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FOREWORD

The U.S. Geological Survey (USGS) is committed
to serve the Nation with accurate and timely scientific
information that helps enhance and protect the overall
quality of life and facilitates effective management of water,
biological, energy, and mineral resources. Information on
the quality of the Nation’s water resources is of critical
interest to the USGS because it is so integrally linked to the
long-term availability of water that is clean and safe for
drinking and recreation and that is suitable for industry,
irrigation, and habitat for fish and wildlife. Escalating
population growth and increasing demands for the multiple
water uses make water availability, now measured in terms
of quantity and quality, even more critical to the long-term
sustainability of our communities and ecosystems.

The USGS implemented the National Water-Quality
Assessment (NAWQA) Program to support national,
regional, and local information needs and decisions related
to water-quality management and policy. Shaped by and
coordinated with ongoing efforts of other Federal, State,
and local agencies, the NAWQA Program is designed to
answer: What is the condition of our Nation’s streams and
ground water? How are the conditions changing over time?
How do natural features and human activities affect the
quality of streams and ground water, and where are those
effects most pronounced? By combining information on
water chemistry, physical characteristics, stream habitat,
and aquatic life, the NAWQA Program aims to provide
science-based insights for current and emerging water
issues. NAWQA results can contribute to informed deci-
sions that result in practical and effective water-resources
management and strategies that protect and restore water
quality.

Since 1991, the NAWQA Program has implemented
interdisciplinary assessments in more than 50 of the
Nation’s most important river basins and aquifers, referred
to as study units. Collectively, these study units account
for more than 60 percent of the overall water use and pop-
ulation served by public water supply, and they represent
the Nation’s major hydrologic landscapes, priority ecolog-
ical resources, and agricultural, urban, and natural sources
of contamination.

Each assessment is guided by a nationally consistent
study design and methods of sampling and analysis. The
assessments thereby build local knowledge about water-
quality issues and trends in a particular stream or aquifer
while providing an understanding of how and why water
quality varies regionally and nationally. The consistent,
multiscale approach helps to determine if certain types of
water-quality issues are isolated or pervasive and allows
direct comparisons of how human activities and natural
processes affect water quality and ecological health in the
Nation’s diverse geographic and environmental settings.
Comprehensive assessments on pesticides, nutrients, vola-
tile organic compounds, trace metals, and aquatic ecology
are developed at the national scale through comparative
analysis of the study-unit findings.

The USGS places high value on the communication
and dissemination of credible, timely, and relevant science
so that the most recent and available knowledge about water
resources can be applied in management and policy deci-
sions. We hope this NAWQA publication will provide you
the needed insights and information to meet your needs, and
thereby foster increased awareness and involvement in the
protection and restoration of our Nation’s waters.

The NAWQA Program recognizes that a national
assessment by a single program cannot address all water-
resources issues of interest. External coordination at all
levels is critical for a fully integrated understanding of
watersheds and for cost-effective management, regulation,
and conservation of our Nation’s water resources. The
Program, therefore, depends extensively on the advice,
cooperation, and information from other Federal, State,
interstate, Tribal, and local agencies, nongovernment
organizations, industry, academia, and other stakeholder
groups. The assistance and suggestions of all are greatly

appreciated.
Aet M, Herac

Robert M. Hirsch
Associate Director for Water
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Multiply by To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
gallon per minute (gal/min) 0.06309 liter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second
tritium unit (TU) 0.118 Becquerel per liter
picocurie per liter (pCi/L) 0.037 Becquerel per liter

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

°F=1.8°C+32

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called “Sea-Level
Datum of 1929”), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
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WATER-QUALITY ABBREVIATIONS

Chemical concentrations and water temperature are given in metric units. Chemical concentration is given in milligrams
per liter (mg/L), micrograms per liter (ug/L), or picograms per kilogram of water (pg/kg). Milligrams per liter is a unit
expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of
water. One milligram per liter is approximately equivalent to one part per million, one microgram per liter is approximately
equivalent to one part per billion, and one picogram per kilogram is approximately equivalent to one part per quadrillion.
Specific conductance is reported in microsiemens per centimeter at 25 degrees Celsius (us/cm). Radioactivity is expressed in
picocuries per liter (pCi/L) or tritium units (TU).

Stable isotope ratios are expressed as a departure of the ratio of two isotopes of an element in a given sample from the same
ratio in an established standard; values are given in per mil (parts per thousand). Symbols and standards used to describe
isotopes or their ratios are:

oD deuterium/hydrogen ratio, referenced to Vienna Standard Mean Ocean Water

3'%0 oxygen-18/oxygen-16 ratio, referenced to Vienna Standard Mean Ocean Water

Unit abbreviations and related terms used in this report:

as N quantified as measured nitrogen

as P quantified as measured phosphorus
Mgal/d million gallons per day

mg/L milligram per liter

pCi/L picocurie per liter

g/kg gram per kilogram

pg/kg picogram per kilogram

ug/g microgram per gram, dry weight
ug/L microgram per liter

wm micrometer

uS/cm microsiemen per centimeter at 25°C

Acronyms used in this report:

CFC chlorofluorocarbon

DOC dissolved organic carbon

MCL maximum contaminant level, a health-based water-quality standard set by U.S. Environmental
Protection Agency

NAWQA National Water-Quality Assessment

NWQL National Water Quality Laboratory

PMCL proposed maximum contaminant level

SMCL secondary maximum contaminant level, an unenforceable guideline regarding taste, odor, color, and
certain other nonaesthetic effects of drinking water set by U.S. Environmental Protection Agency

USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

VOC volatile organic compound

VSMOW Vienna Standard Mean Ocean Water
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Ground-Water Quality, Cook Inlet Basin, Alaska, 1999

By Roy L. Glass

Abstract

As part of the U.S. Geological Survey’s
National Water-Quality Assessment Program,
ground-water samples were collected from 34
existing wells in the Cook Inlet Basin in south-
central Alaska during 1999. All ground-water
samples were from aquifers composed of glacial
or alluvial sediments. The water samples were
used to determine the occurrence and distribution
of selected major ions, nutrients, trace elements,
volatile organic compounds, pesticides, radioiso-
topes, and environmental isotopes. Of 34 samples,
29 were from wells chosen by using a grid-based
random-selection process. Water samples from
five major public-supply wells also were col-
lected.

Radon-222 and arsenic concentrations
exceeded drinking-water standards proposed by
the U.S. Environmental Protection Agency in 39
and 18 percent of sampled wells, respectively. The
highest radon concentration measured during this
study was 610 picocuries per liter; 12 of 31 sam-
ples exceeded the proposed maximum contami-
nant level of 300 picocuries per liter. The highest
arsenic concentration was 29 micrograms per liter;
6 of 34 samples exceeded the proposed maximum
contaminant level of 10 micrograms per liter.
Human activities may be increasing the concen-

tration of nitrate in ground water, but nitrate con-
centrations in all samples were less than the maxi-
mum contaminant level of 10 milligrams per liter
as nitrogen. Concentrations of nitrate were highest
in Anchorage and were as great as 4.8 milligrams
per liter as nitrogen. Dissolved-solids concentra-
tions ranged from 77 to 986 milligrams per liter;
only 2 of 34 wells yielded water having greater
than 500 milligrams per liter. Iron and manganese
concentrations exceeded secondary maximum
contaminant levels in 18 and 42 percent of sam-
ples, respectively.

Concentrations of all pesticides and volatile
organic compounds detected in ground-water sam-
ples were very low, less than 1 microgram per liter.
No pesticide or volatile organic compounds were
detected at concentrations exceeding drinking-
water standards or guidelines. Water samples from
one-half of the wells sampled had no detectable
concentrations of pesticides or volatile organic
carbons, at the parts-per-billion level.

Concentrations of stable isotopes of hydrogen
and oxygen in ground-water samples were similar
to concentrations expected for modern precipita-
tion and for water that has been affected by evap-
oration. Tritium activities and concentrations of
chlorofluorocarbons indicated that the water sam-
ples collected from most wells were recharged less
than 50 years ago.

Abstract 1



INTRODUCTION

In 1991, the U.S. Geological Survey (USGS)
began a full-scale implementation of the National
Water-Quality Assessment (NAWQA) Program to pro-
vide a consistent description of the Nation’s ground-
and surface-water resources. The long-term goals of
the program are to (1) determine the general ground-
and surface-water quality of the Nation’s water
resources; (2) define long-term trends (or lack of
trends) in water quality; and (3) identify, describe, and
explain, to the extent possible, the major natural and
human factors that affect measured water-quality con-
ditions and trends (Gilliom and others, 1995). In meet-
ing these goals, the program provides nationally
consistent information useful to policy makers, man-
agers, and scientists concerned with the Nation’s water
resources.

NAWQA study-unit investigations of parts of
most major river basins and aquifer systems through-
out the Nation are the building blocks of the national
assessment. More than 50 hydrologic systems have
been studied; 20 investigations were started in 1991,
16 more in 1994, and 15 more in 1997. The Cook Inlet
Basin (COOK) study-unit investigation in south-cen-
tral Alaska (fig. 1) began in 1997.

Purpose and Scope

One component of NAWQA ground-water stud-
ies focuses on water-quality conditions in major aqui-
fers, primarily by aquifer-wide surveys (termed ‘““sub-
unit surveys”). The COOK “subunit” consisted of
unconsolidated-deposits aquifers comprising mostly
glacial and alluvial materials. These aquifers are the
most important sources of present or future domestic,
municipal, commercial, and industrial ground-water
supplies in the Cook Inlet Basin. The geographic
extent of the ground-water study was limited to devel-
oped areas within the Municipality of Anchorage and
the Kenai Peninsula and Matanuska—Susitna Boroughs
(fig. 2). The subunit survey consisted of sampling 29
randomly selected wells within the study area that
obtained water from unconsolidated-deposits aquifers.
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Water samples also were collected from five of the
most productive public-supply wells within the study
area. Water samples from each of these 34 wells were
collected once during 1999. Samples were analyzed to
determine the occurrence and spatial distribution of
selected physical properties, major ions, nutrients, dis-
solved organic carbon (DOC), trace elements, pesti-
cides, volatile organic compounds (VOCs), and radio-
isotopes. Isotopes of oxygen and hydrogen, and con-
centrations of chlorofluorocarbons (CFCs) also were
analyzed to help characterize the water and to help
estimate the time that had elapsed since the water was
recharged. This report includes discussions of the
major water-quality issues in the COOK study unit;
descriptions of the environmental setting and hydro-
logic conditions affecting ground-water quality and
of the methods of investigation; and statistical and
graphic presentations of the data. Ground-water qual-
ity in the COOK study unit is compared to drinking-
water regulations and guidelines established by the
U.S. Environmental Protection Agency (USEPA) and
to ground water in other NAWQA study units.

Previous Investigations

Frenzel (1997) described the surface-water,
ground-water, and biological studies being conducted
within the COOK study unit under the NAWQA Pro-
gram. Brabets and others (1999) described the envi-
ronmental setting, including the physical, hydrologic,
and aquatic biological characteristics of the aquifers
and the major streams and rivers that flow into Cook
Inlet and how these characteristics affect surface- and
ground-water quality. Glass (1999) did a preliminary
assessment of the quality of surface and ground water
in the study unit through 1997, including statistical
and graphical summaries of selected chemical constit-
uents from about 550 wells and 31 sites on streams.

Figure 1. Location and major geographic features
of Cook Inlet Basin, Alaska. Boundary of Cook Inlet
aquifer system from Miller and others (1999).
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Most waters in streams and wells have small concen-
trations of major inorganic constituents, nutrients,
trace elements, and organic compounds. However,
suspended-sediment concentrations in glacier-fed
streams are naturally high, and several streams and
lakes in urban areas have high concentrations of fecal-
coliform-bacteria. Ground water in some wells have
high nitrate, iron, and arsenic concentrations. Frenzel
(2000) described the occurrence of organochlorines,
semivolatile organic compounds, and trace elements in
streambed sediments and fish tissues at 15 sites in the
basin during 1998. At most sites, semivolatile organic
compounds and organochlorine compounds were
either not detected or were detected at very low con-
centrations; however, arsenic, chromium, copper, and
nickel appear to be at naturally high concentrations in
the Cook Inlet Basin. Most of the analytical results for
the ground-water study described in this report are tab-
ulated in the USGS water-resources data report for
water year 1999 (Bertrand and others, 2000) and are
available also at URL <http://water.usgs.gov/ak/nwis/
nwis>.

Water-quality data for the first 20 NAWQA study
units for the period 1992-95 were summarized by
Gilliom and others (1998), U.S. Geological Survey
(1999b), Barbash and others (1999), Squillace and
others (1999), and Nolan and Stoner (2000) and also
are available at URL <http://water.usgs.gov/nawga/
data>. More than 90 ground-water studies were con-
ducted in these 20 study units.

Acknowledgments

The author expresses his sincere thanks to the
many landowners who graciously allowed access to
their property and sampling of water from their wells.
Numerous landowners also allowed the plumbing in
their homes to be modified so that a water sample
could be obtained before treatment and before a pres-
sure tank. This study could not have been completed
without their cooperation. The cities of Kenai and
Palmer, the Municipality of Anchorage, and the U.S.
Army provided data about their wells and allowed us
to sample water from their wells.

MAJOR WATER-QUALITY ISSUES

Ground water is an important source of water
for residents and businesses in the COOK study unit.
About one-quarter of the public-water supply for
Anchorage is from wells, and almost all water used
for commercial, industrial, and domestic uses outside
Anchorage is from ground water. Ground water also
provides year-round discharge to surface water and
potentially transports contaminants that can result
in water-quality problems in streams and lakes. An
understanding of the natural water quality and of the
magnitude of changes in water quality caused by
human activities is needed to evaluate the potential
effects of contamination and to develop strategies to
protect the quality of the resource.

Natural ground-water quality is determined by
the mineralogy and chemical conditions of the soils
and aquifer materials through which the water moves
and by the length of time the water has been in contact
with the soils and aquifer materials. Elevated concen-
trations of many naturally occurring minerals and of
trace elements such as arsenic, iron, manganese, and
radon may cause health or aesthetic problems and can
render individual and community water supplies unus-
able or require that the water to be treated before use.

Human activities can influence the types and
concentrations of many ground-water contaminants,
such as nutrients (compounds of nitrogen and phos-
phorus) and organic compounds. Residential and agri-
cultural land uses can contribute nutrients and organic
compounds to ground water through leaching of fertil-
izers, pesticides, and petroleum products. Roadways
and railroads can be the source of chloride (from
applications of salt for deicing), of herbicides (applied
to rights-of-way), and of VOCs (emitted to the air or
spilled on the ground). Chemicals used by homeown-
ers, such as household cleaners, paints, solvents, fuel
oil, and gasoline, also can be a source of VOCs in
ground water. Commercial and industrial establish-
ments may also discharge VOCs and other substances
to the atmosphere or to the ground. The Alaska
Department of Environmental Conservation (1996, p.
12) stated that petroleum products constitute the pri-
mary contaminant of water in Alaska. Petroleum prod-
ucts commonly enter the ground through leaking of
tanks and distribution lines or spilling of product on
the surface.

MAJOR WATER-QUALITY ISSUES 5



ENVIRONMENTAL SETTING AND
HYDROLOGIC CONDITIONS

Water quality is affected by natural factors such
as physiography, climate, geology, and soils and by
human factors such as population and land use. The
lands that drain into Cook Inlet Basin extend 39,325
mi? and include areas of rugged mountains, glaciers,
forests, and wetlands as well as the city of Anchorage
and multiple surrounding suburban communities.
About 366,000 people—more than half of Alaska’s
population—reside in the Cook Inlet Basin. Popula-
tion density ranges from unpopulated remote regions
to the densely populated Anchorage metropolitan area.
Major roads traverse the eastern part of the basin,
whereas the western part is sparsely populated and is
accessed only by aircraft or boat. The 790-mi? ground-
water study area (fig. 2) includes the populated parts
of lowland areas and contains most of the residents of
the Municipality of Anchorage and the Kenai Penin-
sula and Matanuska—Susitna Boroughs. This study
area consists of about 230 mi? in the northwestern part
of the Kenai Peninsula, about 190 mi> of Anchorage,
and 370 mi? of the Matanuska—Susitna Valley. At the
present time, the areas near Wasilla and Palmer in the
Matanuska—Susitna Valley and Kenai and Soldotna on
the Kenai Peninsula are having the greatest population
growth in the basin.

Most of the ground-water study area is in a tran-
sitional zone between wet maritime and continental
climates (Brabets and others, 1999). This transitional
zone has cold winters and warm summers. Anchorage
has an average annual temperature of 6°C and an aver-
age annual precipitation of 15 in. (Arctic Environmen-
tal Information and Climate Center, 1989). However,
the amount of precipitation falling in the Talkeetna,
Chugach, and Kenai Mountains that bound the study
area is much greater.

These mountains consist of structurally complex
and variably metamorphosed consolidated sedimen-
tary and igneous rocks. Some formations of sedimen-
tary rocks, which are exposed in mountains outside the
ground-water study area and are present beneath the
study area, contain economically significant amounts
of oil, natural gas, and coal.

Glacial, glacioestuarine, and alluvial deposits
underlie the lowlands of Cook Inlet Basin and make
up the most productive water-supply aquifers. These
unconsolidated deposits were described by Freethey
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and Scully (1980), Schmoll and others (1999), Miller
and others (1999), and Brabets and others (1999).
These deposits range in thickness from less than 50

ft along the mountain fronts to greater than 1,000 ft
beneath Cook Inlet and are made up of clay, silt, sand,
gravel, and boulders. Large ground-water supplies
generally can be developed where aquifer materials
are saturated and predominantly coarse grained.

Beneath much of the lowland area of Anchorage
is an extensive layer of silt and clay that was deposited
in a large body of water in Cook Inlet Basin during
glacial times. Its top surface is generally less than 100
ft below land surface. This layer of fine-grained mate-
rials, as great as 200 ft thick, helps protect deeper
aquifers from contamination and may create confined
ground-water conditions.

Ground-water recharge occurs directly from pre-
cipitation that falls on the land surface above the aqui-
fer and from streams, lakes, and wetlands. Ground-
water flow in the aquifers is affected by topography
and by the hydraulic characteristics of the aquifer sys-
tem. Ground water generally flows toward Cook Inlet,
but large amounts discharge to streams or are with-
drawn by pumping. Brabets and others (1999, p. 44)
estimated that in Anchorage, ground-water discharge
from lowland aquifers into streams probably exceeds
10 Mgal/d. The highest rates of pumping occur in
Anchorage, Nikiski, Kenai, and Soldotna. The average
pumpage from public-supply wells in Anchorage was
about 7 Mgal/d in 1998. Industrial pumpage in Nikiski
is about 3.5 Mgal/d, and pumpage of public-supply
wells is about 1 Mgal/d in Kenai and about 1 Mgal/d
in Soldotna.

