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Overview of Environmental and 
Hydrogeologic Conditions at Bethel, Alaska 

By Joseph M. Dorava and Eppie V. Hogan 

Abstract 

The city of Bethel is on the alluvial plain of the Kuskokwim River in southwestern Alaska. 
It has long cold winters and short summers. Bethel obtains its drinking water from a deep aquifer 
underlying permafrost. Surface spills and disposal of hazardous materials combined with possible 
annual flooding of the Kuskokwim River could affect the quality of drinking water. Alternative 
drinking-water sources are available from local lakes, streams, the Kuskokwim River, and possible 
undiscovered aquifers. The Federal Aviation Administration owns or operates ahway support facil- 
ities in Bethel. They wish to consider the severity of contamination and the current environmental 
setting when evaluating options for compliance with environmental regulations at their facilities. 
This report describes the ground- and surface-water h ydmIog y, geology, climate, vegetation, soils, 
and flood potential of the area surrounding Bethel. 

INTRODUCTION 

The Federal Aviation Administration (FAA) owns and (or) operates airway support and nav- 
igational facilities throughout Alaska. At many of these sites, fuels and potentially hazardous mate- 
rials such as solvents, polychlorinated biphenyls, and pesticides may have been used and (or) 
disposed of. To determine if environmentally hazardous materials have been spilled or disposed of 
at the sites, the FAA is conducting environmental studies mandated under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA or "Superfund Act'') and 
the Resource Consenation and Recovery Act (RCRA) . To complete these more comprehensive 
environmental studies, the FAA requires information on the hydrology and geology of areas sur- 
rounding the sites. This report, the product of compilation, review, and summary of existing hydro- 
logic and geologic data by the U.S. Geological Survey, in cooperation with the FAA, provides such 
information far the FAA facility and nearby areas at Bethel, Alaska, Also presented iA this report 
is a description of the history, socioeconomics, and physical setting of the Bethel area. 

BACKGROUND 

Bethel is in southwestern Alaska (fig. 1) at lat 60'48" N. and long 161 "45" W., on the banks 
of the Kuskokwim River approximately 645 km west of Anchorage. The city is in the southeastern 
part of the Yukon-Kuskokwim Coastal Lowland, a large delta formed by the Yukon and Kusko- 
kwim Rivers. The FAA facilities in Bethel are concentrated at the municipal airport about 3.5 km 
west of the city. A detailed list of these facilities can be found in a report by Ecology and Environ- 
ment, Inc. (1992). 
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Figure 1. Location of Bethel, Alaska, and Federal Aviation Administration facilities. 
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Mistory and Scioeconomics 

At the time of first western contact, the Bethel area was occupied by the Yupik Eskimos who 
utilized the Kuskokwirn River and its tributaries for subsistence fishing. A Moravian mission was 
established in 1885 and Bethel has since evolved into a transportation and commercial center for 
the lower Yukon and Kuskokwim Rivers ma, as well as for most of southwestern Alaska. Bethel 
residents maintain some traditional Yupik lifestyles: 70 percent of the population engages in sub- 
sistence food gathering and 40 percent speaks or understands Yupik (Darbyshire and Associates, 
1979). Principal subsistence foods gathered in the area are fish, berries, and game birds. 

The population of Bethel has increased by more than 4,000 people during the last 40 years. 
In 1950, the population was 650; in 1979 the population was about 3,900; and in 1990 it was 4,674 
(Darbyshire and Associates, 1979; U.S. Bureau of Census, 199 1). According to the 1990 census, 
2,986 people are American Indian, Eskimo, or Aleut; 1,55 1 people are Caucasian, and the rest are 
of Asian, Pacific Islander, Black, or Hispanic origin. According to Harry Parsi (Bethel Public 
Works, written conmun., 1 994) the population of Bethel in June 1994 was 5,023 people. 

Bethel is located approximately 100 km upstream from the Bering Sea and has become a 
transportation center for the region. Barges, mostly from Seattle and the Anchorage area, deliver 
food, fuel, construction supplies, and miscellaneous goods to the city port where they are distrib- 
uted throughout the region by b a t  and plane. 

In an area with few roads, the Kuskokwim River acts as a river highway system connecting 
Bethel with 48 other villages (US. Army Corps of Engineers, 1982). During the summer months, 
the river is used by boats and during the winter months, it becomes a frozen highway for dog-sleds, 
snowmobiles, and automobiles. The Bethel airport ranks third in Alaska for total flights and plays 
a key role in public transportation for h e  entire southwest region of Alaska (Darbyshire and Asso- 
ciates, 1979). 

During and immediately following World War IL, the Civil Aeronautics Administration @re- 
decessor to the FAA) operated the Bethel Arrport. At that time, the airport was on the east side of 
the Kuskokwim River. Frequent flooding caused the airport to be relocated in the early 1960's to 
the west side of the Kuskokwim River, about 3.5 h west of the city (fig. 1). The airport is currently 
operated and maintained by the Alaska Department of Transportation and Public Facilities. A 
detailed account of FAA owned, leased, or bransferred properties in or near Bethel and a listing of 
suspected sources of coneamination near these facilities can be found in an environmental compli- 
mce investigation report by Ecology and Environment, Inc. (1 992). I 

PHYSICAL SEITIMG 

Climate 

Bethel lies in the transitional climate zone, where maritime conditions prevail during the 
summer and continental conditions dominate during the winter (Hartman and Johnson, 1984). Lit- 
tle precipitation and low humidity are typical in the long cold winter, while cloudy humid condi- 
tions characterize the short summer. The mean annual temperature is -1.6 "C, but temperatures 
range from a July mean maximum of 19.2 "C to a February mean minimum of about -18.4 "C 
(Leslie, 1989). Mean annual precipitation is about 430 mm, with most rainfall occurring in August 
and September. Approximately 1,300 mm of snow falls annually. Mean monthly temperature, pre- 
cipitation, and snowfall are summarized in table 1. 
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Table 1. Mean monthly temperature. precipitation. and snowfall for the period 1923 to 1987, Bethel 
Modified from Leslie (1989); OC, degree Celsius; nun, millimeter] 

S 
m 
3 

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

Temperature (OC) 
2 
t 
m Mean maximum - 10.6 -4.9 -1.0 4.1 12.6 17.7 19.2 17.8 13.6 5.3 -0.5 -5.9 5.6 
a 
a 
x u (Record maximum, 30.0 v, July 1 95 1) 

: 
'2 Mean minimum -18.0 -18.4 -15.4 -9.4 -0.1 5.8 8.6 8.0 3.4 4 .4  -11.2 -17.6 -5.7 
S 
0 e. (Record minimum, -43.3 OC,  January 1973) 
n 

Mean -14.1 -13.7 -10.9 -4.1 4.6 10.8 12.6 11.5 7.3 -0.8 -8.1 -13.9 -1.6 

S 
VI 

Precipitation 20.6 18.0 20.3 16.5 21.1 32.8 55.4 92.7 65.5 37.6 24.9 24.1 429.3 
f (mm of moisture) 
p 
b 
r 
(a 

H Snowfall (mml 185.4 167.6 213.4 142.2 45.7 2.5 0 0 2.5 101.6 195.6 228.6 1,285.2 



Vegetation 

Vegetation on the wet tundra near Bethel consists of sedges, sphagnum moss, Labrador tea, 
dwarf birch, and other low-growing tundra shrubs (Hinton and Gixber, 1966: Vieseck and Little, 
1972). Shmb thickets consisting of dense growths of alder, willows, and resin birch are found in 
some areas near Bethel, primarily dong the Kuskokwim River. South of Bethel, where the land 
slopes toward the Kuskokwirn Ever, the vegetation is moist tundra which consists of sedges, scat- 
tered willows, and dwarf birches (IGereck and Little, 1972). 

Bedrock Geology 

The geology of the Bethel area has been described by Spun (1900), Maddren (1915), Mertie 
(1 938,1940), Rutledge (19483, Payne (1955), Cady and others (1955), Coo& (19571, and Hoare 
and Coonrad (1959). Bedsock exposures in the Bethel area lie south and east of the city in the 
Kuskokwim and Kilbuck Mountains. The mountains run in a north-northeasterly direction approx- 
imately 65 km southeast of the city. The bedrock exposures consist mainly of volcanic and sedi- 
mentary rocks (Hoare and Coonrad, 1959). Little data are available on the depth to bedrwk in the 
Bethel area. A Pan American Petroleum Company well, drilled approximately 26 km west of 
Bethel, reported permafmst to 107 m, a fresh-water zone from 1 07 to 143 m, and bedrock starting 
at 143 m below the land surface; however, two Department of Energy test wells drilled in 1980 in 
Bethel penetrated only unconsolidated deposits to depths of approximately 230 m below the land 
surface (appendix 1). 

SurfbiaI Ggdllogy and Soils 

Bethel is on the alluvial plain of the Kuskokwim River. Major surficial deposits surrounding 
Bethel are Quaternary-age alluvium consisting of mud, silt, sand, gavel, and boulders, intermixed 
with wocd, peat, and other organic material (Hoare and Coonrad, 1959). The alluvial plain is 
bounded on the west by a terrace escarpment of older silt and sandy silt Ydon-Kuskokwim delta 
deposits. 

Waller (1957) describes the lithology h r n  well 1 (fig. I), a 119-mdeep well drilled in the 
flood plain near Bethel. A generalizsd lithologic log of this well (fig. 2) shows that the soil was 
frozen to a depth of about 11 5 m. A thawed coarse-gravel aquifer yielded water betweeh 1 16 m and 
the bottom of the well at 119 m. A generalized lithologic log from well 2 (fig. 2), a 202-m-deep 
well drilled in the delta deposits near Bethel (fig. 11, indicates permafrost to a depth of about 184 m 
below land surface, A silty sand and pebble aquifer underlies the permafrost (Fednet and Schupp, 
1964). 

The soils of the Bethel area are similar to those found along Alaska's western coastal plain 
and deltas (Rieger and others, 1979). The upland area east of Bethel is mantled with wind-blown 
silt; however, exposures of stratified sand and alluvial silt sediments deposited by the Yukon and 
Kuskokwim Rivers are present. The silty soils are susceptible to fmt and are generally saturated 
over shallow permafrost at depths ranging from 12 to 75 cm below land surface (Rieger and others, 
1979; Hinton and Girdner, 1 9a). 
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Well 1 
Land surface 

sand, grey w 
43 2 

h e n h e s a n d  I 
andsa. gmy, I 

chunks of wood , 

9 .I UI , - . 

