 
sea level. The lake is the principal drinking-water supply for the Haines community. Lily Lake has 
a surface area of about 0.13 km2 and supplies about 3 million Ud to the municipal system 
(Environmental Service Ltd., 1979). 

Near the FAA facility, a southeasterly topographic gradient of about 75 m/km generally 
causes mnoff to flow towards tributaries that drain to the Chilkat River. Annual mnoff rates in the 
area are about 0.2 [m3/s)Jkrn2 (Selkregg, 1976). 

Ground Water 

McConaghy (1970) describes the ground-water system in fithe EIaines area. Sand and gravel 
constitute the unconfined aquifers; clay and silty sand constitute the confining beds. Data on 
ground-water availability in the Haines area are given in Appendix 4. Ground water is available 
from alluvium south of the Haines Highway and Sawmill Road (fig. 6). These gravelly deposits, 
however, are not continuous, The wetland west of S a d  Road and the raised beach deposits near 
Portage Cove also have ground-water potential. Wetland areas, however, are subject to periodic 
tidewater flooding and are unlikely to contain significant amounts of freshwater. The bedrock in 
upland m s  near Haines is exposed or is near the land surface and probably is not a reliable source 
of ground water. 



Several wells between 3 and 79-rn deep were drilled in the Naines area (Appendix 4). Water 
was reached at depths between 1 and 12 n below the land d a c e .  Upland slopes northwest and 
southwest of the City of H&es are the principal recharge areas (McConnghy, 1970). Most of the 
ground-water movement is through the valley to the west of the city. Ground water discharges into 
small streams, wetland areas, the Chillat River, Chilkat Inlet, and Portage Cove (McConaghy, 
1970). 

Drinking Water 

Lily Lake is the principal drinking-water source near Haines (fig. 5), The city of Haines owns 
and operates the water-treatment and distribution facility that provides water to all users within the 
city Iirnits (Environmental Services, Ltd,, 1979; U.S. Bureau of Census, 1991). A 15-centimeter 
transmission line connects the water supply at Lily M e  to a water-treatment plant and two water 
tanks with a combined capacity of about 660,000 L (Environmental Semices, Ltd., 1983). Water 
treatment consists of filtration followed by chlorination. Average demand for water in Haines is 
about 490,000 Ldd. Peak demand during the summer averages 820,000 IJd. Lily Lake is an 
abundant water source, and the capacity of the treatment plant could accommodate a 100-percent 
increase in population (Environmental Sesvices, Ltd., 1979). The water in Lily Lake is reportedly 
of adequate quality (McConaghy, 1970). Analyses indicated a dfssolved-icon concentration of 
0.01 m a ;  a chloride concentration of 2.5 m a ;  n hardness as CaC03 of 98 mgL; and a total 
dissolved-solids concentration of 133 m a .  

Ground water represents an alternative drinking-water source near the Haines FAA facilities. 
Ground water is found in the glacial outwash south of the H a i m  Highway and Sawmill Road, the 
wetland west of Sawmill Road, and the raised beach deposits near Portage Cove (McConaghy, 
1970). Wxth the exception of iron and chloride, major ions and water properties are within current 
USEPA and Alaska Department of Environmental Conservation (ADEC) drinking-water 
regulations (table 10; Appendix 5; ADEC, 1995). A we11 near McClellan Flats contained high 
concentmtions of chloride, probably from naturally occurring salt water (McConaghy, 1970). 

Table 10. Concentrations of selected inorganic constituents in ground water near Haines, Alaska 
fm& miliigrams per Ilterl 

Constituent (or property) Cwlmanon ange in gmnd 
drinking-water regufatlon 

(msn) 
water (mw) 

Chloride (a) 

Sulfate (SO4) 

Fluwide CE) 

TOM dissolved solids 
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Location and Facility History 

Biorka Island is a small, circular island in Sitka Sound of the western Necker Islands. It is 
about 175 km southwest of Juneau near lat 56" 5 1 N., long 135' 3 1' W. (figs. 1 and 7). The FAA 
activities on Biorka Island began in 195 1 when an operating agreement was signed with the United 
States Coast Guard (USCG). The FAA facilities currently include communication and navigation 
aids. A d a d  list of FAA facilities on Biorka Idand and a list of potential sources of contamina- 
tion can be found in an environmental compliance investigation report by Ecology and the 
Environment lnc. (1942d). 

Climate 

Biorka Island has a mean annual temperature of 6.5 "C. Tempmatures range fmm an August 
mean maximum of 16.8 "C to a January mean minimum of -2.9 "C (Leslie, 1989). Mean annual 
precipitation is about 2,400 mm and mean annual snowfall is about 500 mm. Mean monthly and 
annual temperature, precipitation, and snowfall are summarized in table I1 (kesl ie, 1989). 

Table I I .  Mean monthly and annual temperature, precipitation, and snowfall, Biorka Island, Alaska, 
1972-79. 
Wodifiad from klic (t 989): T, tkgms Celsius] 

Jan. feb. Mar. Apr. Mmy June Jdy bug. Sept. Oct. Nov. h. , Annual 

Mean maximum 39 5.3 5.9 8.7 11.l 12.9 4 16.8 153 10.9 6.5 4.1 9.7 

(Rewrd maximum, 23.9 'C, May 1975) 

Mean minimum -29 -1.4 0.1 1.2 4.4 6.8 9.4 10.0 7.9 3-8 0.3 -0.7 3.2 

Mean 0.6 2.1 3.1 5.0 7.8 9% 12.5 13.2 11.6 73 3.4 1.6 6 5  

Predpitathn, in miltimotem - mal 

178 189 199 148 I65 127 122 114 231 422 252 - 23% 

Snmvfatl, in millimetws Total 

Geology 

Bedrock on Biorka Island consists principally of dark-gray, medium- to thick-bdded, 
feldspathic, lithic, and arkosic graywacke, with lesser amounts of argillite, conglomerate, and chert 
(James Riehle, U.S. Geological Survey, om1 c o m n . ,  1995; Berg and Gehrels, 1992). Surficial 
deposits on Biorka Island are mainly the products of volcanic eruptions (Rieger and others, 1979). 
These &posits consist mainly of ash and fine pumice and typically are 0.06 to 0.138 m thick (James 
Riehle, U.S. Geological Survey, oral commun., 1995). 

BlORKA ISLAND 21 
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Surface water 

Upper and Lower Lakes compose Biorka Island's principal freshwater resources (fig. 7). 
Upper Lake is within 800 m of seved FAA facilities, and h w e r  Lake is abut 400 rn south of 
Upper Lake (fig. 7). Small, intermittent streams may occur during abundant rainfall or spring thaw. 
The FAA facilities near the middle of the island are about 60 m in elevation. From tbese facilities 
to the coast, the land surface drops about 75 dhn Low-lying areas covering the island form a 
single drainage basin that is about 1.5 km2 in area Mean annual runoff on the island is estimated 
at 0.15 (m3/s)lkm2 (I3.B Bigelow, U.S. Geological. Survey, written commun., 1995). 

Grwnd Water 

Ground-water data for Biorka Island we scarce. Water from two wells within a 10-kilometer 
radius of the FAA facilities was once used for purposes other than drinking (Appendix 5).  The 
depths of these wells and water levels are unknown. A well drilled by Ecology and Environment 
Inc. (1 992d) reached water at a depth of about 0.2 rn below land surface. The availability of ground 
water from bedrock on Biorlca Island is unknown. 

Lower Lake is the principal drinking-water source on Biorka Island and is used by seasod 
residents (fig. 7). The water is not currently used by FAA, personnel. The quality and quantity of 
water in Lower Lake is unknown. Drinking water for the FAA facilities is flown or hauled in with 
other supplies. Shallow lakes, including Upper Lake, small streams, md ground water represent 
alternative drinking-water sources for Biorka Island. However, the quality and quantity of thee  
resources are unknown. 

BIG LEVEL lSkAND 

Location and Facility History 

Big Level Island is an uninhabited, circular island about 2 km in diameter. It is in Sumner 
Strait, 40 km south of Petenburg and 30 km west of Wrarigell, at lat 56" 28TN., long 133" 05' W. 
(figs. 1 and 8). The FAA facility on Big L e d  Island was constsucted in 1964, The facility includes 
airway navigation and comunication aids. The facility is currently maintained by FAA personnel 
stationed in WmngeZI who visit the site once n month. A detailed description of the FAA facility 
on Big Level Island and a list of potential sources of contamination can be found in an environ- 
mental compliance investigation report by Ecology and Environment Inc. ( 1  992e). 

Climate 

Big Level Island has a mean annual temperature of 6.3 "C. Temperatures range from an 
August mean maximum of 14.3 "C to a January mean minimum of -3.3 "C (Leslie, 1989). Mean 
annual precipitation is about 1,740 rnm and mean annual snowfall is about 1,160 mm. Mean 
monthly and annual Itemperature, precipitation, and snowfall are summarized in table 12 (Leslie, 
1989). 



Figure 8. Location of Big Level Island, Alaska and the Federal Aviation Administration facility. 

Table 12, Mean monthly and annual temperature, precipitation, and snowfall, Big Level Island, Alaska, 1973-78. 
mdified From Leslie (1989): OC. degree Celsius1 

Jan. k b .  Mar. Apr. May June July. .Aug. SepL Oct. Nw. Dec. Annuel 

( R d  maximum 30.O'C, July 1975) 

minimum, -I  8.3'C, January 1975) 

M ~ a n  -1.0 1.7 2.3 5.6 8 3  105 129 13.0 11.0 7.3 26 1.9 6.3 

~~ in millimetm Total 
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Geology 

Big Level Island is underlain by marine sedimentary rocks, primarily graywackes and 
mudstones. Some andesitic to basaltic volcanic rocks and granitic intrusions also are present (Berg 
and GehreEs, 1992). Bedrock is exposed at low tide along the perimeter of the island (US. Fish and 
Wildlife Service, 1989). Inland, bedrock typically is less than 3 rn below land surface. Suficial 
deposits on Big Level IsIand are principally till consisting of gravel and boulders in a sandy silt 
matfix (U.S. Fish and Wildlife Service, 1989). 

Hydrology 

Surface and Ground Water 

Although no large riven exist on Big Level Island, freshwater wetlands and small streams 
are common. Poorly drained wetlands occur in areas of shallow relief where small streams 
converge (US. Fish and Wildlife Service, 1989). Elevations on the island do not exceed 30 rn. 
Drainage on the island is toward the coast. 

Ground-water data for Big Zevel Island are scarce. Some ground water is avaiIabIe at depths 
less than 3 m below land surface (Ecology and Environment Inc., 1992e). Currently, ground water 
is used only as a nonpotable water source on the idand (Ekology and Environment hc., 1992e). 

Drinking Water 

Surface water and ground water are not currently used as drinking-water sources on Big 
Level Island. Drinking water is shipped in from an outside source. Freshwater wetlands', smalI 
streams, and ground water represent alternative drinking-water sources on Big Level Island; 
however, the quality and quantity of these sources are unknown. Natural water sources on the 
island support Iarge deer and other wildlife populations indicating the potential for acceptable 
drinking water @oen and Sandburg, 1986). 

ANNETTE ISLAND 

Location and Facility Hlstory 

Annette Island is about 35 km2 in size and is at the southern end of Southeast Alaska near the 
Canadian border. It is about 25 km south of Ketchikan near lat 55' 02' N., long 13 1 " 34' W. (figs. 1 
and 93. The Metlakitla Peninsula extends west-southwest of the island. The vilhge of MetIakatla 
is near the northern end of the peninsula. The FAA operations on Annette Island began in 1948 
when air-navigation facilities were constructed there. Currently, the FAA facilities include air nav- 
igation and comunication aids concentrated at the airport. Facility maintenance is carried out by 
FA4 personnel stationed in Ketchikan. A detailed list of FAA facilities on Annette Island and a list 
of potential sources of contamination can be found in an environmental compliance investigation 
report by Ecology and Environment Inc. (1992f). 



Agure 9. lacation of Annette Island, Alaska and the Federal Aviation Administration facilities. 
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Climate 

Annette Island has a mean annual temperature of 7.6 "C. Temperatures range from an August 
mean m i m u m  of t 8.0 'C to a January mean minimum of -1.7 "C (Leslie, 1989). hilean annual 
precipitation is about 2,820 mm and mean annual snowfall is about 1,320 mm. Mean monthIy and 
annual temperature, precipitation, and snowfall are summarizd in table 13 (Leslie, 1989). 

Table 13. Mean monthly and annual temperature, precipitation, and snowfall, Annette Island, Alaska, 
1949-87. 
Wfid from Leslie (19W); 'C, degree Celsius] 

Jan. Feb. Mar. Apr. May June July Aug. Sept Oct Mu. Dee. Annual 

@mwd maximum, 3 U C ,  August 1960) 

Mern MJ 2.7 3.7 93 123 14.4 146 123 8 3  4 2  21 7.6 

PrseEpihtlon, in m1RImeters Total 

Geology 

The FAA facilities on Annette Island are situated on a section of the island known as the 
Metlakatla Peninsula. Bedrock underlying the peninsula consists of deformed and metamorphosed 
volcanic rocks and clastic sedimentary rocks of Ordovician to Silurian age. Volcanic rocks consist 
of greenschist and &reemtone. Sedimentary rocks are intruded by diorite, quartz diorite, and bodies 
of magnetite-bearing hornblende (Marcher, 197 1 a; Yehle, 1977; Berg and Gehls, 1992). Most of 
the Metlakatla Peninsula was sheared flat by past glaciation (Yehle, 1977). The exception is an 
outcrop of resistant dunite known as Yellow Hill, abut 4 h north of the FAA facilities. Depth to 
bedrock ranges from 15 an to abut 9 rn below the land surface. 