Land uses were defined by the Municipality of
Anchorage (2000) for the southern two-thirds of the
Anchorage ground-water study area. During 1998,
about 42 percent of this part of the Anchorage study
area was owned and used by the military (Elmendorf
Air Force Base and the U.S. Army Fort Richardson) or
by Alaska Native corporations; 20 percent was classi-
fied as residential; 12 percent was classified as park;
11 percent, as commercial, industrial, or institutional;
11 percent, as intertidal or water bodies; and 4 percent,
as transportation related (such as roadways, railways,
and airports). The Matanuska—Susitna and Kenai parts
of the study area do not contain major military instal-
lations but have significant areas of agriculture. The
main crops are hay and oats, but potatoes and carrots
are also cultivated in the Matanuska—Susitna area.
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The design and data-collection methods used for
this study are similar to other NAWQA subunit sur-
veys to provide consistency and comparability of
results. The subunit consisted of unconsolidated gla-
cial and alluvial aquifers beneath developed areas.
One set of water samples was collected from 29 ran-
domly selected sites during July to October 1999 and
was analyzed to determine the occurrence and distri-
bution of many natural and manmade substances
within the subunit. Water samples also were collected
from an additional five major public-supply wells.
These two groups of sample sites are referred to as the
subunit survey and public-supply survey in this report.

Well Selection

To obtain an unbiased and representative sam-
pling across the subunit’s major aquifer systems, a
geographic information system-based computer pro-
gram (Scott, 1990) was used to divide the 790-mi?
ground-water study area into 30 equal areas called
cells, and the program randomly selected a point in
each cell. Existing water-supply wells that were as
near as possible to each selected point were located by
using water-well data in the USGS Ground-Water Site
Inventory files and by field reconnaissance. Landown-
ers near each selected point were contacted until a
suitable well was found. The well needed to have con-
struction information (a driller’s log containing depth,
perforated interval, casing length, and geologic materi-
als penetrated), be perforated or open in unconsoli-
dated deposits, have a submersible pump, have a
sampling point before any water-treatment systems
and pressure tanks, and have a way to measure the
depth to the water surface in the well (Lapham and
others, 1995). Data from a cell in the northwestern part
of the study area (well 17) are not included in this
report because water-quality results indicate that at
least some of the water sampled had been treated by a
water softener even though water was collected before
the pressure tank and water softener. The 29 remaining
wells in the subunit survey range in depth from 24 to
233 ft (table 1) and have a median depth of 88 ft. All
wells were drilled and have steel casings; most are

6 in. in diameter and have pitless adapters that allow
water pumped from the well to be piped to a house
beneath the land surface to prevent freezing.

Five of the subunit’s most productive public-sup-
ply wells—one in Palmer, three in Anchorage, and one
in Kenai—also were sampled. These wells generally
are deeper, have longer lengths of screen, and have
turbine pumps that yield water at much greater rates
than the wells in the subunit survey. Although the
results from five samples are too few to statistically
characterize water quality and were not randomly
selected, the results give a general indication of the
water quality in aquifers used for public supply.

The public-supply well sampled in Palmer
pumped about 261 million gallons during 2000, about
95 percent of the water distributed by the City of
Palmer. The public-supply well sampled in Kenai
pumped about 208 million gallons during 2000, about
55 percent of the water distributed by the City of
Kenai. During 2000, the three public-supply wells
sampled in Anchorage (wells 32, 33 and 34) pumped
about 210 million, 503 million, and 284 million gal-
lons, respectively, and together accounted for about 46
percent of the amount pumped by 12 wells in the
Anchorage metropolitan area operated by Anchorage
Water and Wastewater Utility.

Sample Collection

Water samples were collected and processed
according to protocols developed by the NAWQA Pro-
gram to minimize contamination during sampling and
promote the collection of consistent ground-water data
among NAWQA study units throughout the Nation
(Koterba and others, 1995; U.S. Geological Survey,
1999a). Water samples collected for this study were
collected before any water-quality treatment and may
not represent the water actually used within a home
or distributed for public supply. Many of the homes
where water samples were collected had water-treat-
ment equipment, such as iron and sediment filters and
water softeners. Water from each of the public-supply
wells has chlorine and fluoride added to it and is
mixed with water from other sources during distribu-
tion.
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Sample Analyses

Analyses for major ions, nutrients, trace ele-
ments, radiochemicals, VOCs, and pesticides were
done by the USGS National Water-Quality Laboratory
(NWQL) in Denver, Colo. Analyses for CFC com-
pounds and environmental isotopes were performed in
USGS laboratories in Reston, Va. Analyses for tritium
were done by Lamont-Doherty Earth Observatory of
Columbia University in Palisades, N.Y. Analyses for
radium were performed by Quanterra Analytical Ser-
vices in Richland, Wash. The analytical methods that
were used are summarized in table 2.

Samples collected for alkalinity, major ions,
nutrients, trace elements, and some radioisotopes
(alpha and beta activities and radium) were filtered
onsite by using capsule filters that have 0.45-ym
pores. Samples for dissolved organic carbon were
filtered by using silver-membrane filters that have
0.45-um pores. Pesticides samples were filtered by
using 0.7-um baked-glass-fiber filters. All other analy-
ses were made by using unfiltered water samples. All
sampling and filtering equipment was decontaminated
after each use according to methods described by Kot-
erba and others (1995).

Analytical results were evaluated in the context
of minimum reporting levels and method detection
limits established by each laboratory (Zaugg and

Table 2. Methods used to analyze water from wells in Cook Inlet Basin, 1999

[—, not applicable or none]

U.S. Geological Survey

Constituent or constituent group schedule or laboratory code

Method of analysis Reference

Field determinations

Water temperature, pH, specific —
conductance, dissolved oxygen,

Various

U.S. Geological Survey (1999a)

alkalinity
Inorganic constituents
Major ions Schedule 2750 Various Fishman and Friedman (1989)
Nutrients Schedule 2752 Various Fishman and Friedman (1989)
Metals and trace elements Schedule 2703 Inductively coupled plasma mass Fishman and Friedman (1989)
spectrometry
Dissolved organic carbon Schedule 2085 Ultraviolet-promoted persulfate oxidation Brenton and Arnett (1993)
and infrared spectrometry
Organic compounds
Pesticides Schedule 2001 Solid-phase extraction and analysis by gas ~ Zaugg and others (1995)
chromatography—mass spectrometry with
selected ion monitoring
Laboratory code 9060 Solid-phase extraction and high-performance Werner and others (1996)!
liquid chromatography1
Volatile organic compounds Schedule 2020 Purge-and-trap isolation and concentration;  Rose and Schroeder (1995)

capillary-column gas chromatography—
mass spectrometry

Chlorofluorocarbons Schedule 1173 Purge-and-trap gas chromatography Plummer and Busenberg (1999)
Radioisotopes and environmental isotopes
Tritium Laboratory code 2112 Electrolytic enrichment and liquid Ostlund and Dorsey (1977)

Tritium-helium ratio

Radon-222

Deuterium-hydrogen ratio
Oxygen-18—oxygen-16 ratio

Gross alpha and beta radiation
and radium

Schedule 1033

Laboratory code 1369

Schedule 1173
Schedule 1173
Schedule 1263

scintillation

Electrolytic enrichment and liquid
scintillation

Liquid scintillation

Hydrogen equilibrium at 30°C

Carbon dioxide equilibrium at 25°C

Gamma-ray spectrometry using high-purity

germanium detector

Ostlund and Dorsey (1977)

American Society for Testing
and Materials (1996)

Coplen and others (1991)
Epstein and Mayeda (1953)

1Analylical method was modified from that of Werner and others’ (1996).
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others, 1995; Childress and others, 1999). In some
instances in this report, concentration values for indi-
vidual compounds are lower than the method detection
limits. If a constituent may be present in a sample at a
concentration less than the method detection limit, the
listed concentration was estimated. Estimated values
indicate probable analyte detection; however, the
reported concentration value was not quantifiable.
Most of the analytical results were reported previously
by Bertrand and others (2000), are stored in the USGS
National Water Information System database, and are
accessible on the Internet at URL <http://water.usgs
.gov/ak/nwis/qwdata>.

Quality Control

Quality-assurance—quality-control samples were
collected to evaluate the accuracy and precision of
concentrations of constituents measured in ground-
water samples and to determine if samples were con-
taminated during their collection, processing, and
analysis. Blank samples, replicate samples, and spike
samples were collected, preserved, and analyzed by
using the same methods and equipment as those used
for the environmental ground-water samples. The

USGS NWQL also spiked selected samples for
selected VOCs and pesticides. In general, reported
concentrations of most constituents are considered
accurate and precise, but the reported frequencies
of detection and concentrations of ammonia, nitrate,
phosphorus, copper, iron, manganese, and toluene
may be higher than actual.

Field blanks consisted of waters that contained
neither inorganic constituents nor organic compounds
and that had been pumped through the sampling
equipment and discharge lines to determine whether
cleaning procedures eliminated contamination
between sites and to ensure that field methods, sample
shipment, and laboratory procedures had not contami-
nated samples. Results from three inorganic and two
organic field blanks collected after sampling wells 3,
30, and 34 showed that for most constituents, chemical
contaminants were not being introduced as a result of
sample collection and equipment decontamination
procedures. However, calcium, magnesium, silica,
ammonia, nitrate, phosphorus, copper, iron, manga-
nese, toluene, and dichloromethane were present in
field blanks in small concentrations (table 3). The con-
centrations of ammonia, nitrate, phosphorus, copper,
iron, manganese, and toluene in field blanks were sim-
ilar to those measured in some ground-water samples.

Table 3. Constituents detected in quality-control samples from Cook Inlet Basin, 1999

[See table 2 regarding analytical methods used. <, less than]

Number of Number of quality- Min_imum Highest concentration )
Constituent Unit quality-control cor_1tro| samples reporting level in quality-control _Range of concentrations
having detectable or method in ground-water samples
samples : AT samples

concentrations  detection limit

Field Blanks
Calcium Milligram per liter 3 3 0.02 0.01 4.4-717
Magnesium Milligram per liter 3 1 .001 .001 2.1-18
Silica (as SiO,) Milligram per liter 3 2 .05 .043 5.9-46
Ammonia plus organic Milligram per liter 2 2 .05 105 <0.1-0.8

nitrogen (as N)
Nitrite plus nitrate (as N) ~ Milligram per liter 2 1 .05 .15 <0.05-4.8
Phosphorus (as P) Milligram per liter 2 1 .004 .004 <0.004-0.38
Copper Microgram per liter 3 1 1 22 <1-15
Iron Microgram per liter 3 1 3 11.2 <10-18,000
Manganese Microgram per liter 3 1 1 13 <1-1,460
Toluene Microgram per liter 2 2 .05 .087 <0.05-0.77
Dichloromethane (as Microgram per liter 2 .38 .066 <0.38
methylene chloride)

Trip blanks

Toluene Microgram per liter 2 1 0.05 0.043 <0.05-0.77

IEstimated value.
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As a result, environmental data for these constituents
may be biased, and interpretations for these constitu-
ents, particularly at low levels, therefore requires cau-
tion. The presence of detectable concentrations of
some constituents may be the result of one or more of
the following: use of contaminated sample-preparation
equipment, such as filters, sample bottles, or preserva-
tive; carryover from field or laboratory equipment; or
the analytical method used.

Trip blanks consisted of sample vials filled with
VOC-free water in the USGS Anchorage Field Office
laboratory and transported to the field and submitted
to the laboratories with environmental samples. Trip
blanks, used to verify that VOC samples were not con-
taminated during storage, sampling, or shipment to the
laboratory, were transported during the sampling of
wells 5 and 24. Toluene detected in one of two trip
blanks had an estimated concentration of 0.043 pg/L.

Sequential replicate samples are a second set of
water samples collected and preserved immediately
after an environmental sample, by the same techniques

and equipment. Results from the replicate samples at
wells 10, 22, and 24 indicate good agreement between
measured concentrations: Most paired values were
within 10 percent, although several constituents had
relative differences between environmental and repli-
cate samples of more than 10 percent (table 4). How-
ever, small concentration differences may result in
large relative-percentage differences when environ-
mental- and replicate-sample concentrations are also
small.

Laboratory spiking of samples also were per-
formed by NWQL to determine the precision and
accuracy of analyte recovery in the sample matrix and
to evaluate the effectiveness of the analytical methods
for selected analytes. Recoveries for selected VOCs
(1,2-dichloroethane, toluene, and 1,4-bromofluoro-
benzene) ranged from 84 to 119 percent; recoveries for
selected pesticides (diazinon and alpha-HCH) ranged
from 72 to 124 percent. These results of laboratory
spiking indicate that matrix effects were minor, and
the analytical methods were effective.

Table 4. Constituents that have relative-percentage differences greater than 10 percent in replicate samples

from Cook Inlet Basin

[See table 2 regarding analytical methods used. <, less than]

Concentration Relative- Number of replicate
Number of percentage samples that have
Constituent replicate Environmental Replicate diff 1 relative-percentage
samples sample saF;ane Unit (' 2:5258 differences? greater
P than 10 percent
Potassium 2 1 Milligram per liter 11 1
Bromide 2 .02 Milligram per liter 67 1
Aluminum 2 5 <1 Microgram per liter 133 1
Copper 2 1 2 Microgram per liter 67 1
Zinc 2 56 32 Microgram per liter 55 1
Radon-222 2 180 210 Picocurie per liter 15 2
220 190 15
Dissolved organic carbon 2 .6 Milligram per liter 15 2
.6 18

lRelative-percentage difference equals difference between concentrations of environmental and replicate samples divided by average of concen-

trations of environmental and replicate samples.
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WATER-QUALITY STANDARDS AND
GUIDELINES

The concentrations of constituents determined
during this study are compared with current U.S. Envi-
ronmental Protection Agency (2000, 2001) drinking-
water regulations and guidelines. Drinking-water stan-
dards include the primary (MCL), secondary (SMCL),
and proposed maximum contaminant levels; action
levels; and health advisories. The USEPA drinking-
water standards are defined as the permissible level of
a contaminant in water delivered to users of a public
water system. An MCL is an enforceable standard and
1s established on the basis of health effects, treatment
feasibility, cost of treatment, and analytical detection.
An SMCL is a nonenforceable guideline based on
esthetics and is established for constituents that can
adversely affect the odor or appearance of water and
result in the discontinuation of the water’s use. Action
levels are considered the lowest level to which water
systems can reasonably be required to control a con-
taminant should it occur in drinking water. Health
advisories are nonregulatory levels of contaminants in
drinking water that may be used for guidance in the
absence of regulatory limits. They consist of estimates
of the highest concentrations that would result in no
known or anticipated health effects (or for carcino-
gens, a specified cancer risk), determined for a child
or for an adult for various exposure periods. A lifetime
health advisory is established for the part of an indi-
vidual’s lifetime exposure that is attributed to drinking
water and is considered protective against noncarcino-
genic adverse health effects over a lifetime exposure
(70 years).

PHYSICAL PROPERTIES AND FIELD
MEASUREMENTS

When possible, the depth to water in each well
was measured before the pump was turned on for sam-
pling. Water levels ranged from 7.3 ft above land sur-
face in a well perforated in a confined aquifer near the
mouth of the Kenai River to 202 ft below land surface
in a well along the mountain front in Anchorage. As
water was being pumped from the well, measurements
of water temperature, specific conductance, dissolved
oxygen, pH, and alkalinity were made to help deter-
mine some basic chemical characteristics of the water;
the stabilized values for each site are summarized in
table 5 and are presented in more detail in appendix 1.

Table 5. Statistical summary of physical properties and
field measurements for water sampled from wells in Cook
Inlet Basin, 1999

[Number in parentheses to left of property or constituent is number used by both
U.S. Environmental Protection Agency and U.S. Geological Survey to identify
parameter in computerized data bases. See table 2 regarding analytical methods
used. SMCL, secondary maximum contaminant level. >, greater than; <, less than;
—, no criteria or not applicable]

Value Drinking-
water

Minimum Median Maximum  standard®

Survey Number of
network analyses

(72019) Water level (feet below land surface)

Subunit 29 -1.3 56 202 —

Public supply 5 22 32 106 —
(72008) Well depth (feet below land surface)

Subunit 29 24 90 233 —

5 90 268 420 —

Public supply

(72004) Pumpage period (minutes)

Subunit 29 30 60  >300,000 —
Public supply 5 30 90 210 —
(00059) Flow rate (gallons per minute)
Subunit 29 5 5 725 —
Public supply 5 650 1,200 1,800 —
(00010) Water temperature (degrees Celsius)
Subunit 29 3.0 4.0 9.5 —
Public supply 5 2.5 4.0 5.0 —
(00400) pH (standard units)
Subunit 29 6.7 7.9 8.3 —
Public supply 5 7.1 8.0 8.4 —
- - — — — 6.5 (SMCL)
(minimum)
- - — — — 8.5 (SMCL)
(maximum)

(00095) Specific conductance (microsiemens per centimeter at 25°C)

Subunit 29 77 255 1,750 —

Public supply 5 168 201 310 —

(00300) Dissolved oxygen (milligrams per liter)

Subunit 29 0.1 0.6 11.8 —
Public supply 5 <0.1 1.6 11 —
(39086) Alkalinity (milligrams per liter as CaCO3)
Subunit 29 34 127 384 —
Public supply 5 71 100 103 —

1'U.S. Environmental Protection Agency (2000).

WATER-QUALITY STANDARDS AND GUIDELINES 15



Ground water in the Cook Inlet Basin is cool: About
90 percent of the wells sampled yielded water having
temperatures less than 6°C. Most wells yielded water
having specific-conductance values less than 300
puS/cm, indicating low dissolved-solids contents (less
than about 180 mg/L). The highest values of specific
conductance (946 and 1,750 uS/cm) were from wells
near the mouth of the Kenai River. Dissolved-oxygen
concentrations of less than 1 mg/L indicate chemically
reducing conditions and were observed in 15 of 29
wells in the subunit survey and in 1 public-supply
well. Under reduced conditions, ions such as arsenic,
iron, and manganese are more soluble in ground water.
Observed pH values ranged from 6.7 to 8.4 units.
Alkalinity, a measure of the capacity of the substances
dissolved in the water to neutralize acid, ranged from
34 to 384 mg/L as CaCOs for filtered samples.

MAJOR IONS

Water samples were analyzed for the following
major inorganic constituents: calcium, magnesium,
sodium, potassium, sulfate, chloride, fluoride, bro-
mide, and silica (appendix 2). Bicarbonate concentra-
tion was determined by alkalinity titration. Most
ground-water samples had low to moderate dissolved-
solids concentrations. However, the SMCL for dis-
solved solids, 500 mg/L, was exceeded in samples
from two wells (3 and 9) near the mouth of the Kenai
River. Summary statistics for the major constituents
and USEPA drinking-water standards are listed in
table 6.