" " ; 
hm fine sand 
and silt W n 

100 
Frozen fmaarse 
sand. wmd 

Unfrozen m r s e  gravel, water unfmen medium-coarse 
sand, some gravel, water 1 I9 

Well 2 
Land aurfElce 

mxell 
sandy silt ). " '. 47 - 

I 

Frozen sand " 107 
and pebbles 

mzen fm sand 

Frozen silly 
fine sand 

Frozen 
finessnd 

Note: At 115.5 meters there is 
a layer of unfrozen yellow clay 

Frozen silty 
fine sand 

Base 0% permahst at184 meters - 
Sand md pebbles 188 

Fine sand and pebbles 
191 

Silty fine sand I97 
200 

78 
I 

c: 
I 

Figure 2. Generalized lithd ic lo s b r  wII 1 and well 2 near Bethel. (See figure 1 for well locations.) 
[Well 1 modified fmm WaljePQ1957Q; well 2 modified from Feulner and Schupp (1964)J. 
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Six principal soil series have been identified and mapped in the Bethel area (Hinton and Gird- 
ner, 1 %@. Soil identified as the Kuslkokwim-Kwethluk complex make  up abut  37 percent of the 
mapped area. This soil is found in small areas on low knolls, on convex slopes bordering drainages, 
and adjacent to drained thaw lakes, Kuskokwim silt loam accounts for 36 percent of the mapped 
area. This soil consists of porl y drained sit@ soils having shallow prmafmt tabla and is prima- 
rily f w d  on the wet tundm Susitm fine loam amounts for about 12 percent of the mapped area. 
This wefl4ained soil is found on alluvial plains bordering the Kuskokwh Rive'c. The three other 
soil groups-Napaishak, TuIuksak, and ITupuknuk- occupy only 24 percent of the mapped area 
and primarily oocur along the shores of smalI lakes and streams (Niton and Ghdner, 1966). 

The Bethel area is near the southern border of the continuous pem&ost zone (Ferrians, 
1965). The city and most of the area west of the Kuskokwim fiver: appear to be mder!erIain with per- 
mafrost; however, the area east of the river and isolated aceas to the west appear to be free of per- 
rn-t to a depth of 60 m (Waller, 1957). In isolated areas west of the river, thawed m s  exist 
where there is or was an overlying M y  of surface water. These thawed zones may have been ere- 
ated by a tributary of the Kwkokwim River within comparatively recent times (Feulner and 
Schupp, 1964) (f ig .  3). 

unfrozen zone - 1 
Figure 3. Location d well 2 near Bethel showing approximate thickness of permafrost 
(modified from Feulner and Schupp, 1964). 

-120 

-I so 
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HYDROLOGY 

Surface Water 

The Kuskokwim River is the principal fresh-water body new Bethel and flows from ndmsl  
to southwest along the southern edge of the city. The river stage is influenced by diurnal tidal back- 
water effects. Corresponding with the normal A d  and ebb flow, velocities in the river range from 
0.25 to 0.67 m / s  (Lanning, 1987). Despite tidal influences, saltwater dces not infiltrate into areas 
near Bethel. Surrounding the city in all directions are numerous small lakes, ponds, and marshes 
that are characteristic of the Yukon-KuskoMm Coastal Lowlands. 

Daily Aow of the Kuskokwim River near Bethel has not been measured; however, h m  195 1 
to 1993, data were collected at an upstream location: Kuskokwim fiver at Crooked Creek (USGS 
gaging-station No. 15530400). This gaging-station is approximately 225 krn northeast of Bethel 
and has a drainage area of about 50,OM) km2 (U.S. Geological Survey, 1994). Mean monthly flow 
data for the Kuskokwim River at Crooked C ~ e k  are given in table 2. The mean monthly flow of 
the river changes significantly from summer to winter. Peak Aows during spring breakup in May 
and June average about 2,300 m3/s. Fall rains in August and September also cause an increase in 
discharge from the summer low in July. Flow in the river drops rapidly after freeze-up to n winter 
low of about 300 m3/s in March (U.S. Geological Survey, 1994). 

Table 2. Mean monthly flows for the water years 1985-93, Kuskokwim River at Crooked Creek 
(USGS gaging-station No. 15530.400) 

Walues in cubic metws per second] 

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

The mean monthly flow of the Kuskokwim River near Bethel has been estimated from the 
record at Crooked Creek. During the open-water months from Ma to September, the estimated r mean flow of the Kuskokwirn River near Bethel is about 1,700 m Is and during winter months, 
from November to March, mean flow is about 425 m3/s (U.S. Army Corps of Engineers, 1982). 
The Kuskokwim River drains an area of about 11 1,000 km2 upstream from the city of Bethel (U. S. 
Army Corps of Engineers, 1 968). The Kuskokwirn River typically freezes in late October or early 
November and breaks up in May. Although the river is important to residents of Bethel, it has also 
caused damage to the community by flooding and erosion of the riverbanks. 

Browns Creek, a small tributary stream draining the area north and west of Bethel, Rows from 
northeast to southwest between the city and the airport (fig. I). This stream drains an area of about 
27 km2 upstream from USGS gaging-station No. 15204298, Browns Creek at Bethel, where peak 
flow discharges have been collected from 1985 to 1993. The peak discharge for this period was 
9.9 m3/s on May 7, 1985. In the 1993 water year, rainfall runoff on September LO caused a maxi- 
mum discharge of 6.4 rn3/s, and snowmelt runoff on April 22 caused a discharge of about 3.6 m3/s 
(U.S. Geological Survey, 1 994). 
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Another gaging-station, Browns Creek near Bethel (USGS gaging-station No. 15304293, 
fig. I), is approximately 3 lan northwest of Bethel and has a drainage area of 12.4 km2. For the 
period 1985-93, mean monthly flows from April to October an all less than 0.4 m3/s and are sum- 
marized in table 3 (U.S. Geological Survey, 1994). The greatest mean flows on Brown's Cmk are 
observed during spring breakup when water is abundant from snowmelt. Little rainfall occurs dur- 
ing June and July when summer low flows are often less than 0.08 m3/s. Rainstoms in late August 
and early September are the source of increased flow during the fall, and the creek is believed to 
freeze completely during winter months. Discharge measurements were not obtained from Novem- 
ber to March. 

Table 3. Mean monthly flows for the water years 1985-93, Browns Creek near Bethel (USGS 
gaging-station No. 1 5304293) 

[Values in cubic meters per second] 

April May June July August Septem ber October 

Numerous sloughs and small lakes in meander scars near Bethel (fig. 1) indicate that the 
Kuskokwim River has changed its course over time. Hangar Lake, approximately 1 h2 in size, is 
about 3 km east of Bethel and is used for a seaplane anchorage. H-Marker Lake, approximately 0.5 
km2 in size, is about 2 km west of Bethel immediately n o f i  of the airport. 

A gradual topographical gradient of approximately 10 rnflrm is present between the Bethel 
Airport and the city of Bethel (fig. 3). The northeasterly slope generally causes runoff to Aow 
towards tributaries that drain to the Kuskokwim River. Little data are available to determine the 
degree to which runoff is infiltrating the aquifer, but the quantity of surface water in the immediate 
area and the presence of extensive permafrost indicate that infiltration is minimal. 

Floods 

Bethel is flooded to some extent annually and is considered to have a high flood hazard (U.S. 
Army Corps of Engineers, 1982 and 1993a). Although flooding during spring breakup is caused 
primarily by ice jams, late summer and early fall rains can also be a source of ff ooding (U.S. Army 
Corps of Engineers, 1987). Autumn rain falling on saturated soils and areas where permafrost 
exists, runs off rapidly causing a subsequent rapid rise in the river (U.S. Army Corps of Engineers, 
1987). 

Icejam flooding is the predominant type of flooding in the Bethel area. This type of flooding 
occurs during spring breakup, when ice begins to move in the river. As the ice breaks up, it flows 
downstream until its movement is blocked. The blwkage restricts water flow which produces a rise 
in water level or bbbackwater" effect upstream from the ice jam. When the ice jam releases, a flood 
wave propagates downstream and large ice volumes are mobilized (Beltaos, 1990). 

On the Kuskokwim River downstream from Bethel, tight meander bends and islands create 
narrow channels that work together to produce frequent ice-jam formations and subsequent back- 
water floods in the city. In addition, the Kuskokwim River near Bethel flows through low-gradient 
topography with little velocity to clear ice jams (Laq Rundquist, National Weather Service River 
Forecast Center, oral commun ., 1994) 
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Backwater effects h r n  icejam floods are responsible for most of the report4 damage to per- 
sonal property and buildings in Bethel (Federal Emergency Management Agency, 1984). Ice-j am 
floods may cause several times more damage than open-water floods because of the large ice vol- 
umes transported (Beltaos, 1990). The flood records and subsequent flood heights (table 4) are 
from the U.S. Army Corps of Engineers (1 982) uith reference to mean lower low water datum of 
the Kuskokwim River. 

Table 4. Flood records for the Kuskokwim River 
at Bethel 

Height 
Date (meters above mean 

lower low water datum). 
Ice-jam fl& 

Spring 1441 4.3 
5- 14-76 4.3 

5- 14-89 4.1 

Runoff floods 

9-1-63 3.8 
6-9-64 4.4 

Roods on small drainages in the Bethel area are similar to those occurring on the Kuskokwim 
River. Peak flooding on smaller streams usually occurs during spring breakup in April or May; 
however, a peak caused by rainstorms in the fall can be comparable. On Browns Cmk near Bethel, 
eight out of nine annual peaks occurred during spring breakup U.S. Geological Survey, 1994). 

Low-relief terrain, frozen ground, and poor drainage exacerbate small flooding problems in 
the Bethel area. Snow and ice clog stream channels in the spring, causing water to flow in over- 
bank areas. In addition, frozen culverts at road ~rossings force meltwater to collect up slope, 
thereby making roads susceptible to flooding and erosion. 

The FAA facilities near the airport are not affected by flooding on the Kuskokwim River 
because they are at an elevation higher than the 100-year flood (U.S. Army Corps of Enginm,  
1970). However, the facilities may be affected b!- potential flooding in small unnamed streams that 
drain the airport area during heavy rainfall or snowmelt runoff periods. Not enough detail on the 
local topography is available to quantify this flod potential at specific FAA facilities. 