The principal suficial deposits found on Annette Island are beach sand, alluvium, and till 
(Marcher, 197 1 b). Beach deposits consisting of sand and gravel along the mast can be as much as 
300 rn wide and f 0 m thick. Alluvial deposits on the island include stratified gravel, sand, and silt 
These deposits are between 1.5 and 5 m thick and are found along streams and rivers. The till 
consists of gravel and boulders in a silty matrix pacific Rim Planners, 1979; Marcher, 197 1 b; 
Sekegg, 1976). A well log from an 85-meter-deep well drilled near the FAA facilities indicates 
manic  muck to about 2.5-meter depth; gravel to about 2.7 m; clay and gravel to about 7.0 mf cIay, 
gravel, and water to 8.5 rn; and bedrock below 8.5 m (Appendix 6; Marcher, 1971a). 



Hydrology 

Surbce Water 

The fain that falls on Annette Island, particularIy during tZle fall: season, runs into the sea 
though numerous small streams. Streamflow ranges fmm 0.01 to 2.8 m3/s (Pacific Rim Plannen, 
1977). EIevations on Metlakatla Peninsula do not exceed 60 m, Runoff generally is towards 
surface-water drainages that eventually empty into Nichols Passage to the west and Tarngas Harbor 
to the east. The basin on the west side of the peninsula drains an area of about 25 km2. and the basin 
on the east drains an m a  of about 22 km2 (Pacific Rim P l m m ,  1979). 

Lakes on the Metlakatla Peninsula are shallow and are fed by sunoff from the surrounding 
muskeg. Chester Lake and Yellow Zake are the principal freshwater Wies  near the FAA facilities 
(fig, 9). Chester Lake is about 6 km northeast of the facilities and has a surface area of about 
0.4 h2. The lake is the main source of d r h h g  water for the Metlakatla community. Yellow Lake 
is about 4 km north of the facilities and has a surface m a  less than 0.2 km2. Yellow Lake currently 
supplies water to the Annette Jslmd airport and the FAA facilities. Expanses of wetland and bog 
sumund the facilities in dl di~ctions. 

Ground Water 

Ground water on Annette Island occurs within bedrock fractures and beach deposits 
(Appendix 6; Marcher, 197 la and b). In general, the metamorphic and igneous Idrock underlying 
most of the island will yield less than 0.6 Lds of water (Selhgg, 1976). Wells drilled in the highly 
fractured ultrabasic rocks south of Yellow Lake may yield larger amounts. Matcher (1971 a) 
reposted that a 1 10-meter-deep well was pumped from 99 rn below land surface at a rate of 2.3 U s  
for 72 hours. A 24.4-meter drawdown was recorded. After pumping, the static water level was 
maintained at 7.0 m below ground surface. The aquifer has a freshwaterlseawatet contact. 
Extensive pumping of wells may lower the water table allowing saltwater intrusion. 

Beach deposits on Annette Island are a potential aquifer (Appendix 6; Marcher, 197 1b). 
These deposits are between 1.5 md 3.0 m thick and receive nearly continuous recharge because of 
welldistributed yearly precipitation (table 13). A well log from well 3 (fig. 9) indicated that water 
was reached at depths between 0.6 and 2.7 m, and between 7.3 and 8.5 m below land surface 
(Appendix 6). 

Drinking Water 

Chester Lake and Yellow Lake are the principal drinking-water sources on the Metlakatla 
Peninsula (fig. 9). Chester Lake hrts been used as a source of water since the founding of the Met- 
lakatla community. The water is chlorinated and piped to local residents (Selkregg, 1976; Environ- 
mental Services, Ltd., 1983). Analyses of water from Chester Lake in 1961 indicated that most 
major ions and water properties were within current USEPA regulations (table 14; Appendix 6). 
Yellow Lake provides drinking water to residences and businesses at the southern end of the pen- 
insula including the FAA facilities, the National Weather Senrice, and a local hatchery. The water 
is abundant and is of acceptable quality (table 14; Appendix a). 
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Analyses of ground water indicated that some major ions exceeded current USEPA drinking- 
water regulations (table 14; Appendix 6;  Marcher, E971a). About 30 percent of the samples 
contained iron concentrations above the cumnt regulation of 0.3 mgll;. Concentrations of sodium, 
sulfate, chloride, and total dissolved solids increased with depth, and suggest a mixture of seawater 
with freshwater Warcher, 197 la). 

Table 14. Water-quality data for Annette Island, Alaska 
[Concentrations in mg& milligrams per liter] 

USEPA FAA facility, 
well water Chester Lake Yellow Lake Constituent (or property) drlnkimg-water 
1964-65 

1961.1 968 1961 -60 
regulation 

Chloride (CI) 

lion CFe) 

Sulfate (SO4) 

nu~riae pj 

Tonal dissolved solids 

pH (units) 

SlSf ERS ISLAND 

Location and Facility History 

Sisters Island is a 0.15 km2 volcanic island in Icy Strait. It is about: 75 km west of Juneau near 
lat 58" 10' N., long 135" 15' W. (figs. 1 and 18). In 1945, the FAA established air-navigation facil- 
ities on Sisters Island The FAA facilities on Sisters Island include an M-Marker facility, a Very- 
High Frequency Omnidirectional Range Tactical Air Navigation (VORTAC) facility, emergency 
quarters, a underground fuel-storage tank, a helicopter landing area, ztnd living quarters. A more 
detailed Iist of FAA facilities on Sisters Island and n list of ptenltial s~lrces of contamination can 
be found in an environmental compliance investigation report by &ology and Environment Inc. 
(1992~). 

Climate 

Sisters Island has a mean m u a l  temperature of 6.7 "C. Temperatures range from a July mean 
maximum of 15.5 "C to a January mean minimum of -0.3 "C (Leslie, 1989). Mean annual 
precipitation is about 830 mm and mean annual snowfall is about 430 mm. Mean monthly and 
annual temperature, precipitation, and snowfall are summarized in table 15 (Leslie, 1989). 
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figure 10. kcation of Sisters Island, Alaska and the Federal Aviation Administration 
facility. 
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Table 15. Mean monthly and annual temperature, precipitation, and snowfall, 1982 to 1984, Sisters Island, 
Alaska. 
modified fmm Leslie (1989): %. degree Celsius] 

Jan. Feb. Mer. Apr. May June Jufy Aug. Sept OcL Nw. PEIF. Annual 

Mean 1.6 3.1 3.9 5.2 8.0 11.4 13.1 t 2 9  10.5 6.9 1.1 26 6.7 
- -  

Aoeipitath, la udlimd Wal 

Geology 

The geology of Sister Island has been described by Latham and others (19591, Couch and 
Gemperle (1974), Brew and Ford (19&5), and Berg a d  Gehrels (1992). The bedrock underlying 
the island is a volcanic flow breccia of dark p e n i s  h-gray basalt (Lathtam and others, 1959; Brew 
and Ford, 1985). Bedrock lies close to the land surface, and about 30 m2 of bedrock are exposed 
(Brew and Ford, 1985). Surficial materials are predominately glacial sand, gravel, and silt. The 
soils that develop on these well-drained deposits are typically less than 50 cm thick over bedrock. 
The soils are characterized by an organic-rich layer 5 to 12 cm thick, and dark, acidic sublayers 
I(Rieger and others, 1979). 

Hydrology 

Surface water 

No large streams, rivers, or lakes are present on Sisters Tsland; however, n spring, small seeps, 
marshes, coastal tidelands, and freshwater wetlands exist in several places (Ecology and 
Environment, Inc., 1992g). Regional runoff for the Sisters Island area is estimated to be a b u t  
0. l (m3/s )h2  (Selkregg, 1976). 

Ground water 

In general, geologic factors such as porosity, permeability, topography, and mineralogic 
composition control the occurrence and availability of ground water. A spring on Sisters Island 
(fig. 10) originates from the underlying bedrock. Basalt-flow bedrock tends to exhibit minima1 
porosity and hydraulic conductivity in the middle to lower section of a given unit, and higher 
porosities and permeabilities in the interflow zone-the area between the top of one unit and the 
bottom of the next (Wood and Fernandez, 19881, Porosities for basalt flows average about 5 per- 
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cent; hydraulic conductivities range from less than lo-'' to greater than lo3 d d  (Wood and 
Fernandez, 1988). Specific values for the hydraulic properties of the bedrock underfying Sisters 
Island are unborn. Water from the Sisters Island spring is pumped to n holding tank and is used 
as nonpotabIe "gray" water for the emergency living quarters. The quantity and quality of water 
available from this spring are unknown, although a sample c u ~ l ~  by Ecology and Environment 
Inc. (1992g) indicated low concentrations of zinc and copper. 

Drinking Water 

Surface water d ground water are not used for W n g  water on Sisters Island because no 
one resides on the island. When needed, drinking water is brought in from outside sources 
(Ecology and Environment Inc., 1992g). No surface- or ground-water data are available to 
determine their use as potential drinking-water sources. Selkregg (1976) describes ground-water 
avaiIability in southeast Alaska as about 0 to 0.6 Us. 

DUNCAN CANAL 

Location and Faclllty Hlstoryl 

Duncan Canal is at Indian Point on Kupmnof IsIand a b u t  16 km southwest of Perenburg 
at lat 54'45' N., long 133' 15' W. (figs. 1 and I I). h 1945, the FAA began operations at Duncan 
Canal when an air-navigation station was established. The FAA vacated the property in 1976 and 
the operational responsibilities for fuel tanks and associated pipes and pumps were transferred to 
the U.S, Forest Service. Formerly owned and operated FAA facilities at Duncan Canal include 
navigation and communication equipment and support structures. A detniIed list of FAA facilities 
at Duncan Canal and a Iist of potential somxs of contamination can be found in an environmental 
compliance investigation report by EcoIogy and Environment Inc. (1992h). 

No specific climate dam are available for the FAA facility at Duncan Canal. The nearest site 
for which climate data are avaiEabIe am Petersburg, about 16 km northeast, and Kake, about 50 km 
northwest. There are significant differences in the amount of annual precipitation that fa1 1s on Kake 
and Petemburg; Kake receives about 1,440 mm and Petersburg receives about 2,690 mm. The 
amount of precipitation that Duncan Canal receives probably falls within this range. Most rainfall 
occurs from October through January. The mean annual temperature for the Duncan Canal area 
likely rangw from 9.3 to 9.7 "C. Temperatures range from mean maximums in July and August 
between 17.2 and 17.6 'C  to mean minimums in January k tween  -3.3 and -5.4 "C (Leslie, 1989). 
Mean monthly and annual temperature, precipitation, and snowfall for Kake and Petenburg are 
summarizd in tables 16 and 17 (Leslie, 1989). 
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Base from U.S.GedogicaE Surwy, Petersburg (C4, D-41, Alaska, 1:63.380,1951 
0 1 2 MILES 

I I I 
0 1 2 KILOMETERS 

Figuw 11. Location of Duncan Canal, Alaska and the Federal Aviation Administration facility. 
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Table 16. Mean monthly and annual temperature, precipitation, and snowfall, Kake, Alaska, 1 922-87. 
[Modified fmm h l i e  (1989); 'C, d e w  Qclsiusl 

Jan. Fsb. Mar. Apr. May J m  July Aug. Sspt Oct Nw. Doc. Annual 

lkmpersmw CC) 
Meanmaximum 2 5  3.7 5.9 B.8 1 1 3  15.4 17.2 17.6 14.1 10.0 6.0 3.1 9.7 

Mcan minimum -3.3 -2.9 -1.2 0.8 3.7 6.4 8.6 8.8 6.4 3.2 0.0 -2.4 2.3 

( R e d  minimum, -13.3'C, January 1983) 

- 
SmwFall, ln rnillimotc~ - Total 

356 343 170 18 0.0 0.0 0.0 0.0 0.0 13 64 226 1.190 

Table 17. Mean monthly and annual temperature, precipitation, and snowfall, Petersburg, Alaska, 
1 92287. 
pdificd fm b l i c  (1 989): 'C degree CeIsius] 

Jan. F&b. Mar. Apr. May June July Aug. Sept OFt Nw. Dae. Annual 

-tare SC) 

mecord maximum 2 8 9  *C July 1927) 

-5.4 -3.7 -2.2 03 3.6 7 3  8.8 8 3  6.2 3.3 4.8 -3.4 1.8 

(Rarord minimum -283 'C. January 1947) 

M ~ a n  -2.4 45 1.5 4.3 8.4 11.7 13.2 128 FOZ 6.4 2.0 -0.B 5.6 

Geology 

Sedimentary bedrock of Cretaceous to Devonian age underlies the Duncan Canal FAA 
facility (Berg and Gehsels, 1992). The bedrock consists of highly deformed, disrupted, and 
metamorphosed graywacke, siltstone, mudstone, m d  minor amounts of chert, limestone, and 
volcanic and intrusive rocks (Berg and Gehrels, 1992). Depth to bedrock is unknown. Sand and 
gravel ace the principal surficial materials found near the FAA faciliv. The material is probably 
derived from the weathering and glacial erosion of rocks on Kuprertnof Island, The thickness of 
surficial materials is unknown. 

Soils on Kupreanof Island near Duncan Canal are of two major types (Rieger and others, 
1979). Welldrained acidic soils are associated with nearby forested mas. Under a thick mat of 
partially to highly decomposed forest litter, these soiIs have a thin gray, organic-rich surface Payer 
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and black, acidic subsurface layers (Rieger and others, 1979). Thick layers of poorly drained, 
organic-rich soils are found in low-lying areas and on slopes that are subject to ground-water 
seepage (Rieger and others, 1979). Kupreanof Island is in an area that typically is free of 
permafrost (Ferrians, 1 965). 