The dominant positively charged compounds
(cations) include calcium, magnesium, sodium, and
potassium. Calcium in drinking water has no detri-
mental health effects but contributes to the hardness
of water. Calcium and magnesium are both essential
elements for plants and animals. Sodium and potas-
sium are present in many different types of rocks, but
potassium is slightly less common than sodium in
igneous rock and more abundant in sedimentary rocks.
Sodium tends to remain in solution once it has been
dissolved, whereas potassium exhibits a strong ten-
dency to be reincorporated; thus, the concentration of

16 Ground-Water Quality, Cook Inlet Basin, Alaska, 1999

Table 6. Statistical summary of major-ion concentrations in
water sampled from wells in Cook Inlet Basin, 1999

[Number in parentheses to left of constituent is number used by both U.S. Environ-
mental Protection Agency and U.S. Geological Survey to identify parameter in
computerized data bases. MCL, maximum contaminant level; SMCL, secondary
maximum contaminant level. See table 2 regarding analytical methods used. <, less
than; —, none or not applicable]

Concentration in sample Drinking-
Survey Number (milligrams per liter) water
network ana?fses stz_:lr?dard1
4 Minimum Median Maximum (m|II|g'rams
per liter)
(00915) Calcium
Subunit 29 4.4 40 77 —
Public supply 4 6.3 28 56 —
(00925) Magnesium
Subunit 29 2.1 6.1 18 —
Public supply 4 4.1 6.5 7.7 —
(00930) Sodium
Subunit 29 2.0 3.6 360 —
Public supply 4 3.2 5.8 34 —
(00935) Potassium
Subunit 29 0.25 0.95 13 —
Public supply 4 .89 95 4.2 —
(00453) Bicarbonate, as HCO;3
Subunit 29 42 155 468 —
Public supply 5 94 122 126 —
(00945) Sulfate
Subunit 28 <0.1 3.0 55 —
Public supply 4 3 9.1 62 —
o o . o o 250
(SMCL)
(00940) Chloride
Subunit 28 1.1 39 500 —
Public supply 4 .6 4.3 9.3 —
. . . . . 250
(SMCL)
(00950) Fluoride
Subunit 28 <0.1 <0.1 0.2 —
Public supply 4 <.1 <.1 3 —
o o o o . 4
(MCL)
2
(SMCL)
(71870) Bromide
Subunit 28 <0.01 <0.01 0.87 —
Public supply 4 <.01 <01 .02 —
(00955) Silica
Subunit 29 59 14 44 —
Public supply 4 6.3 13 46 —
(70300) Dissolved solids, residue at 180°C
Subunit 28 77 161 986 —
Public supply 4 119 147 213 —
— — — — — 500 (SMCL)

1'U.S. Environmental Protection Agency (2000).



potassium in most natural water is much lower than
that of sodium (Hem, 1985). Sodium concentrations
were greatest in ground water near the mouth of the
Kenai River. Potassium concentrations in most sam-
ples were low, generally less than 1 mg/L.

The dominant negatively charged compounds
(anions) include bicarbonate, sulfate, chloride, fluo-
ride, and bromide. Bicarbonate is produced in the soil
zone from the reaction of carbon dioxide and water
and from the dissolving of calcium carbonate in rocks.
Bicarbonate is commonly a dominant anion in shal-
low, recently recharged ground water. Sulfate in
ground water is derived mostly from the weathering of
sedimentary and igneous rocks and from biochemical
processes. Concentrations of sulfate were less than 5
mg/L in water from wells on the Kenai Peninsula and
from wells in the western Matanuska—Susitna area.
The highest sulfate concentrations, ranging from 52 to
62 mg/L, were in water samples from three wells (24,
26, and 31) near the Matanuska River. Wells sampled
in Anchorage yielded water samples having intermedi-
ate sulfate concentrations, ranging from 7.1 to 19
mg/L. Most wells yielded water samples that had fluo-
ride concentrations less than 0.1 mg/L.

Chloride concentrations were typically less than
5 mg/L. However, well 3 near the mouth of the Kenai
River yielded water having a chloride concentration
that exceeded the SMCL standard of 250 mg/L. Water
samples collected for previous studies in this coastal
area also had sodium and chloride concentrations
greater than 250 mg/L (Glass, 1996). This brackish
ground water may be remnant from the time when a
larger ancestral Cook Inlet covered the area (Glass,
1999). Seawater intrusion due to withdrawals of
ground water is unlikely because the altitudes of water
levels in wells in this area are more than 20 ft above
sea level.

Silica concentrations in water from wells in
Anchorage and the Matanuska—Susitna areas ranged
from 6 to 27 mg/L. Highest values, ranging from 26 to
46 mg/L, were observed in water samples from wells
on the Kenai Peninsula.

Trilinear diagrams are a means of indicating gen-
eral similarities and differences in the composition of
water from certain geologic units (Freeze and Cherry,
1979). Percentages of the total milliequivalents per
liter (the number of moles of solute, multiplied by the
valence of the solute species, in 1 liter of solution) of
the dominant cations and anions in each water sample
are shown in figure 3. Also shown are the combined

cation and anion composition of the water, which is
derived from projecting the data from the separate tri-
angular cation and anion plots. Most water samples
from wells in the Anchorage and Matanuska—Susitna
areas had calcium as their dominant cation and bicar-
bonate as the dominant anion. Magnesium was the
second-most dominant cation, commonly making up
10 to 40 percent of the positive ions. Water from some
wells on the Kenai Peninsula had greater proportions
of sodium and chloride. The proportion of sulfate in
most samples was low; only three wells (24, 26, and
31) in the eastern Matanuska—Susitna area yielded
waters having sulfate composing greater than 20 per-
cent of the anions.

NUTRIENTS AND DISSOLVED ORGANIC
CARBON

Precipitation, plant residues, and aquifer minerals
generally contribute low concentrations of nitrate and
phosphate to ground water. However, contributions
from human sources, such as domestic and agricultural
fertilizers and effluent from domestic septic systems,
can increase nutrient concentrations significantly.
Nutrients in sufficiently high concentrations can cause
excessive algal growth in streams or, in extreme cases,
be toxic to aquatic life and hazardous to human health.
Nutrient concentrations in ground water sampled dur-
ing 1999 did not exceed any drinking-water standard
(table 7 and appendix 3) but may indicate contribu-
tions from human sources in some areas.

The solubility of nitrogen is affected by the oxi-
dation state of the ground water or aquifer. Nitrogen in
ground water containing dissolved oxygen commonly
is present as nitrate, whereas nitrogen in water having
no or only small amounts of dissolved oxygen might
not be present as nitrate owing to conversion of nitrate
to nitrogen gas, nitrite, ammonia, or ammonium.
Ammonia is less common than nitrate and nitrite.
Nationally, the median ammonia concentration (quan-
tified as measured nitrogen) in ground water in major
aquifers is 0.02 mg/L (Nolan and Stoner, 2000). In
the Cook Inlet Basin, concentrations of ammonia were
less than the minimum reporting level of 0.02 mg/L in
23 of 34 ground-water samples. The highest concen-
trations of ammonia observed, 0.81 and 0.80 mg/L,
were from water samples from two wells (3 and 9)
near the mouth of the Kenai River and were far below
the 30 mg/L health advisory.
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Figure 3. Major-ion composition of
water sampled from wells in Cook

Inlet Basin, 1999.

Table 7. Statistical summary of nutrient and dissolved organic carbon concentra-
tions in water sampled from wells in Cook Inlet Basin, 1999

[Number in parentheses to left of constituent is number used by both U.S. Environmental Protection Agency
and U.S. Geological Survey to identify parameter in computerized data bases. See table 2 regarding analytical

methods used. MCL, maximum contaminant level. <, less than; —, none or not applicable]
. o
Number of analyses Concentration _ Criterion®
(milligrams per liter) (milligrams per liter)
Survey Resulting in
network concentrations Drinking- ~ Lifetime
Total less than Minimum  Median Maximum water health
minimum standard  advisory
reporting level
(00608) Ammonia, as N
Subunit 29 19 <0.02 <0.02 0.81 — —
Public supply 5 4 <02 <.02 31 — _
— — — — — — — 30
(00623) Ammonia plus organic nitrogen, as N
Subunit 29 18 <0.1 <0.1 0.8 — _
Public supply 5 4 <1 <1 3 — _
(00631) Nitrite plus nitrate, as N
Subunit 29 12 <0.05 0.12 4.8 — —
Public supply 5 1 <.05 25 2.5 — —
— - — — — — 10 (MCL) —
(00613) Nitrite, as N
Subunit 29 27 <0.01 <0.01 0.01 — _
Public supply 5 5 <.01 <.01 <.01 — —
— - — — — — 1 (MCL) —
(00666) Phosphorus, as P
Subunit 29 11 <0.004 0.011 0.38 — _
Public supply 5 2 <.004 014 .37 — —
(00671) Orthophosphate, as P
Subunit 29 13 <0.01 0.01 0.43 — _
Public supp]y 5 3 <.01 <.01 45 — —
(00681) Dissolved organic carbon

Subunit 29 0 0.3 0.9 2.1 — _
5 3 4 1.9 — _

Public supply

1U.S. Environmental Protection Agency (2000).

Nitrite concentrations in undeveloped areas are
commonly very low, typically less than 0.2 mg/L as N,
and they represent only a small fraction of the total
nitrogen in the system. All nitrite concentrations in
ground-water samples were at or below the minimum
reporting level of 0.01 mg/L as N. The MCL for nitrite
is 1.0 mg/L.

Nitrate is the primary form of nitrogen dissolved
in ground water. In this report, nitrate refers to the sum
of nitrite plus nitrate. The national background con-
centration for nitrate in shallow ground water in unde-
veloped areas considered to be minimally affected by
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agriculture, urbanization, and associated land uses is
estimated to be about 2 mg/L as N (U.S. Geological
Survey, 1999b, p. 34). Nitrate concentrations greater
than about 3 mg/L. may be indicative of human sources
(Madison and Brunett, 1985). Ground-water samples
from wells in the Cook Inlet Basin generally had low
nitrate concentrations; 13 of 34 samples had concen-
trations less than 0.05 mg/L. Nitrate concentrations
were highest in water from wells in the eastern part of
Anchorage and were as great as 4.8 mg/L. Water from
well 34, a public-supply well in a relatively undevel-
oped area in the eastern part of Anchorage, had a con-
centration of 2.5 mg/L. The MCL for dissolved nitrate
is 10 mg/L as N.

To discourage excessive biotic growth in flowing
water, total phosphorus concentrations (as P) should
not exceed 0.1 mg/L. In the Cook Inlet Basin, phos-
phorus concentrations generally were low; 16 of 34
samples had concentrations of dissolved orthophos-
phate less than 0.01 mg/L. The highest concentrations
observed, 0.43 and 0.45 mg/L, were from two wells
(9 and 35) on the Kenai Peninsula. These high phos-
phorus concentrations are unlikely to have resulted
from human activities because the openings for both
wells are beneath a thick layer of clay.

DOC in ground water can result from the partial
oxidation of organic matter in the soil zone or in the
aquifer. Naturally occurring organic matter in water
and DOC can form complexes that affect metal solu-
bilities, participate in reduction reactions, and serve as
nutrients for microorganisms that mediate chemical
processes (Hem, 1985). These processes commonly
decrease dissolved oxygen and sulfate concentrations
but may increase the amounts of arsenic, iron, and
manganese dissolved in water. Naturally occurring
organic matter can also cause taste, odor, or color
problems in water and serve as precursors to the for-
mation of trihalomethane compounds, which result
from chlorination in water-treatment processes. DOC
was detected in water at all sites, and concentrations
did not have large spatial variations throughout the
study unit. Concentrations of DOC ranged from 0.3 to
2.1 mg/L. Freeze and Cherry (1979) reported that con-
centrations of DOC in ground water most commonly
range from 0.1 to 10 mg/L.
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TRACE ELEMENTS

Trace elements are inorganic chemicals com-
monly occurring in small amounts in natural water. In
the COOK study unit, concentrations of aluminum,
antimony, beryllium, cadmium, chromium, cobalt,
lead, molybdenum, nickel, selenium, silver, and ura-
nium dissolved in ground water were generally low,
less than 5 pg/L (table 8 and appendix 4). Arsenic,
barium, copper, iron, manganese, and zinc were
present in some samples at concentrations greater than
5 pg/L. Frenzel (2000) reported that arsenic, chro-
mium, copper, and nickel appear to be at naturally
large concentrations in streambed sediments in the
Cook Inlet Basin, when compared with concentrations
in streambed sediments in other NAWQA studies.

Naturally occurring arsenic commonly is found
in some volcanic tuffs and ash; adsorbed to and copre-
cipitated with metal oxides, especially iron oxides;
associated with the sulfide minerals pyrite and arseno-
pyrite; and associated with organic carbon (Welch and
others, 2000). The unconsolidated aquifer materials
within the COOK study unit may contain naturally
large concentrations of arsenic. Concentrations of
arsenic in streambed sediments ranged from 5.2 to 44
ug/g (dry weight) at 14 sites in the basin and exceeded
the median concentration at NAWQA streambed-
sediment sites sampled from 1992 to 1995, 6.35 ug/g,
at 13 of 14 sites (Frenzel, 2000). The chemical reduc-
tion and dissolution of iron oxide in the aquifer materi-
als, possibly through reaction with organic matter, also
may allow high arsenic concentrations in ground water
in some parts of the study unit. Commonly, wells
that yielded water having elevated concentrations of
arsenic also yielded water having elevated concentra-
tions of iron and manganese and low concentrations of
dissolved oxygen and nitrate.

Long-term exposure to arsenic in drinking water
can lead to cancer of the skin, lungs, bladder, and kid-
ney as well as skin changes such as thickening and
change in pigmentation (World Health Organization,
2001). The proposed MCL for arsenic is 10 ug/L (U.S.
Environmental Protection Agency, 2001); of the 34
wells sampled, 6 (18 percent) had concentrations
exceeding 10 pg/L. Glass (1999) reported that the



median dissolved arsenic concentration in water from
69 wells previously sampled in the northern part of the
Kenai Peninsula was 7 pg/L; the highest concentration
reported was 94 ug/L. Concentrations of arsenic in
water from the eight wells sampled on the Kenai Pen-
insula in 1999 as part of the subunit survey ranged
from less than 1 to 22 pg/L and had a median value of
4.5 ng/L. Water from the sampled public-supply well
(35) on the Kenai Peninsula had a concentration of 24
ug/L. Arsenic concentrations in water samples col-
lected during 1999 were as great as 29 pg/L in the
Matanuska—Susitna area and as great as 10 pg/L in
Anchorage. The median dissolved arsenic concentra-
tions were 2 Lg/L for the subunit survey and less than
1 pg/L for the public-supply survey.

The median barium concentrations in water from
wells in the subunit and public-supply surveys were 9
and 6 ng/L, respectively. Concentrations were greatest
(106 and 133 pg/L) in water from wells 9 and 3 near
the mouth of the Kenai River but were substantially
below the 2,000 ng/L MCL.

Iron is dissolved from many rocks and soils and
is an essential element in the metabolism of animals
and plants. Iron in drinking water does not pose a
health threat; however, on exposure to air, iron in
water oxidizes to become a reddish-brown sediment. If
present in excess quantities in water used for domestic
purposes, it forms a red precipitate that stains laundry
and plumbing fixtures, causes discoloration and
unpleasant taste in beverages, and may promote
growth of iron bacteria in pipes. An iron concentration
less than 300 ug/L, the SMCL, is preferred for public
supply. Most wells sampled yielded water having con-
centrations less than 10 ug/L, but water from 6 of 33
wells had iron concentrations greater than 300 ug/L.
The highest iron content, 18,000 ug/L, was from well
18 in the western part of the Matanuska—Susitna area.

Having a chemistry similar to that of iron, man-
ganese is undesirable in water supplies because in high
concentrations it leaves black oxide stains and has an
unpleasant taste. The SMCL for manganese is 50
ug/L. The median dissolved manganese concentration
was 30 pg/L for the subunit survey; 14 of the 33 wells
sampled yielded water having manganese concentra-
tions greater than the SMCL. The largest concentra-
tion observed was 1,460 pg/L.

PESTICIDES

Pesticides have long been used in agricultural
settings, but their use in urban and undeveloped areas
has increased as well. Pesticides are used in urban set-
tings to control weeds and insects in lawns and trees;
around homes and commercial buildings; along rail-
road, transmission-line, and roadway rights-of-way;
and in private and public gardens. When present in
drinking water or streams, many pesticides have
adverse effects on humans and aquatic organisms.
National water-quality standards and guidelines per-
taining to pesticide contaminants were summarized by
Nowell and Resek (1994).

Analyses of pesticides in other NAWQA subunits
have shown that pesticide contamination in ground
water is not just an agricultural problem; certain con-
taminants commonly occur in the more populated
urban areas. Nationwide, about 50 percent of the wells
sampled for the first 20 NAWQA study units con-
tained one or more pesticides; the highest detection
frequencies were in shallow ground water beneath
agricultural and urban areas (59 and 49 percent,
respectively), and the lowest frequencies (averaging
33 percent) typically in deeper ground water from
major aquifers (U.S. Geological Survey, 1999b, p. 58).
Herbicides commonly found in shallow ground water
were atrazine, deethylatrazine, simazine, and prome-
ton. The most commonly detected insecticide in shal-
low ground water was dieldrin, which was found in
about 3 percent of wells sampled nationwide.