Flmd Protection Measures 

No specific flood protection measures havz been constructed in the Bethel area; however, 
emergency sandbagging and evacuations have k e n  undertaken during times of flooding (U.S. 
Army Corps of Engineers, 1968). The National 1Veatb.m Service (NWS) and the Alaska Division 
of Emergency Services (ADES) have set up a warning system to keep residents dong the Kusko- 
kwim River informed of potential flooding (U.S. , b y  Corps of Engineers, 1987). Officials from 
the NWS, U.S. Army Corps of Engineers, and the AlDES are in the field each spring monitoring 
breakup and reporting ice conditions that might endanger the population. The ADES coordinates 
emergency flood protection and evacuation measures crzrried out by various Federal, State, and 
Iocd agencies (U.S. b y  Corps of Engineers, 1387). 
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Erosion 

Erosion in Bethel h bacn a problem since the community was settled. Initially the water- 
front in Bethel was separated from the main channel of the Kuskokwim Rivw by a series of small 
islands. By 1939, the river had eroded the protective islands and had begun migrating towards the 
city (U.S. Arrny Corps of Engineers, 1993b). 'Mo !yp of erosion occur along the river: during 
spring breahp localized high velocity water influences the shape of the riverbed and the location 
of the main channel, and during summer months warm-water eddies thaw the permanently frozen 
riverbanks, making them susceptible to sloughing (Laming, 1987). 

Factors that may exacerbate erosion problems dong the Kuskokwim River at Bethel include 
a steep riverbank that is composed of easily erodible material, a riverbank that has a southeast 
aspect which results in direct sun causing the melting of permafrost, and heavy foot traffic that 
destroys protective vegetation. These factors, combined with wave action from prevailing winds 
and wakes from boat traffic, crate an unstable riverbank. The result is 5 m or more of bank erosion 
during the last 50 years (U.S. Arrny Corps of Engineers, 1982; Lanning, 1987). 

Since 1966, the city of Bethel and the U.S. Army Corps of Engineers have been working 
together to h d  solutions to the erosion problem. Potential solutions, such as erecting a timber 
buLkhead and driving steel pilings 10- 15 m below the ground, have been tried. The first official exo- 
sion control structure was a 9 14-m-long timkr bulkhead that was built in 1965-66. By 197 1, this 
structure had been undermined by scour and became ineffective. Following the failure of this bulk- 
head, the local community began to place junked cars and other large objects along the waterfront. 
Although this was moderately successful in controlling erosion, the Alaska Department of Envi- 
ronmental Consewation prohibited any further placement of additional cars because of contamina- 
tion concerns. In 1982 and 1984, the city used State funding to erect sheet pile walls in hopes of 
alleviating the situation. These actions have helped, but have not solved the erosion problem. Fur- 
ther studies and planning continue ( U . S .  Arrny Corps of Engineers, 1993b; Lanning, 1987). 

Ground Water 

Ground water is abundant in the Bethel area and is present as a confined aquifer in the deep 
subpermafrost silt, sand, and pebble deposits west of the Kuskokwim River, and in permafhst-free 
areas along the east side of the river. Little relief is present near Bethel, and adequate data are not 
available to define flow directions or depths of ground water, On a regional scale, however, the sub- 
permafrost ground water is probably flowing towards the southwest, matching the flow direction 
of the Kuskolcwim River (Waller, 1957). The shallow ground water above permafrost probably 
flows in the direction of topographic gradients to local surface-water drainages such as Browns 
Creek 

Waller (1957) reprts that well 1 (fig. 1) was drilled to a depth of about 119 rn and reached 
water that rose in the well to a depth of 2.74 m below the land surface. The uncased well was 
pumped at a rate of 1.3 U s  which resulted in a 7.62 m drawdown. The water level recovered com- 
pletely within 41 minutes. The well was then cased and a static water level was maintained between 
2.74 and 3.0 rn below land surface. After 6 hours of pumping at a rate of 0.3 Us, drawdown in this 
well was 5.8 rn, After this pumping, the water again returned to a level maintained between 2.74 
and 3.0 m below land surface. 
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' h o  test wells drilled east of the city indicated the existence of an isolated thawed area within 
the permafrost, called a Ya&" which contains ground water (Waller, 1957). However, because of 
the presence of extremely fine-grained sediment, development of this supra-permafrost aquifer 
would not be practical (Waller, 1957). ShdIow zones of unfrozen ground were also found east of 
the city near Hangar Lake (fig. 1). These unfrozen zones appear to be ubiquitous throughout the 
region and are probably the result of local thawing under the numerous lakes and punds in the area. 
Talh may also represent thawing under a former position of the Kuskokwim River (Waller, 1957; 
Williams, 1970). In the event of a surface release of contaminating materials, permafrost, acting as 
an impermeable layer, would inhibit flow of these materials to the underlying aquifer. 

Ground Water and Surface Water Interaction 

Typically, discharges of local rivers fluctuate from a snowmelr maximum in late May or early 
June to a pre-breakup minimum in late March or April. In addition. severaI rainfall-induced peaks 
m y  be observed in late summer, This seasonal fluctuation of discharge from local streams i s  illus- 
trated by the hydrograph for the Kuskokwim River at Crooked Creek (fig. 4). When permafrost 
does not conhe  fiow to a narrow zone or strip adjacent to the river, shallaw ground water flows 
into and out of the riverbanks as the elevation of the river rises and falls. These "bank storage 
effects'' fluctuate with river stages, and decrease with distance from the river (Linsley and others, 
1982) (fig. 5). The extent of ground-waterlsurface- water interaction at Bethel has not been docu- 
mented, but frozen banks were likely to significantly reduce bank storage. 

DRINKING WATER 

Present Drinking Water Supplies 

The main s o w  of drinking water in the Bethel area is ground water, located predominately 
under the permafrost at depths greater than 114 m (Waller, 1957; Uilliams, 1970). Public drinking 
water in Bethel comes from two wells: one has a capacity of approximately 28 Lds and the other 
approximately 4 Us. Bethel has a public utility that provides approximately 4,750 residents with 
drinking water (Hany Parsi, Bethel Public Works, written commun., 1994). The public utility 
water is filtered for sediment, treated with chlorine, and stored in two storage tanks with a com- 
bined capacity of approximately 379,000 I,. The water is distributed by truck to about 2,290 people 
and by piping through an above-ground system to another 2,460 people. Tfie remaining p p l e  in 
the Bethel area do not receive water services from the public utility. Long-range plans are being 
formulated to serve the entire city with the above-ground drinking-n ater distribution utility (Harry 
Parsi, Belihd Wmblic Works, oral commun., 1994). 

Four wells have been reportedly owned by the FAA in  Bethel (appendix 2). Well 
SB00807213ACBBl 002 is the only well that currently supplies water to the FAA facilities. The 
others have been abandoned or use by the FAA has been discontinued (Ecology and Environment, 
1992). 

The estimated average residential water consumption rate for Bethel's piped system users is 
10 times greater than that for hauled system users. The approximately 736 residences and busi- 
nesses using truck-hauled water consume an estimated 50,400 L/d of water, while the approxi- 
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mately 794 piped system residences consume an estimated 528,900 Ud, or 22 Ud per person, of 
water, for a combined total of 579,300 Ldd of water drawn from the Bethel public system overall. 
The water use in the city of Bethel is less than 20 percent of the average water use of 1,950 U d  per 
person for the State of Alaska (Solley and Piem, 1993). 

Quality of the Water Supply 

The aquifer on the west side: of the Kuskokwirn River lies Lelow permafrost. Waller (1 957) 
found that this water typically has iron concentrations higher than the U.S. Environmental Protec- 
tion Agency (USEPA, 1992) secondary maximum contaminant level of 0.30 mg/L. Waterquality 
andy ses of samples from one well at the airport and two wells about 2 km west of the airport (Feul- 
ner and Schupp, 1964) also indicated iron concentrations above the USEPA secondary maximum 
contaminant level. These samples contained dissolved iron contents of less than 0.87 mg/L, a silica 
content ranging from 9.8 to 34 mg/L, and a hardness as CaC03 ranging from 98 to 118 mg/L. Silica 
and hardness may create scale in plumbing or boilers but is generally of little concern to most users. 

Water samples were collected by the USGS in 1959 from two wells at the airport owned by 
the FAA. Analyses of the water samples indicated that major inorganic constituents were at con- 
centrations acceptable for drinking water. A 1 32-m-deep well produced water having an iron con- 
tent of 0.130 a&, and a silica content of 34 mgL. A 128-m-deep well produced water that had 
an iron content of 3.2 m g L  Although the iron content is higher than the 0.30 mg/L secondary max- 
imum contaminant level guidelines set by the USEPA (1992) for drinking water, it does not pro- 
hibit this water from being utilized for drinking. n e  USGS Ground-Water Site Inventory contains 
information on approximately 35 wells located within 40 km of Bethel (appendix 2). 

Water-quality analyses of samples obtained tach month from a well at the FAA fswiliks insti- 
cate that the water is of acceptable quality f o ~  a tSFinking-water supply (Harry Gilmose, Federal 
Aviation Administration, written comun.,  1994). Analyses made from May 1990 through July 
1992 for volatile and semi-volatile organic carbons, radio-chemicals, and some metals are shown 
in appendix 3. 

Alternative Prinking-Water Sources 

Alternative drinking-water sources for Bethel may include local lakes, streams, the Kusko- 
k w h  River, and undiscovered aquifers. Many of the local lakes may be too small to supply the city 
with adequate drinking water. Shallow lakes may freeze completely in the winter or to such depths 
that dissolved salts are concentrated in the unfrozen water. Hangar Lake, H-Marker Lake, and 
Arthur Dull Lake (fig. I)  may supplement the water supply, but the quantity and quality are 
unknown. 

The flow from Browns Creek near Bethel, measured at USGS gaging-station No. 15304293, 
(fig. 1) is controlled directly by the amount of runoff present. During winter and dry periods in the 
summer, flow may be inadequate (table 3) to supply the estimated water use for Bethel. However, 
when runoff is abundant from snowmelt or rainfall, this source may be used to augment the drink- 
ing water supply. Browns Creek is vulnerable to contamination by human activities in the Bethel 
area. 
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The Kuskokwim River represents an abundant source of drinking water for Bethel. During 
months of low discharge in the winter, mean flow of the Kuskokwirn River at Bethel is approxi- 
mately 425 m3/s and is more than 60,000 times the quantity of estimated water use at Bethel. 

Exploratory drilling for aquifers deeper cham the presently used aquifer has not been con- 
ducted. Permafrost is found at depths between 107 a d  184 m below Isand surface (appendix 1). 
Almost all of the Bethel's residents utilize the confined subpermafrost aquifer for drinking water. 
Contamination of the present drinking-water supply would likely require the development of a sur- 
face-water collection and treatment system. 

Quallty of the Alternative Sources 

The quality of the Kuskokwim River water was monitored at a stream-gaging station in 
Bethel (No. 15304300) (fig. 1) during 1954-55 and 1970-7 1. The limited record of water quality 
indicates that with appropriate treatment facilities, the Kuskokwim River could be used as a drink- 
ing-water source. The most recent water sample from the Kuskokwirn River at Bethel, taken in 
1970, indicated dissolved iron concenwa~ow of 0.02 mg/L, a hardness as CaC03 of 26 mg/L, and 
silica concentrations of 12 m a .  