Hydrology 

Surface Water 

Several small streams and ponds are present south-southwest of the Duncan Canal FAA 
facility. The ponds are less than 0.4 km2 in size and are at elevations between 55 and 80 m above 
sea level. The streams flow from upland areas toward the coast (fig. 1 1). Specific streamflow and 
drainage-area data are not available for these streams. Mean annual runoff near the Duncan Canal 
facility is estimated to be 0.09 (m3/s)flan2 (Selkregg, 1976). The Kupreanof Island Reservoir is 
about 5 km northwest of the facility across Duncan Canal (fig. 11). It lies about 90 m above sea 
level. Wedand areas lie within 0.2 km of the FAA facility (Ecology and Environment Inc., 199211). 

Ground Water 

Sitespecific ground-water data are not available for the Duncan Canal FAA facility. An 
abandoned well used by the FAA was drilled to a depth of 8 m indicating that ground water is 
probably present above this depth. Ground water probably is recharged dong the slopes south and 
west of the FAA facility and likely follows local topography and flows toward the coast. 

Rrin king Water 

The Duncan Canal FAA facility is currently uninhabited and there are no people living within 
a 6.5 krn radius (Ecology and Environment Inc., 199211). When needed, drinking water is 
transported to the island. Alternative sources of drinking water may include local streams and 
ponds; however, data are inadequate to characterize the quality or quantity of these sources. The 
use of the Kupreanof Island Reservoir would be uneconomical. 

SUMMARY 

Coastal areas of south-central and southeast Alaska-including Middleton Island, Cape 
Yakataga, Gustavus, Haines, Biorka Island, Big Level Island, Annette Island, Sisters Island, and 
Duncan Canal-have a maritime climate characterized by mild winters and cool summers. Most 
communities obtain their drinking water from surface-water sources, such as lakes, streams, and 
rivers, whereas other communities use water from shallow unconfined aquifers. Surface spills and 
disposal of hazardous materials may affect the quality of drinking water. 

Parts of Alaska's Pacific coast receive more than 2,500 mrdyr of precipitation (Hartman and 
Johnson, 1984). Because of steep topographic gradients, most of this precipitation runs off rapidly 
into lakes and streams as surface water, and only a minor amount infiltrates to the ground-water 
system (Sehgg ,  1976). Most of the small lakes, rivers, and cmks in southeast Alaska drain from 
the west side of the Coast Mountains and St. Elias Mountains, and from the islands of the 
Archipelago directly into the sea. Coastal and island sites in south-central and southeast Alaska are 
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areas that typically are free of ermafrost (Ferrians, 1980). Mean annual runoff rates range from r: about 0.02 to more than 0.14 (m / s ) h 2  (B.B. Bigelow, U.S. Geological Survey, written commun., 
1995). 

Ground-water data for the FAA facilities in south-central and southeast Alaska are sparse. 
Water-bearing surficial materials include alluvial and glacial deposits that are found at depths that 
typically range from 3 to 30 m below land surface (Selkregg, 1976). Ground water may also occur 
in fractured bedrock. Freshwater occurs beneath islands and coastal areas as a "fkshwater lens" 
that floats on saltwater within the aquifer (Hunt and othem, 1988). This is sometimes referred to as 
basal water and can occur under confined or unconfined conditions (Hunt and others, 1988). Basal 
water often extends to depths below sea level of about 40 times the water-table elevation or 
potentiomehric surface. Near the base of the lens, freshwater grades into saltwater in a transition 
zone that may range from a few meters to a few hundred meters (Hunt and others, 1988). The 
possibility of saltwater intrusion into coastal and island aquifers increases with depth and pumping 
rate. 

In general, surface water in southeastern Alaska is of acceptable drinking-water quality 
(Selkregg, 1976). Dissolved-solids concentrations typically are below the current USEPA 
drinking-water regulation of 500 m a .  Streams draining low-lying areas may contain excessive 
amounts of iron and organic material. Large glacier-fed rivers may contain high silt concentrations 
especially in the summer. In general, ground water also is of acceptable quality and typically is a 
calcium bicarbonate type. Ground water in coastal areas may be a sodium chloride or sodium bicar- 
bonate type due to salt-w ater influences. 
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APPENDIX f 

Data for Middleton Island, Alaska 



LOCAL WELL NUMBER 

CC02800607DDBDl 001 

MIDDLETON ISLAND - 2.5 MILE RADIUS 

PRIMARY 
USE DEPTH WATER DATE 
OF OF WELL LEVEL WELL 

WATER (FEET) (FEET) CONSTRUCTED OWNER 

T 10.0  -- -- FAA MIDLTN f 

ASSIGNOR TYPE 
OF OTHER OTHER OF fiOO 

f DENTIPIER IDENTIFIER AVAILBBLE 



APPENDIX 2 

Data for Cape Yakataga, Alaska 



CAPE YAKATMA - 25 MILE RADIUS 

P R I M  
USE DEPTH WATER DATE 
OF OF WELL LEVEL WELL 

LOCAL WELL NUMBER WATER (FEET) (FEET) CONSTRUCTED OWNER 

FAA YAKATAGA 
RCA YAKkTAGA 

ASSIGNOR TYPE 
OF OTHER OTHER OF LW 
IDENTI Ff ER IDENTfFfER AVAI ZABLE 



APPENDIX 3 

Data for Gustavus, Alaska 



a-m UNITED STATES 
DWARTNErn OF THE IrnREOR 

GEOLOCfCAC SURVEY - 
WATER RESOURC=E5 DIVISION 

w by Offim No. 
w of data 

. * 

1. ~t.t.dlAsXr. c o ~ t ~ ~ ~ ~ ~ ~ .  

w p m *  t J  
C 5 R l q  I W L ~ ~ ~ O / J ~ W  

A F A N ~ ~ / - - T ~ L T R &  
Temnt I /  Add- A 

~ r m m - w + - e ~ -  ~ d -  

6. w: ~a~jmed,-*1grhT 

8. Depth: ~tepb. f k  EL -tit. 
7. wtsp: ~ ~ a n t . & ! . f a , ~ o - b b ~ -  

Depta 3.6- ft, dli@ 2l2Q.3.--= 
8. ChicfAqur*fw A ~ h d -  h~mm . A f t .  to s f t -  

others s . M ~ L + Z ~ ~  + r d ~ p 4  
a. w l a  w E L e v .  ft* ,$" --, sbva 19- - - - w M o h  is 12- ft. Fw d m  

10. Pump: Type -- Capdty -- G. M. 
P m r :  E h d  - - - ,  Ha- 

'07urd'Db., M ~ ~ t , E s t .  31. Yield: F l o w J f l ~ . M . , -  -----I- 

nrawdown ~ ' t  ft. dter -2.41-, hours pumptng a k a .  aa, 
/ - 

12. t k  D o m # ~ ~ P 8 . , R J t * ,  M , k F , O b a .  - a & U - f l h  

A d q q ,  pazwuk~oa A-- 
18. wit0 T ~ P  "P. 

'+pa Tawte, odor, oolor .m-w-- 8-PIe - 



: --.- . : 
:* T:, 'UNIT ED STATES DEPARTMEW OF THE INTERIOR 

GEOLOGICAL SURVC~ 
WATER ANALYSIS 

. - 
Location ';-+ WnS 
Source Depth (ft) Diam (in.) 
Cased to (ft) Date drilled Point of call, 

Owner 
Treatment Use 
WBF WL Yield 

Remarks 

.. . . 

Calcium (Ca) 

Magnesium (Mg) 

Potassium bK) 1 
Sodium (Na) 

Total 
I WM 

QF& 

## . 

Nitrate (NO31 -3' 



2 - . ;i ,?e!:&;f 
~ q 7 - ~ . - : *  . , 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

WATER ANALYSIS 

* .  - .  " . .  . '  
Location ,:+* . .  County 
Source Depth (ft) . Diam (in.) 
Cased to Cft) Pate drilled Point of mil. 

Whet 
Treatment Use 
WBF Wt Yield 

I 

Chloride (Cl) 

Sulfate (SO41 

Calcium (Ca) I I 
I 

rn 

Fluoride (F) 

Magnesium (Mg) a Nitrate (NO3) *X 

rM 

A 

Total 

Lab. NO. Col Field No. 

&a 

Dissolved =lids: 
CaIculcrted 
Residue on evaporation at 1- C 

Hardness as CaCOJ 
Noncrrborrate 

#t'P 

Spec Sic conductance 
(micromhos at 25' C )  

Total 

PH 

&m 

%@ 

Color I 8 



7 .. --.. 
. . - n : _ .. . 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

- WATER ANALYSIS 

P # r r a P i r r 5 u t r 9 6 a a a O l a r p ~ ~ ~  Location County 
Source 0iam (in.) 
Cased to Iff) . . . ... - ' .hint'of coll. Datedrilled - .  ' - . . .  * - + .  

Treatment U s e  
WBF WL Yield I 

femp.PF) coll. 
Collected BY - 
Remarks * 

SiS,ica(SiOz) . 

Aluminum (Al) 