In the Cook Inlet Basin, 24 percent of ground-
water samples had very low concentrations of at least
one pesticide or pesticide-degradation product (table 9
and appendix 5). Eleven pesticides or pesticide-degra-
dation products may have been present in water sam-
ples but at concentrations too small to be quantified.
None of the detected pesticides had regulated MCLs
for drinking water, but three had health advisories. The
largest concentration detected, 0.007 pug/L, was shared
by two compounds: methylazinphos, an insecticide
used to control leaf-eating insects such as aphids; and
fluometuron, an herbicide used to control weeds in
cotton and sugarcane, crops not grown in Alaska. All
concentrations of pesticides and pesticide-degradation
products were far below lifetime health advisories.
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Table 8. Statistical summary of trace-element concentrations in water sampled from wells in Cook
Inlet Basin, 1999

[Number in parentheses to left of constituent is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to
identify parameter in computerized data bases. See table 2 regarding analytical methods used. MCL, maximum contaminant level; PMCL,

proposed maximum contaminant level; SMCL, secondary maximum contaminant level. <, less than; —, none or not applicable]
- o
Number of analyses (miﬁg?gfigtﬁéﬁri]ter) (microgrtgﬁ”rlsoger liter)
Survey Resulting in
network concentrations o ) . Drinking-water Action Lifetime
Total Ie;; than Minimum  Median Maximum standard level heglth
minimum advisory
reporting level
(01106) Aluminum
Subunit 29 21 <1 <1 4.9 - - -
Public 5 2 <1 1 1.2 - - -
— — — — — — 50-200 (SMCL) — —
(01095) Antimony
Subunit 29 29 <1 <1 <1 - - —
Public 5 5 <1 <1 <1 — — —
(01000) Arsenic
Subunit 29 9 <1 2 29 - - -
Public 5 3 <1 <1 24 - - -
— — — — — — 50 (MCL) — —
— — — — — — 10 (PMCL) — —
(01005) Barium
Subunit 29 0 1.3 9.1 133 - - -
Public 5 0 2.8 5.8 52 - - -
— — — — — — 2,000 (MCL) —
(01010) Beryllium
Subunit 29 29 <1 <1 <1 - - -
Public 5 5 <1 <1 <1 - - -
— — — — — — 4 (MCL) — —
(01025) Cadmium
Subunit 29 29 <1 <1 <1 - - -
Public 5 5 <1 <1 <1 - - -
— — — — — — 5 (MCL) —
(01030) Chromium
Subunit 24 21 <1 <1 3 - - -
Public 5 4 <1 <1 1 - - -
— — — — — — 100 (MCL) —
(01035) Cobalt
Subunit 29 28 <1 <1 2 - - -
Public 5 5 <1 <1 <1 - - -
(01040) Copper
Subunit 29 14 <1 <1 15 - - -
Public 5 4 <1 <1 2 - - -
— — — — — — — 1,300
(01046) Iron
Subunit 29 16 <10 <10 18,000 - - -
Public 4 3 <10 <10 87 - - -
— — — — — — 300 (SMCL) —
(01049) Lead
Subunit 29 28 <1 <1 5 - - -
Public 5 5 <1 <1 <1 - — -
— — — — — — — 15
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Table 8. Statistical summary of trace-element concentrations in water sampled from wells in Cook

Inlet Basin, 1999—Continued

Concentration
(milligrams per liter)

Number of analyses

Criterion®
(micrograms per liter)

Survey Resulting in
network concentrations o . ) Drinking-water Action Lifetime
Total Ie'_ss_ than Minimum  Median  Maximum standard level heglth
minimum advisory
reporting level
(01056) Manganese
Subunit 29 12 <1 30 1,460 - - -
Public 5 4 <1 <1 38 - - -
— — — — — — 50 (SMCL) — —
(01065) Nickel
Subunit 29 17 <1 <1 1.9 - - -
Public 5 4 <1 <1 1.8 - - -
— — — — — — — — 100
(01145) Selenium
Subunit 29 28 <1 <1 1 - - —
Public 5 4 <1 <1 1 - - -
— — — — — — 50 (MCL) — —
(01075) Silver
Subunit 29 29 <1 <1 <1 - - —
Public 5 5 <1 <1 <1 - - -
— — — — — — 100 (SMCL) — —
(22703) Uranium
Subunit 29 29 <1 <1 <1 - - —
Public 5 5 <1 <1 <1 - - -
— — — — — — 20 (MCL) — —
(01090) Zinc
Subunit 29 1 <1 12 76 - - -
Public 5 1 <1 1.3

2.1 - — —
— 5,000 (SMCL) — —

1U.S. Environmental Protection Agency (2000).

VOLATILE ORGANIC COMPOUNDS

VOCs are manufactured chemicals such as
organic solvents, byproducts of chlorinated disinfec-
tants, and many petroleum-based derivatives that are
components of gasoline, fuel oil, and lubricants. VOCs
can be important environmental contaminants because
many are mobile, persistent, and toxic. Many VOCs
have been the focus of national regulations, monitor-
ing, and research during the past 10 to 20 years. These
include bromodichloromethane, chlorodibromo-
methane, tribromomethane, and trichloromethane, all
of which are associated with the chlorination of drink-
ing water; the fumigants 1,2-dibromo-3-chloropropane
and 1,2-dibromomethane (commonly referred to as

DBCP and EDB, respectively); the solvents tetrachlo-
roethylene and trichloroethene (PCE and TCE, respec-
tively); and the gasoline aromatic hydrocarbons
(commonly referred to as BTEX compounds) benzene,
toluene (methyl benzene), ethyl benzene, and xylenes
(dimethylbenzenes). The gasoline additive used to
reduce carbon monoxide emissions from vehicles dur-
ing winter, methyl tert-butyl ether (MTBE), also has
received much attention in recent years and commonly
has been found in shallow aquifers beneath urban
areas. Rowe and others (1997) and Bender and others
(1999) described human-health criteria, drinking-
water regulations, aquatic-toxicity criteria, and other
information for many of the VOCs analyzed for this
study.
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Table 9. Pesticides detected in water sampled from wells in Cook Inlet Basin, 1999
[See table 2 regarding analytical methods used. Well number: See table 1 and fig. 2. —, none]

. Lifetime
- Number of Me.thOd. . MaX|mur.n 1 health
c . Alternative term Number of Well detection limit  concentration . >
onstituent samples - : ) advisory’
or trade name detections number (micrograms (micrograms .
analyzed : : (micrograms
per liter) per liter) ;
per liter)
Deethylatrazine DEA 33 1 11 0.002 0.0015 —
Methyl azinphos Guthion or Carfene 33 5 .001 .007 —
p,p-DDE p,p-DDT metabolite 33 4,24, and 31 .006 .002 —
Propanil — 33 11 .004 .002 —
Tebuthiuron Spike or Perflan 33 11 .01 .004 500
Carbofuran — 33 24 .057 .0008 40
3-Hydroxy-carbofuran — 33 24 .062 .0013 —
Diuron — 33 15 and 31 .079 .002 10
Fluometuron — 33 14 .062 .007 90
Metsulfuron methyl — 33 24 114 .002 —
Neburon — 33 22 and 24 .075 .0011 —

IEstimated values.

2For 70-kilogram (154-pound) adult (U.S. Environmental Protection Agency, 2000).

Nationwide, the frequency of detection of VOCs
in ground water is greater in urban areas than in rural
areas having fewer than 1,000 people per square mile;
nearly 50 percent of wells sampled in urban areas had
at least one VOC detected (minimum reporting level,
0.2 pg/L) compared with about 14 percent of wells
sampled in rural areas (Squillace and others, 1999).
Drinking-water criteria for at least one VOC were
exceeded in water samples from 6.4 percent of all
sampled wells in urban areas nationwide and 2.5 per-
cent of urban wells used as sources of drinking water.
The most commonly detected VOCs in urban areas
were trichloromethane (detected in 26 percent of
urban wells sampled), MTBE (in 17 percent), PCE (in
17 percent), and TCE (in 12 percent). Because their
occurrence is widespread, these four VOCs commonly
occur together although they are not necessarily used
together. MTBE is used in gasoline, and the remaining
three VOCs are classified as solvents. However, tri-
chloromethane can form during chlorination of drink-
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ing-water supplies, and lawn irrigation or the leaking
of water mains and sewers can introduce this VOC to
urban ground water. That tetrachloroethylene can
degrade into trichloroethene may explain in part why
these two VOCs occur together.

More than 80 VOCs were analyzed for this study,
but only 9 compounds were detected (table 10 and
appendix 6). All concentrations were less than 1 pg/L
and were below MCLs for drinking water. Toluene
was detected in 22 of 33 ground-water samples at con-
centrations as great as 0.77 pug/L. However, toluene
also was detected in the quality-control samples; thus,
the concentrations and frequency of detection of
toluene in environmental samples likely are over-
estimated. The presence of toluene in quality-control
and ground-water samples may be due to the use of
contaminated field or laboratory equipment or the ana-
lytical method used. The compound 1,2,4-trimethyl-
benzene was detected in 10 of 33 ground-water sam-
ples at concentrations as great as 0.17 pug/L. Trichlo-



Table 10. Volatile organic compounds detected in water sampled from wells in Cook Inlet Basin, 1999

[See table 2 regarding analytical methods used. Well number: See table 1 and fig. 2. MCL, maximum contaminant level; —, none or not applicable]
. Criterion®
Method Maximum (micrograms per liter)
Constituent Number of Number of Well detection limit detected
analyses detections number (micrograms  (micrograms Drinki Lifetime
: : rinking-water
per liter) per liter) standard health
advisory
Toluene 33 29 1,2,4,5,6,7,8,9, 10, 14, 0.05 30.77 1,000 —
15, 16, 20, 22, 24, 25, 26, (MCL)
27,29, 30, 34, and 35
1,2,4-Trimethylbenzene 33 10 1,5, 14,15, 16, 22, 25, 26, 0356 17 — —
27, and 30
Trichlorofluoromethane 33 9 1,5,7, 14, 16, 25, 26, 28, .09 84 — 2,000
and 30
Chloroform 33 2 15 and 32 052 4003 80 —
(MCL)
1,1,1-Trichloroethane 33 2 10 and 24 032 4031 200 —
(MCL)
M- and p-Xylene 33 2 5 and 30 .06 4041 10,000 —
(MCL)
Carbon disulfide 33 1 18 37 405 — —
Chlorobenzene 33 1 16 .028 4007 — —
Tetrachloroethylene 33 1 14 1 4047 5 —
(MCL)

1U.S. Environmental Protection Agency (2000).
2Also detected in two field blanks and one trip blank.
3Detected in both environmental sample and associated blanks.

“Estimated values.

rofluoromethane (CFC-11 or freon-11), a refrigerant,
was detected in 9 of 33 ground-water samples at con-
centrations as great as 0.84 ng/L. CFCs also were col-
lected by using a sampling apparatus that allowed
water collection without contact with air and were
analyzed by a technique that allows detection at much
lower concentrations. The substantially lower concen-
trations of trichlorofluoromethane determined by this
technique suggest that the regular samples were con-
taminated by atmospheric sources of CFCs or that the
field or laboratory equipment was contaminated.

The highest trichlorofluoromethane concentration
observed by using the lower-detection analytical pro-
cedure was 20,000 pg/kg (approximately 0.02 ug/L).
Results of CFC analyses are discussed in the section
“Age Dating of Ground-Water Recharge.”

When toluene is excluded, water from 15 of 33
(or 45 percent of) wells sampled for organic constitu-
ents had at least one VOC detected, and 5 of those
wells (5, 14, 15, 22, and 24) had at least one pesticide
and at least one VOC detected. Water samples from 16
of the 32 wells that were sampled for both pesticides
and VOCs had no pesticide or VOC detected.

ENVIRONMENTAL ISOTOPES

Isotopes are atoms of the same element that differ
in mass because of a difference in the number of neu-
trons in their nuclei. The naturally occurring elements
give rise to more than 1,000 radioactive and stable iso-
topes, commonly referred to as “environmental iso-
topes.”

Radioactive Isotopes

Radioactivity is the property possessed by some
elements (such as uranium and thorium) or isotopes
(such as carbon-14) of spontaneously emitting ener-
getic particles by the disintegration of their atomic
nuclei. Water samples were analyzed for the general
presence of radioactivity by techniques used to deter-
mine gross-alpha and gross-beta emissions (table 11
and appendix 7). Also determined were the activity
concentrations of several specific radiochemical con-
stituents, including radon-222 and radium-224, -226,
and -228. Tritium, a radioactive isotope of hydrogen
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Table 11. Statistical summary of radioisotopes, environmental isotopes, and chloro-
fluorocarbon concentrations in water sampled from wells in Cook Inlet Basin, 1999
[Number in parentheses to left of constituent is number used by both U.S. Environmental Protection Agency and

U.S. Geological Survey to identify parameter in computerized data bases. See table 2 regarding analytical methods
used. CFC, chlorofluorocarbon; MCL, maximum contaminant level; PMCL, proposed maximum contaminant level;
VSMOW, Vienna Standard Mean Ocean Water. <, less than; —, not detected, no criteria (or no separate criteria), or

not applicable]

Survey Number of Concentration Drinking-water
network analyses Minimum Median Maximum standard®
Radioactivity (picocuries per liter)
(04126) Alpha radioactivity as thorium-230, dissolved:
Subunit 29 <3 <3 5.4 —
Public supply 5 <3 <3 <3 —
— — — — — 15 (MCL)
(03515) Beta radioactivity as cesium-137, dissolved:
Subunit 29 <4 <4 10 —
Public supply 5 <4 <4 4.3 —
Radium (picocuries per liter)
(50833) Radium-224, dissolved:
Subunit 29 <1 <1 <1 —
Public supply 5 <1 <1 <1 —
(09503) Radium-226, dissolved:
Subunit 29 <1 <1 <1 —
Public supply 5 <1 <1 <1 —
(81366) Radium-228, dissolved:
Subunit 28 <1 <1 <1 —
Public supply 5 <1 <1 <1 —
(09053; 81366) Radium-226 and -228, dissolved (combined):
- _ - - - 5 (MCL)
Radon (picocuries per liter)
(82383) Radon-222, total:
Subunit 26 140 260 610 —
Public supply 5 140 240 580 —
- - - - - 300 (PMCL)

Hydrogen and oxygen isotope ratios (per mil relative to VSMOW)

(82082) Hydrogen-2/hydrogen-1 ratio:

Subunit 25 -164 -130 -89

Public supply 4 -162 -136 -126
(82085) Oxygen-18/oxygen-16 ratio:

Subunit 25 -21.3 -16.5 -9.1

Public supply 5 -21.1 -17.6 -16

Chlorofluorocarbons (picograms per kilogram)

(50281) CFC-11:

Subunit 25 — 20 20,000

Public supply 5 — 20 2,000
(50282) CFC-12:

Subunit 25 1 100 3,000

Public supply 4 — 60 500
(50283) CFC-113:

Subunit 25 — 5 90

Public supply 5 — 3 100

1U.S. Environmental Protection Agency (2000).
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that has been added to the atmosphere by the detona-
tion of nuclear bombs, also was analyzed to help deter-
mine the apparent age of ground-water samples and is
discussed in the section “Age Dating of Ground-Water
Recharge.”

Gross-alpha and gross-beta activities of dried res-
idues of water samples and radionuclides of radon and
radium are reported in radioactivity units (picocuries
per liter), as thorium-230 and cesium-137, respec-
tively. Such measurements of particle activities and
analyses of radionuclides are preliminary screening
procedures for the presence of radioactivity but do not
identify the contributing radionuclides. Most gross-
alpha and gross-beta particle activities observed were
below their laboratory detection levels, 3 and 4 pCi/L,
respectively (table 11 and appendix 7). The highest
gross-alpha activity observed was 5.4 pCi/L as tho-
rium-230, and the highest gross-beta particle activity
observed was 10 pCi/L as cesium-137. The MCL for
gross-alpha particle activity is 15 pCi/L. The MCL for
gross-beta radioactivity is an effective dose equivalent
to 4 millirem per year.

Alpha-emitting substances in natural water are
mainly isotopes of radium and radon. Four isotopes of
radium (radium-223, -224, -226, and -228) occur natu-
rally and are all strongly radioactive. Radium is chem-
ically similar to calcium and collects in bone tissue
where it can induce bone cancers. The current drink-
ing-water standard established for radium (radium-226
and radium-228 combined) is 5 pCi/L (U.S. Environ-
mental Protection Agency, 2000). The concentration
of radium in most natural waters is typically less than
1 pCi/L. All water samples from wells in the Cook
Inlet Basin had radium-224, -226, and -228 activities
less than the method detection limit of 1 pCi/L (table
11 and appendix 7).

Radon-222 is a naturally occurring radioactive
gas that is produced by the decay of uranium. Rocks
and sediments commonly contain high enough con-
centrations of uranium to cause ground water to have
significant concentrations of radon. Radon is sol-
uble in water but readily degasses from water when
exposed to air. It may be adsorbed by organic matter,
especially charcoal, but apparently it is not adsorbed to
any degree by most minerals (Wanty and Nordstrom,

1993). Radon has a short half-life, 3.8 days, but large
quantities can occur in the gas phase below the land
surface. Direct ingestion of radon from drinking water
appears not to be a serious health risk. Radon poses a
more serious risk in indoor air; in water supplies, it
quickly degasses when the water comes into contact
with the atmosphere. The health risk of airborne radon
arises from inhalation of radon and its alpha-emitting
daughters, all of which may deposit on lung tissue and
can lead to lung cancer. Radon was present in all water
sampled from wells in the Cook Inlet Basin at activi-
ties ranging from 140 to 610 pCi/L. As of this writing,
the USEPA does not regulate radon in drinking water.
However, activities exceeded the proposed MCL of
300 pCi/L in 12 of 31 water samples. The national
median radon activities from the first 20 NAWQA
study units were 450 pCi/L for drinking-water aquifers
and 470 pCi/L for shallow ground water (Gilliom and
others, 1998, p. 19).

Uranium is present in concentrations of 0.1 to
10 png/L in most natural water (Hem, 1985). When
ingested, uranium may cause kidney damage or induce
bone cancer. The MCL for uranium is 20 pg/L. All
samples of ground water from the Cook Inlet Basin
that were analyzed for uranium in this study had con-
centrations less than the method detection limit, 1
pg/L (table 8 and appendix 4).

Stable Isotopes of Hydrogen and Oxygen

The variation in the abundance of the stable iso-
topes of hydrogen, carbon, nitrogen, oxygen, silicon,
and sulfur in natural substances is small. Determining
the differences in the relative ratios of a less abundant
isotope to its more abundant isotope in ground- and
surface-water samples can help provide information
on the source of the water, the interactions between
surface and ground water, and the hydraulic properties
of an aquifer. For this study, ratios of the stable iso-
topes of hydrogen and oxygen were determined to
help characterize water in the aquifer.

Hydrogen is most commonly present as hydro-
gen-1 ( 1H) but is also present as deuterium (ZH) and
tritium (3H). Tritium is a radioactive isotope and is
discussed in the section “Age Dating of Ground-Water
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Recharge.” Oxygen most commonly is in the form
oxygen-16 (1°0) but is also naturally present in the
form oxygen-18 (180). Analytical results for the iso-
topes of hydrogen and oxygen (table 11 and appendix
8) are reported relative to a standard as delta (0) values
in units of parts per thousand (per mil). The & notation
expresses the parts-per-thousand difference in the ratio
of the heavier less abundant isotope to the more abun-
dant isotope in a sample relative to the same ratio in a
reference standard:

5 _ (Rsample -R
sample —

)
standard % 1000

Rstandard

where Rgample 1s the isotopic ratio 2H/'H or '%0/'%0
in the sample and Rgiangarg is the isotopic ratio H/'H
or 130/!%0 in Vienna Standard Mean Ocean Water
(VSMOW) (Freeze and Cherry, 1979, p. 137). A nega-
tive O value indicates that the sample is depleted in the
heavy isotope relative to the standard. Modern ocean
water at low latitudes commonly has 8°H and 8'%0
values close to 0, relative to VSMOW. When water
evaporates, the water vapor produced is depleted in the
heavy isotopes 2H and '30. The water vapor progres-
sively is depleted in %H and '30 as an air mass moves
to higher latitudes and its temperature decreases,
thereby causing the heavier isotopes to be precipi-
tated preferentially. When the water vapor falls to the
ground as precipitation and percolates through the
unsaturated zone, its isotopic ratios change little.
However, evaporation of water in lakes and streams
enriches 2H and 80 in the remaining water, and the
water vapor is further depleted in ’H and '30. Glo-
bally, the relation between 8”H and 8'80 in meteoric
water (water of recent atmospheric origin) approxi-
mates 8°H = 8 8!80 + 10, but in North America, the
relation approximates 8°H = 8 8'30 + 6.