The quality of the Kuskokwim fiver has been monitored at Crooked Creek (USGS gaging- 
station No. 15530400) for more than 35 years as part of the USGS National Stream-Quality 
Accounting and Radiochemical Network. The mmd s f  watm quality indicates that the number of 
fecal coliform in the water, especially d d n g  the fall season following salmon spawning, has 
exceeded drinking-water regulations. On October 5, 1989, the fecal colifom count was 43 colo- 
niedl OO mZ, of water (U.S. Geological Survey, 1991). The suspended-sediment concentration in 
the water was measured at 316 r n f l  on July 16,1991 (U.S. Geological Survey, 1992). 

In 1955, w ater-quality samples were collected by the U.S . Geological Survey from Hangar 
Lake near Bethel. Sample ansly sis indicates a silica content of 4.0 mglL, a hardness as CaCQ3 of 
7.0 mglk, and dissolved iron concentrations as high as 0.29 mglL {WalIer, 1957). Data to determine 
the quality of water in Browns Creek have not been obtained. 

SUMMARY 

Bethel's remote location makes i t  dependent on the airport and the river for transportation. 
The subsistence lifestyle of the Native residents makes them dependent on a sustainable environ- 
ment. Flooding caused by ice jams and runoff are a hazard for Bethel residents. Most residents cur- 
rently obtain drinking water from a single subpermafrost aquifer. If this aquifer becomes 
contaminated, the potential for developing new wells in undiscovered aquifers is unknown. The 
Kuskokwim River, Browns Creek, and local lakes may represent alternative drinking-water 
sources; however, the quality and quantity of these water resources have not been adequately doc- 
umented. 
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APPENDIX 1 

Well logs from the Pan American Petroleum Company 

and U.S. Department of Energy 
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9-185 UNITED STATES 
(October 1950) DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
WATER RESOURCES DIVISION 

WELL SCHEDULE 
/Yfl/?cS, 27 6 )  Date 19 -------- Field No. ,..--.,------.... 

ZP v 
w Record b .............................................................. Office No. ------,,,--.--, 

-9 Souroe of data &J-L -&-QYA..C~L'-U--&<~-ZL-:-JL~.~~.~ ---- ~ z M  ----------------- 

------------ 
P ~ / - I ? e @ r k -  k$jfL.,Ar); d 1 , i ~ ~ ~ ~ ~ ~ ~ & 8 ~ r . d ~ ~  C/<di< 2. Owner: --------------------------------------- --------------------------------------- 

& . A -  PEAL B#/ Tenant ------- !+ ---------- ------------------- Address ....................................... 

Driller ........................................ Address --------------------------------------- 

3. Topography ................................................... 
3 S t above 4. Elevation -------------- f t .  below-------------------------- 

I 
5 .  Type: Dug, drilled, driven, bored, jetted ------- 19-'-1 

&-? (,. 

6. Depth: Rept. ----- f ----------- f t .  Meas. --------------- ft .  

7. Casing: Diam. -------- in., to  -------- in., Type --------- 

Depth ---------- ft., Finish --------------------------------- 

8. Chief Aquifer .................................... From -------------- f t .  to  -------------- f t .  

0 thers ----------------- --- -- -- --- 
9. Water level .-------------- f t .  rept. meas. ----------------------- 19 ------ above below ----- -- --------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  which is --------------- f t .  above surface below 
10. Pump: Type ................................ Capacity ----------------- G. M. ---------_-- 

Power: Kind ........................................ Horsepower ........................ 

11.  Yield: Flow ------------ G.  M., Pump -------------- G .  M., Meas., Rept.Est. --: ------- 

Drawdomn ---------- f t .  after -------------- hours pumping ...................... G.  &Ilp, 
12. Use: Dom., Stock, PS., RR., Ind., Irr., Obs. ............................................. 

Adequacy, permanence ----------------------------------------------------------------------- 

13. Q:calit y --- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Temp -----------------OF. 

Yes Taste, odor, color ............................................. Sample No 

U. S. GOVERNMENT PRINTING OFFICE 16---02801-1 





W L L  DATA FOR BETHEL, ALASKA - DEPARTMENT OF ENERGY WELLS 
IDATE: 02/06/ 
9 5 

PAGE 1 

COO1 Site ID (station number) 
COO9 Latitude 
COlO Longitude 
C014 Name of location map 
C016 Altitude of land surface 
C020 Hydrologic unit code 
C021 Date well constructed 
C028 Depth of well 
C900 Station name 
C161 Owner 
THERMAL STOR PROJ 
C161 Owner 

RESISTIVITY & SPONTANEOUS 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology ccde 
C097 Description of material 
MOIST - DRY & NOT FROZEN 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology ccde 
C097 Description of material 

MOIST - WET W/SOME FINE SAND & SILT. NOT FROZEN. 
C091 Depth to top of  interval 
C092 Depth to bottorn of interval 
CQ93 Aquifer code 
C096 Lithology code 
C0 97 Description of material 

I C E .  PEAT IS MORE MATTED & DECAYED,DENSER. 
C091 Depth to top of interval 
CQ92 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

SAND, NOT FROZEN 7 SATURATED WHEN T HAWED. SMALL AMOU 
( cont 1 

DRILLED DEEPER. SAMPLE FROM 30F 
C091 Depth to top of  interval 
CQ92 Depth to bottom o f  interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

GRAVEL & FEW TRACE LAYERS OF CLAY 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
CLAYEY SILT 

C091 Depth to top of interval 

604734161450401 
604734 
1614504 

BETHEL D-8 
45. 

1903 0502 
19800920 

800. 
SB00807109CDCD2 010 
BETHEL AQUIFER 

DOE BETHEL THEREZAL 

0. 
6. 

110Qrn 
SAND 
BROWN, FINE GRRINED, 

6. 
10. 

1 lOQRNR 
PEAT 
BROWN & SOFT, STIFF, 

10. 
14. 

b 

110QRMR 
PEAT 
FROZEN, NO VISIBLE 

1 4 .  
45.5 

1IOQRNR 
SDST 
GREY SILTY VERY FINE 

I 

I4T OF GRAVEL AS 

45.5 
74. 

I l0QRNR 
SDST 
GREY W/TRACE OF 

74. 
100. 

llQQRNR 
STCL 
WASH RETURNS INDICATE 



,Cog2 Depth t o  bottom of internal 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

GREY. CLAYEY, SANDY SILT. OCCASIONAL CLAY LAYERS W / V E R  
I cont 1 

OCCASIONAL GRAVEL < 1/4 INCH 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 ~ithology code 
(2097 Description of material 
SAND & FROZm 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 . Depth t o  top of interval 
C092 Depth t o  bottom of interval 
C093 Awifer code 
C096 Lithology code 
C097 Description of material 
SILT. VERY F I N E  SAMD W/ AM OCCASIONAL I INCH GWVEL LA 
C091 Depth to top of interval 
C092 Depth t o  bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C091 Depth to  top of interval 
C092 Depth t o  bottom of interval 
C093 Aguif er code 
COP6 Lithology code 
C097 Description of material 

WOOD CHIPS. 
COP1 Depth to top of inLerval 
C092 Depth t o  bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
FINE - MEDIUM GRAINED SAND ?;/SOME SILT AND NUMEROUS PI 
C091 Depth t o  top of interval 
C092 D e p t h  t o  bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C091 Depth to top of interval 
C0 92 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C091 Depth t o  top of interval 
C092 Depth t o  bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth t o  top of interval 
C092 Depth t o  bottom of interval 
C093 Aquifer code 
C096 Lithology code 

134 .  
1lOQRNR 
STCL 
FROM W24SH SAMPLE. 

Y FINE SAND & 

134. 
136. 

1lOQRNR 
SDST 
GREX, FINE G W N J I D  

136. 
140, 

1 1 O Q R N R  
s m  
F r n  - MEDIUES SAND 

140. 
178. 

110QRNR 
STCL 
GREY CLAYEY, SANDY, 

178. 
183. 

110QRWR 
OTHR 

183. 
191. 

1 1 O Q r n  
SDST 
GREY SILTY SAND W/ 

191. 
199. 

110QRNR 
s m  
W A S H  INDICATES GREY, 

199. 
215. 

11 e q R m  
COBB 

215. 
229.  

1IOQRNR 
SDST 

229 .  
284. 

11OQF.NR 
s m  
MEDIUM - F I N E  GRAINED 

284. 
291. 

1lOQrWR 
OTHR 



,Cog7 Descrigtion of material 
FRAGMENTS 
C091 Depth to tog of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Descrigtion of material 
GREY SILT & SAND WJKOOD FRAGEMNTS @ 306FT. 

. C091 Depth to top of interval 
C092 Depth to bottom of internal 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to b t t o m  of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Descrigtion of material 
FROZEN & SATURATED 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Descrigtion of material 
C091 Depth to tog of interval ' 

C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of in te rva l  
C092 Depth to bottom of  interval 
C093 Aquifer code 
C096 Lithology ccde 
C093 Description of material 
C091 Depth to tog of interval 
C092 Degth to bottom o f  interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Descrigtion of rnaterial 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology c d e  
C097 Description of material 
LENSES W/DEPTH 
C091 Depth to tog of interval 
C092 D e p t h  t o  bottom of  interval 

ABUNDANT WOOD 

291. 
374.  

llOQRNR 
SDST 
FRQM WASH RETURNS, 

374. 
399. 

1 l OQRNR 
OTHR 
PERMAFROST BOUNDRY 

399. 
457. 

11OQrn 
SDST 
GREY SILTY SAND, NOT 

457. 
494. 

11OQRNR 
OTHR 
UNABLE TO READ LOG 

494. . 
502. 

LlOQRNR 
SAND 
FROM WASH, GREY SAND. 

502. 
518. 

11OQRNR 
SAND 
PROM WASH, GREY SAND. 

518. 
532. 

11 OQRNR 
SILT 
SANDY 

532. 
594 .  

11 OQRNR 

OTHR 
UNABLE TO' READ LOG 

594. 
610. 

l l0QRNR 
SILT 
GREY 

610. 
695. 