Iron p e l  (-1 
~~~ (&) 

Sodium (Na) 

Calcium (Ca) 

PPm + 
&a 

@*OD 

I &-&? I Total 

9.6 

Potassium IK) 

PPm - 
WB 

m m Caleul ated 
7-8 

Rcstdu6 on evaporation st 18V C 

, Color Hardness as CaCOJ 52 n 
Noncarbonatt 

epm 

0- 

! I 
Lab. No. Col Field No. Project - 

O*X 

. - - . 

Bicarbonate (HC03) . 

I 

Carbonate K O 3 )  

Sulfate (SO41 

. Chloride (C1) 

Fluoride (F) 

o m  

PPm 

0 

aR 

- $a 
0.2 

ePm 

'3876 

&a 

0.57 

a*u 
O*ak 



15058300 - CHESTER LK AT M3TLARATIA AK 

SOfif DS, 
PODSUM POTAS- CHI&- muo- SILICA, rn OF so~ros, 

AD- SIUPf, RIDE, SULFATE RIDE, DIS- CONSTI- 51s- 
BORP- DIS- + DIS- DI S- DIS- SOLVED TUENTS, SOLVE0 
TIOU SOLVED SOLVED SOLVED SOLVED {MG/L DXS- (TONS 

DATE RATIO SODIUM (MG/L (MG/L (MG/L (MG/L AS SOL= PER 
PERCENT AS R I  A S = )  AS SO^) A S S )  sro2 I (MG/LE AC-FTE 

(00931) (00932) (00935) (00940) (00945) {00950) (00955 1 (70301) (70303 ) 

NITRO- 
GEN* 

NITRATE 
DXS- 

SOLVED IRON 
IEIG/L tUG/t 

A S N O 3 1  ASPE) 
(71851) (71885) 



~ T ~ ~ h t f W  DATA, WATER Y W  OCTOBER 1960 TO -ER 1961 

CON- 
TRfB 
UTXNG m o -  
DRAIN- fXx3fC LAT- 
AGE UNIT I - 

DATE eOVNm AREA CODE TUDE 

PH 
SPE- WATER 

COLOR CIPIC WHOLE 
UINO- (PUT- CON- FI Em 
I - MEDIUM RECORD 3 W -  DUCT- {STAND- 

TWDE CODE NUMBER COBALT ANCE ARD 
WITS) (US/CM) UNITS) 

( Q O o $ O )  (00095) (00400) 

MAR 
15- - 

Abm- 
LINIm 
WAT Mi 
TOT PET 
FIELD 
Molt AS 

CAC03 
(004101 

BI CAR- 
BQNATE 
WATER 

WfI PET 
FIELD 
Kl/L As 

HC03 
(004401 

NITRO- 
G W ,  

NITRATE 
DIS- 

SOLVED 
IMG/L 
AS Nl 
(00618) 

WIRD- 
HARD- mss 
NESS HONCARB 
TOTAL WH WAT 
(MG/L *TOT FLD 

AS MOfL AS 
-3) CAM3 

(00900) (009021 

mm- 
SfIM, 
DIS- 

SOLVED 

(MG/L 
k5 HQ) 

(00925) 

SOPIrn, 
DIS- 
SOLVED 

(MGJt  
AS HA) 

(00930) 

w 1 m  
DIS- 
SOLVED 

(MG/L 
AS CAI 
(00915) 

DATE 

SOL1 DS , 
POTAS- CHfX)- PLUO- SILICA, SUM OF 
SfUM, RIDE, SULFATE RIDE, DIS- CONSTI - 
DTS- DI S- DIS- Of S- SOLVED mENTSr 

SOLVED SOLVED SOLVED SOLVED [MG/L Df S- 

DATE (MG/L (MG/L tMG/L IMG/L PIS SOLVED 
AS K) AS CL) AS SO41 AS F) Sl02 1 (MG/L) 

( 0 0 9 3 5 )  (00940) ( 00945 )  (00950)  E00955) (703011 

NITRO- 
SOLf DS, GEH, 

DIS- NXTRATE 
SOL- DIS- W G A -  
( M N S  SOLVED NESE IRON 
PER [MG/L  (UG/L (UG/L 

AC-FT) AS NO31 A S M N I p  AS FE) 
(70303) (71851) 171883) (71985) 

MAR 
15.. . 

WATER-QWALITY DATA, WhT!3R YEAR OCTOBER 1967 TO SEPTEMBER 1968 

TRf B 
WING HYDRO- 
DMXN- frOEIC LAT - 
AG E UNIT I - 

COUNm AREA CODE W E  

SPE- 
COLOR CIFIC &- TEMPER- (PLAT- CON- 

I - MEDIUM -RD PITLIRE INOM- DUCT- 
TUPE CODE NUMBER WATER COBALT ANCE 

PH ALKR- BICAR- CAR- NX mO- tFARD- 
WATER CARBON LINITY BONATE BONATE GENa HARD- NESS . MA-- 
WHOLE DIOXIDE WAT WH . WATER WATER NITlUTE NESS N O N W  ~ I U H  SIm, SOOXVn, 
FIELD bfS- m m  WPET W H F E T  bZS- TOTAL WHWAT DLS- DIS- DIS- 
(STAND- SOLVED FIELD FIELD FIELD SOLVED (MG/L TOTPLD SOLVED SOLVED SOLVED 

DATE ARD (MGJL M G / L M  H G / L A S  M G J L A S  (MG/L AS MG/L AS (MG/L tMG/L (MG/L 
UNITS) A S C 0 2 )  CAC03 HC05 C03 A S H I  CAW31 CAC03 ASCA)  ASMG) A S N A )  

(004001 (00405 )  l004lOI ( 0 0 4 4 0 1  (004451 (006181 100900) (00902) (009151 (00925) (009301 



15057860 - YEUQW LK UR ANNETTE AX 

WATER-QUALITY DATA, WATER YEAR OCTOBER 1967 TO S E ~ E R  1968 

CON- 
TRfB 
mfm m o -  
DRAIN- W I C  LAT- 
AGE UNIT I - 

TIHE COUNm AREA CODE TODE 

SPE- 
COLOR CIFIC 

LONO- TEMP- (PLAT- CON- 
I - MEDXUM RECORD A T m E  fNUM- DUCT- 
W E  CODE NUMBER WATER COBALT M a  

IDEG C1 UNITS1 IUS/CM) 
I O O O l O S  I000801 100095) 

DATE 

JUN 
10. 

PH 
WATER 
WHOLE 
Ff ELD 

(STAND- 
DATE ARD 

UNITS) 
(004001 

ALICA- 
LrNrm 
WATW 
TOT PET 

PTELD 
MG/L AS 

CAC03 
(oo4ra? 

BICAR- 
BONATE 
WATER 

WH PET 
Ff EtD 

W/L AS 
HC03 

(004401 

CAR- 
BONATE 

WATER 
WfI FET 
FIELD 

K / L  AS 
C03 

(00445 1 

NITRO- 
GEN, 

NITRATE 
DIS- 

SOLVED 
{MWL 
AS PT) 

(006181 

CARBON 
Of OX1 DE 
Dl S- 

SOLVED 
(MG/E 

AS m21 
(00405) 

HARD- 
NESS 
TOTAL 
IHGIL 
AS 

am3 1 
(009001 

mG146- 
CALCIUM SIWM, SODIUM, 
Df S- DJS- D2S- 
S O L W  SOLVED SOLVED 
IMG/L (MG/L (EiG/L 
AS a 1  AS ME1 AS NAI 
(009lS1 (009251 (00930) 

SOLIDS, 
SILICA, SUM 

PIS- COMSTI- 
SOLVED TUENTS, 
( m / h  Df S- 
AS SOLVED 
~102) (MG/L) 

(00955) [TO3011 

NXTRO- 
SOLIDS, OEN, 

DIG- NITRATE 
SOLVED DIS- 
(TONS SOLVED IRON 
PER IMG/L (UG/E 

AC-FT) AS N03) AS PE) 
(70303) (71851) ( 7 1 8 0 5 )  

* 

m- FLUO- 
RIDE, SULFATE RIDE, 
Df S- DI S- DX8- 
SOLVED SOLVED SOLVED 
(HG/L (MG/L (MG/L 

A S C L )  AS SO41 b S F )  
( 0 0 9 4 0 )  100945) (00950) 

SODIUM POTAS- 
AD- SfWM, 

SORP- DIS- 
TION SOLVED 

DATE RaTIO SODIVM (MGJL 
PERCENT A S K )  

(009311 (00932) 100935) 



SOL1 Ds, 
rn OF 
COPISTI - 
TUENTS, 
DI S- 
SOLVED 
IMG/L) 

I703011 

NITRO- 
GEN, 

NI TRkTE 
DI S- 
S O L !  
(MO/L 

AS NO31 
(71851) 

PUrM-  
SIWt 
DIS- 

SOLVED 
D&TE SODIUM IMWL 

PERCENT AS L) 
(009323 (00935) 

m- 
RIDE* SULFATE 
DI8- DPS- 
SOL= SOLVED 
(MG/L (MG/lt 
As CLl AS S64) 

(00940) (00945) 

'SOLIDS, 
DIS- 
SOLVED 
(TONS 
PER 

hc-PP) 
(70303 ) 

PLUO- SILICA, 
RIDE, DIS- 
DIS- . SOLVED 

SOL- (MG/L 
WG/L AS 
As PI SI021 

( 0 0 9 5 0 )  ( 0 0 9 S 5 )  

-A- 
NESE IRON 
IUG/fi IWG/L 
A S H N I  ASFE) 

I71883 1 (718855 

WATER-QUALITY DATA, WATER YEAR m B E R  1965 TO S-ER 1966 

CON- 
TRIB 
UTING HYDRO- 
DRAIN- LMjIC LAT- 
AG E W I T  I- 

DATE C O W  AREA CODE TUDE 

PH 
SPE- WATER 

COLOR CJFIC WHOLE 
LONG - (PLAT- CON- FIELD 
I- MEDIUM RECORD INOM- Durn- (STAND- 
TUDE CODE N'uMBER COBALT WCE AR13 

UNITS) (USJCM) UNITS) 
100000) (00095) (00400) 

ALKA- 
LINITY 
WAT WH 
TOT FET 
Ff ELD 

MGJL AS 
CAC03 

(00410 )  

BICAR- 
BONATE 
WATER 

W FET 
FIELD 

K / L  AS 
HC03 

(00440) 

CAR- NITRO- 
BONATE G m ,  HARD- 

WATER NITRATE NESS 
WI4 ??El" DIS- TOTAL 

FIELD SOLVED (MG/L 
MG/L AS (MG/L AS 

C03 As MI CAC03 
(00445) (00618) (00900)  

HARD- 
NESS MAGNE- 

NONCARB CALCIUM SIUM, 
Wfl WAT DIS- DJS- 
TOT FLD SOLVED SOLVED 
MGJL AS IEEG/L (MG/L 

CAC03 AS CAI AS MG) 
100902) (00915) (00925) 

CARBON 
DI 0x1 DE 
DIS- 
SOLVED 

DATE (MG/L 
AS C02). 
[ 00405) 

SODIUM 
SODIUM, AD- 
DIS- SORP- 
SOLVED TION 

(MG/L RATIO 
AS MA) 
(00930) (00931) 

MAR 
03.. . 2.0 

SOLIDS, NITRO- 
WTAS- CHM- FLUO- ' SILICA, SUM OF SOLIDS* G W *  

$SUM, RIDE, SULFATE RIDE, DI8- CONSTI- DIS- NITRATE 
DIS- . DIS- SOLVED W E W ' S ,  SOLVED DIS- MANGA- DIS- DIS- 

SOLVED SOLVED SOLVED SOLVED IMG/L rrrs- (rms ~ L V E D  NESE 
IRON 

DATE SODIUM (MG/L ( K / L  (MO/L (MG/L AS SOLV33D PER (MG/L (UG/G (UG/L 

PERCENT A S K )  A S c L )  M S 0 4 )  S102) (MG/L) AC-FT) A S N 0 3 )  ASMN) A S F E )  

(00932) 100935) (00940) (00945) (00950) (00955) (70301) (70303 (71851) 171883) (71885) 



15057860 - YELLW LK NR ANNETTE AK 

WATER-QUALI'PY DATA, WATER YEAR m E R  1960 TO SEPTESMBER 1961 

CON- - - . . +  

mIB 
UTINO HYDRO- COLOR 
DRAIN- LQGIC LAT- IANG- ( PLAT- 
AGE UNIT I- 1- MEDIUM RECORD INVM- 

DATE COUNm ARE& CODE W E  TUDE CODE WHBER COBAhT 
UNITS) 

(00080) 

PH 
WATER 
WOL E 
FIELD 

cmm- + 

ARD 
UNITS) 
l00400) 

SPE- 
Cf FfC 
CON- 
Durn; 
ANCG 

IUS/cM, 
[?0095 )  

MAR 
15.. . 190 

SODIUM, 
DIS- < 

SOLVED 
(MG/L 
AS NAI 
I00930) 

2.7 

ALm- 
CARBON LlNITY 

DIOXIDE WAT WH 
DIS- TOT PET 

SOLWD PIELD 
DATE tEfG/L MGJL AS 

As C02). cAm3 
(00405) I00410)  

BICAR- 
BONATE 

WATER 
WH FET 

Ff ELD 
MG/L AS 
HC03 

(00440) 

1 4  

NITRO- 
am, 

NITRATE 
DIS- 

SOLVISD 
(MG/L 
AS NE 

100618) 

0 -070 

HARD- 
MESS 

NONCAEtB 
WH WAT 
TOT FLD 
MG/E AS 
am3 

t00902) 

4 

HARD- 
mss 
TOTAL 
(MG/L 
AS 

CAC03 ) 
~ 0 0 9 0 0 )  

16 

SODItlM 
AD- 

SORP- 
TION 
RATIO GODIrn 

PERCENT 
(00931) 100932) 

SOLIDS , 
POTAS- CHm- FUK)- SILICA, SUM OF SOLIDS, 
SIWM, RIDE, SULFATE RIDE, DIS- CONSTI- DIS- 
DIS- DIS- DIS- DIS- SOLVED WENT'S, SOLVED 
SOLVED SOLmD SOLWED SOL-D IMG/L DIS- I TONS 

DATE (MG/L ( M G / L  I( MG /L ( ~ / I J  AS SOLJIED PER 
A S K )  A S C L )  A S S 0 4 1  A S P )  SI02 } (ME/h) AC-FT) 
(0093s) ( 00940 )  (00945)  ( 0 0 9 5 0 )  (009551 (70301) (70303 1 

NITRO- 
GEN, 

N 1 TRATE 
DLS- MANGA- 
SOLVED NESE IROU 
(MG/L (UG/L IUCl/L 

AS NO3 1 AS MNI AS FE) 
(71851) (718831 (71885) 

MAR 
15.. . 

WATER-QUAtITY DATA, WATER YEAR OCTOBER 1962 TO SEPTEMBER 1963 

CON- 
TR IB 
WING HYDRO- 
DRAIN- LOGIC IAT- 
AGE UNIT T - 
AR?W CODE W E  

SPE- 
CI FIC 
CON- 
DUCT- 
ANCE 
~US/cMl 
(000951 

CQtOR 
LONG- - TEMPER- (PLAT- 
I- WfUM RECORD ATURE INUM- 

W E  CODE NUMBER WATER COBALT 
(Dm C) UNITS) 
(00010) (00080) 

DATE COUNTY 

MAR 
08,. . 19 6 

ALXA- 
LZNITY 
WAT WH 
TM" PET 
FIELD 

MG/L AS 
CAm 

(004101 

BICAR- 
BONATE 
WATER 

WH FET 
FIELD 

MG/L AS 
HC03 

(00440) 

NITRO- 
GEN, 

NITRATE 
DI 5- 
SOLVED 
(MG/L 
As Nl 
(00618) 

HARD- 
NESS 

NONCARE 
WH WAT 
TDT FLD 
MG/L AS 
am3 
100902) 

PH 
WATER 
WUOLE 
FIELD 

( STAND- 
DATE ARD 

WNlTSl 
(00400) 

SODIUM 
AD- 

SORP- 
T ION 
RATIO 

m- 
SIVM, 
DIS- 

SOLVED 
IMWL 
AS 13Gl 

(009251 

HARD- 
NESS 
TOTAL 
(MO/L 
AS 

cam3 I 
(oosool 

CARBON 
DIOXXDE 
DLS- 
SOLVED 
(MG/L 

A!3 C02) 
(00405 3 

SODIUM, 
DIS- 
SOLVED 
(MO/L 
AS NA) 

[OD9301 

W C I U M  
DIS- 
SOLVZD 
( M W t  
AS CAI 
(009lSI 

MAR 
08.. a 



ANNETTE ISLAND - 25 MILE RADIUS 

PRIMARY 
USE DEPTH WPTER DATE 
OF OF WELL LEVEL WELL 

LOCAL WELL NUMBER* WATER ( FEET 1 ( FEET 1 CONSTRUCTED OWNER 

CD07409322ADCA1 001 P 255 66.00 10-10-81 USCG SHOAL COVE: 
CD07509217CBBDlS U - - - - - - PETERSON 
CD07609104ADAD1 001 H 40. - - 01-05-65 BERKEYJOHNH 

PAGE 1 

ASSIGNOR TYPE 
OF OTHER OTHER OF LW 
IDENTIFIER IDENTXFIER AVAILABLE 



I3204 \ GROUND WATER 

.* . * of gravel which, in turn, is overlain by abwt 4 feet of 
organically rich muck. N u r  the middle of the gravel layer is a 
wedge of silty put oontaining fngments of partly lipitized 
wood .a much +.s 2 feet long. The gravel at this locality, in 
con- to that of the other 1-Iities, is well sorted, as shown 
by n s d n g  c&cient of 1.4 and most of the particles are 
subrounded to well rounded About 80 pacent of the 883~pTe 

is larger than 4 mm, and the mediun size is about 7 mm. 
Diffemntial thermal analysis of a day sample from loeality 

36-1 BROWS that the d y is illite, a common constituent of 
both matine and glacial deposits (Grim, 1955, p. 484). 

The origin of the depmita herein referred to as raised 
buches is reflected in their beltlike pattern of distribution md 
stratigraphy, Based on Chapin% -tion (2918, p. 99) that 
the M e t l h t l a  peninsula is a wav-ut bench, raised beach 
deposits are logically expected in &is area. A more complex 
origin was p~tulated by Buddington (1927, p. 51) who 
w a r t e d  that the peninsula is largely the pmduct of mbaerial 
erosion and giaciation subsequently m o d i f d  by marine 
erosion between successive uplifts, Periods of stable sea level 
would allow time for the accumulation of beach deposits, and 
uplift would preserve such deposits by removing them ftom 
tire zone of wave erosion. 

At least part of the raised beach deposits is derived by wave 
md tidd current erosion of marine or glaciomarine deposits. 