All wells in the Cook Inlet Basin yielded water
that had 8°H and 8'80 values below the meteoric rela-
tion (fig. 4), as was expected because of the study
area’s high latitude and the low temperature of its pre-
cipitation. Best-fit lines of the measured data show a
divergence from VSMOW, indicating possible evapo-
ration of some of the water before recharge. The low-
est isotopic values (5°H and 8'30 values less than

28 Ground-Water Quality, Cook Inlet Basin, Alaska, 1999

-150 and less than -20 per mil relative to VSMOW,
respectively) were from wells 24, 26, and 31 in the
eastern Matanuska—Susitna area. Such values indicate
that the sources of water recharge for these wells may
have been more mountainous, cooler, more northern,
or farther inland than other water sources or that the
water had been deposited in glaciers during different
climatic conditions. The Matanuska River may be a
large source of recharge for these wells. About 12 per-
cent of the 2,070-mi? drainage area for the Matanuska
River is covered by glaciers. Water from wells 2 and
15 had the highest 8'0 and 8?H values, indicating the
samples were least depleted in heavy isotopes relative
to VSMOW. Some of the ground-water recharge to
these two wells may have been from lakes or wetlands
containing water enriched in deuterium and oxygen-18
by evaporation.

AGE DATING OF GROUND-WATER
RECHARGE

Tritium and CFCs are two substances that have
been added in large quantities to the atmosphere by
man within the last 50 years. In the atmosphere, tri-
tium and CFCs dissolve in water and fall to the Earth’s
surface in precipitation. Water infiltrating the ground
contains these substances, and they are transported
through aquifers at the same rate as ground water. The
presence of tritium and CFCs in ground water can help
determine the time elapsed since the water became
isolated from the atmosphere, help infer flow velocity
and direction, and help predict contamination potential
(Plummer and Friedman, 1999). Most of the urban,
commercial, and residential development in the Cook
Inlet Basin has occurred within the last 50 years.
Because the usage and distribution of petroleum prod-
ucts, fertilizers, pesticides, and septic-tank effluents
were minimal more than 50 years ago and because
many organic contaminants break down to other com-
pounds over time in the natural environment, few
organic contaminants are expected to be present in
local waters that were recharged more than 50 years
ago. However, wells that yield recently recharged
water have water supplies that are susceptible to
anthropogenic contaminants.
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Figure 4. Isotope ratios of deuterium and oxygen-18 for water sampled from wells in Cook Inlet Basin, 1999.

Tritium

Tritium (°H) is a radioactive isotope of hydrogen
that has a half-life of about 12.4 years, is produced
naturally, and decays to the stable isotope helium-3
(*He). Prior to the initiation of atmospheric testing of
nuclear weapons in 1953, the natural tritium content in
precipitation was in the range of about 5 to 20 tritium
units (TU) (Freeze and Cherry, 1979, p. 136). (A tri-
tium unit is the equivalent of 1 tritium atom in 10'8
atoms of hydrogen or an activity of 3.24 pCi/L.) Dur-
ing the last 50 years, the atmospheric testing of nuclear
weapons has added tritium in amounts that far exceed
the rate of natural production. Explosions of nuclear

devices produced a maximum mean annual tritium
concentration in precipitation during 1963-64 (about
8,000 TU in some parts on the northern hemisphere).
Concentrations in precipitation in Anchorage (meas-
ured in monthly composite samples) had decreased

to less than 100 TU as of 1975 and ranged from 4

to 17 TU during 1999 (International Atomic Energy
Agency/World Meteorological Organization, 2001).
Stewart and Hoffman (1966) estimated that the
weighted-average tritium rainout concentration for
Palmer, Alaska, had been 2,950 TU during 1963,
which would have decayed to about one-eighth of this
activity by 1999. Water recharged after 1963 may con-
tain tritium at activity concentrations of 2 to 400 TU.
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Water samples containing no detectable concentrations
of tritium may indicate that post-1953 water is not
present in significant amounts.

Measured tritium activities in ground water sam-
ples from Cook Inlet Basin during 1999 ranged from
less than 1 to 35 TU and had a median value of 12
TU. Apparent ground-water ages (age since recharge)
listed in appendix 9 were estimated by personnel from
the Lamont—Doherty Earth Observatory (Peter Schlos-
ser and others, written commun., 2000) by simultane-
ously using activities of tritium and its decay product,
helium-3. This technique, described by Schlosser
(1992) and Busenberg and Plummer (1992), allows a
more accurate estimate of time elapsed since recharge
because, together, tritium and helium-3 permit recon-
struction of the initial tritium concentration before
radioactive decay begins. The upper and lower esti-
mates of ground-water recharge ages based on the tri-
tium—helium content in the first sample analyzed for
each site (recharge age + precision estimate) are
shown in figure 5. Apparent ages were estimated to
range from less than 1 to greater than 50 years, and
median ages, approximately 19 and 16 years for water
from the subunit and public-supply surveys, respec-
tively. However, wells yielding water having low tri-
tium concentrations are difficult to date accurately and
thus have wide ranges in their apparent ages. Of 31
wells, 8 yielded water that may have been recharged
within the last than 10 years, and only 3 (wells 6, 16,
and 35) yielded water that may have been recharged
greater than 50 years ago and thus before nuclear test-
ing, on the basis of their tritium activities.

Chlorofluorocarbons

CFCs are a group of stable manmade compounds
containing chlorine and fluorine that have been used in
numerous domestic and industrial applications since
the 1930s and do not occur naturally in the environ-
ment. Atmospheric CFCs dissolve in precipitation and
enter the ground-water flow systems with recharge;
thus, like tritium, they provide excellent tracers and
tools for dating “young” water. Because CFCs do not
occur naturally in the environment, ground water con-
taining any amount of CFC must have a component of
modern recharge water.

CFCs were used as coolants in air conditioning;
as propellants in aerosol cans; as blowing agents for
open- and closed-cell foams, insulation, and packing
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materials; and as solvents. However, the manufactur-
ing of most CFC products ended in 1996 because of
concerns about CFCs depleting ozone in the strato-
sphere. For this study, three types of CFCs were ana-
lyzed: CFC-11 (trichlorofluoromethane or freon-11),
CFC-12 (dichlorodifluoromethane), and CFC-113
(1,1,2-trichlorotrifluoroethane). CFC-11 and CFC-12
are gases at ordinary temperatures that normally vola-
tilize when released and accumulate in the atmos-
sphere, whereas CFC-113 is a liquid at ordinary tem-
peratures.

Concentrations of CFCs are measured in the air
at Barrow, Alaska, by the National Oceanic and Atmo-
spheric Administration Climate Monitoring and Diag-
nostics Laboratory. During 1999, atmospheric concen-
trations of CFC-11, CFC-12, and CFC-13 were 263—
267, 533-537, and 81-83 parts per trillion by volume,
respectively (National Oceanic and Atmospheric
Administration, 2001). However, CFC concentrations
in the COOK study unit may have been greater than
the concentrations at Barrow because Cook Inlet Basin
is much more populated and hence the total amount of
CFC used in the basin is much greater than that used
in Barrow. Even though the concentration of CFC-12
was nearly twice that of CFC-11, the solubilities in
water are reversed. The solubility of CFC-11 in water
in equilibrium with 1999 atmosphere is approximately
1,300 pg/kg, compared with about 520 pg/kg for CFC-
12 (calculated assuming a recharge temperature of
2°0).

Relative ages of ground-water recharge can be
determined by using the known solubilities of CFCs
in water and historical data on the concentrations of
CFCs in the atmosphere (Busenberg and Plummer,
1992; Plummer and Busenberg, 1999). For this study,
concentrations of CFCs were determined by tech-
niques that allow detection at extremely low levels,
about 0.3 pg/kg (equivalent to 3 X 1013 g/kg, or 0.3
parts per quadrillion). For water recharged through rel-
atively thin unsaturated zones, concentrations near the
detection limit for CFC-11, CFC-12, and CFC-113
indicate ground-water recharge since approximately
1941, 1947, and 1955, respectively, or ground-water
mixtures containing a fraction of post-1940s water. If
CFCs are present in a ground-water sample, the water
is considered to be “modern”; if a concentration in the
sample is greater than that possible for equilibrium
with the air, the sample is referred to as “contami-
nated.”
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However, several processes can affect CFC
concentrations and estimations of apparent age
(Busenberg and Plummer, 1992; Plummer and Busen-
berg, 1999). Peat and other organic materials present
throughout the study unit can adsorb CFCs; the result-
ing decrease in amounts that reach the used parts
of the aquifers produces an older apparent age for
recharge. Microbes can also degrade CFCs when the
water in the aquifer contains little dissolved oxygen. In
anoxic environments, CFC-11 degrades at the fastest
rate, succeeded by CFC-113 and then by CFC-12.
Under anoxic conditions, some or all the ages appear
older than they actually are. CFCs also are degraded
by methane. Effluent from domestic septic tanks may
contain CFCs and increase CFC concentrations in
recharge water and make the water appear younger.
Because CFCs are present in the air, a special sam-
pling apparatus that prevents contact of the water sam-
ple with air was used. A borosilicate ampule was
flushed with ultrapure nitrogen gas and then with well
water; then the ampule was flame sealed, thereby leav-
ing a nitrogen-filled head space.

Five ampules were filled at most sites; typically
water from three were analyzed by personnel from the
USGS Chlorofluorocarbon Laboratory in Reston, Va.
(G.C. Casile, written commun., 2000) to determine
concentrations of CFC-11, CFC-12, and CFC-113 and
apparent ages. Apparent ages based on the concentra-
tions of CFCs in water from each ampule analyzed are
shown in figure 5; values for the average CFC concen-
trations for each site are listed in appendix 10 and are
stored in the USGS National Water Information Sys-
tem data base. Almost all wells yielded water contain-
ing detectable concentrations of CFCs. Water from
well 35 had no detectable CFCs but was anoxic and
chemically reduced. CFC concentrations in water sam-
ples that are greater than possible for equilibrium with
modern air are referred to as “contaminated” (see
appendix 10) and were not used to determine apparent
age. By this definition, ground water from urban areas
commonly is “contaminated” with CFCs; a likely
source of CFC contamination is effluent from domes-
tic septic tanks. However, all CFC concentrations
detected were less than 0.1 pg/L and present no risk to
human health. Apparent ages based on concentrations
of the three types of CFCs analyzed ranged from 7
to greater than 50 years old, and the median age was
about 34 years old.
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Of 31 sites sampled to determine age of recharge,
29 had both CFC and tritium analyses. Of 29 samples,
24 had tritium-based apparent ages that were younger
than their CFC-based ages. Differences in ages for
water samples from the same well ranged from a CFC-
based age that was about 15 years younger than the tri-
tium-based age to a CFC-based age that was about 30
years older than the tritium-based age; the standard
deviation between paired CFC- and tritium-based ages
was 11 years. These differences suggest that CFCs
were not as conservative as tritium in the Cook Inlet
aquifer system’s hydrogeologic environment. CFC-12,
the most conservative of the three CFCs, yielded ages
closest to the tritium-based ages (fig. 5). CFC-11 and
CFC-113 analyses may overestimate ground-water age
owing to their greater absorption by peat, degradation
by microbes, or reduction during sampling. Typically,
CFC-11 is more susceptible to degradation and there-
fore the computed ages of recharge based on CFC-11
are most likely older than actual recharge. Accord-
ingly, if CFC-11 ages are considered maximum ages,
most wells sampled yielded water that was recharged
less than 50 years ago.

SUMMARY

A regional assessment of ground-water quality in
the Cook Inlet Basin in south-central Alaska during
1999 was based on analyses of water collected from
34 wells. Water from several wells screened in the
unconsolidated aquifers in Cook Inlet Basin contained
concentrations of radon and arsenic that exceeded
proposed drinking-water standards. Of the 34 wells
sampled, 39 percent yielded water having radon con-
centrations in excess of the USEPA proposed MCL
of 300 pCi/L, and 18 percent had dissolved arsenic
concentrations that exceeded the proposed MCL of
10 pg/L. The highest concentrations of radon and
arsenic measured during this study were 610 pCi/L
and 29 pg/L, respectively. Concentrations greater than
proposed standards for both radon and arsenic were
observed in ground water in the Kenai, Anchorage,
and Matanuska—Susitna areas. Concentrations of man-
ganese, iron, and dissolved solids exceeded USEPA
SMCLs in water from 42, 18, and 6 percent of wells
sampled, respectively. Concentrations of arsenic,
radon, manganese, iron, and dissolved solids are
related to the geologic materials that make up the aqui-
fers and the chemical conditions within the aquifers.



Most wells that yielded water having elevated concen-
trations of arsenic also yielded water having elevated
iron and manganese content but had low concentra-
tions of oxygen, indicating chemically reduced condi-
tions.

Ground-water samples collected in the Anchor-
age and Matanuska—Susitna areas typically had cal-
cium as the dominant cation and bicarbonate as the
dominant anion. Water near the Matanuska River had
higher proportions of sulfate than water in other areas.
Water from wells on the Kenai Peninsula typically had
the highest proportions of sodium, chloride, and silica.
Wells completed in a confined aquifer near the mouth
of the Kenai River yielded water having the highest
concentrations of dissolved solids, sodium, chloride,
and barium. Concentrations of nitrate were highest in
Anchorage and were as large as 4.8 mg/L as N; none
exceeded the MCL of 10 mg/L as N. The presence of
nitrate in water at concentrations above 3 mg/L in the
eastern part of Anchorage may indicate some effects
of human activities on the water quality.

Half of the wells sampled for both pesticides and
VOCs had no detectable pesticides or VOCs. Of 11
pesticide compounds detected at very low concentra-
tions, the largest concentration was estimated to be
0.007 pg/L. Nine VOCs were detected, all at concen-
trations of less than 1 pg/L. No pesticides or VOCs
were detected at concentrations exceeding MCLs or
health advisories. These low values for concentrations
of pesticides and VOCs in ground water throughout
the study unit indicate no widespread contamination of
ground water.

Concentrations of hydrogen and oxygen isotopes
in ground-water samples were similar to concentra-
tions expected for modern precipitation and for water
that has been affected by evaporation before infiltra-
tion. Water samples from most wells in the Cook Inlet
Basin yielded values for tritium activities and CFC
concentrations that support recharge ages of less than
50 years. Because ages based on tritium activities gen-
erally were younger than those based on CFC concen-
trations, CFCs may have been absorbed by organic
materials in soils or aquifer materials or degraded by
microbes.
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Appendix 1. Physical properties and field measurements for water sampled from wells in Cook Inlet Basin,1999

[Well number: See table 1 and fig. 2. Number in parentheses above property or constituent is number used by both U.S. Environmental Protection Agency and U.S. Geological
Survey to identify parameter in computerized data bases. <, less than; > greater than]

(72004) (00059) (00010) (00400) (00300) (00095) (39086)
Well Date of Duration of Flow rate Water pH Dissolved Specific Alkalinity
number samp_le pumpage (gallons temperature (standard oxygen conductance (milligrams
collection prior to sampling per (degrees units) (milligrams (microsiemens per liter
(minutes) minute) Celsius) per liter) per centimeter) as CaCOg3)
Subunit survey
1 08/27/99 60 5 3.5 7.0 0.3 130 58
2 08/10/99 30 8 5.0 7.3 2 77 45
3 08/27/99 30 10 5.0 8.3 1 1,750 384
4 09/01/99 60 130 4.0 6.7 6.0 84 34
5 09/21/99 60 5 6.5 6.7 2 415 92
6 07/28/99 60 10 3.5 8.0 1 265 150
7 08/03/99 60 5 5.0 8.1 7.6 230 111
8 08/03/99 45 5 4.0 7.7 9.4 298 173
9 08/11/99 90 5 9.5 8.0 2 946 146
10 08/09/99 60 8 4.0 7.0 24 146 55
11 08/10/99 60 5 4.5 7.2 2 118 66
12 07/27/99 105 l5 3.0 7.7 1 280 142
13 07/26/99 60 500 3.5 8.0 4 290 143
14 08/04/99 30 45 5.0 7.7 2 401 207
15 08/06/99 60 7 8.5 6.9 1.2 117 63
16 09/13/99 60 6 4.0 8.0 1 164 91
18 08/06/99 40 5 4.5 6.9 1 180 97
19 08/04/99 30 8 4.5 8.2 4.6 263 128
20 08/02/99 90 10 5.5 7.8 9.6 307 151
21 07/30/99 >300,000 725 4.5 7.9 5.5 210 97
22 08/25/99 90 5 3.5 8.2 11.0 240 128
23 07/27/99 90 l5 5.5 8.2 1.9 255 91
24 09/29/99 60 5 4.0 7.4 9.0 450 165
25 09/15/99 30 3.5 8.0 8.0 225 113
26 08/31/99 30 4.5 7.9 11.8 300 88
27 08/30/99 35 5 4.0 7.9 7.0 260 130
28 08/16/99 60 5 4.0 8.0 2 237 129
29 08/23/99 75 6 4.0 7.7 .6 270 145
30 10/20/99 75 10 4.0 8.3 5 250 127
Public-supply survey

31 08/24/99 30 1,200 4.0 7.6 11.0 310 100
32 07/26/99 90 1,400 4.0 8.0 1 209 103
33 07/21/99 210 1,800 2.5 8.4 1.6 177 90
34 07/23/99 200 1,200 4.0 7.1 9.4 168 77
35 08/11/99 >90 650 5.0 8.1 <.1 201 100

IEstimated values
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Appendix 2. Concentrations of major ions in water sampled from wells in Cook Inlet Basin,1999