1lOQRNR 
SILT 
INCREASING SAND 



,Cog3 Awifer code 
C096 Lithology code 
C097 Description of material 

BETWEEN 698. - 7 0 0 .  
C091 D e p t h  to top of interval 
C092 D e p t h  to bottom of interval 
C093 Awifer code 
C096 Lithology code 
6097 Description of material 
C091 D e p t h  to top of interval 
C092 D e p t h  to bottom of interval 
6093 Aquifer code 
C096 Lithology code 
C091 Depth ta tog of interval 
CO92 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C091 Depth t o  top of in terval  
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to httom of interval 
C093 Aquifer code 
C096 Lithology c d e  
C091 Depth to top of interval 
C092 Depth to h t t o m  of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

DRILLER ASSUMES GRAVEL LAYER 
CQ91 Depth t o  tog of interval 
C092 ~ e p t h  t o  bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology c d e  
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

l IOQRNR 
SILT 
W/ SILTY SAND LAYER 

703 .  
707 .  

11OQRNR 
SAND 
SILTY SAND 

707 .  
TOP. 

11OQRNR 
GRVL 

709. 
711. 

11OQRNR 
' SAND 

SILTY 
7 11. 
7 1 4 .  

1 1 0  QRNR 
S I L T  

714 .  
716. . 

11OQRNR 
SAND 
SILTY 

716. 
719. 

l lOQRNR 
S I L T  

719 .  
722 .  

1 1 0 QRNR 
SAND 
SILTY 

722. 
7 2 4 .  

110QlWR 
OTHR 
RIG HESITATION, 

724 .  ' 
727.  

l 1OQRNR 
SAND 
SILTY 

727. 
739. 

11OQRNR 
SILT 
SANDY 

739. 
741 .  

ll0QRNR 
SAND 
SILTY 



Depth to tog of interval 
Depth to bottom o f  interval 
Aquifer code 
Lithalow code 
Description of material 
Depth to top of interval 
Depth to bottom o f  interval 
Aquifer code 
Lithology code 
Description of  material 
Depth to tog of interval 
Depth to bottom of interval 
Amif er code 
Lithology code 
Description of material 
Depth to tog of interval 
Depth to bottom of interval 
Aguifer code 
Litholo~ly code 
Description of material 
Depth to top o f  interval 
Aquifer code 
L i t h o l o g y  code 

THE OTHER WELL DATA STARTS HERE 

COO1 Site ID (station number) 
COO9 Latitude 
COlO Longitude 
C014 Name of location map 
C016 Altitude of land surface 
C020 Hydrologic unit code 
C021 Date well constructed 
C027 Hole depth 
C028 D e p t h  of well 
C755 Last update for CONS subrecord of CONS file 
C073 Depth to top of this interval 
C074 Depth to bottom of this interval 
C075 Diameter of this interval 
C724 Record number for hole subrecord 
C161 Owner 
THERMAL STOR PRW 
C161 Owner 

STORAGE PROJ 
C200 D e p t h  to top of logged interval 
C201 D e p t h  to bottom of lagged interval 
C200 Depth to top of  logged interval 
C201 D e p t h  to bottom of logged interval 
C200 Depth to top of logged interval 
C201 D e p t h  to bottom of logged interval 
C200 Depth to top of logged ~nterval 
C201 Depth to bottom of logged interval 
RESISTIVITY LOG AVAILABLE 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 

741. 
745. 

ll0QRNR 
SILT 
SANDY 

745. 
747. 

1lOQRNR 
SAND 
s ILm 

747. 
760. 

llOQRNR 
SILT 
SANDY 

760. 
764. 

llOQRNR 
SAND 
s ILm 

764. 
l lOQRNR 
SILT 

604734161450301 
604734 
1614503 

BETH= D-8 
46.  

19030502 
19800930 

789. 
789. 

1988032 5 
0. 

789. 
6. 
1 

BETHEL AQUIFER 



C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Degth to bottom of interval 
C093 Aquifer ccde 
C096 Lithology code 
C097 Description of material 
FINE SAND, DENSE 
C091 Degth to tag of interval 
C092 Degth to httorn of interval 
C093 A q u i f e r  code 
C096 Lithology code 
C097 Description of material 

RYINC AMOUNTS OF SILT LAYERS 
C091 D e p t h  to top of interval 
C092 D e p t h  to httom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
GO91 Depth to tog of interval 
C092 Depth to bottm of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
FINE SAND & W W D  FRAGMENTS 
C091 Depth to tog of interval 
C092 Depth to bottom of interval 
C093 aquifer code 
C096 Lithology code 
C097 Description of material 
FINE GRAINED SAND 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
CONTENT 
C091 Depth to tog of interval 
C092 Degth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description a£ material 
CO9l Depth to top of interval 
C092 Depth to bottom of interval 
C093 aquifer code 
C096 Lithology code 
C097 Description of material 

W#D CHIPS IN WASH 
C091 7.-th to top of interval 

BROWN 
4 .  
5 .  

110QRNR 
PEAT 
BROWN 

5. 
25. 

1IOQRNR 
SDST 
GREY, GREEN, SILTY, 

25. 
6 5 .  

11 OQRNR 
SDST 
GREY SILTY SAND W/ 

65. 
74. 

11OQRNR 
STCL 
G2EY SILTY CLAY 

7 4 .  
92. 

llOQRm 
G3VL 
hYT GRAVEL W/SOME 

92. 
139. 

liOQRNR 
Z3ST 
G3EY SANDY SILT. 

139. 
148. 

llOQRNR 
S3ST 
1?ICREAS ING SAND 

148 ,, 
151. 

1lOQRNR 
SILT 

151. 
158. 

l l O Q R m  
53ST 
T:ICREASIMG SAND 

158. 
185. 

lLOQRNR 
S.WD 
G X Y  SILTY SAND W/ 



.Cog2 Depthto bottomof interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

ORGANIC CONTR~T(WWD CHIPS) & ICE LAYERS AROUND 215. 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C0 97 Description of material 
FINE GRAINED SAND 
C091 Depth to top of interval 
C092 Degth to bottom of interval 
C093 Aquifer code 
C096 Lithology c d e  
C097 Description of material 

SORTED SAND, W/GRVL LAYERS @ 321. & 3 4 7 ~ ~  & wmn mrPs 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Degth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology c d e  
Cog3 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

CRYSTALS 
C091 Depth to tog of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C093 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

& SAND IN WASH. DRILLER BELIEVES GRAVEL/COBBLE LENS. 
C091 Depth to top of interval 
C092 Depth ta lmttom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
DRILLING, POSSIBLE GRAVEL LENSES 
CQ91 Depth to top of  interval 
C092 Depth to battom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of  material 
NOT FROZEN 
C091 Depth to top of  interval 

2 2 5 .  
l lOQRNR 
SAND 
GREY SILTY W/HIGH 

225 .  
265. 

110Qrn 
SAND 
GREY SILTY, MEDIUM - 

265.  
336.  

ll0QRNR 
SAND 
GREY SILTY WELL 

3 3 6 .  
338. 

1 loQRNR 
sma 
sILm SAND W/ICE 

338. 
355. 

1 lOQRNR 
SAND 
S I L ~  

355. 
368. 

110QRNR 
s m  
GREY SILTY W/ICE 

368. 
406. 

1lOQRNR 
SAND 
GREY SILTY 

406. 
409. 

llOQRNR 
r n R  I 

SILTSTQNE ROCK CHIPS 

425. 
465. 

llOQRMl 
SAND 
GREY SILTY & FINE, 



.Cog2 Depth to bottom of interval 
C093 Aquifer c d e  
C096 Lithology code 
C097 Description of material 
STIFF W/SOME LARGE WOOD FRAGMENTS 
C091 Depth to tog of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 

AMOUNTS OF GRAVEL 
Cog1 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer code 
C096 Lithology code 
C097 Description of material 
C091 Depth to top of interval 
C092 Depth to bottom of interval 
C093 Aquifer c d e  
C096 Lithology code 
C097 Description of material 
C09I Depth to top of interval 
C092 Depth to bottom of interval 
C093 ncpifer  code 
C096 Lithology code 
C097 Description of material 
SMALL FRACTION OF VERY FINE SAND, STIFF & MOIST 
C091 Depth to top of interval 
C092 DepLh to bottom o f  interval 
C093 A m i f  er code 
C096 Lithology code 
C097 Description of material 
STIFF W/W003 CHIPS. 
C091 D & t h  to top of interval 
C092 De;;th to bottom 05 interval 
C093 Aqcifer code 
C096 Lithology code 
C097 Description of material 
MEDIUM SAM2 W/GRAVEL, ALTERNATING LAYER OF GREY-BLACK PA 

(ccz t  1 
SILTSMNE.  
C091 Decth to top of interval 
C092 Depth to bottom of interval 
C093 Awifer code 
C096 Lithology code 
C097 Description of material 
C091 Derth to top of interval 
C092 De;:h to bottom o f  interval 
C093 Aq~ifer code 
CQ96 Lizhology code 
C097 Description of material 
GRAINS, VEGITATION INCLUDED. w m n  CHIPS. 
C091 Desth to top of interval 
C092 Death to bottom of interval 
C093 Aq~ifer code 
C096 Lithology code 
C097 Description of ~.? te r ia l  

4 7 4 .  
110QRESR 
SAND 
GREY SILTY SAND, 

474.  
611. 

llOQRNR 
SAND 
GREY & SILTY W/SMALL 

611. 
617. 

I 1OQRNR 
SAND 
W/W00D CHIPS 

617. 
625. 

11OQRNR 
SILT 
GREY & SANDY 

625. 
645. 

l l0QRNR 
STCL 
GREY CLAYEY SILT W/ 

645. 
725. 

ll0QRNR 
SDST 
VERY SANDY SILT, 

725. 
737. 

11OQRNR 
SDGL 
GREEN SILTY F I N E  - 

RTIALLY COP;fSOLIDATED 

737. , 
739.. 

110QFwR 
OTHR 
HARD STREAK 

739.  
745. 

ll0QRNR 
SDST 
SILTY W/Fm SAND 

745. 
761. 

llOQRNR 
SAND 
GREY GREEN VERY SITLY 



PINE GRAINED SAND 
' C091 Depth to tog of internal 

C093 Aguifer code 
C096 Lithology code 
C097 Description of material 

761. 
1lOQrwR 
SAND 
DARK GREY GREEN 



APPENDIX 2 

Summary of Ground Water Site Inventory data from 

wells within 40 km of Bethel 

APPENDIX A-2 



25 MILE RADIUS PAGE 1 

TYPE 
OF too 

AVAf LABLE 

D 
D 
D 

D 

D 
D - 

- 
D .. 
- 
D 

- 
- 
D 

D 

, D 

D 

- 
D 

D 
D 
D 

n 

n 

- 
D 

PRIMhRY 
USE 
OF 

WATER 

T 
P 
P 
T 
P 

T 
T 

P 
T 

U 
U 
U 

U 

U 

H 
H 
U 

U 

U 

U 

U 
U 

U 
T 
U 
T 
T 

F 

T 

U 

T 
P 

DEPTH 
OF WELL 
(FEET) 

7 9 . 0  
7 1 . 8  

116 
ZOO 
116 

122 
145 -- 
3 99 -- 
1 1 2  
85.0 
3 9 . 0  

8 0 0 .  