Indication of marine origin is provided by fossils, mch as 
fragments of clams, snaila, and barnacles in samples of saty 
clay from drill hoPe 2 at a depth of L 1-14 feet Howcver, the 
clay contained no microfossila Similar silty clay was pene- 
trated in drill h& 1 and 3, but no samples were collected; 
hence, the pmence or absence of fossils in the deposits at 
these sites is not known. 

Modern beach deposits on the Metlakada peninsula appear 
to consigt of both locally derived and exotic fragments. The 
older raised beach deposits, however, apparently consist of 
material derived mainly from giaciomarine and glacial deposits 
that have been reworked by wave and tidal cumnt action. 
Modern beach gravel on Prince of Wales Island has been 
described by Sainsbury (1961, p. 332) who points out that the 
gravel is rounded and unstriated and that most of the 
m k - f l a w  matrix has h e n  removed. Sainsbury further states 
that typical glacial deposits could probably be found at 
shallow depth beneath many of the beaches, Materid de- 
scribed in the lop of d d l  holes in Medakatla peninsula 
wggests glacial material such as the hardpan noted in drill hole 
3. However, no striated or faceted rock particles were 
recovered during test drilling nor were my noted in surface 
outcrops. 

Information on uplift, required to elevate the raised beach 
deposits above the zone of wave erosion, thus prewing them, 
is provided by Twenhofel (1952, p. 523-548) who reviewed 
and summarized the Iiterature relating to shoreline changes 

dong the P&c c o ~ s t  of AIP4k.. Most of his evidence for 
uplift is b d  on fdl-buring marine deposits, commonly 
derived from gtacid a d  ghciomuine materid and very similar 
to thog in the Mcdhtla peninsula Twenhofd d b h s  
deposits that have been elevated h r n  a few to aevcral hundred 
feet above sea level and cites evidence obtained by pmks 
workers to show that uplift has mounted to 500 fed or 
perhaps mope in the Podand Canal and Juneau a r e a  

Hicks and Shofoos (1965, .p. 3315-3320) p m n t  su-leveI 
data to show thnt nearly d ft~~theastvn Alaska h rising, The 
c m t a  of uplift ia in the vicinity of Glacier Bay h t  320 
miles north of Annette Islmd At Ketehikan, only 15 miles 
n o d  of Annette Island, uplift amounts to a b u t  3 centi- 
meters per centwy. Uplift on nearby Gravina Island has been 
as much as 80 feet as shown by marine fossils in blue day and 
gravel at that altitude (Chapin, 1918, p 99). Uplift can tpke 

place mddenly a d  dramatically as shown by more than 7 feet 
of uplift awciated with the Alaskan earthquake of M a d  27, 
1964 (Grantz and others, 1964, p. 4). 

WATER-SUPPLY POTENTIAL 

With average precipitation of 117 inches fairly well &t& 
buted throughout the year, the raised beach deposits on 
Metlakada peninsula should receive nearly continuous rc- 
charge. However, the s c v d  fbet of overlying muck are poorly 
permeable; thus the rate of ncharge may be rather dow. 

During an extended dry period the k c h  deposib at higher 
d titndes would drain first Therefore, the most farodle sites 
for ground water fmm thm deposits are in low aneas but 
h o v e  the tidal range to eliminate the danger of contamination 
by d t  water. Id11 tration galleries in the raised beach deposits 
beside or beneath strums would pmbPbly be the best means 
of development. Horizontal galleries in trenches reaching 
bedrock mid perpendicular to the direction of grand-water 
flow would intercept the gnntest mount of water and would, 
therefore, pmvide the patest  yield. Methods of installing and 
maintaining infiltration galled- for developing shallow 
pund-water supplies have been described by Feulner (1964). 
NO analyses of water from the raised beach deposits were 

made during the smdy of the Metlllkatla peninsula, but the 
chemical quality is probably good .Becam the raised beach 
de+~ts sre near the d a c e S  they are abject to pollution; thus 
the area around an infiltration gdery would have to be 
protected Dark color derived from decomposition of vegeh 
tion in the muskeg and muck may be a problem, although the 
cdor might bc eIiminated by special treatment, 
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T ~ c  1.-DriUer's logs of drill' holes penetrating raised baoch deposits 

[Lqp provided by A. J. Lappi, Federal Aviation ad mini strati^] 

Thickness Depth 
(fet) (fet) 

Drill hole 1-Altitude 10 feet (altimeter) 

Rockfd ................................. 3 0- 3 
Muskeg andmuck .......................... 4 3- 7 
h w n  gravd and md, some silty day 4 7-11 

( m e  water). 
Granite ................................... 11 

4 

Drii hole %Altitude 15 feet (altimeter) 

Rock fill ................................. 1 ............... Muskeg and muck (some water) 3 
Sand (some water). ......................... 1 
Sand d gravd (some water) ................. 4 
Blue d t y  day and some gravel (some water). 5 

cnts of clams, snails, and barnacles 
Gnv with white cl. (some water) ............ 4 
White day mixed wi 2 gmvd (no water) ......... 5 
Brown day mixed with gravel ................. 5 
Brownday ............................... 4 ................................. Granite 4 

Drill hole 3-Altitude 50 feet (altimeter) ' 

.............................. Rockfill ...' 2 
Muskeg md muck (some water) ............... 6 ........................ h v d  (some water) 1 
Bluedtyclay ............................. 1 
Blue dty clay mixed with gravel ............... 3 ................... Hardpan mixed with gravd 8 ........................ my d some gravel 3 
Hardpan mixed with gravel (some water) ........ 4 ................................... Granite 

distances. At locality 21-5 (fig. 1) raised beach deposits, about 
10 feet thick, exposed about 40 feet above tide level, consist 
mainly of in terbedded layers and lenses of gravel, sand, silt, 
and clay containing cobbles up to 8 inches in diameter. Visual 
estimation indicates that about two-thirds of the gravel and 
cobbles are subangular and about one-third are subrounded to 
rounded The upper 2 feet of the exposure. is heavily stained 
by iron oxide and organic matter; within this interval a few 
layers less than 1 inch thick are weakly cemented by iron 
oxide. Size analysis of a grab sample from this locality shows 
that about 50 percent of the sample is larger than 4 mm 
(millimeters) in diameter (fig. 2). The particle-size distribution 
curve (fig. 2) shows that sorting is poor. 

At  locality 351 the raised beach deposits consist of 4-6 
feet of sandy gravel overlying silty and clayey bluish-gray sand 
of unknown thickness. Analysis of a sample (351A) from the 
gravel shows that sorting is poor and that about 55 percent of 
the sample is larger than 4 mm; the median particle size is 
between 5 and 6 mm. The larger particles are subangular to 
well rounded; perhaps 30-50 percent subangular. Analysis of 
a sand sample (35-1B) from this locality shows that the sand 
has a sorting coefficient of L?, indicating that it is well sorted. 
About 50 percent of the sample is in the fine and very fine size 
range; the medium size is 0.075 mm. 

The stratigrapb;.c sequence at locality 36-1 consists of .an 
unknown thickness of bluish-gray clay overlain by about 6 feet 

0 1 2 MILES 
I I I  1 

Figure 1.-Map of the Medakatla peninsula, showing location of drill 
holes md surface samples, md inferred limit of raised beach 
deposits. 

of the ratio of puartiks). 

t a 

L 

0.001 0.004 0.0625 0.5 2.0 6.0 32.0 
PARTICLE DIAMETER. IN MILLIMETERS 

Figure Z-Particleaize distribution of surface samples from raised 
beach deposits See figure 1 for sample localities 



GEOLOGICAL SURVEY RES€ARCH 1971 
a 

RAISED BEACH DEPOSITS AND THEIR GROUND-WATER 
POTENTIAL IN THE SOUTHERN PART OF THE METLAKATLA 
PENINSULA, ANNETTE ISLAND, ALASKA 

Work done in coopemtion with the FederoE Avietton A d r n i n h t b n  

Abs-+-lntcrbcddtd Irym of gravel and wnd on h e  MetMwdr H I  0- haw 25 fatt h 4. 
pcnbda m interpreted is &d beach dtpbaItg derived lrrgtly f m  An intcmmdiate dtutcr of h c h  or terrpoe h I a  Is htwecn h u t  50 
muin~, daciomnrint, and glacial depdts reworked by waves d tidal - md 55 feet b v e  4. A much bas well dtvcluptd, snd higher* dwter 
-ts Such deposits and similar deposits dsewhere: in sou&t.strm of Icwb is betmen h u t  95 nnd 110 feet a b v e  d. ktwttn all thtse 
Alaska m y  be poten tid soums of mall ground-wa ter supplits dusters of ltvcls there are other satft*d ~ R & M  or tern- 

Yehle also notes (written commun., Nov. 1970) as follsws: 

Ground-water supplies in bedrock of southeastern Ahka, 
which are desaibed in a companion paper (Marcher, 1971) (p. 
D198-D201, this chapter), may be difficult and costly to 
locate. Thus, in some parts of the region the march for ground 
water is most logically directed t o w d  locating alluvial or 
similar deposits sufficiently thick and permeable to store and 
yield water. Layers of gravel and sand that make up ancient 
h e h  deposits in some m a s  may be potential sources of 
water. l'hese deposits are also potential sources of aggregate 
materials in a region w h m  bedrock is almost everywhere at or 
near the surface. 

Ae part of a poject to locate water supplies on the 
Meflakatla peninsula, the raised beach deposits were studied 
briefly. Drill holes, scattered surface exposures, and excam 
tions near Crab Point provide information on the thickness, 
stratigraphy, and general lithology of the deposits. S k  
analysts of surface samples and differential thermal analyeis of 
s clay semple were made in the laboratories of the US. 
Geological Survey, Denver, &lo. 

DISTR1BUTlON AND THICKNESS 

In regard to the infemd distribution of the raised beach 
deposits, L. A. Yehle reports (written commun, Nov. 1970) as 
followa: 

At MtWatla  town, Dick Lemke md I noted m d  and g r a d  
mdetlyhg h e  ground d a c e  up to an dtitudt of at k w  50 fat  
lbovt mern s# level. That (prtammbly) wave and ddd currurt- 
worked mabids WEU m y  cxtcnd to a i d y  higfitr d~tudta In the 
central part of tom there is a hint of a very minor brepk-in dop~ at 
b t  35 feet above m3l. In the wciittcn part of town thin Jtitude is at 
tfit lower margin of r more prominent bmbi do- Homvtr, in the 
ktt~rr~na&tronmattr ia lsareardablt .  

Drill-hole records and scattered outcrops dong streams in 
the southem part of the peninsula show that at l es t  stme of 
the benches noted by Ychle are underlain by raised beach 
depmita The highcat known raised beach deposits underlie a 

terrace at the SO-foot level at the site of drill hole 3. The 
depoeits are h n t  at higher levels in at least part of the area 
as shown hy the logs of drill holes 4 and 5 (95 and 115 feet 
above sea level, respectively); both drill holes passed directly 
from muck into bedrock. 

Drill-hob 1- (table 1) show that r a k d  beach deposits are 
k c h  as 5 feet thick. Exposures near the modem beach md 

in s t r u m  banks near the nsrmw part of the peninsula show 
that the deposita are at least 10-12 feet thick in this part of 