[Well number: See table 1 and fig. 2. Number in parentheses above constituent is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey
to identify parameter in computerized data bases. Highlighted values exceed a water-quality standard. National median concentrations for drinking-water aquifers are

from Gilliom and others (1998). <, less than; —, not analyzed, unknown, or not applicable]
Concentration
(milligrams per liter)
Well (70300)
number (00915)  (00025)  (00930)  (00935) g C(g?;ffgte (00945) (00940) (00950) (71870) (00955) Dissjl?(;‘fd
Calcium Magnesium  Sodium Potassium as HCO ' Sulfate  Chloride Fluoride Bromide  Silica residué
at 180°C
Subunit survey
1 12 6.0 5.7 32 71 2.1 43 <.1 0.02 34 104
2 7.9 3.7 4.9 1.8 55 .16 33 <.1 .01 37 83
3 44 5.0 360 9.9 468 <.1 500 <1 .87 44 986
4 11 2.1 3.6 1.1 42 1 6.1 <.1 <.01 29 77
5 40 11 15 3.5 113 32 77 <.1 .05 31 268
6 38 8.7 11 2.2 182 <.1 1.1 <.1 <.01 15 169
7 45 2.9 2.0 52 135 <.1 2.1 <.1 <.01 12 145
8 52 6.5 6.5 .87 211 <.1 1.1 <.1 .02 14 180
9 25 18 127 13 178 33 210 12 .36 44 549
10 14 6.4 5.0 1.9 66 1.3 12 <.1 .03 26 99
11 14 5.6 5.2 2.2 81 1.7 35 <.1 .06 30 96
12 44 8.7 3.5 1.4 173 8.7 2.9 <.1 .02 26 184
13 41 13 4.2 1.2 174 7.3 4.0 <.1 <.01 15 163
14 72 9.4 3.6 95 253 2.7 5.0 <.1 .04 18 218
15 19 34 2.6 25 77 1.5 2.0 <.1 <.01 8.4 85
16 22 5.5 4.8 .79 111 2 1.3 15 <.01 15 102
18 23 5.8 34 91 118 .88 17 <.1 <.01 26 154
19 47 5.5 3.1 93 156 8.8 2.8 <.1 .02 10 163
20 55 7.1 2.1 2.9 184 9.9 34 <.1 .02 12 184
21 36 6.1 24 49 118 19 1.5 <.1 <.01 11 138
22 48 8.5 3.2 .55 156 12 49 <.1 .01 12 172
23 32 12 2.7 .84 111 11 10 <.1 .03 12 164
24 77 9.2 7.6 1.0 200 52 11 <.1 .02 8 275
25 38 4.7 24 .76 138 6.9 1.5 <.1 <.01 12 134
26 49 4.7 6.9 .87 108 55 43 <.1 .01 5.9 198
27 45 5.6 3.6 .83 159 53 3.8 <.1 <.01 12 159
28 40 5.6 3.6 .90 157 3.8 2.3 <.1 <.01 12 147
29 44 6.4 3.2 1.0 177 - - - - 14 —
30 44 6.1 4.7 5 155 7.6 5.1 <.1 <.01 11 152
Public-supply survey
31 56 5.7 7.7 0.89 122 62 6.5 <.1 .01 6.3 213
32 30 7.7 3.8 1.0 126 11 .6 <.1 .01 12 127
33 25 7.3 3.2 .90 110 7.1 2.0 <.1 .02 13 119
34 - - - - 94 - - - - - -
35 6.3 4.1 34 4.2 122 3 9.3 25 <.01 46 167
National median concentration for drinking-water aquifers
- - - - - - - - - - - 298
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Appendix 3. Concentrations of nutrients and dissolved organic carbon in water sampled from wells
in Cook Inlet Basin, 1999

[Well number: See table 1 and fig. 2. Number in parentheses above property or constituent is number used by both U.S. Environmental Pro-
tection Agency and U.S. Geological Survey to identify parameter in computerized data bases. National median concentrations for major
aquifers are from Nolan and Stoner (2000). <, less than; —, not applicable]

Concentrations
(milligrams per liter)

Well (00623) (00631) (00681)
e mona, Ammoma o Nitet (G pogione,  onopnosphate,  DSoNed
as N as N as N as N asP asP carbon
Subunit survey
1 <0.02 <1 0.12 <.01 0.057 0.055 0.8
2 .1 .14 <.05 <.01 218 211 .8
3 .82 .82 <.05 <.01 115 125 1.2
4 <.02 <1 .07 <.01 016 017 1.1
5 <.02 11 <.05 <.01 <.004 <.01 1.2
6 .19 25 <.05 <.01 117 .103 1.7
7 <.02 A1 1.9 <.01 <.004 <.01
8 <.02 1q 48 <.01 <.004 <01 .8
9 .8 73 <.05 <.01 384 429 1.7
10 <.02 <l 21 <.01 .020 015
11 <.02 <1 <.05 <.01 .037 .032 .8
12 12 13 <.05 <.01 .077 .062
13 .03 <1 <.05 <.01 031 .021 1.1
14 <.02 <1 12 <.01 .004 <.01 2.1
15 <.02 <1 <.05 <.01 <.004 <.01 N
16 11 17 <.05 <.01 .100 .087 .8
18 35 36 <.05 .01 <.004 014 1.4
19 <.02 <1 .81 <.01 <.004 <.01 1.0
20 <.02 <1 44 <.01 <.004 <.01 9
21 <.02 <1 .56 <.01 <.004 <.01 3
22 <.02 .1 35 <.01 <.004 <.01 .6
23 <.02 14 4.8 <.01 011 012 1.0
24 <.02 14 1.8 <.01 <.006 012 6
25 <.02 <l 37 <.01 026 018
26 <.02 <1 .50 <.01 <.004 <.01
27 <.02 <l 91 <.01 .006 <.01 9
28 <.02 <l 15 .01 .009 <.01
29 .05 12 17 <.01 012 <.01
30 .03 .14 <.05 <.01 011 .01 1.0
Public-supply survey
31 <0.02 <0.1 0.58 <0.01 <0.004 <0.01 04
32 <.02 <1 .19 <.01 014 <.01
33 <.02 19 25 <.01 014 .019 3
34 <.02 19 2.5 <.01 <.004 <.01 .6
35 31 31 <.05 <.01 .370 446 1.9

National median concentration for major aquifers

_ 0.02 <0.2 0.48 <0.01 — 0.01 —

'Estimated values.

APPENDIXES 41



"SPOYIAU OM) FuIsn AQ PAUIULISIAP OJOM SIUETUBU JO SUONEUIIUOD),

"SON[EA PAJRUINSH |

1> > 1> 1> 1> 1T 8¢ 8¢ 1> L8 1> 1> > 1> 1> 49 ve 1> I'T e
€1 1> > 1> 1> > 1> - 1> - 9’1 1> 1> 1> 1> 8¢ > 1> Tl ye
01 1> 1> 1 1> 91 1> £> 1> or> 1> 1> 1 1> 1> 87T 1 1> 1> €€
1C 1> 1> 1> 1> 1> 1> £> 1> or> 1> 1> 1> 1> 1> 8¢ 1> 1> 1> [43
[ > 1> 1> 81 'l 1> £> 1> or> 1> 1> 1> 1> 1> 61 1> 1> [ Ie

Aaaans A[ddns-d1qng

0r > 1> (24 1> 1> 14 s 1> ¢8 1> 1> 8> 1> 1> 91 L 1> 'l 0¢

(44 > 1> 1> €1 1> 9L 6L 1> €9 1> 1> 1> 1> 1> 0¢ 1> 1> 1> 6T

91 1> 1> 1 1> 1> sS 8S 1> or> € 1> - 1> 1> '8 1 1> 7'l 8¢C
18 1> 1> 1> [ 1> 1> £> 1> or> 14! 1> 1> 1> 1> I'6 [4 1> 1> LT

1> 1> 1> 1> €1 ST 1> £> 1> St 9'¢ 1> 1> 1> 1> el 1> 1> 'l 9C

8 > 1> 1> 1 1> 1> (24 1> or> cl 1> > 1> 1> Se [4 1> L'l ST
"1 1> 1> (%4 "1 1> 1> (%4 1> or> [ 1> 8> > 1> ye (%4 1> 1> e

0¢ 1> 1> 1> 1> 1> 1> £> 1> or> 88 1> € 1> 1> 96 1 1> 1> €C

9¢ > 1> 1> 1> 1> 1> [ 24 1> or> I'e 1> 1C 1> 1> 6'L 1> 1> 6t (44
8¢ 1> 1> 1> 1> 1> 1> £> 1> or> > 1> 1> 1> 1> [ 1> 1> 1> 1C

£C > 1> 1> ST 1> 1> £> 1> or> €1 1> 11 1> 1> 9L 1> 1> 1> 0¢

0¢ > 1> 1> I'1 1> 1> £> 1> 01> 't 1> - 1> 1> 06 1> 1> 1> 61
€6 > > > 'l > 09%T | | 00ST| 1> [0008E 1> 81 — > > 81 6C > > 81

81 > 1> 1> 1> 81 01 001 S L 81 1> 1> 1> 1> LS [4 1> 1> 91

Y4 1> 1> 1> 1> 1> € 4 1> 114 €8 1> - 1> 1> LT 1> 1> 1> ST
8¢ > 1> 1> 6’1 1> LST 0LT 1> 6 1> 1> - 1> 1> 1T € 1> 1> 14!
ST > 1> 1> > ST 0LT 08T > 0€e > 1> > 1> 1> a4 (1) § > 1> €l

9L > 1> 1> 1> 1> 16S 08S 1> 0TIl 1> 1> 1> 1> 1> 6'L 1 1> 1> 4!
(4% > 1> > > 1> €9 L9 1> 00I°‘L 1> 1> 1> 1> 1> 9C 9 1> 1> 1T
9’1 > 1> 1> 1> 1> 1> £> 1> 6 0r 1> 1> 1> 1> €1 € 1> 1> 0r
66 > 1> 1> > 1> 88¢ 08¢ > 081 1> 1> 1> > 1> 901 (44 1> 1> 6

91 1> 1> 1> 1 1> 1> £> 1> or> €1 1> 1> 1> 1> 6 1 1> 1> 8
8y 1> 1> 1> "1 1> 1> £> 1> or> ST 1> 1> 1> 1> 89 1 1> 1> L

6¢ > 1> 1> > ' 801 (114§ > S1 > 1> > 1> 1> € ST > 94 9
01 > 1> 1> > 1> S6¢ 06¢ > 00€°L > 1> > 1> > S9 € > 1> S

4! 1> 1> 1> 1> 1> <9 89 1> L 1 1> > 1> 1> 6'¢ 1> 1> 'l 14

1C 1> 1> 1> 1> 1> 6C 8¢ 1> 091 1> 1> 1> 1> 1> eel [4 > 'l €

9¢ > 1> > > 1> s 068 > 00T‘T > 1> > 1> 1> L8 61 1> 1> [4
! > 1> 1> (4! 1> 0¢ 8¢ 1> 06€ 1> 1> 1> 1> 1> 81T 9 1> 1> 1

£dAJns jlungng

poysw  poyaw

JuUlZ  wnURIN  JBAIS  WNIUBIBS  |IIN  wnuapgAjopy PU09SS  isiiH pea uoll  Jeddop eqOD  wniwoyD wnwped wniAieg wnueg dussly AuownuUY WNUIWNY
(06010) (£0222) (SL0T0) (S¥TTO) (S90T0)  (090TO) ceseuebuely  (6v0T0) (9v0TO) (0v0TO) (S€0TO) (0€0TO)  (S20T0)  (0TOTO) (S00TO) (000TO) (S60T0)  (90TT0)  saquinu
(95070) IIBM
(181 Jad swresbouoiw)
uopeuUadU0D
[pazATeue Jou ‘— ‘uey) ss9[ > ‘prepuels pasodoid e 10 prepuels Kyjenb-1orem-SunjuLp & paedxa senjea payysi|

-yS1y ‘soseq ejep pazuondwod ur sjewered Aynuapr 0) AoAIng [O130[09D) *S ) Pue AoUaSy UOI00I] [BIUSWUOIIAU ‘S* (] Y10q AQ pasn Joquunu SI Juanjisuod daoqe sasayjuared ur soquny 'z “Siy pue | 9[qe) 99 :loquunu [[9p ]

666T ‘Uiseq 18|u] %002 Ul S||am woJy pajdures Jarem Ul SJusWajd adel] Jo suoeuaosuo) + xipuaddy

Ground-Water Quality, Cook Inlet Basin, Alaska, 1999

42



Appendix 5. Concentrations of pesticides in water sampled from wells in Cook Inlet Basin, 1999

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in
computerized data bases. <, less than; —, not analyzed]

Concentration
(micrograms per liter)

2 © 9 ~
well = < g &
number ;g 5 . % .§ % _ g _é 2 5 " c
g8 g6 &8 T2 &G @©s &5 @©®©¢ ST T2 @& ST g8 @9 Q¢
© A © 9 < < 0N < £ ® > N2 a8 o 8 ~ 9 o = < & ® < o ga) ~ S
N 5%g S8 S e g8 NG Q5 g2 &% Q5 22 §g N $Sa J84d
® g & S 82 S84 e 28 <S8 &8 &8 o6 °SG6 *8 24 €5
Subunit survey
1 <0003 <0.002 <0.002 <0.001 <0.002 <0.001 <0.002 <0.002 <0.003 <0.003 <0.004 <0.004 <0.002 <0.006 <0.002
2 <003 <002 <002 <001 <002 <02 <002 <002 <003 <003 <004 <004 <002 <006 <002
3 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
4 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 lggp <.002
5 <003 <002 <002 <001 <002 lgg7 <002 <002 <003 <003 <004 <004 <002 <006 <002
6 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
7 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
8 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
9 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002

10 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002

11 <003 <002 <002 <.001 lgo1s <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002

12 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
13 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
14 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
15 <003 <002 <002 <074 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002

16 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
18 <003 <002 <002 <001 <002 <02 <002 <002 <003 <003 <004 <004 <002 <006 <.002
19 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
20 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002

21 - - - — - - - - - - - - - - -

22 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
23 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
24 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <.004 <004 <.002 loo2 <002

25 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
26 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002

27 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
28 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
29 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
30 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002

Public-supply survey

31 <0.003 <0.002 <0.002 <0.001 <0.002 <0.001 <0.002 <0.002 <0.003 <0.003 <0.004 <0.004 <0.002 Iy <0.002
32 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
32 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
34 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
35 <003 <002 <002 <001 <002 <001 <002 <002 <003 <003 <004 <004 <002 <006 <.002
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Appendix 5. Concentrations of pesticides in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in
computerized data bases. <, less than; —, not analyzed]

Concentration
(micrograms per liter)
j

o ®

Well c @ £ = =]
number £ 2 T = S c g
5 < S ) S < = N c

~c ~8 — ~= —~0 —_ ~T —_Q —~c ~.9 —~ ~0C ’\g ~9 —
—.£ ~ 0o [9) (o= w2 n o o+ o c ©§5 (N N~ = g o3 — T S

o5 N~ = © 0 ©E ~ Qo [l 0 @ <+ G © 92 =1 © =35 ®m2 ~ o 0 9O
3 © > © = © ® © O o2 N [ ls] © 5 n © © 5 < 2 © s © = © 5

o0 IS N I = NS < 5 < o o c N D ®© N O [ 3R] N © N © N @

N a) A Qu Qm L m [SAs A 5 x5 Q= = Q= L= L= =z

Subunit survey

1 <0.001 <0.017 <0.002 <0.004 <0.003 <0.003 <0.002 <0.004 <0.002 <0.005 <0.006 <0.002 <0.004 <0.004 <0.003
2 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
3 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
4 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
5 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003

<001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
<001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
<001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
<001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
10 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003

11 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
12 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
13 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
14 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
15 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003

16 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
18 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
19 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
20 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003

21 — — — — — — — — — — — — — — —

22 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
23 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
24 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
25 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
26 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003

27 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
28 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
29 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
30 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003

Public-supply survey

31 <0.001 <0.017 <0.002 <0.004 <0.003 <0.003 <0.002 <0.004 <0.002 <0.005 <0.006 <0.002 <0.004 <0.004 <0.003
32 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
32 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
34 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <004 <004 <.003
35 <001 <017 <002 <004 <003 <003 <002 <004 <002 <005 <006 <002 <.004 <004 <.003
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Appendix 5. Concentrations of pesticides in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in

computerized data bases. <, less than; —, not analyzed]
Concentration
(micrograms per liter)

£ £
Well =z = = c o

=
number c ° 5 5} c 3 S 2 ° o 8
~0 ~3 — ~E —~0 ~9 o ~< ~= ~D —~C ~= ~= ~ 94 —~C
(N o« ™ E ~ = S = ~ o © ] o c o= [T o in''c o QL o
< = © 5 0 5 o Q © o = ~ @ N & ~ & © @ o N =S © & ~'5 o 3
n o © 7 © = © © 5 o © < oo © © o © 3 © Qa © a © o
o] N Q N o N N = < O N 9 < © N o NS < E N3 NG N5 N E
Ca X ©a L5 o a [en a La Xa Sh L= L= L= LE

Subunit survey

<0.004 <0.004 <0.004 <0.005 <0.002 <0.018 <0.003 <0.007 <0.004 <0.013 <0.005 <0.01 <0.007 <0.013 <0.002

<004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <.002
<004 <004 <005 <002 <018 <003 <.007 <004 <013 <005 <01 <007 <013 <.002
<004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <.01 <007 <013 <.002
<004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <.01 <007 <013 <.002

LS N R S
A
o
(=)
e

<004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <.01 <007 <013 <.002
<004 <004 <005 <002 <018 <003 <.007 <004 <013 <005 <01 <007 <013 <.002
<004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <.01 <007 <013 <.002
<004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <.01 <007 <013 <.002
10 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002

© o 9 O
A
o
(=)
e

11 <004 <004 <004 <005 <002 <OI8 <003 <007 1lggp <013 <005 lgos <007 <013 <002

12 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
13 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002
14 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002
15 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002

16 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
18 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002
19 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002
20 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
21 — — — — — — — — — — — — — — —

22 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
23 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
24 <004 <004 <004 <005 <002 <018 <003 <007 <004 -- <005 <01 <007 <013 <002
25 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
26 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002

27 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
28 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
29 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
30 <004 <004 <004 <005 <002 <018 <003 <007 <004 <080 <005 <01 <007 <013 <002

Public-supply survey

31 <0.004 <0.004 <0.004 <0.005 <0.002 <0.018 <0.003 <0.007 <0.004 <0.013 <0.005 <0.077 <0.007 <0.013 <0.002
32 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002
32 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <077 <007 <013 <002
34 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002
35 <004 <004 <004 <005 <002 <018 <003 <007 <004 <013 <005 <01 <007 <013 <002

APPENDIXES 45



Appendix 5. Concentrations of pesticides in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in
computerized data bases. <, less than; —, not analyzed]