789.  

421 - -  
390 

2 0 . 0  

15.5 

- -  

197 
1 9 . 0  - -  

4 5 4  

1 6 5  
5 1 . 0  
7 5 . 0  

421. 
4 3 4  

6 5 1 .  

202 

1 9 5  
2 9 0  

3 3 . 0  
200 

WATER 
LEVEL 
(FEET) 

15-75 -- 
8 . 0 0  
*- 

8 . 0 0  

8.60 
1 1 . 0 0  -- 

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

-- 

2 5 . 0 0  -- 
9 . 0 0  

- 0 0  

- - 
- 0 0  

2 2 . 0 0  ..- 
--  
- + 

-- 
9 . 0 0  

1 8 . 0 0  
90 .00  
90.00 

- - 

5 7 . 4 9  

60.00 
+- 

-- 
1 0 . 4 0  

DATE 
W E L L  

CCEISTRUCTED 
m m  

IDENTIFIER W A L  WELL NUMBER 

USBIA O S W I L L E  
NAPAISKZAK VILLAGE 
USBfA NAPASKIAK 
VSBIA NAPAKIAK 
VBSIR NAPMIAK 

-- 
B I A  SCHOOL 
VILtAGE 

USBIA ElAPAPtIAK 
USBIA KW3HLUK 
BETHEL HEIGHTS 
NICHOLSON A. L. 
B!ZPMEL SCH001, 

- -  
USGS 
U3GS 

WhttBR :957 OPR 
WALLER 1 9 5 7  OFR 
WALLER 1 3 5 7  OFR 
USPHS 
US$ 411- 

BET-01 
BET-12 
BET-10 
TEST HOLEl 
LQ6 

LEIB MAX 
SCHMIDT ALBERT 
USPHS BETHEL - -  
B m E L  AQUIFER THERW 

WE BETHEL THERMAL S -- 
- -  

BIDHEL W I P E R  TERRY 
W E  BETHEL THERMAL S 

ATES - 
T W  JOZ !;'JMBER 
BETHEL ZEERW PJ 
A T E S  - 734 
USS 411: 

BORINQ 0-1  
1 0 0 8 7 0 0 1 0 7  
BORING 0 1 
BORING 0 - 2  . 

LO6 

TRW SO2 !:JHBGR 
BETHEL -EXM PJ 
NC -- 
WALLEE IS37 OPR 

1 0 0 8 7 0 0 1 0 1  
BORING 0 2 
WELL-1 -- 
BET-14 

- -  
NORTHERN CCMHERCL 
MENWLA JOB 
AK HEALTH BETHEL 

Atc HEALTH BETHEL -- 
AK HEALTH BETHEL -- 
AK HEALTH BETHEL 

WALLER 1337 OFR 
ADH BET": 
USGS 
ADH BE':?' . 
USGS 

BET-08 
TEST HOLEl 
BET-OBA 
TEST HOLE! 
EET-OBB 

ADH BE::?:. 
WALLER L257 OFR 
USGS 

-- 
-- 

TEST HQtES 
BET-03 
BET-03A 

*.. 
-- 

-- 
FAA BETHEL 
FAA BETHEL -- 
USPHS 86THEL 

USPWS BETHEL 
USAF BETHEL 
US ARMY BETHEL 
F M  BETHEL 
PA.4 BETHEL 

WALLER 1257 OFR 
WALLER l f j 7  OFR 
WRLLER 1157 OFR 
WALLeR OFR 
USGS 

USBXA BETHEL -- U S B l A  
USRF 
PROF F>.I' I C I - D  
WALLER 1 FIT 3FR 

- - 
USAF BETHEL 

PROF P.&:r o l - D  WELL-I 

WALLER : : Z y  OFR - -  
+ - 
- - 

USAF B m E L  
USAF BETHEL 
USBIA RIEIAK 
USBIA AKIACHRK 



APPENDIX 3 

Selected ground water-quality &a 

for the FAA well at the Bethel Auport 
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WALTER 3. HICKEL GOVERNOR 

DEPT, OF ENVIRONMENTAL CONSEWATION 

Vnlat i la Orqanica analysis Dara sheet 
I& Name: UoUglar Lab F a d l i t y  . *my- - * 
Method Code: EPA 5 2 4 . 2  

.I 1 . -  
.. 

Matrix: Water I. en 

Pate Sampled: 8/2'/E91 
Date Received: 8/27/91 - -  . .  - . 
Date Analyzed: 9 /05 /91  - *  . 
Laboratory No. :31DEClOlLf i t l  

PAGE 1 of 2 

rws No.:171122 
Chain of Cuatody:NA 
Sampler Na:SK271122 
Lub Pile LD: >I TOAM: t 
Dilution Pactor; 1.0000 
Location5 FAA BETHEL T 
~rmject: VOC HONTTORfNC 

Note: Heported values less than the nethod Uecectfon Limit a te  cstimnted. 

. - . . - - . m a - - - * - .  1 " . . . . . . . . . . . * ~ . ~ , , . 1 . , . . . . ~ - . . * ~ . . . . . m * . * * ~ . . . . ~ . . * ~ ~ * m . .  

UNITS: tyjl, MPL 
Benzene 0 . 0  < l . o  
Bromwbensene 0.0 ~1.0 
Btomochlnsomethano 0 . 0  c1.0 
Drornodi~hlosom@thane 0.0 ~ 1 . 0  
aramof orm 0.0 ~1.0 
Br onomethane 0.a a.0 
n -Dutylbmzene 0 . 0  ~ 2 . 0  
sec-Bstylbenetnt 0 . 0  ~ 3 . 0  
tert-Butylhenzene 0 . 0  41.0 
Carbon Tetrachloride 6.0  c1.0 
Ghlarobonzenc 0.0 c l . 0  
chloredlbromam~thano 0-0 e1.0 
Chloraethane 
Chlorof o m  
Chluromethane 
o-Chlorotoluene 
p-Chlototaluene 
1,2-Plbromo-3-chlnropropane 
D ibromomethane 
L,4-Djehlorebenacne 
n-Dichlorobenzene 
o-bichkorobtntene 
Dichlorodifl~oromcthane 
1,1-Dichlosaetnane 
1,2-Dichleroethane 
1,l-Pichlaraethylene 
cis-1,2-Pichloroethy1en~ 
t r ans - l  ,2-Dichloroethy Pene 
eichloromethan~ 

~ l l a l y s t  Date /d r 27 - y /  a .  . 
1 

Reviewed 



WALTER J. HICKEL. GOVERNOH 

DEPT. OF ENVIRONMENTAL CONSEMVATION 

vnlatile Organic= Analysis Data 
ktb H ~ P :  llouglas Tab Facility 
Method Code : EPA 5 2 4 . 2  
Matrix: W a t  QZ 

Date Sampled: 812'1/91 
* Date Received: 8/27/91 
Date A n a l y x ~ d :  9/05/91 
Laboratory No.:91DEC101400 

Paye 2 of 2 
sheet 

PWS N~.;2?ll22 
Chain o f  custody: NA 
Sampler No: SH27 1 122 
m b  Pile ID: 21104H:: 
Dilution Factor: 1.00000 
Locati0n:FAA BETEFT, TRWSIT 
Project: YOC MONLTORIHG 

Note: Heporttd values loss than the  Method Detection Limit are estimated. 

......................................................................... ......................................................................... 
UNITS: ugJl MDL 

1,2 -Dichloraprogane 0 . 0  c1.0 
1,3 -Dichloropropnne 0 . 0  c1.0 
2,Z-Dichl orepropane 0.0 <l.D 
1,l-Dichloropropene 0 . 0  c i - 0  
I,>-biehleropropena n.0 ~ 1 . 0  
 thy lbenzene 0 . 0  c1.0 
Ethylene Dib~omide 0.0 c1.o 
Flu~rotxichhr~rn~than~ 0 . 0  41-13 
Hexachlerobutadi~n~ 0 . 0  c3.0 
Isopropylben z ene 0 . 0  cl.0 
p-Ts~propyltaluenc 0.0 c1.0 
Naphthalene 0 . 0  c z . 0  
n-Propylbenzene 0 . 0  c 1 . P  
Styr~ne 0 . 0  <? -0 
1,1,3,2-Tetrachloroet,hane 0.0 ~ 1 . 0  
1,1,2,2-Tetrachloroethane 0 . 0  c1.Q 
Tetrach laraethylens O J  <1.0 
TTfM ? ' r 7,) 
Toluene 73 a . 0  
1,Z,3-~ichlarabsnzena 0 . 0  <1.P 
l,2,4 -Tricl~lorobenzenp 0 . 0  e ~ . o  
1,1,1-Trichlvrocthanc 0 . 0  41.0 
k,l,2,-Trichlnsoethana 
Trichloroethylene 
1,2,3 - T s i c h S  oropropane 
1,2,4-Tzimethylhanzene 
1,3,5-Trimethylbenzene 
Vinyl Chloride  
p-Xylene 
rn-Xylent 
a-Xy Iene 

w a l y s t  ~ a t a  -. 
Revi evcd Date /r'//5c:/4/ . 

-. --- 
TOO 'd 



W A L E 8  J. HIMFL, GOVERNOR 

DEPT. OF ElVMR4BNMENTAE CONSERVATION 

P3GE 1 of 2 
V b l a t i l e  mganics Analysis Data Sheer 
Lab Hame: A.D.EIC. Junpau Laboratoyyl ,:,;-y.:YWS Ne.:271122 
Method Codet UE EPA 524.2  - " ... '': - . ' - r n  'Chain of Custody:NA 
Matrix: Water ,- ye?fll* 

>...-I 

s;rmpl~t NO: 271122 . . .  Data Sampled: 3 / 0 6 / 9 2  Iab k'ile Tn: 21A13Fr : 
 ate Received2 1/08/92 . . 