the am.  Similar thicknesses were seen in comtructi~ 
exmatiom near Tent and Crab Points and in nearby surface 
outcrops. 

LITHOLOGY 

* * * a  1:20,000 scale topogrpphic map of the southern p u t  of 
iMetlakndr pminsula prepared in 1940 by the US, G c o l ~ c d  flrrvGy Drill-hole logs and surface exposuns show the gened 
' ' ' rhovs s e d  levels of bcnrhcs or hmas * * *. A]titu&&. the lithdogy md sbatigraphy of the raised be& deposits and 
lowest duster of levels is up to h u t  30 to 35 feet above md (mek sea indicate that lateral changes in lithology take place over 

D202 
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Figure 3.-IChuniwl characteristics of ground water from Metlakrtlr 
ptnin&tlrt A, drill hdc 1; B, drill hole Z;C,driUhoIt 3; D, drill hole 5, 
109-121 feet; E, drill hole 5,283-209 fact; F, drill hole 5, 272-282 
feet; G, drill hole 5, 297-305 feet; EE, tat we& cornpasite of dl 
wuw- 

Samples from drill holes 2 and 3 and the composite sample 
from the test well show that the water is a d u r n  bicarbonate 
type* 

The high sodium, magnesium, sulfate, and chloride contents 
in water from drill hole 1 w m t  admixture of sea water with 
normal ground water. 

During drilling of the test well, samples were collected from 
water-beating z o n e  at depths of 109-121, 183-209, 
272-282, md 297-305 feet These samples were colkcted 
after the hole had been pumped to remove all drilling fluib, 
themby rsswing a representative water sample. After each 
sample wm mllected, the water-bearing zone was sealed with 
cement and drilling continued. Thus, each sample h m  above 
305 feet represents water from a single bacturt zone. Sarnplee 
Prom bdow a depth of 305 feet are a composite of all 
wntet-bearkg zones penetrated by the well. 

Chernicd analysts show that the concentration of some 
wnetituents cbaneed little with d e ~ t h  (table I\. Other 

DEPTH TO WATER. IN FEET BELOW U N D  SURFACE 

Figure 4-Encrust of &rick content of vntm in tcst 
d l  with incrcsing drawdown. 

& o m  that the mmge chloride content incrase was about 15 
4 fur nery 10 fat  of drawdam. 

b 

Four out of five &ill boles pmdued anall mounts of water 
from bed& in the Meflakatla peninsula; gtological!y similar 
tctrants in southeastern Alaska also might be expected to 
pro*idc mal l  supplies Fractured zones at depths of less than 
150 feet are mom likeiy to provide a continuing supply of 
water because recharge can take phee more rapidly. Although 
the ten well drilled during this study cannot be pumped 
continuoug1y at a ate of 35 gpm, it will provide that mount 
intumittently. H o v m r ,  dnwdovn must be amfully con- 
bolled to prevent encroachment of salt water. Additiod 
supplies may be mailable from fracture cones, which can be 
located ody by tee drilling. 
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* ~ $ 0 0  GROUND WATER 

yield of 300 gpm could not be mainained without cxcepske 
dmwdown. 

Sobsequent to the mcwcry test a pump was installed in the 
well and opcnted almost continuously at a rate of 35 gpm for 
mom than 3 month& Watmlevel measurements made during 
this perid, plotted against time, arc shown in f w m  2 
Examination of the dmwdown curve shows that from a level 
of U7 feet shortly after pumping started, the mter level 
declined to '206 feet after 100 days of pumping. Total 
drawdown from static level was 125 feet. 

F i r e  2.-Drawdown in &t tat well after pumpirtg 100 dam Water 
level at sfart of pumping waa 81 feet 

During the %month pornping paid, the nte of drawdown 
wm f.r in excess of that csrinuted on the basis of the t m ~  
Apparently the rate~yidding zones ua sepu&cd from om 
another and from d c c  recharge by d d d e  thicknesses 
of unfractand roek rn that when they drained of tfi& 
stored water, replenishment takes p l m  slowly. Hy&logic 
boundaries undoubtedly a p-nf b- the fnctun 
mnea .re not continuous and becluae the degree of fraeMng 
dong individual zones differs Lorn place to p l m  

Chemical quality 

At least one snmple . of water far chemical dpis wes 
wIlected fmm each drill hole except number 4, md ~ m p l e s  
from four of the waterharing r o w  in the test well wen 
mdped to determine rarhtions in chemical quality with 
depth. Several samples were collected &urn the completed well 
after different periods of pumping md analyzed to determine 
changes in chemical quality that would indicate dt-water 
inbusion. The results of the analysis are given in table 1. 
By plotting the results of the chemical analyses according to 

a method devised by Stiff (1951, p. 15-16), the gross 
chemical characteristics of the water can be cornpaled as 

shown in figure 3. 

[All analyses made by U.S GMlogicaI Sumy, Results in milligruna per liter nmpt where indicated] 

Source Date Silica imn Cdcim t~ Wm potas Biur- Carhow Saatc CXIOride of of 
(Si02) (Fc) (G, (Mg) 

ium b t c  ate 
(SO41 (Q) water d t c t i o n  (Na) W) (KO,) (cot) 

M h d t  1.-**-.-*-.7-29-64 ......... 8 7  0.43 12 14 720 2 2  471 24 327 642 
2 * . . 9 - . * 4 - &  8-64.....,... 7.7 -60 6.4 -5 220 ,8 12 7.2 9.2 

551 0 3 * * * * 9 * * * * * 9 -  1-64......... 20 .4O 12 1.2 200 .3 558 6 8  5.7 
5. -= .g - *ga*P1364 . . . . . . . . .  31 a73 7.2 3.2 89 1.7 235 4 6.1 12 ........ 9-22-64. 25 -27 L6 L9 105 1.0 215 12 73 14 

P2864... ...... 15 2 5  1.6 2 4  193 6.7 404 11 3.8 24 
1& 264.. ....... 15 .04 -8 1.9 200 .6 #1 17 4.3 42 

Tatwell .......... .526-65.. ....... 17 ,29 .O 7.1 235 &5 493 30 6.7 74 
7- 7-65.......,. 18 -02 00 4 4  276 9.2 480 22 25 125 
81@65.,.- ..... 17 .OO .O 3.9 300 9.0 487 19 16 155 
82645 ......... 16 .2 4 26 . 300 8.8 502 18 ' 23 172 

Specific 
Swrrcc Date Meedved Hard- d u e t -  Color 
of of Nitrate .om ride m mot (Pt-Co 

(Nos) y;; a!3 (mi- 4: A= Remarks water d t c t i m  (F) CaCO3 *-Aat Y"'t4 units) 
250 

Water h n  86-X%foot W E  
Wtw f ram 94-96-foot wnc. 
W a t a  from 92-95.f oot mnc. 
Water from 109-121-foot .;cone. 
Wata from 183-209-foot zone- 
Water frorn 272-282foot tone. 
Water frYHn 297305foot mnc 
After pumping 72 houra 
After pumping 730 hours 
Afta  pumping h t 1,550 

hour& 
82565 .  ........ .Z .1 782 21 1,355 86 10 After pumping rbout 1,9M 

houra 



0 I 2 MILES 
A 1 I 

F i r e  L-Map of Mctlakada ptnInsula, Annette b d ,  Al*ska, 
showing locatiam of drIU hdea 

47-70 feet provided information on &allow .subsurface joiak 
Thh core showed about 70 jointa for an average of .bout t h e  
per foot. Tht width of these joints ranges from r haitline to 
h u t  one-sixteenth inch, and many were pardy a oompletdy 
h d e d  with quartz. Where the fractures were not fairly weH 
haled, the core broke and the width of thc frectures could 
not be determined. Because most of the fractum had been 
healed or were very narrow, the toat hale did not yield a 
significant amount of water. 

Highly fractumd ultrabasic rockg south of Yellow Hill 
provide openings for seeps and amall apr@. Other mall seeps 
h e  from fractured rocks along the west side of the peninsula; 
these seeps undoubtedly go dry in the summer. 

Rocks penetrated in the i n t t d  above 305 feet in the test 
well were nedy  free of fraetpea, but mnas of fractured rock 
were indicated below this depth by thk ddifculty experienced 
in maintaining a straight and m n d  hole, Furthemore, the 
inc- in well yield and reduction in drawdown described in 
the s u m m y  of t a t  pumping suggest that the abundanct of 

fractures increases with depth. The i n twa l  between 305 and 
362 feet in the test well is intwptetcd as a fault zone because 
narm*lly the number of fractum decrease with dep&..Even 
though a fadt  zone may yield the major supply of ground 
water to the 4 1 ,  most =charge to the faults probably takes 
place through oredying jointed rock. 

Test drilling and pumping 

Rtsults of test drilling and yield tests are mrnmarkcd as 
fo~lows: 

Dill  hole 1 reached -a total depth of 295 feet and was 
abandoned because brackish water wag obtained at that depth 
A water-bearing tone, between 86 and 126 feet, was tested by 
pumping with air for 12 houm at ..rate of om third 6pm 
(p1Ton per minute). 

Drill hole 2 reached a total depth of 113 feet. A water- 
baring zone between 94 and 96 feet was tested by pumping 
with air at a rate of one-half gpm that i n c d  to 1 gprn after 
30 hours, 

Drill hole 3 reached a total depth of 215 k t  A water- 
baring zone between 92 a d  95 feet was pumped with air at a 
nte of two-thirds gpm for 4 hours but did not increase in 
yitId. 

Drill hole 4 reached a depth of 104 feet, but no water was 

Drill hole 5 was driI1ed using a core drill to a depth of 305 
feet. The hole was then redrilled for s test well to a depth of 
362 Ieet using a 6-inch churn drill. The mults  of testing the 
various water-bearing Eones in this well arc aurnmrrized below. 

Depth 
(feet) - Summaty of k s t h g  

70- 90.. . . . Pumped w i h  air H gpm for 8 hauta Cemented in after 
pumpin% 

109-121 . . . . . Pumped with air gpm for 8 houm Cemtntcd in aftcr 
P ~ ~ P W *  

183-209 . . . . . Pumped mth air gpm for 8 houm CemtnPad in after 
pumping. 

272-282 . . . . . Pumped with ah 1'1Js gpm for 8 houm Ctmtntcd in 
mf ter 

291-305.. . . . P u m x x %  apm for !M houn 
305-31 3 , . . . . Pumped with Lir E. H gpm for 16 hours with 130 feet 

drawdown Static level 10 feet. 
313-320 . . . , , Pumped 16 h o w  at  30 gpm with 94 feet of drawdown. . Static level 13 f e z ,  
321-326,. . , . b p c d  72 hours at 37 gpm with' drawdown of 80 feet. 

- - 
Static level 23 feet. 

332436 . . . . . Pumped 23 houm at 37 gpm with drawdown of 67 feet, 
Static lcvd 23 feet 

Fred ground water beneath 'Annette Idand is in contact 
with sea water. E x c b v c  towering of the water tabEt in a 
pumping wen may cause dt w a l r  to enter and contaminate 
the aquifer. To £o&scall such a polsibdip, drawdown in the - 

wet! mast be c a ~ f u l l y  contmlled. 
To eetimak the amount of d r a w d m  after pumping the 

production well tor an extended period of time and ta 
-timate the long-term yield, a lZhour recovery test was run 
Analysis of the test data indicates that impermeable bundo- 
ries are present in the vicinity of the well and thst the initial 
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RECONNAISSANCE OF .GROUNDWATER SUPPLIES FROM 
BEDROCK IN THE METLAKATLA PENINSULA, 
ANNETTE ISLAND, ALASKA 

By MELVIN V. MARCHER, Oklahoma City, Okla. 

Work done in. coopemtton with the Fedem1 Aviation Adminkbut fan 

Abrtroc&-Badd in the western put of Annette Ist.nd, hcdn 
referred to aa &t Mcdtlcrtir pahi& aodh of md 

GENERAL SITTING 

mctunotphic mcks that yield water &Y fractum A tat Annette Idand is in a h m e  muthustern A l a h  (f#* 1). 562 fm ~ K P *  obt.incd mm bcn*ccn 305 and 362 feet Iniw The wtStm part of 
island, an of about 20 square praduc tion of the well m 100 lbpm (gdons ptr minute), but d t s  

from a lshour reeowry teal sueacdtd hat nh p r o b a ~ y  miles herein referred to as the Metlskatla peninsula, is mostly a 