Concentration
(micrograms per liter)

c
IS =
£ 3 5
o ) k]
Well 8 e 3 =
number s Lo o 7
c 3] =
c g 2 g ? 2 = g = S
~ 0 ~= ~ —~ ~= ~5 ~3 ~ ~ ~0 ~a —~0 ~2 ~T —_
0 = o Y ©om o< o= 0 = n o ~ M= <= 9N S o g )
N~ © © = MmN Nia)  © o 9 [ale] =] — - ® — ® — @ c»é N 2 pe =
© 3 © 3 ~ 5 ~ 5 o2 oL m > n = ™ ™ .Q ™ .© ~ g © S o ™
N2 N = D < @ < [oR] OB oI DG o (o3} (o} G ] < © o O
LFE LE L C NAe) NAe) T o NS N N N Cm L= S o N

Subunit survey

A
o
K Aldicarb
(58]

A

=3
(=
(=]
_

1 <0.002 <0.077 <0.054 <0.063 <0.057 <0.062 <0.062 <0.16 <0.027 <0.019 <0.048 <0.081 <0.057
2 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
3 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
4 <001 <002 <077 <054 <063 <057 <062 — <082 <16 <027 <019 <048 <081 <057
5

<001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057

6 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
7 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
8 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
9 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
10 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057

11 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
12 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
13 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
14 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
15 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057

16 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
18 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
19 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
20 <001 <.002 — — — — — — — — — — — — —

21 — — <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057

22 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
23 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057

24 <001 <002 <077 <054 <063 lggg 'oo;3 — <082 <16 <027 <019 <048 <081 <057
25 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
26 <001 <002 <077 <054 <063 <057 <062 — <08 <lI6 <027 <019 <048 <081 <057
27 <001 <002 <077 <054 <063 <057 <062 — <082 <lI6 <027 <019 <048 <081 <057

28 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
29 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
30 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057

Public-supply survey

31 <0.001 <0.002 <0.077 <0.054 <0.063 <0.057 <0.062 <0.062 <0.082 <0.16 <0.027 <0.019 <0.048 <0.081 <0.057
32 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <.057
32 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
34 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
35 <001 <002 <077 <054 <063 <057 <062 <062 <082 <16 <027 <019 <048 <081 <057
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Appendix 5. Concentrations of pesticides in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in
computerized data bases. <, less than; —, not analyzed]

Concentration
(micrograms per liter)

N=]

Well S qE.>
b = o =
number _S g o < % z . =
< = = © ] ] S =3 S B
~5 ~3 —~— ~38 ~g ~Q ~ ~c ~8 ~0 ~9 ~ —~ ~0Q ~E

©B n S S N N (] S c ~ o 9 g ks N ~ =08 ©
o= [ o= < E oL o o5 o5 o £ o 2 o @ o <L o @ o o 2
™ O ™o [ < < [ ™ O ™ = N 2 © o © £ © 5 < Qo g Qo ns oS
o< o 0 ol @ O [o33] o £ o= o5 © S — 3 = ® O © O ®© © — o
NAS) 30 N s NAa) NAa) N Ny S A ©E ez C= = e

Subunit survey

1 <0.049 <0.041 <0.072 <0.096 <0.05 <0.043 <0.079 <0.074 <0.062 <0.087 <0.106 <0.059 <0.063 <0.08 <0.01
2 <.049 <041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01
3 <.049 <041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01
4 <.049 <041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01
5 <.049 <.041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01
6 <.049 <041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01
7 <.049 <.041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01
8 <.049 <.041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01
9 <.049 <.041 <.072 <.096 <.05 <.043 <.079 <.074 <.062 <.087 <.106 <.059 <.063 <.08 <.01

10 <049 <041 <072 <09 <05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01

1 <049 <041 <072 <096 <05 <043 <079 <074 <062 <087 <106 <059 <063 <08 <Ol
12 <049 <041 <072 <096 <05 <043 <079 <074 <062 <087 <106 <059 <063 <08  <OI
13 <049 <041 <072 <096 <05 <043 <079 <074 <062 <087 <106 <059 <063 <08 <Ol
14 <049 <041 <072 <096 <05 <043 <079 <074 1lgp7 <087 <106 <059 <063 <08 <Ol

15 <049 <041 <072 <096 <.05 <.043 loog <074 <062 <087 <106 <059 <063 <08 <.01

16 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
18 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
19 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
20 — —
21 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01

22 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
23 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
24 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
25 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
26 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01

27 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
28 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
29 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
30 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01

Public-supply survey

31 <0.049 <0.041 <0.072 <0.096 <0.05 <0.043 1pgp2 <0.074 <0.062 <0.087 <0.106 <0.059 <0.063 <0.08 <0.01
32 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
32 <049 <.041 <072 <09 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
34 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
35 <049 <.041 <072 <096 <.05 <043 <079 <074 <062 <087 <106 <059 <063 <.08 <.01
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Appendix 5. Concentrations of pesticides in water sampled from wells in Cook Inlet Basin,
1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S.
Geological Survey to identify parameter in computerized data bases. <, less than; —, not analyzed]

Concentration
(micrograms per liter)

= =
g 2

Well 2 2

number c s So
= 2 N c = = e9
~E ~3 =5 ~ @ ~c ~— ~E — ~3 ~5 ~2 >
©o5 ~= < ° o = N = o > — © ©c 0 X na N5
o 2 ova o5 o 3 o © © £ o = oM < ™ O Il D0 2
N = © 2 N o N SIS 0 g N o N n NS ©5 <
Q0 22 () (2] Qo @ X ] o0 © O o .2 PR}
I= L= Iz Iz Ne} Xe) Ia Ja Ca N e®E

Subunit survey

1 <0.114 <0.075 <0.077 <0.071 <0.016 <0.071 <0.072 <0.059

2 <114 <075 <077 <071 <016 <.071 <072 <.059 <.092
3 <077 <114 <075 <077 <071 <016 <071 <072 <059 <101 <092
4

5

A
N2
S O
3 3
NN

A

=)

-

(=]

=

A

o

(=3

)

[\)

A

=
o
=

<077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
<077 <114 <075 <077 <071 <016 <.071 <072 <059 <101 <.092

6 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
7 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
8 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
9 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
10 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092

11 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
12 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <101 <.092
13 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <101 <.092
14 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <101 <.092
15 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <101 <.092

16 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
18 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <101 <.092
19 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <101 <.092

20 — — — — — — — — — — —

21 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092

22 <077 <114 loopog <077 <071 <016 <.071 <072 <059 <.101 <.092

23 <077 <114 <.075 <077 <071 <016 <071 <072 <059 <101 <.092
24 <.077 1002 loo11 <077 <071 <016 <071 <072 <059 <101 <.092

25 <.077 <.114 <.075 <.077 <.071 <.016 <.071 <072 <.059 <.101 <.092
26 <.077 <.114 <.075 <.077 <.071 <.016 <.071 <072 <.059 <.101 <.092

27 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
28 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
29 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
30 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092

Public-supply survey

31 <0.077 <0.114 <0.075 <0.077 <0.071 <0.016 <0.071 <0.072 <0.059 <0.101 <0.092
32 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
32 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
34 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092
35 <077 <114 <075 <077 <071 <016 <.071 <072 <059 <.101 <.092

IDetected in sample; estimated value.
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Appendix 6. Concentrations of volatile organic compounds in water sampled from wells in Cook Inlet Basin, 1999

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in
computerized data bases. <, less than; —, not analyzed]

Concentration
(micrograms per liter)
()
> e}
S T A D A
S S 8 ] ] 5 8 3 g S g S © °
5 S S S S 5 g 5 5 Q 5 Q 5 =
G gt ©5 o5 @5 @t o8 =5 o5 @Y 55 ©Y @5 af @t
84 B4 29 B $2 I Bad S Fo F¥o 5o Fe 93 8g g2
3 83 83 83 B BN ES 8% 8% 88 EY B EI =& 8¢
Subunit survey
1 <0.032 <0.064 <0.066 <0.044 <0.026 <0.16 <0.036 <0.13 <0.068 <0.032 <0.078 <0.7 <0.7 <5 <1.2
2 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
3 _ _ _ — _ _ — _ _ _ _ _ _ — _
4 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
5 <032 <06 <066 <.04 <026 <.16 <036 <13 <068 <.032 <05 <7 <7 <7 <1.2
6 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
7 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
8 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
9 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
10 loz1r <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <l.2
11 <032 <064 <066 <.044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
12 <032 <064 <066 <044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
13 <032 <064 <066 <.044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
14 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
15 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
16 <032 <06 <066 <.04 <026 <.16 <036 <13 <068 <.032 <05 <7 <7 <7 <1.2
18 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
19 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
20 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
21 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
22 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
23 <032 <064 <066 <044 <026 <16 <036 <13 <068 <032 <078 <7 <7 <5 <1.2
24 lops <06 <066 <.04 <026 <.16 <036 <13 <068 <032 <05 <7 <7 <7 <l.2
25 <032 <.06 <066 <.04 <026 <.16 <036 <.13 <068 <032 <05 <7 <7 <7 <1.2
26 <032 <064 <066 <044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
27 <032 <064 <066 <044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
28 <032 <064 <066 <.044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
29 <032 <064 <066 <044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
30 <032 <.06 <066 <044 <026 <.16 <036 <13 <068 <032 <05 <7 <7 <7 <1.2
Public-supply survey
31 <0.032 <0.064 <0.066 <0.044 <0.026 <0.16 <0.036 <0.13 <0.068 <0.032 <0.078 <0.7 <0.7 <5 <1.2
32 <032 <064 <066 <.044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
32 <032 <064 <066 <.044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
34 <032 <064 <066 <.044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
35 <032 <064 <066 <044 <026 <.16 <036 <.13 <068 <032 <078 <7 <7 <5 <1.2
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Appendix 6. Concentrations of volatile organic compounds in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in
computerized data bases. <, less than; —, not analyzed]

Concentration
(micrograms per liter)
o ) ) @ ()
c =4 c c c
well 3 g T 2 g N N 2 © N 2 2

number S = S = = @ @ 2 @ o S 2 2

& £ & £ £ S S S 2 g = 5 g g

s ¢ £ §¢ ¢ £ & & & & & & & @

§E gt gf g5 @ g5 P& g §& S&2 @5 g g% g5 @8

g9 Jo @B § Qv B2 2 J5 &% {2 B 8% 82 3r  BE

B3 EY 8% EY EIZ 8% &3 E8 Eg ET 23 Eg Ez 28 &a

Subunit survey

1 <027 <0.12 <0.19 1o3g <0.044 <0.054 <0.05 <0.032 <0.19 <0.042 <0.048 <0.048 <0.1 <0.1 <0.036
2 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036

3 R — R R — N J— I N J— N I N N I
4 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
5 <27 <.12 <.19 17 <044 <054 <05 <032 <19 <042 <048 <032 <06 <035 <.036
6 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
7 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
8 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
9 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
10 <.27 <.12 <.19 <056 <044 <054 <.05 <032 <19 <042 <048 <.048 <.1 <.1 <.036
11 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <0483 <048 <1 <.1 <.036
12 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <0483 <048 <1 <.1 <.036
13 <.27 <.12 <.19 <056 <044 <054 <.05 <032 <19 <042 <048 <.048 <.1 <.1 <.036
14 <.27 <.12 <.19 lolg <044 <054 <05 <032 <19 <042 <0483 <048 <1 <.1 <.036
15 <.27 <12 <.19 lpol9 <044 <054 <05 <032 <19 <042 <048 <048 <1 <. <.036
16 <27 <.12 <.19 .16 <044 <054 <05 <032 <19 <042 <048 <032 <06 <035 <036
18 <.27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <.048 <.1 <.1 <.036
19 <.27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <.048 <.1 <.1 <.036
20 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
21 <.27 <12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <.048 <.1 <.1 <.036
22 <27 <.12 <.19 ooz <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
23 <.27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <.048 <.1 <.1 <.036
24 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <032 <06 <035 <.036
25 <27 <.12 <.19 .16 <044 <054 <05 <032 <19 <042 <048 <032 <06 <035 <036
26 <.27 <.12 <.19 logo <044 <054 <05 <032 <19 <042 <048 <048 <1 <1 <.036
27 <.27 <.12 <.19 1055 <044 <054 <.05 <032 <19 <042 <048 <.048 <1 <.1 <.036
28 <.27 <.12 <.19 <056 <044 <054 <.05 <032 <19 <042 <048 <.048 <1 <1 <.036
29 <.27 <.12 <.19 <056 <044 <054 <.05 <032 <19 <042 <048 <.048 <1 <1 <.036
30 <.27 <12 <.19 lozs <044 <054 <05 <032 <19 <042 <048 <032 <06 <035 <036

Public-supply survey

31 <027 <0.12 <0.19 <0.056 <0.044 <0.054 <0.05 <0.032 <0.19 <0.042 <0.048 <0.048 <0.1 <0.1 <0.036

32 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
32 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
34 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
35 <27 <.12 <.19 <056 <044 <054 <05 <032 <19 <042 <048 <048 <1 <.1 <.036
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Appendix 6. Concentrations of volatile organic compounds in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in

computerized data bases. <, less than; —, not analyzed]
Concentration
(micrograms per liter)
o) 2 @ o 2
28 E S - E g
e s £8 £ T 5 3 e 5 5
number g, g g 2 S o 5 5 9 g s 5 5
c 5 ES e ° S = < ! T S 3 2
£ £ s 88 _§ 3 : 3 3 8 5 £ 5 35 _5
g% g8 95 §55 g8 ©E 98 ©5 Sd S §8f 2 9% @fv fs
8E Q& I8 Sse 85 2 ®8s5 95 84 Rd H08 Jeg O SE 8=9Q (3
Ba 88 E§ 8BS 35 8§ &5 85 K¢ 38 838 88 88 286 &5
Subunit survey
1 <0.1 <0.1 <0.37 <0.088 <0.028 <0.18 <0.12 <0.052 <0.038 <0.09 <021 <0.05 <0.048 <0.14 <0.1
2 <.1 <1 <.37 <088 <.028 <.18 <.12 <052 <.038 <.09 <21 <.05 <048 <14 <.1
3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
4 <.1 <.1 <.37 <088 <.028 <.18 <.12 <052 <.038 <.09 <21 <.05 <048 <14 <.1
5 <.1 <.06 <.07 <.06 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <27 <.1
6 <.1 <.1 <.37 <088 <.028 <.18 <.12 <052 <.038 <.09 <21 <.05 <048 <14 <.1
7 <.1 <.1 <.37 <088 <.028 <.18 <.12 <052 <.038 <.09 <21 <.05 <048 <14 <.1
8 <.1 <.1 <.37 <088 <.028 <.18 <.12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
9 <.1 <.1 <.37 <088 <.028 <.18 <.12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
10 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.1
11 <.1 <.1 <.37 <.088 <.028 <.18 <.12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
12 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
13 <.1 <.1 <37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
14 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
15 <1 <1 <37 <.088 <028 <.18 <12 lojr <038 <09 <21 <.05 <048 <14 <.098
16 <1 <.06 <.07 <.06 1007 <.18 <12 <052 <038 <.09 <21 <.05 <048 <27 <.098
18 <1 <1 105 <.088  <.028 <.18 <12 <052 <038 <.09 <21 <.05 <048 <14 <.098
19 <1 <1 <37 <088 <.028 <.18 <12 <052 <038 <09 <.21 <.05 <048 <14 <.098
20 <1 <1 <37 <088 <.028 <.18 <12 <052 <038 <09 <.21 <.05 <048 <.14 <.098
21 <1 <1 <37 <088 <.028 <18 <12 <052 <038 <09 <21 <.05 <048 <.14 <.098
22 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
23 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
24 <.1 <.06 <.07 <.06 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <27 <1
25 <.1 <.06 <.07 <.06 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <27 <1
26 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
27 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
28 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
29 <.1 <.1 <.37 <.088 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <14 <.098
30 <.1 <.06 <.07 <.06 <.028 <.18 <12 <052 <.038 <.09 <21 <.05 <048 <27 <1
Public-supply survey
31 <0.1 <0.1 <0.37 <0.088 <0.028 <0.18 <0.12 <0.052 <0.038 <0.09 <021 <0.05 <0.048 <0.14 <0.098
32 <1 <1 <37 <.088 <.028 <.18 <12 lopz <038 <09 <21 <.05 <048 <14 <.098
32 <1 <1 <37 <088 <.028 <.18 <12 <052 <038 <09 <.21 <.05 <048 <.14 <.098
34 <1 <1 <37 <088 <.028 <.18 <12 <052 <038 <09 <21 <.05 <048 <.14 <.098
35 <1 <1 <37 <088 <.028 <.18 <12 <052 <038 <09 <.21 <.05 <048 <14 <.098
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Appendix 6. Concentrations of volatile organic compounds in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in

computerized data bases. <, less than; —, not analyzed]
Concentration
(micrograms per liter)
[}
e e £ 5

5 S £ = 5 © S g 5 £ 2 S H £

s 8 oz 2 B g5 2. 2 B 9 £ 5 % 8

ek 2 _® _¢ 2 _5 _23 5 £ _£F _T _E _8 _5

89 &y g% gp 2£ 8¢ TL BRo E2 8% 8u5 RE K@ Br G¢

0 N o 8 = [SEN o% o> coN,& cog =~ 8 oNg 1 > n S n S Ng

ES 83 @f 83 28§ 285 &% £5¢ 88 82 8%2 B =22 82 Ei

Subunit survey

1 <0.044 <0.13 <036 <0.17 <0.054 <0.11 <0.03 <0.032 <9 <0.14 <02 <028 <035 <057 <0.044
2 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <35 <.57 <.044

3 _ _ _ _ _ _ _ _ _ _ _ _ _ _
4 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <35 <.57 <.044
5 <.03 <.09 <.19 <.17 <054 <11 <.03 <.06 <22 <.14 <2 <.18 <35 <.6 <.044
6 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <35 <.57 <.044
7 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <35 <.57 <.044
8 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <35 <.57 <.044
9 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <35 <.57 <.044
10 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
11 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
12 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
13 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
14 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
15 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
16 <.03 <.09 <.19 <.17 <054 <11 <.03 <.06 <22 <.14 <2 <.18 <.35 <.6 <.044
18 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
19 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
20 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
21 <044 <13 <.36 <17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
22 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
23 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
24 <.03 <.09 <.19 <.17 <054 <11 <.03 <.06 <22 <.14 <2 <.18 <35 <.6 <.044
25 <.03 <.09 <.19 <.17 <054 <11 <.03 <.06 <22 <.14 <2 <.18 <.35 <.6 <.044
26 <044 <13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
27 <.044 <.13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
28 <.044 <.13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
29 <.044 <.13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
30 <.03 <.09 <.19 <17 <054 <11 <.03 <.06 <22 <.14 <2 <.18 <.35 <.6 <.044