.-53 . la-  

Dilution Factor: 1.0000 
bate analyzed: f J 1 3 1 9 2  Toeatisn?F2LA BETIlEL TaANSIll 
Laboratory No.:42PEC10U073 Project: VoC HbNfTORKNC 
Note: Results reported below the MDL are estimated, 
......................................................................... 
......................................................................... 
......................................................................... ......................................................................... 
- - . ~ - - - - . 4 . . - . ~ ~ ~ ~ ~ ~ . ~ ~ ~ 1 ~ - ~ m - ~ - ~ ~ - ~ - ~ ~ 1 * ~ - - ~ ~ ~ m ~ - m ~ ~ m ~ - ~ ~ m ~ m ~ - ~ ~ - - ~ - ~ r n ~ ~  

LWfTS: uq/l FmL 
~enzene 0.0 0 . 2  
Bromobenzene 0 .0  0.3 
Bromachloromczthane O m  0 0 - 2  
Bromodicbloremethane 0 . 0  0 . 4  
Br omof o m  0 . 0 0 . 6  
Bsomomethane 0 . 0  0 3 
n-Butylbenzene 0 . 0  0 .4  
sea-Butylbenrene 0.0 0.4 
tert-Butylbenzena 0 . 0  0 .2  
Carbon ~etrachl orido 0.0 0 . 4  
Chlormbenstne 0 . 0  0.2 
Chlorodibromomethpne 0.0 0 . 4  
Chlorasthane 0 . 0  0.3 
Chlorof o m  .5 U. 2 
Chloro~ethane 0.0 0 .6  
o-chloxotoluena 0 . 0  0 . 4  
p-chlorotoluene 6 . 0  0 3 
~,Z-Dibromo-3-chloro~e~ane 6.0  0.4 
D ibrwaome thane 0 .  d b .  2 
1,L-Dichlosobenzme 0 .0  0 . 3  
m-~ichlorobenzene 0 . 0  0.3 
e-Dichlorobenzenc W . 0  0 .3  
Dichlorodifluoromethane 0 . 0  0 - 4  
1,l-Dichloroethano 0 . 0  0.3 
l,i-Dichlorcethane 0.U 0.3: 
1,1-nichloroethylene 0 . 0  0.2  
cis-lE2-Dichlornethylone 0 . 0  0.3 
trane-1,2-DichloroeUlylene 0 . 0  0.3 
Dichloromethane 0.0 O m 3  

Analyet - pate  / m 7  . 
Reviewed Date \-3/=92 . 



Page 3: af 2 
Valatila Organics Analysis Data sheet 
Lab Mane: A.D.E.C. Juneau Caboratory PWs ~a . :2711?2  
Wethod CoBo* UE EPEL 524.2 Chain of cusLody: HA 
natrix: water Sampler No: 271122 
Date Eampled: 1/06/92 h b  rile ID: >lA15P:: 
Dare R s c e i v m & :  1/08/92 Dilution Factor: 1.0000U 
Date malyzed: 1 J 1 3  /42 ~ocationrFAA BETHEL TRAHSIT 
hboratory No. :92DEClDOY73 Project: YOC MONITORTNG 
Note: Results reported below the HDL are e~timatad. 
......................................................................... .......... 1..1*..*..#~.*~.............'..,,.~..~*..~..#.........=..* 
......................................................................... 
......................................................................... ......................................................................... 

WITS: ug/l MDL 
1,Z-DicQ~ornpropane fl. Q 0.3 
L,3 -Dichloroprapane 0 . 0  Y.2 
2,2-Bichloropropane 0.0 0.5 
1,l-Dichloropropene 0.0 0 - 4  
1,3 -Pichloropropene 0 . 0  0 . 2  
Ethylbenzene 0.0 0 . 2  
Ethylene Dibromi dt 0.0 n.2 
Fluorotrichloromethane 0. o 0.4 
~cxachlorobutadiene 0.0 0.3 
fsopropylbenzene 0.0 0 . 2  
p-fsopropyltoluene 0.0 O I 4  
Hapntha lene 0 .  0 0 . 4  
n-Propylbenzene 0 . 0  0 . 4  
Styrene 0.0 0.2 
1,1,1,2-Tetrachlarocthane 0 . 0  0.3 
1,1,2,2-Tetrachloroetbane 0 , O  0.3 
Tettachloroethylene 0 . 0  0.4 
TTHM " 5  
Toluene 0 . 0  0 .2  
1,2,3-lkichlosobenzene 0 . 0  0.3 
1,2,4-Trichlorabenzene 0 . 0  0 . 2  
1,1,1-Trichlorost~ane 0 . 0  0 . 3  
1,1,2,-Trichlosoethane 0 . 0  10.3 
Trichloroethylerre 0.0  D. 2 
1,2,3-Trichloropropane a. o 0 .5  
1,2,4-Trimathylbenzcne 0 .  D 0.4 
l,3,5-Truethy3 benzene 0 . 0  0 - 4  
Vinyl Chloride 0 . 0  0 .  S 
p-Xyl sne 0.11 0.2  
m-Xy lene 9.U 0 . 2  
o-Xylcne 0 . 0  0 . 2  

Anal y ~ t .  ~ a t c  /#37-??&. 
Rev iuwed Date /-3/-?2 - - 



I)Em. OF ENVtR61VMENTAL C6NSERVATFON ,' 

PaGe 1 of 2 
Volatile Organics Analysis Data Sheet 
Lab Nme: A.D.E.C. Juneau Laborat PWS No. :271122 
Method Code: US RPA 524:  2 p ~ ~ K o  
Matrix; Wat-  

% p W R  cmin of CuSt0dy:WA 
E~~TERED Smpler Noc 271122 

~ a t c  samplcii~ 4/a7/95 ~ a b  ~ i ~ e  PD: >ID~QT: : 
B a t e  Received: 4 / 2 8 / 9 2  LY( 1 1992 Dilution Factor; I. 0000 
Date analyzed: 4/30 192 ~oeationt F M  BETKEL TRANSIT 
Labozatery Ho.:92PEC100843 Pro j ect  : VOC MONITORING 
Nota: Results reported below the  HDL are estimated. 
......................................................................... 
......................................................................... 
......................................................................... 
......................................................................... 
......................................................................... 

WITS: uy/l rnL 
Benzene 0.0 0 . 2  
Eromobenrene 0 . 0  0.3 
~romochloromethane 0.0  0.2 
Bromodichloromethane 0 - 0  0.4 
Bromof o m  0 .0  Y,b 
sromomethane 0 .0  0.3 
n-Butylbtnzent 6.0  0 .4  
sec-Butylbenzene 0 .0  10.4 
ten-sutylbenzene 0.0 0.2 
Carban ~etrachloride 0 - 0  0.4 
Chlorabenzene 0.  V 0 .2 
chloroU1bromomethane 0 .0  0 . 4  
chlorocthanc 0 . 0  0.3 
Chlorof arm . B  0 . 5  
chlbromethane 0 .0  0 . 6  
o-ch~osotoluene a.  o 0-4 
p-Chlorotolnene Y . 0  0 5 
2,2-Dibromo-3-chloraptopane 0.0 0.4 
bfbrmomcthane 10.0 0.2 
r,4-Dichlofohenzene 0.0 , 0 . 5  
m-uichlorobenzene 0 . 0  0 . 5  
o-Dichlorobcntena 0 . 0  0.3 
Dichlor&ifluar~metham 0.V 0 . 4  
1,l-Pichloroerhane 0 . 0  0 .3  
1,2-Dichloroethane 0 . 0  8 - 2  
l,l-Dichloroethylen~ V.0 0 . 2  
cis-l,t-Pichloroethylene 0.0 0.3 
trans-1,2-Dichlurocthylene 0 .0  0 . 3  
b ichlaromet hane 0.0 0 l 3 



/iJl /$:TrV(i, , WALTER J. HICKEL, G O V E ~ R  
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BEPT. OF ENVIRONMENTAL CONSERVATION ' 

volatile Otganies Analysis Data Sheet 
lab  Name: A.D.E.C. Juneau Laboratory 
Hethod Code: US EPA 524,2 
Hstrix: W a t e r  
Date Sampled: 4/27/92 
P a t s  Received: 4/28 /92  
Date Analyzed t 4/36/92 
Laboratory He.:92nEC100843 
Nott: Results reported below the MDL are 

Page 2 of 2 

PUS No. r 271122 
Chain of custadyz NA 
Sampler Nor 271122 
Lah T i l e  Ds 33029T: : 
Uilution Factor: l.obono 
Lecation:FAA BETHEL TRANSIT 
Pro ect : VCJC MQHITORING 

estimared. 

1,a-Dichloropropmc 
1,3 -Dichloropropana 
2,2-Pichlorapropana 
1,Z-Dichloswpropene 
I,J-Dichloroprapene 
Ethylbenzene 
Ethylene Dibrmide 
~luarotrichlaramechane 
Hexaddorobutadiene. 
Isopropylbenzene 
p-Isapropyltaluene 
Naphthalene 
n-Pr opy lbenz en& 
Styrene 
~ , 1 , 1 , 2 - T e ~ a c h l ~ r ~ e t h ~ e  
1,1,2,2-letra&loroeUIanc 
Tetrachloraethylene 
m 
Toluene 
I, 2,3-Trichloro&mzene 
f,2,4-Trichlorobenzena 
l,l,b-Trichlwroethane 
1,1,2,-l?rimlaroethane 
Trichloroethylane 
1,3,3-T~ichloropropane 
1,2,A-'kimethylbanzdn~ 
1,3,S-Trimethylbenzene 
Vinyl Chloride 
p-Xylene 
m-xylms 
o-Xylene 

UNITS: ugjl 
0 .0  
0 . 0  
u.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .  U 
0 . 0  
0 . 0  
0.U 
0 . 0  
0 - 0  

.8  
0 .0  
0 . 6  
0 .0  
0.0 
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
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DEYI', OF ENVIRONMENTAL CONSERVATION 
PAGE 1 of a 

Yolatile Oryanics Analysis Data Sheet 
Lab Name: A. D. B. C. Juneau Laboratory PWS No. ; 271122 
lethod Code: US EPA 524.2 Chain of Custody:NA 
latrix: Water sampler NO: 271122 
gate sampled: 7/1/92 Lab F i l c  ID: rlG08H:: 
Date Received: 7/2/92 lution Factor: 1.0000 
Date Analyzed: 7/08/92 cation:FAA BETHEL TRANSIT QTR 
Laboratory No. : 92DEC101413 ,.. : VOC HONITORINC 
Note ; Resulto reportcd below the .......................... 
......I............................. ................................ ......................................................................... ......................................................................... ......................................................................... 