nut be maintained beauk of hydrdec  boundaries when the All wrs swampy, heavily vegetated lowland generally less than 200 feet 
plunped continuously at r rate of,3Sgpmforrnotethm3months,*e aboveseaEeveI, 
water level d c ~ ~ c d  125 feet at an average mtC of 0.6 foot pr h)' Annette Island lies in he Wrangell-Revi]lagig& bell of 
.bout lI5 lmcL memicd dlow &at p n d  meborphif rocks (Buddington and Chapin, 1929, p. 
water is a sodium bicarbonate tppt, During pumping of !he tat well;, 
tht &loride content of the mter from 75 to 222 m&n 181-183). Mapping by Berg (1969) shows that bedrock in ttlr 

(*- per lib) e w  d t  water w.sent-b the aquifer. Metl.lratla peninsula is chiefly schist, gneiss, and hodels. 
These N H : ~  are locally mixed and in part gradational with, 

Although annual precipitation in southeastern Alaska is as 
much as 269 inches, the igneous and metamorphic rocks 
underlying most of the region generally yield only mall 
mounts of water. This report describes the mlts of a droject 
to develop groundwater mpplies from bedrock on Annette 
I d d .  Some of the wnclusions derived from the project are 
applicable to other wens because the climate, topography, and 
geology of the island ire t y p i d  of much of southeastern 
Alaska. 
As a major part of the projecf five small-diameter holes 

were drilled to determine the subsurface distribution of 
fracture mnes and, where possible, to test the water-yielding 
crpnbiEtiea of each cone. Drill hole 5 had the greatat 
potential as a mrce of water and, therefo~, was redrilled as a 
test well. Each water-bearing zone in this well was tested for 
yield, a water m p l e  collected for chemical analysis, and, 
upon completion of drilling, a 12hour recovery test was nude. 

Interbedded gravel, smd, ail& md clay interpreted as raised 
beach deposits, which may be potential sou- of ground 
water, were studied in some detail and are described mom 
M y  in a companion paper (Marcher, 1971) (p. D202-D205, 
this chapter). 

foliated granitic rocks, which, in turn, grade into foliated 
quartz diorite and diorite. An area of about 1-5 square miles in 
the vicinity of Yellow Hill is underlain by dunite and 
pymxenite. Sedimentmy rocks include muck, glacial till, and 
raised beach deposits. 

GROUND WATER IN BEDROCK 

The number, spacing, attitude, size, and interconnection of * 

fractures mch as joints and faults c~ntrol  the occumnce, 
stonge,'and movement of ground water in bedrock in the 
Metlakatla peninsula. 0 bselvations, mainly along the beach, 
showed a wide variev in the degree and type of jointing. For 
example, in Borne arus three sets of uniform, well-developed 
joints in co.rsb@ned dioritic rocks intersect to 
sharply defined hihedrd blockg Elsewhere, similar rocks are 
rather thoroughly fractured but the fractures do not follow 
m y  diseemihle pattern Measurements showed that the major 
=to of joints strike hetween N. 1Sa E. and N. 15O W. 0 t h  
W~.S d k e  N, 29-3SO E. and N. 55'-65" W. Of 63 m e a ~ ~ w -  
ments of joint dips, about 47 percent dip at angles greater than 
80°, and nearly 95 pacent dip at angles gr&ter than 4s0- 

A 23foot drill core taken from drill hole 4 fmm a depth of 

Us. OEOL. SURVEY PROF. PAPER 750-D. PAGES Dl 98-D2Of 
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Data for Annette Island, Alaska 



BIORKb ISLAND - 6.25 MILE RADIUS 

PRIMARY 
USE DEPTH WATER DATE 
OF OF WELL LEVEL WELL 

LOCAL WELL NUfrIBER WATER (FEET) (FEET) CONSTRUCTED OWNER 

CD05806317CCCAlS M -- - - -- PUBLIC DOMAIN 
CD05806317CCCA2S M - - - - - - PUBLIC DOMAIN 

PAGE 1 

ASSIGNOR TYPE 
OF OTHER OTHER OF LOQ 

IDENTIFIER I DENT1 F I ER AVAILABLE 
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Data for Biorka Island, Alaska 



15056330 - SAWMILL C AT HASNES BK 

CARBON 
DXOXTDE 

DIS- 
SOLVED 

DATE I MGIL 
AS coal 
(00405) 

WATER-QVALI~ DATA, W A ~ R  YBAR OCTOBER 1967 TO SBPT-ER 196 8 ' 

M a n -  

LINIrn 
WAT WH 
m m  
FIELD 

E / L  AS 
CAC03 

f o o r i o ]  

BICAR- 
W A T E  

WATER: 
WH FET 
FIELD 

MG/L AS 
H m 3  

[OD4401 

CAR- 
BONATE 
WATER 

WH PET 
Ff EWl 

W/L As 
m3 

(00445) 

HARD- 
HARD- NESS mm- 
NESS NONCaRB eafiCfW SIUM, SOMUM, 
TCTAfi WHWAT DfS- D I S -  DIS- 
IW/L TOT FLD SOLVED SOL= SOLVED 
AS HG/L AS W / L  IMG/L (MG/L 
me031 am3 AS a) AS MI ASNA) 

(00900) (00902) (00915) 1009253 '(003301 

LAT- 
r- 

DATE TIME TUDE 

PI s- 
CHARGE r 

r NST. 
LONG- TEMPER- CUBIC 
I- MEDIUM SAMPLE RECORD ATURE FEET 

TUDE CODE TYPE NUMBER WATER PER 
[DEG C) SECOND 
(00010) (00061) 

Jtm 
14. .  . 1740 59 1 4  09 N 135 28 13 W 

mAs- 
SZUM, 
DIS- 

SOLWD 
DATE SOlXm MG/L 

PERCENT AS K) 
(00932) ( 5 0 9 3 5 )  

JUN 
14.. . 14 1.1 

SODIUM 
AD- 

80RP- 
TI cu 
RAT1 0 

PH 
SPE- WATER 

COLOR CIFIC WHOLE 
(PLAT- CON- Ff ELD 
INWM- DUCT- (STAND- 
COBALT ANCE ARD 
UNITS) (US/CM) UNITS) 

(00080) (00095) (004001 

SOLIDS, 
CHW- FLWO- S X t f C A ,  m OF 
RIDE, SULFATE RIDE, DIS- CONSTI- 
DIS- DXS- DXS- SOLVED TUENTS, 
SOL- SOLVED SOLVED {MG/L Df S- 
(MG/L (MG/L (MG J L  AS SOLVED 
A S C L J  asso41 A S P I  sro2 IMG/L) 

(00940) (00945) (009501 (009551 (70301) 

* 
NITRO- 

SOLIDS, SOLIDS * GEN* 
DIS- DXS- NITRATE 

SOLVED SOLVED DfS- 
(TONS (TONS SOLVED IRON 
PER PER (UG/L (W/L 
DAY ) AC-FT) A S N 0 3 )  AS FE] 

(70302) (703031 j71851) (71805) 



WATER-QWALITY DATA, WATER ]WAR OCTOBER 1966 'PO SBPTEWER 1967 

PI 8- 
CHARGE, SPB- 
INST. COLOR CIFIC 

LAT- m- m E R -  CUBIC (PLAT- W- 
I -  X -  MBDXW SAMPLE RECORD ATURg F m  XNUM- WCT- 

TWDE: TUDB CODE TYPE HWBER WATER PER COBALT ANCE 
IQBZ C )  SECOND WITSE (US/CMl 
(00020)  I00061) IOOOBOE I00095)  

PH 
WATER 
WHOLE 
FIELD 

( STAND- 
DATE ARD 

UNITS) 
(00400) 

m- 
CARBON LINITY 
DXOXIPE WAT WH 

D f 8 -  TOT PET 
SOLVED FImD 
(MG/L MG/L aS 

AS C02)  CAE03 
(00405) (00410) 

BICAR- 
BONATE 
WATER 

WH FET 
FIELD 

MG/L AS 
HC03 

(00440) 

NITRO- 
GEN, 

NX TRATE 
DXS- 
SOLVED 
(MG/L 
AS Nf 

(00618) 

HARCI- 
HARD- NESS 
NESS NONCARB CALCIUM 
TOTAL WHWAT DXS- 
(MG/L W P L D  SOLVED. 
AS MG/LAS 4MGJL 

CACO3) CACO3 AS Ck) 
l O O 9 O Q )  jOQ902) ( 00915 )  

SOLIDS, 
POTAS- CHW FLU& SILICA, SUMOF 
SIUM, RIDE, SULFATE RIDE, DXS- CONSTI- 
DIS- PIS- DIS- DIS- SOLVED TUENTS, 
SOLVED SOLVED SOLVED SOLVED (MG/L DIS- 

DATE SODIUM IHE/L (MG/L (W/L IMG/L AS SOLVED 
PERCENT A S K )  ASCL) - 6 0 % )  A S P )  S102) (MG/L! 
(00932) (00935) (00940)  (00945)  ( 00950 )  ( 0 0 9 5 5 )  t703011 

MAGNE- 
SIUM, 
DIS- 
SOLVED 
(MG/L 
AS MG) 
(0092Sl 

2.4 
1 .8  

SODIUM 
SODIUM, AD- 
DX S- SORP- 

SOLVED TXW 
(MG/L RATIO 
AS Nh) 

(00930 l (00931 ) 

NITRO- 
SOLIDS* SOLIDS, GEN, 
DIS- DI S- WITRATE 
SOLVED SOLVED DIS;. 
(TONS (TONS S O L W  XRON 
PER PER IMG/L (VG/fi 
DAY) AC-FT) ASH031 M F E ]  

(70302) (70303) (710511 (71885) 



ADF (8837). 

, 

' 

ADF (6359). 
ADF (8838). 

ADF { LO1 30); artsnic 0.00, 
AAcc 1 hr., pump at 32 ft, 
After 2 hm., pump at 32 ft. 
After 1 h., pump at 22 ft. 

N T W  183.0 - GS, L, 
W 'CW 127.0 . - Gs, b D 

. . 

Dhmekr 
of 

cm-1 

ADF (8836). 
ADF (8839). 

ADF (6731);sec. 29,T. 28 S., R. 56 E. 

use 
of 

water 
. 

AQF (10129); arsenic 0.00. 

StC.6,T.31 S.,R59 E. 
ADF (6360). 

hpth  
to 

- water 
* 

h 

ADF (8725); sec, 9, T. 30 S., R. 59 E. 

3~~ ( ) = Additional data in Wes for laboratory analysis indicated. 
%ample locations that occur off map are not shown. 

dlt ihd~ 
of land 
mdaa , 

. . 

Dateof 
r6wtsU-t 

Rema& 



. . 

Wcll . : * me. 

' .  

36- 2 b d  .2,750 3JKM Fcderal Aviation Agency : . . 1967 3 

4 - 41-7 plwiu- 
6 3-12-66 d o  
7- 4-30-67 -do 
8 - 4-10-67 d o  

- 9  4- 6-67 d o  
10 6 . 6 4 7  d o  
If  12- 5 4  d o  
12 3-14-66 L C 0  

13 5- 2-67 d o  
21' 4-14-67 -do 
22 4-2747 d o  
22 4-13-67 d o  
22 4-13-67 do 
22 4-1347 d o  
23 7-2547 .__do 
26 3- -67 d a  
32 3-14-67 d o  
35 A 2 2 6 7  -do 

438 7- 5 1 1  ChilkatRiver- 
40 A 2 1 4 7  Johnson C r e e k  
41 A 15-67 Haines Public 

~ P P ~ Y  - 
43- 4-27-67 Creek crossing 

Sawmill Road. 
443 4-21-67 H a s k a C r e e L  
44 12- 1116-60 Port ChiUroot 

public supply. 
45 Tank Farm 

supply - 
- - - - . -- - - - - 

' ~arn~ le  numbers (4-35) are identical to well numbers on table 1; numben 4 0 4 5  refer to surface-water or public- 
supply samples. 

'constituents given in milligrams per liter. 



Table 3.".-muy of m*~er4vaEbbm@ (n [he Jkines-~ott Wkmt amr. A h k a  

I- Thin sbrficlal deposits over bedrock. No web, no test weus. As much as 2!5 gpm (ponibly more near 
Mink cmk). 

2- Isolated rurficial deposits w e r  bedrock. -do fiess than 5 am; gcncrdIy drained or . 
t h i y  saturated. 

JSlideanddopewuhordacialdeposits Nowdh,twotcstweU~ k m u ~ h a s z @ g p r n ; c o m p o s e d ~ f ~ d ~  
over bedrock - sorted material containing many 

boulders. 
4- Alluvial fan and dopewazh depositr over AS much as 50 gpm; poorly sorted 

material with perched water. bedrock 
5 At least 100 k t  of clay mrlyinga few Three welb, two test No yield upper 100 feet. Less than fOO 

hundred feet of unhown sedimen- wtIls. gpm from tower sedimen b. 
tary rocks which overlie bedrock. 

6Simi iar toana5exoept~a ic laymight  Threewells,Fourtest NoyieldupperSOleet.Lesthan100- 
be thinner because of possible fad ting wells. gpm from lower sediments. 
and subsequent erosion. 

7 Thick surficial deposits over bedtock: One well, no test wells. As much as 100 gpm; quality of water 
tidal flats in part. may be poor. 

8 Glaciat qutwash, beach deposits, or No wells, four tat wtlfs. As much as 500 gpm; quality of water 
younger alluvium in etdcd c h a ~ c I ;  variable. Considerable drainage from 
thick upper day of areas 5 and 6  ha^ muskeg areas. 
been eroded. 

9- Glacial and beach deposits t e r m  over One well. nine test wells. As much as 100 gprn; water-bearing beds 
bedrock. art not extensive and may be partly 

drained. 
10- Thin surficial deposits over bedrock. No wells, no test wells. Less than 10 gprn. 
1 1 - Surficial deposits over bedrock. Oncwll,ftvetcstwel!s. ksrnuchas25gpm. ExcclIent topoor 

quality of water. 
12- lsolated surficial deposits over bedrock. No wells, no test wells. Less than 5 gprn. 

'Less than S gpm from bedrock. 

. + Ground-water poten tid in 
~ r f i c h l  deposits1 

Present development Area 
( f ~ s )  Geologic summary 



0 .  F i l l  of &jmm gravelly INXU 4 

Brrmn gravel with l i t t le  silt, wet, very Uttle 
silt 10 to 3 3  feet m o s t l y  gravel, water 16 to 18' 4 3.8 

Clay, b l t lmay soupy, mixed with gravel end sani 18 33 

Heavier clay w i t h  gravd or sand, b - b g  
less dense a t  a depth of about 45 feet 33 5? 

Heavy clay mixed with fine gravel and sand, 
blue gray soupy 57 65 

Fine sand and clay mixed, blue $ray soupy 65 78 

Ssnd or sanl and clay mixed$ smpy 78 81 

b 

A b o u t  35 feet of 2 inch casing with a 6 foot  drive point put down t h e  hole. 



Hainee, Alaska Hole 9 March 8, 1966 

SbSL &h mdl  bmken rock 

Gravel and water, p v d .  f ine to c-0 with 
a b m  sfit mat* 2 5 

Gravel with silt becdng more gray in cdm 

Chy, very hard and dense, gray to blue-grq 

D r i l l s  softer, possibly fine sand or silt, water 