Public-supply survey
31 <0.044 <0.13 <036 <0.17 <0.054 <0.11 <0.03 <0.032 <9 <0.14 <02 <028 <035 <057 <0.044
32 <.044 <.13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
32 <.044 <.13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
34 <.044 <.13 <.36 <.17 <054 <11 <.03 <032 <9 <.14 <2 <.28 <.35 <.57 <.044
35 <.044 <.13 <.36 <.17 <054 <11 <.03 <032 <9 <.1 <2 <.28 <.35 <.57 <.044
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Appendix 6. Concentrations of volatile organic compounds in water sampled from wells in Cook Inlet Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geological Survey to identify parameter in

computerized data bases. <, less than; —, not analyzed]
Concentration
(micrograms per liter)

Well ? = g g > =2

9 £ = =S = 9

MR g T 2% ¥ 52 - 2 £ St

8 g m = 85 £ =% g 3 © g B s 0

g 5 t2 §8 g% g2 £§ g 5 s E z 52

52 g2 §32 ®5> ®53 T2 ©5¢ @2 @5 @£ ®5 @5 @©Lf ge

22 Y2 3825 F£§ Fo% Y% 833 28 2g 85 R 8z 8gf gof

8¢ Ef EBIf I5E 3G5E 38t =%§ B3I 8F $f EJI K Eds gus

Subunit survey
1 <14 <0.21 <0.17 <0.15 <0.25 <0.38 <1.6 <0.37 <0.06 <0.25 <0.042 <0.06 <0.11 <0.23
2 <14 <.21 <17 <.15 <25 <.38 <1.6 <.37 <.06 <25 <.042 <.06 <11 <23
3 N N N N I N I N N N N N J— J—
4 <14 <21 <17 <.15 <.25 <.38 <1.6 <.37 <.06 <25 <.042 <.06 <11 <23
5 <14 <.12 <17 <.26 <5 <38 <l.6 <37 1041 <25 <.042 <.038 <.07 <23
6 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
7 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
8 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
9 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
10 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
11 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
12 <14 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
13 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
14 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
15 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
16 <1.4 <.12 <.17 <.26 <.5 <.38 <1.6 <.37 <.06 <.25 <.042 <.038 <.07 <.23
18 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <11 <.23
19 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
20 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
21 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
22 <14 <.21 <.17 <.15 <25 <.38 <l.6 <37 <.06 <25 <.042 <.06 <11 <23
23 <14 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
24 <1.4 <12 <17 <.26 <5 <.38 <1.6 <.37 <.06 <.25 <.042 <.038 <.07 <.23
25 <1.4 <12 <17 <.26 <5 <.38 <1.6 <.37 <.06 <.25 <.042 <.038 <.07 <.23
26 <14 <.21 <.17 <.15 <25 <38 <l.6 <37 <.06 <25 <.042 <.06 <11 <23
27 <14 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
28 <14 <.21 <.17 <.15 <25 <38 <l.6 <37 <.06 <25 <.042 <.06 <.11 <23
29 <14 <.21 <.17 <.15 <25 <38 <l.6 <37 <.06 <25 <.042 <.06 <.11 <23
30 <l.4 <12 <17 <.26 <5 <38 <l.6 <37 1031 <25 <.042 <.038 <.07 <23
Public-supply survey
31 <l4 <0.21 <0.17  <0.15 <0.25 <0.38 <l.6  <0.37 <0.06 <0.25 <0.042 <0.06 <0.11 <0.23
32 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
32 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
34 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
35 <1.4 <.21 <.17 <.15 <.25 <.38 <1.6 <.37 <.06 <.25 <.042 <.06 <.11 <.23
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Appendix 6. Concentrations of volatile organic compounds in water sampled from wells in Cook Inlet

Basin, 1999—Continued

[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geolog-

ical Survey to identify parameter in computerized data bases. <, less than; —, not analyzed]

Well

Concentration
(micrograms per liter)

s g . W e e
EGE B8 E§ 28%F £E¥s EI5 35 3f8% 8F§ 3E2EC 8fs
Subunit survey
1 <0.12 <02 <0.042 <0.1 <0.1 <0.056 lpg7 <0.13 <0.038 10.06 <0.11
2 <12 <2 <042 <1 <1 <.056 101 <.13 <.038 <.09 <.11
3 _ — _ — _ _ — — _ _ _
4 <12 <2 <042 <1 <1 <056 1lgz3 <13 <038 <09 <11
5 <12 <2 <042 <1 <.06 <.06 77 <.09 <.038 27 <11
6 <12 <2 <042 <l <l <0356 lg3 <13 <038 <09 <11
7 <12 <2 <042 <1 <1 <.056 18 <.13 <.038 Log <11
8 <12 <2 <042 <1 <1 <.056 106 <.13 <.038 <.09 <11
9 <12 <2 <042 <1 <.l <.056 103 <13 <.038 <.09 <11
10 <12 <2 <042 <1 <1 <.056 105 <13 <.038 <.09 <11
11 <12 <2 <042 <1 <1 <056 <.05 <13 <.038 <.09 <11
12 <12 <2 <042 <1 <1 <056 <.05 <13 <.038 <.09 <11
13 <12 <2 <042 <1 <1 <056 <.05 <13 <.038 <.09 <11
14 <12 <2 <.042 105 <1 <.056 17 <13 <.038 11 <11
15 <12 <2 <042 <1 <1 <.056 109 <13 <.038 <.09 <11
16 <12 <2 <042 <1 <.06 <.06 Top <.09 <.038 .84 <11
18 <.12 <2 <042 <1 <1 <056 <.05 <.13 <.038 <.09 <.11
19 <.12 <2 <042 <1 <1 <056 <.05 <.13 <.038 <.09 <.11
20 <.12 <2 <042 <1 <1 <.056 54 <.13 <.038 <.09 <.11
21 <.12 <2 <042 <1 <1 <.056 <.05 <.13 <.038 <.09 <.11
22 <12 <2 <042 <l <1 <056 1lgz3 <13 <038 <09 <11
23 <.12 <2 <042 <1 <1 <056 <.05 <.13 <.038 <.09 <.11
24 <.12 <2 <042 <1 <.06 <.06 101 <.09 <.038 <.09 <11
25 <.12 <2 <042 <1 <.06 <.06 105 <.09 <.038 .70 <.11
26 <.12 <2 <042 <1 <1 <.056 108 <.13 <.038 44 <11
27 <12 <2 <042 <1 <1 <.056 Loz <13 <.038 <.09 <11
28 <12 <2 <042 <1 <1 <056 <05 <.13 <.038 103 <11
29 <.12 <2 <042 <1 <1 <.056 Lo2 <13 <.038 <.09 <11
30 <12 <2 <042 <l <.06 <.06 .19 <.09 <.038 103 <.11
Public-supply survey

31 <0.12 <02 <0.042 <0.1 <0.1 <0.056 <0.05 <0.13 <0.038  <0.09 <0.11
32 <12 <2 <042 <1 <1 <056 <.05 <13 <.038 <.09 <11
32 <12 <2 <042 <1 <1 <056 <.05 <13 <.038 <.09 <11
34 <12 <2 <042 <l <1 <.056 101 <.13 <.038 <.09 <.11
35 <.12 <2 <042 <1 <1 <.056 L2 <.13 <.038 <.09 <.11

IEstimated value.
2Also detected in field blank.

3Also detected in field and equipment blanks.
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Appendix 7. Activities of isotopes in water sampled from wells in Cook Inlet Basin, 1999
[Well number: See table 1 and fig. 2. Number in parentheses is number used by both U.S. Environmental Protection Agency and U.S. Geolog-
ical Survey to identify parameter in computerized data bases. Highlighted values exceed a proposed water-quality standard (maximum contam-
inant level) for radon (U.S. Environmental Protection Agency, 2000). <, less than; —, not analyzed or not applicable]

Radioactivity

(picocuries per liter)

Well E = ogv = = = = =
number  § 2 ¢ 2 2 2 2 2
2 S 5 g2 4 of 3 3 g g g w8

8% s _ 3% _%s _q& _Qs _¥ _Ys _¥ _Ysg _¥ _Ve
§g2 05 29z 235 35 855 85 255 25 555 €5 255

Subunit survey
1 <3 2.6 <4 41 190 21 <1 0.20 <1 0.09 <1 0.28
2 <3 2.6 <4 4.1 140 18 <1 .02 <1 .04 <1 32
3 <3 4.4 <4 92 [ 390 25 <1 10 <1 03 <1 22
4 <3 2.3 <4 42 290 20 <1 15 <1 .06 — —
5 <3 2.6 6.5 43 260 21 <1 10 <1 08 <1 34
6 <3 22 <4 43 170 18 <1 11 <1 03 <1 32
7 <3 2.6 <4 42 200 19 <1 90 <1 16 <1 33
8 <3 2.6 <4 42 260 21 <1 19 <1 .04 <1 31
9 <3 2.3 10 5.1 — — <1 10 <1 04 <1 26
10 <3 2.4 <4 4.1 500 25 <1 20 <1 .04 <1 28
11 <3 2.5 <4 42 240 20 <1 12 <1 03 <1 38
12 <3 2.7 <4 4.1 610 27 <1 10 <1 03 <1 38
13 <3 2.5 4.9 43 150 18 <1 11 <1 .04 <1 40
14 <3 2.7 <4 44 250 29 <1 16 <1 .04 <1 36
15 <3 22 <4 3.9 440 30 <1 20 <1 13 <1 37
16 <3 2.8 <4 42 290 21 <1 15 <1 .04 <1 33
18 5.4 34 54 44 320 24 <1 13 <1 .04 <1 29
19 <3 2.7 <4 42 | 310 31 <1 10 <1 .02 <1 33
20 4.1 35 <4 43 320 21 <1 24 <1 12 <1 26
21 <3 2.8 <4 40 | 320 28 <1 36 <1 10 <1 29
22 <3 34 <4 44 180 18 <1 62 <1 19 <1 24
23 <3 2.5 5.7 42 | 440 24 <1 16 <1 03 <1 25
24 <3 23 4.9 44 220 20 <1 10 <1 .05 <1 38
25 <3 3.1 <4 42 210 18 <1 38 <1 10 <1 41
26 <3 2.8 <4 42 — — <1 46 <1 .09 <1 33
27 <3 2.6 <4 42 — — <1 15 <1 .04 <1 31
28 <3 2.5 <4 4.1 200 18 <1 10 <1 12 <1 30
29 <3 2.8 <4 43 450 24 <1 10 <1 .02 <1 19
30 <3 2.8 <4 44 150 28 <1 20 <1 07 <1 47
Public-supply survey

31 <3 3.0 <4 44 140 18 <1 0.10 <1 0.03 <1 0.19
32 <3 2.7 4.8 4.1 580 27 <1 11 <1 .04 <1 37
32 <3 2.8 <4 3.9 380 37 <1 50 <1 .09 <1 30
34 <3 2.1 <4 3.9 240 27 <1 22 <1 08 <1 37
35 <3 2.5 <4 4.1 200 19 <1 10 <1 .02 <1 22

National median concentration for drinking-water aquifers1

450

IGilliom and others (1998).
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Appendix 8. Environmental isotopes of hydrogen and oxygen
in water sampled from wells in Cook Inlet Basin, 1999

[Well number: See table 1 and fig. 2. See table 2 regarding analytical methods used.
Number in parentheses above ratio is number used by both U.S. Environmental Pro-
tection Agency and U.S. Geological Survey to identify parameter in computerized
data bases. —, not determined]

Isotopic ratios
(per mil relative to

Well Vienna Standard Mean Ocean Water)
number
(82082) (82085)
Hydrogen-2 / Hydrogen-1 Oxygen-18 / Oxygen-16
Subunit survey
1 -121 -16.0
2 -89 -9.1
3 _ _
4 -122 -15.9
5 -118 -15.2
6 -133 -17.0
7 -132 -17.2
8 -135 -17.0
9 _ _
10 -126 -16.3
11 -123 -15.9
12 -133 -17.2
13 -134 -17.3
14 -130 -16.5
15 -115 -13.1
16 -133 -16.9
18 -124 -15.3
19 -130 -16.7
20 -130 -16.9
21 -137 -17.9
22 — —
23 -131 -16.6
24 -159 -20.6
25 -128 -16.1
26 -164 -21.3
27 -126 -16.1
28 -125 -15.5
29 -129 -16.5
30 — —
Public-supply survey
31 -162 -21.1
32 -138 -17.9
33 -135 -17.6
34 -136 -17.4
35 -126 -16.0
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Appendix 9. Tritium analyses of water sampled from wells in Cook Inlet Basin, 1999
[Well number: See table 1 and fig. 2. —, not determined]

Apparent age®

Probable date of recharge

Well Sample date (years) based on tritium analyses
number (n;g::ggt/)yy (?0?228 ! Estimate Error irf rgggii]gfl ¥:r?7r153’t)
Subunit survey
1 08/27/99 1999.65 20.2 0.3 1979.2-1979.8
2 08/10/99 1999.61 25.6 3 1973.7-1974.3
3 08/27/99 1999.65 — — —
4 09/01/99 1999.67 23.9 4 1975.4-1976.2
5 09/21/99 1999.72 25.9 1973.3-1974.3
6 07/28/99 1999.57 55.3 22.1 1922.2-1966.4
7 08/03/99 1999.59 17.0 .6 1982.0-1983.2
8 08/03/99 1999.59 7.3 4 1991.9-1992.7
9 08/11/99 1999.61 — — —
10 08/09/99 1999.60 15.7 .6 1983.3-1984.5
11 08/10/99 1999.61 21.0 3 1978.3-1978.9
12 07/27/99 1999.57 29.7 1969.4-1970.4
13 07/26/99 1999.56 17.6 22 1979.8-1984.2
14 08/04/99 1999.59 25.8 1973.4-1974.2
15 08/06/99 1999.59 1.8 .6 1997.2-1998.4
16 09/13/99 1999.70 58.0 29.3 1912.4-1971.0
18 08/06/99 1999.59 30.1 4 1969.1-1969.9
19 08/04/99 1999.59 15.2 3 1984.1-1984.7
20 08/02/99 1999.58 32.0 1.4 1966.2-1969.0
21 07/30/99 1999.58 6.3 .6 1992.7-1993.9
22 08/25/99 1999.65 — — —
23 07/27/99 1999.57 16.0 4 1983.2-1984.0
24 09/29/99 1999.74 6.5 4 1992.8-1993.6
25 09/15/99 1999.70 7.1 2 1992.4-1992.8
26 08/31/99 1999.66 8 5 1998.4-1999.4
27 08/30/99 1999.66 13.4 3 1986.0-1986.6
28 08/16/99 1999.62 26.9 4 1972.3-1973.1
29 08/23/99 1999.64 19.1 4 1980.1-1980.9
30 10/20/99 1999.80 23.4 4 1976.0-1976.8
Public-supply survey
31 08/24/99 1999.64 0.3 0.5 1998.8-1999.8
32 07/26/99 1999.56 29.1 0.5 1970.0-1971.0
33 07/21/99 1999.55 31.2 0.5 1967.9-1968.9
34 07/23/99 1999.56 2.0 0.6 1997.0-1998.2
35 08/11/99 1999.61 — — —

'Estimated by Peter Schlosser and others, Lamont—Doherty Earth Observatory, written commun., 2000).
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Appendix 10. Chlorofluorocarbon analyses of water sampled from wells in Cook Inlet Basin, 1999

[Well number: See table 1 and fig. 2. Number in parentheses above chlorofluorocarbon is number used by both U.S. Environmental Protection Agency and
U.S. Geological Survey to identify parameter in computerized data bases. Highlighted values are concentrations greater than possible for equilibrium with

modern air. —, no data]
Chlorofluorocarbons
Aok (picograms per Kiogram) feieiotidibig Remarks
number date 89%8112 (c5|g(2;8122) C(?:OCZ?.?.)s of chlorofluorocarbons
Subunit survey
1 08/27/99 5 100 5 About 1970
2 08/10/99 — 5 — Late 1940s CFC-11 and CFC-113 not detected
3 08/27/99 — — — — Sample not analyzed for CFCs
4 09/01/99 500 300 50 Late 1970s to about 1980
5 09/21/99 10 100 4 About 1970
6 07/28/99 1 1 — Mid-1940s CFC-113 not detected
7 08/03/99 300 3,000 50 About 1970
8 08/03/99 400 400 70 Early to mid-1980s
9 08/11/99 — — — — Sample not analyzed for CFCs
10 08/09/99 100 300 10 Late 1970s
11 08/10/99 1 10 — Early 1950s CFC-113 not detected
12 07/27/99 3 1 — Late 1940s or earlier CFC-113 not detected
13 07/26/99 10 500 7 Mid-1960s(?)
14 08/04/99 9,000 30 3 Mid-1960s
15 08/06/99 900 300 60 About 1980
16 09/13/99 1 1 4 Early 1940s
18 08/06/99 1 20 6 Probably pre-1940
19 08/04/99 3 20 — Late 1950s CFC-113 not detected
20 08/02/99 400 2,000 70 Early 1980s
21 07/30/99 90 300 20 Late 1970s
22 08/25/99 — — — — Sample not analyzed for CFCs
23 07/27/99 4 50 — About 1960 CFC-113 not detected
24 09/29/99 20,000 3,000 80 Early to mid-1980s
25 09/15/99 20 70 8 Mid-1960s
26 08/31/99 800 500 90 Late 1980s to 1990
27 08/30/99 300 500 3 Late 1980s or older
28 08/16/99 — 6 1 About 1950
29 08/23/99 80 3,000 4 Early 1960s
30 10/20/99 — — — — Sample not analyzed for CFCs
Public-supply survey
31 08/24/99 2,000 500 100 Early 1990s to present
32 07/26/99 9 60 3 Early to mid-1960s
32 07/21/99 20 5 _ Late 1940s CFC-113 not detected
34 07/23/99 300 300 60 About 1980
35 08/11/99 — — — Probably pre-1940 No CFCs detected

IEstimated by G.C. Casile (U.S. Geological Survey, written commun., 2000).

58 Ground-Water Quality, Cook Inlet Basin, Alaska, 1999



	FOREWORD
	CONTENTS
	Abstract
	INTRODUCTION
	Purpose and Scope
	Previous Investigations
	Acknowledgments

	MAJOR WATER-QUALITY ISSUES
	ENVIRONMENTAL SETTING AND HYDROLOGIC CONDITIONS
	METHODS OF INVESTIGATION
	Well Selection
	Sample Collection
	Sample Analyses
	Quality Control
	WATER-QUALITY STANDARDS AND GUIDELINES

	PHYSICAL PROPERTIES AND FIELD MEASUREMENTS
	MAJOR IONS
	NUTRIENTS AND DISSOLVED ORGANIC CARBON
	TRACE ELEMENTS
	PESTICIDES
	VOLATILE ORGANIC COMPOUNDS
	ENVIRONMENTAL ISOTOPES
	Radioactive Isotopes
	Stable Isotopes of Hydrogen and Oxygen

	AGE DATING OF GROUND-WATER RECHARGE
	Tritium
	Chlorofluorocarbons

	SUMMARY
	REFERENCES CITED
	APPENDIXES