UNITS: uq/l MDL 
~enzene 0.0 0.2 
Bromobeneens n. n 0.3 
Bromochlaromethane 0.0 0.2 
flromodichlorometharie 0.0 0.4 
Bromof orm 0.n 0.6 
Bromamethans 0.0 0.5 
n-Butylbenzene 0.0 0.4 
sec-Butylbcnzene 0-0 0.4 
t-ert-Butylbenzene 0.0 0.2 
Carbon Tetrachloride 0.0 0 . 6 
Chlorobenzane 0 . U  0.2 
Chlorodibromomethane 0.0 0.4 
Chloroethane 0.0 fl- 3 
chlorof o m  1.5 0.5 
chlorometnane 0.0 0.6 
o-Chlorotoluene 0.0 0.4 
p-Chlorotoluene 0.0 0.5 
1,2-UibrOmo-3-chloropropane 0.0 0.4 
~ibromomethane 0.0 0 . 2  
1,4-Dichlorob~nzene 0.0 0,. 5 
m-Dichlorobenzene 0.0 0.3 
o-Dichlorobcnzone 0.0 0.3 
Dichlbrndifluoromethane 0.0 0.4 
1,l-Dichloroethane 0.0 0 - 3 
1,2-Dichloroethane 0.0 0.2 
2,l-Dichloroethylene 0.0 0.2 
cis-1,2-Dichloroethylebe 0.0 (3.3 
trsn~-1,3-Dichloroethylene U. U 0.3 
Dichlorometnane 0.0 0.3 

~nalyst Date 7433+?4. . 
Reviewed . - 



WALER J. HICKEL, GOVERNOR 

DEm. QF ENVIRONMEmAL CONSERVATION 
'Page  2 of 2 

Volatile Organics Amalysi s Data Sheet 
Lab Name: A. D . E . C. Juneau Laboratory PWS No.:271122 
Method C d e :  US EPA 524 .2 Chain of custody: NA 
Matrix: Water Sampler No: 271122 
Date Sampled: 7/1/92 Lab File ID: >1G08H: : 
Date Received: 7 / 2 / 9 2  Dilution Factor: 1,00000 
Data Analyzed: 7/08/92 3;loca'tion:FAA BETHEL TR&HSXT QTR 
Laboratory No, : 92DEC1014 13 Pro j ect : VOC MONITORING 
Note: Results reported below the  MDL are estimated. 

. I . .* .* . . .* . . .  l . . . r . . . . T . . a * , m ~ ~ . . . * I . . . . . * m . ~ l * , . . - ~ ~ ~ ~ . . m * . ~ - - . . . m * * . . , . . * ~  

m T S :  ug/l MDL 
1,2-Diehloroprapane 0.0 o , 3 
1,3-Dichloropropane 0 , 0 0 . 2  
2,2-Qichlompropane 0 . 0  0 .  S 
l,l-Dichloroprop~ne 0. 0 0 , 4 
1,3-Dichloropropene 0 . 0  0.2 
Ethylbenzene 0.0 0 . 5  
Ethylene Dibromide 0 . 0  0 - 2  
Fluorotrichleromethane 0 . 0  0 4 
Hexachlorobutadiene 0 . 0  0 . 5  
Isopropylbenzenc 0.0 0 . 2  
p-Isopropyltoluene 0.0 0.4 
Naphthalene 0 . 0  0 . 5  
n-Propylbenzene 0 . 0  0 - 4  
styrene 0 . 0  0 . 2  
1,1,1,2-Tetsachloroemane 0.0 0 . 3  
l,f,2,2-Tetrachloroeame 0.0 0 . 2  
Tetrachloroethylene 0 - 0  01.4 

TrHM 1.6 
Taluene 0 . 0  0 .2  
1,2,3-Trichloxobenzene 0 . 0  0 . 5  
1,2,4-Trichlorobenzene 0 . 0  0 .5  
l,l,l-Trichloroethane 0 . 0  0.3 
1,1,2,-Trichloroethane 0 . 0  0.3 
Tricfiloroethylene 0.0 0.2  
1,2,3-Trichlaropmpane 0.0 0 . 5  
1,2,4-Trimethylbenzene 0 . 0  0.4 
1,3,5-Trimethylbenzene 0.0 0 . 4  
Vinyl Chloride 0.0  0 .5  
p-Xylene 0 . 0  0. 4 
m-Xylene 0,O 0 . 4  
a-Xylene 0 . 0  0 - 4  

Date 742 -?,3. 



CHEMICAL & GEOLOGICAL LkBORATORY 
A DIVISION OF COMMERCIAL TESTJNG & EHGlNEERlNG CO. 

5833 B STREET ANCHORAGE, ALASKA 99518 TELEPHONE (mi') 562-2- FA= 1907) 561-901 

1M4LISlS HSlM for UWZW t 53700 
Wub Rd.t R ,2066 W r  8 1 btrlr: #UlM 

aim m e  10 : ~BIAIK ~ b m l  FAA 122m m SIKK 
MID : 271122 
eailet~a ; 05/12/92 4 08:39 k r .  
kmcmi*rd : 05/D/92 1 lS:05 k r .  
Prra~tnd  with : AS IEWD 

Scad Ropartr to: 
g m m u  avrrna mnmroPr 
23WT IM Btf 3?0 

~ a a p l m  nmm WELL C O L L Z ~ B D  BT: 0. aruw, ~ ~ ~ S S I D  BE C.S. 
Bsnrks: w a r  mtrz%D er eemors r o ~  1m0om1r PorLmroB, IX.. 

t E .  WA Y1IECO. 
m m ~ l l l l ~ l ~ ~ ~ ~ 1 ~ ~ - - - - ~ ~ r . r m ~ a ~ ~ ~ ~ m m ~ m ~ ~ m ~ ~ m ~ m ~ ~ ~ m m m ~ ~ ~ m ~ m m ~ ~ ~ ~ - - - ~ ~ - * ~ ~ ~ ~ ~ * a m ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r m ~ m m m m m m ~ m ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - - - - ~ ~ ~ ~ * ~ ~ ~  

1 ~ e r t m  P I L ~  nxmd Sac Spmcid lartnwtiom Ahn U A . v M ~ a i l n b l m  
AD- L o n  Dotacted " ka h p l m  P m r k r  Ibow 
a- Pot ht&I~%*d L'I-LOUF h n ,  GI4rrmtot  X2a3 



CHEMXCfi & GEOLOGICAL LABORATORY 
A DIVISION OF COMMERaAL TESTING & ENGINEERING CO. 

MlUTMS 889111B fat XII#LICC I 5WS 
lurPalab Ed.# 97.3192 -18 # 1 kau: WE% 

cum lra : ? E M U  1VJAIIOH bDWlNi92RLTIM 
Clirnt k c t  r Y B U i V I 4  

IPM :DTIIW92-P-20046 W1 : 
aqg : 

Ordrrd Iy :CBULES 9Y[Tl 

Sd abpoztr t o :  
13FlMLt AVl AIIOH ADUHISlUTXOH 
2)W 1M BE2 SYO 

I I ~ ~ H ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I I I - ~ ~ ~ - - - - - I - L L I L L L ~ ~ ~ ~ ~ ~ ~ L L ~ ~ ~ I I I I I I I I I ~ ~ ~ ~ ~ ~ ~ ~ ~ . I ~ - I I L H I * * - - - I L I ~ ~ ~ I I ~ I ~ I ~ ~ I ~ I ~ I ~ ~ ~ ~ I ~ I ~ ~ ~ ~ I I ~ ~ ~ I ~ ~ ~ - ~ ~ ~ ~  

Pnrhmter Raaulrs Ualtr hthad Uwrblr L l d t n  
---------------..I------------ -------------------*-----------*-------------...-------------------------------"------ 

C[LDSS urn IT 2 $i/L EPI 9 0 . 0  15 

1 FimIHI S W L E  COLLECTED If: lYlItLIAM IULL , WITlE33tD If C.1. 
R e m h  r BESeRl ~ C T Z B D  11 COlFIROtS ?OR t B T l B O H W T U  PIILLWIOP, SK.. Jm 

11, EM MEIfU3. --. L L U I I I I I ~ ~ I I I ~ ~ I I I I L I ~ * I ~ ~ I I I ~ ~ I I I ~ ~ C C ~ ~ ~ I I * I I I I I I I ~ ~ I I I - ~ ~ ~ ~ ~ ~ ~ - C L I I I ~ I ~ ~ I - ~ ~ ~ ~ C I - C I - C I C I ~ ~ ~ I ~ I I ~ I I I ~ I I I I ~ ~ ~ ~ ~ ~ ~ ~ ~ L ~ ~ ~ ~ ~ ~ ~ I ~ - ~ ~ ~ ~  

1 I e ~ t r  Pwrfnrmd * Sea Spmclal Iartrmtiear bow Oh-h+sllablr 
)ID. Pam Rtectrd  " See 5 m p l u  Ramrk hove 
I19 Hat lmlped LT-Lmar Than, R-Greotaz 'Ihsn 

SGS Member of ihr  SGS Group 1SociB16 OBnBral~ ce SuWllanse) w 



CHEMrCAL R GEOLOGICAL LABORATORY 
A DIVISION OF COMMERUAL TWTllYQ EMlNEERlNG CO. 

L1 STREET ANCHOhAOE, AU3M 9PSlB TELEPHONE Wt) m-23&3 ?AX: (BOT) S61-5301 

IMILtSIS llmLX9 for ImLa 1 36793 
-ab Id.* 9%. 3911 m a  # L Ihtrlx: 

had R m p t  a to:  

~ ) r r w  AYMIDII mmmnolr 
2]m, PAL* Bn, 30 



NORTHERN TESTING LABORATORIES, INC. 
2 ~ 1 5  FAIRWKII s~aem ANEMORAGE UK* W*fr.W7U - FAX 27.LdWD 
WD WDUSTIIUL WAY FAIRBANKS. AJASK* ~ g m  I W ~ A ~ ~ W ~ I U  r m  m r a  

Federal  viat ti on AdmLnfstration 
222 West 7th Avenue, ill 
UL-4  63 
Anchorage AK 99513-7587 

A t t n :  Harry GiZmare 

Our Lab #: A100514 
Location/rroject : ~ A A  setnel 
Your Sample ID: Tapwater-Club 
Sample Matrix: W a t e r  
comments s 

Date -rived: 05/14/90 
Date samplea: 05/14/90 
Tine Sampled: 0930 
Collected By: fCA 

Flag Definitions 
D = Below Detection himit 

DL Stated i n  R e s u l t  
B = B e l o w  R l e g u l  aknry Min. 
B - Above RequlaLwry Max. 
E = Below Pateetion L i m i t  

5stimareu Value 

Method Paramet-er U n i t s  Result Flag 
----11------------1-------------------------------------------- ----- 
EPA 206.2 U s c n i c  my/l 0.001 U 

EPA 208 .2  Barium ms? 1 0 . 0 8  

EPA 213.2 cadmium mg/ 1 0.0011 

EPA 218.2 Chrumium mg/l 0.002 

EPA 2 3 9 . 2  Lead W/ 1 0,0029 

EPA 2 4 5 . 1  Mercury mg/ l  o.0003 

EPA 2 7 0 . 2  Selenium mq/ 1 0 -  007 

EPA 272.2 Silver W /  1 0 . 0 0 3  U 

Reported By: Franeois ~odigari 
Anchorage Oparations Manager 
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