Harder drilling, clay sandy gray t o  blue gray 
Kith a band of gravel at about 24 f e d  

D r i l l s  l ike sand or soft  clay, w i t $  sane fine 
gravel, more gnavel at about 45 fcet  
water (no wtmn) 

Gravel 

Soft again, clay or sand d x e d  ath g r a d  

Gravel and heavy clay, coarse gravel at about 
71 feet to 75 feet  and more sandy below 

Clay and gravel hterbedded 

So much gravd caved into t h e  h d e  upon remuval of 
the a w r  that it was not possible h put more than 15 - 
feet of pipe in the hole, pipe pulled and hole f i l led.  



H o l e  #6 SW of b a t  harbor M 2, 1966 

Fill, -9 bry 

Clay,  pq - blue, w, soft 

C l a y ,  w i t h  sandy and pebble Bones ,  tmite? 

S d y  clay mixed wflh pebbles and gravel up fo 
3 inches in diemeter, gray t o  blue in color 

Sand fine with interbedded clay a d  minm grav83. 
(no return) drills easw 

H a r d  clay.*and gravd mixed (no return) 

Clay and gravel coarse up to 3 inches in diamter 
hard dr3114ng (no retum) 

Hard gravel (?) (no return) 

CFwel  w i t h  hard verg hard W 5 r g  (no return) 48 49 

V e r y  hard drilling (clay?) no return 49 fiO 

Hit boulder or bedrock at depth of 50 feet 



Hd~ea,  w b  Hole 85 WI WabrMt bal h r e h  3, 1966 

Gravd- a M  silt, p a v d  sUghf2y aorsser than above ' 

watm 10 x?' 
Silt or day, less W v e l  than above, &*gray in 

edor 17 26 

Heavier clay, sof t ,  blue gray in color, 8- ~ m t e r i a l  
dth rmare sand, mare gmvel after 38 feet and passiS.bQ 
in pare sand at 40 feet, mixed with blne clay 26 46 

Aeavp day  (no =turn) hard dr i l l in ,  eaeier MJUlrg 
after 51 feet and gravsl at about 52 feet k6 59 

Sand, mixed with grav63. (no return) 59 64 

Hole cased with 2 inch casing to a depth of 35 feet below Lsd, 4.8 feet of : 

casing left afme lad. Flawing well. good &ty Hardness 7 grains per 

gallon, pH 8.0 Chloride 22-27 ppm, Iron 0.5 ppm. 



. - -. : SOR k k C f t h  . h- . + W E  and B~=B.  d 8de*. & - - .  Y . : ~ . , - .  
. . . * . . .;',.. . - : .., =by'*- r C r  r r r y r - r .I r - r- : - - . .  238-f: . . 

&fi -k--im . . w & k  se.pP. .: [: .: . - - - : 
' .  1 

.. - . . . . .  - .  . . . .  ... I - . - ,  . -.: ,. '4 - - - - - - 4 - - * - . 271 . 
. '  . : * - I 

. '  
Bottom - - - - - ---..w:.- - - I - +,- - -.---..-:-, .-284 . -  

. . . . '  * . . '  . I  

. . 
. . .; * .. - -  '. . * . .  ** I . _  . . *. . . - . * 

* f  a . . . .  * - . . : a . . 
: .- -I. . . 

. ,  . . ;  
* nesms A Plt+&'~alL'for boon; + -- . 

capacity 'with pump at 285-foot level' . t . b J q  . ' $. , . .  - '. ; " .  
'was 15 G; P. Sprrrag well with 3 .. : 
shob 6f 21 ibli.'d=ite teaah at . ' :,;. . . 
appmximataly I l o - i d ,  240-f*. end ' . 

270-faat level$. W e l l  WM pumped . ': .+* 

co~tantly,  but rvetege yield was my - 

15 G.P.Mi, ao the'well w w  abandoned. 
- .  



*; !- 
, I . .'. . 

. .- ' . . 
WL6f d b r  W~U:N~.: 2, ' ~ b m ,  dZ%!hd.bjr-Foby. 

-  then,. lnc; ~vgwt-September,, 1943. ~ o l l a l ~ t  ..-. . . . . I . . .- g2.8 ;. 
. .. . - ,  . * . .  . . . .  . . 

, - i fb-, e~eroitiu~ :.. :: :.. - ,  - .. . . . .. I .. - * . . . *  - -  
:.* -.,:*: , .G i -. ,: v<:v.>.. - , .:-* 

1 I . ...g.;,:i - . 
I... - 

,, '#, . . * 
. , ..>..,::,:.,* - ,'i.: t "- .' - - , . .  

: . ~ , t d ;  :.- p ~ , i p h  . . hr.4/ ym - i r  %.! * .  : 46 , h ~ ~ r r ~ ~ ~ ~ ~ . i ~ : ~ / f ~ ~ ; a ~ ~ ~ ~ ~ ; * f . ~ ~ - - / ~ ~  . . 
. - .  . . . . . . '  i . . .  

I . . - -  _ , . ~ep th  (fed) - " 

, - 
: . . .  . . - ,.-I '. . ?.. . -  7 . . .  . . - . . ** . - .  : . . . .  ' . . ,  . - .-  . .' 

' 
I . .  ' . "  

._ . . .:. 1 - - ; '. . .  . 1 
3 . . * .  .,: . : -3 ., %.i . -./ . *.:: . .. + . . . *  , . . . .  , f .  : a * '  ' 

. . 
A .. . , . . 

1 - 0  . *- 1 . * - ,  .. A surlaoeg+l;.-- -.-------'----.--mm-...;.. Q 
. . - .' . B l u t g r e ~ r c b y - - - - - - - - - - - - i - . a m - - -  . , -  . ' . ,. . 1 - 8 0 '  . 

. . . .- Q m l ;  =Wht ~ a @ =  cont~&-'-'- - - a .- - - ,- - -,-. -! s" . ,. 80  
- .  ,Sand and gravbl; vefl meds q small amaunt of water : 81 . . j. r - 1 A - -  

; - h d , m d g m v e l  - - -.- - . m  -:- - - ' -  i a - ; -.- m - * - . % -  . 8 8 ' :  
Coarsegrareliudfheeand-'.- - - - - - a - - - - _ - - '  ... . 8 8  . '  .- 

. . 
Blue g r e g c b y  - - ' -  -. ; -'- - - - 'L  - - - - - - - . :  '$8 
, C o w s  gdvel; very little' aond content + -  '- - - - - -; -. 01 
Large gravel and borrlders up to 8" in @be; some . . . 

88nd - m ' - ' a m - ; - - - a o a . - - - m  .. 106 \ 
Gravelwith name fine sand--'- - - - - - - - - - - 
Fine to large gravel with aome fine sand - - - - - IS8 

- - Stopped drilling at 122 feet. 
Casing waa perforated with 7 bolas at 116t +. 

then casing was perforated to within 92 of 
the top with 180 perfaratlone; cleaned out 
the w e l l  and installed test pump. Teat 
~ h m e d  about 15 G,P)*M* -, 

B l ~ e g r e y c h y ~ - - - & - - - - - - - - - - - - -  122 
F ~ S  g r p ~ e l  and'*md - - - - - - - - - - - - - - - 224 _. -__- - 
H d m k  - a m - - - - - - - - - - - - - - * - - -  , 130 ' 

Rock,,alQhUywaterbearing - - -  - - ' - - -  - - - . 157 
Rock, slightly water bearing -. - - - - - - - - - - *  f 49 
Roak, slightly water bearing - - - - - - - - - - - 16s 
f Z ~ ~ k ~ - - - ~ ~ ~ ~ ~ ~ ~ - ~ - ~ ~ a m ' - m ~ - m ~  I 75 
& f t m k - - - - - - - - - - - * - - ~ ~ - - i - - -  182. , 

& f t p o ~ ~ ~ k - - ' m - - m - - - - - a - - - - - -  187 
Soft poroua rock with mama d ffna ow - - - - - 207- ' 

k f t  pornus rock. Drilled to 236 feet MU then 
* pumped well for 4 hrs.: average yield WM 

' I  ' 
16 Q.P.Ma with drawdown to I(I8'- - - - - ' 224 



. .  .. - .$';'.*: .!? . . .  t. . -: ..,. * -,  - : .  . :  , . . - , * ,  

.hg A . L ..... d +. water. , , well 'N& i , " ~ & e r ,  .. . A h k a ,  drilled by Foley :, +: . 
- .  . . . .  . . . . . .  +. - * .  .-. i "2  .<A . . ' *  . . . - . .  . .  . , + +  . , - .-,.,+:,. : +.+....$'i"*.. I + . : - :  . . - i  . . - .. -..0.*-. . . . . . . .  :.. 

\. * 1 ;,; a .. w.2- : ;. *. . : .. * *. .-I  

~mthere, -~nc.a~~~-t,:$~iS; + :COW +at id. o i t ; ' ,&ie~au~~  .. r .  
,; - j  .?. . . . " .  . - .  , . .- . -.. . . . . .-. . . . . . . .  . . I.. 

. , <. ., 
;+.4*,:bi'r;*. , :;* . i . , a * '  I... 4 .  ': I t '  . - - **. - ,  , : -  > -' ;- . - . n  . . . .  

s-' 3 .e,:,, .... -.. pp-e;erhcc~/y N b; l * ,  R.I~C,% ;+:Q/ . ~ * + h  A O : U ~  ej - * % ,  

I ' .  . - ' ,  . . . . . . ;. - . .  :. ' . *  I *" .. ;"- ; . . 
I .  - ' ri. , ,  - - . \ - , - -  . . . . 

. . . I .  . . .! ' .  -': .*!'- - . . 1. " . . - 
; - ..- . . . ' i-. '- .;? : !, + . . * .  . f _  - . .  . . * I  . . , . . . . .  -'; ; . .'. '. ~ e p U l  (feet) . . .: * . ... - . .# - .: . . . 

...:. . * . . ,  - .. . - . . 

MuBk+-.- - - -  - - : . - i . . m  - 0 . -  - -; - - - -  . . . 4 . , * : ' ?  . . .  ' ... . * . . . 1 .  . . .  . '. ' 

- 0  
c '  .. '. .' .: * .  . .- . , i.:!..; , , . ' ... . .- . '  I , i .  . + .. - 

~ i p 6  gravel con- di&e . , .. .. water ...i. - . -* , - ,.- - . 
. . - . - .  :. - . . 

. I  . 
. . . . . .  ,. {--- 1.2 - -  . :  . . . . . .  : * .  - -. :.* '<. . . .  

. . . . I  ." : - .  . . .. - - ,  . -  Blu=,g~yc lag  - - --.--*a - , -  - --- . -  - - - - '-  

. . -: . *.: : : , _ -  . - 8 - 44' 
. . . . . .  _ . I .  . 4 -  ' # . . 

 in= gravel containing rurbd; water.- .- - - - - - . 44 
r- . . . " .. 

. . : . . .  . . . - .  . . .  
.... Fino gravel mixed with clay -" - .- 4 - - -, * - - - - - 

. . 
-+'% 

48 
T ' .  . 

Coarse gravel, clay and boaden -. - - - - - - 50 

. *  . . Sand is water soaked; well made a amall . 
. . 

amount ofwater.- - - -  - - - - - - - - ' -  - 53 
* .  * .  

Fine grey sand with small amount t 12" to 1-1 12 '! 
. . 

+Fine water be&*  rand‘ - W9U made water at 

approximately 91 0. P. M. Pnaisure forced 
D 

. . 
, 

. the waterup rio f c e t i n w e ~ -  0,- - - - - - . 
- *  ' 

' . .  
I * 

softom - - 0 a c I - ' -  m C "  I I . ~  - 0 -.-.I 0 - - *1 

. '  
i ' .: 

. '  - 

. Rssulta: Water found to be aalty, and pro 

the wel l  w m  abandoned, 



i;oll. and rock,'.,..., :.,.l...... .......... ....;.......;.. 

Gravel, ccwrso to mdtm..m........m..am~I...m.....mm.m 

................................ 3.1.fiy lltYl 1;m va l  mixad,. 



&IC Fmm u.5.GcdoLiul Surrcr 

Figure 5.-Lmation of wells and ample dtes and delineation of u u s  of gmund water availability. 



25 MILE RADIUS 

PRIMARY 
USE DEPTH 
OF OF WELL 

WATER (FEET) 

ASSIGNOR 
OF OTHER 
IDENTIFIER 

TYPE 
OF L W  

AVAILABLE 

WATER 
L m  
(FEET) 

DATE 
WELL 

CONSTRUCTED LOCAL WELL NUMBER 

PUBLIC DOMAIN 
PUBLIC QOMAIN 
USGS TSfWW VC-01 
USGS TSfRKLt VC-02 
USGS TSIRKU vC-03 

SRAOWAY CITY OF 
SKAeWAY CITY OF 
USGS TSIRKU AR-03 
USGS T S S m  AR-04 
USGS TSIRKU m-10 

WsGS TSIWlU AR-02 
YSGS TSIRKU AR-09 
USQS TSIWU AR-01 
USGS TgfRKW PA-11 
USOS TSIRKU AR-05 

USGS TSIRKU AR-06 
USGS TSIRKU AR-08 
USGS TSIRRU AR-07 
TRUCE ROGER 
COMERFORD MARTIN 

COMERFORD MARTIN 
AK DIV PKS CHILKAT P 
AK DIY PKS CHILKAT P 
AK DIV PKS CHILBAT P 



APPENDIX 4 

Data for Haines, Alaska 



Location - County. 
- . 

Source . . . . Depth (ft):w . Oiam '(in.) 
Cased to (ft) ' - . Date drilled point of .toll. w .- - .  

-. - - Use Treatment . . 

WBF WL Yield 
Temp (OF) - Appear. when all. . - 
Collected BY 

. . Remarks 

- .  

Lab. NO. C0-u~ Field No. 



GEOLOGICAL SURVEY 

WATER ANALYSIS 

Location W n t v  
Source Depth (ft) 4 A Diam (in.) 
Cased to (ft) * Date drilled Point of cull. 

Owner 
Treatment U s e  
WBF WL Yield 

.Cl- Temp PF) A p r r .  when coil. 
Gbllected 15. r, 19% BY mw 
Remarks R e t ~ r n m y ~ i ~  t o ~ ~ l l ,  ~ox440, Att  

Aluminum CAI) 

PPm epm -' 

Bicarbonate (HC03) 244 , 4.00 

Carbonate (COd I 

Sulfate (SQ4 1 53 1 1.10 
Chloride (CL) 9 A 0.25 

Fluoride (F) 0,O 0.00 

Calcium (Ca) 75 

Magnesium (Mg) 15 1.23 Nitrate (NO3) 0.0 O..'W 
I 

Sodium (Na) 6.5- 0.28 0.0 1 0.00 
Potassium (K) 3 -9 0.10 - I 

Total 1 5.36 1 1 5-35 

tab. No. - 522'7 

(micromhos at 25' C )  

Field No. 

Dissolved solids : 
Calculated 

Residue on evaporation at 180' C 

Hardness as CaCOJ 
Nonearbonate 

Project 

295 

- 248 

pH 

Color 

6.7 

0 



- .  

UdITED STATES DEPARTMENT OF THE lir ~ERIOR 
GEOLOGICAL SURVEY 

WATER ANALYSIS 

Loeation F M  @ IQslbVtis, Ah* CounbJgt 3udio- Diva 
Source W e l l  2200' from h o ~ ~ i n j ! ~ h p t h  (ft) Diam ( i n . 1 9  
Cased to (ft) *.  ' Date drilled Point of colt. 

Owner 
~ k t r n e n t  U s e  
WBF 9 - WL Yield 
Temp PF) Appear, when call. ' 

Collected A e r  3 1960 .BY 
Remarks 

Silica (Si02) 

Aluminum (ill) 

Iron (Fe) in 801. 

PPm =Pm I PPrn epm 

Bicarbonate L-00 
Carbonate (C03) - 

I 

Chloride (Cl) 

Calcium {Ca) 6 & A , ~  

Fluoride (F 1 

Magnesium (Mg) 6,3 6 Nitrate (NO3) 

L-6 

Sodium (Na) 

0.n 

0.1 

Potassium (K) . 

0.00 

Dtlssolved solids: 
Culculated 
Resfdub on evaporation at 180.C 

Color 6 
Hardness as CaCOJ 

Noncarbonate 

Total 

tab. No. Cof 6292 Field No. 

4.89 

Project 

Total 
1 


