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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch (in) 254 millimeter
foot (ft) 0.0348 meter
mile (mi) 1.609 kilometer
acre 0.4047 hectare
square mile (mi2) 2.590 square kilometer
gallon (gal) 3.785 liter
acre-foot (acre-ft) 1,233 cubic meter
inch per day (in/d) 25.4 millimeter per day
foot per day (ft/d) 0.3048 meter per day
square foot per day (ft?) 0.09290 square meter per day
cubic foot per day (f3/d) 0.028317 cubic meter per day
gallon per minute (gal/min) 0.06308 liter per second
gallon per day (gal/d) 0.003785 cubic meter per day

Temperature: To convert temperature given in this report in degrees Fahrenheit (°F) to degrees Celsius (°C), use the

following equation: °C = 5/9(°F-32).

Sea Level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada,

formerly called Sea Level Datum of 1929.









The objectives of this part of the investigation are to
(1) define the physical framework of the hydrogeologic
system of SUBASE Bangor and vicinity and (2) describe
the flow of ground water within that hydrogeologic sys-
tem. Findings of this part of the investigation form the
basis for the numerical simulation of the ground-water
flow system.

Description of the Study Area

The study area is located on the Kitsap Peninsula of
the Puget Sound Lowland in northwest Kitsap County
(fig. 1). Itincludes SUBASE Bangor (11 mi?) and sur-
rounding land that together cover a total area of about
85 miZ. The study area was selected to include hydrologic
boundaries that could be used as model boundaries in the
numerical simulation of the ground-water flow system to
be described in a subsequent report. The peninsula is sur-
rounded by saltwater and has a hydrologic setting similar
to that of an island. Many coastal areas are steep, with
altitudes ranging from sea level to 500 feet (ft) or more
above sea level. Inland, slopes are moderate, and many
areas are nearly flat. Glacial and interglacial deposits that
make up much of the subsurface of the study area are
exposed in cliffs along many shorelines. The deposits
consist primarily of alternating layers of glacial till, sand
and gravel, and silt and clay. Bedrock, which underlies the
glacial and interglacial deposits, is estimated to be at about
600 to 1,800 ft below land surface (Jones, 1996).

The study area is incised by short streams that flow
from the interior of the peninsula to Puget Sound (Hood
Canal, Dyes Inlet, and Liberty Bay). Most streams flow
year-round and are fed by springs and surface runoff after
storms. Where cliffs are present along the coastline,
springs and seeps discharge water directly onto the beach
and into Puget Sound.

The study area has a temperate maritime climate.
Mean annual precipitation ranges from about 30 inches
per year (in/yr) in the northeastern part of the study area to
about 60 in/yr in the southwestern part (Kitsap County
Ground Water Advisory Committee and others, 1991).
Precipitation amounts are in large part controlled by the
Olympic Mountains to the west and the Cascade Range to
the east that impede the flow of humid air masses that are
generated over the Pacific Ocean. In general, precipitation
reaches a minimum during midsummer and a maximum
during the late fall and early spring. The mean monthly
temperature in the study area ranges from about
39 degrees Fahrenheit (°F) in January to 64°F in July and
August (Owenby and Ezell, 1992). At times, winter tem-

peratures are sufficiently low for a few inches of snow to
accumulate. However, snow accumulation usually is not
significant.

Approximately 47 percent of the study area is covered
by coniferous and deciduous forests and approximately
13 percent by urban and military development. The
remaining 40 percent of the study area is covered by non-
forest vegetation, which includes agricultural and natural
vegetative cover.

The population of the study area is concentrated in the
two medium-sized towns of Silverdale and Poulsbo
(fig. 1), with 1990 populations of 7,660 and 4,848, respec-
tively (U.S. Bureau of the Census, 1992). Outside these
towns, the countryside is rural and semirural, and many
homes obtain potable water from individual wells instead
of public supply systems. From 1970 to 1990, the
study-area population increased by about 150 percent.
The increase in population is expected to continue, with a
growth from about 39,000 inhabitants in 1990 to about
76,000 in 2020 (U.S. Bureau of the Census, 1992; Puget
Sound Council of Governments, 1988). The resident pop-
ulation of SUBASE Bangor was 2,830 in 1993. This pop-
ulation has been projected to increase to 6,372 in 2012 as
additional residential housing is constructed on base
(Parametrix, Inc., 1994).

Purpose and Scope

The purpose of this report is to describe the hydrogeo-
logic framework of the study area and to describe the
ground-water flow within it. The topics covered in this
report include the geologic history of the study area, the
surficial geology of SUBASE Bangor, the physical charac-
teristics of individual hydrogeologic units, seasonal
ground-water level fluctuations, and ground-water levels
and flow directions. Specific products of this report
include a map of the surficial geology of SUBASE
Bangor, a map of the generalized surficial geology of the
entire study area, hydrogeologic sections correlating units
at depth; maps of the top altitude, areal extent, and thick-
ness of the hydrogeologic units; maps of water levels in
the major aquifers; and hydrographs of water levels in
selected wells.

Previous and Concurrent Investigations
The hydrogeology and ground-water resources of

Kitsap County were first described by Sceva (1957), and
Garling and others (1965). Later ground-water resource



studies provided updated information about ground-water
availability and quality in the part of Kitsap County cov-
ered by the present investigation (Hansen and Molenaar,
1976; Lum, 1979; Hansen and Bolke, 1980; Dion and
Sumioka, 1984). The latest comprehensive update of the
water resources of Kitsap County was prepared by the
Kitsap County Ground Water Advisory Committee and
others (1991) as part of the Kitsap County ground-water
management plan. The hydrogeology of Kitsap County
relative to land-use development and long-range planning
is described by Molenaar (1993).

The hydrogeology of SUBASE Bangor was first stud-
ied in detail during the 1970’s in preparation of the con-
struction of an offshore dry dock called Delta Pier (for
example, Shannon and Wilson, Inc., 1973; Shannon and
Wilson, Inc. and others, 1975; Dames and Moore,
1974a-b; Haley and Aldrich, Inc. 1975; and Noble,
1975a-b, 1976). To enable the construction of Delta Pier,
large volumes of ground water were removed to reduce
pressures in local aquifers. A summary that describes the
effects of the pressure reduction on the ground-water flow
system on SUBASE Bangor was provided by Paterson
(1981). Results of geotechnical investigations at the
dry-dock site are presented by Kinner and Dugan (1982);
the artesian pressure relief system used during construc-
tion is described by Kinner and Stimpson (1983). Noble
(1989) summarized the generalized hydrogeologic frame-
work and flow system of SUBASE Bangor, based on
available hydrogeologic studies at that time. From the late
1980’s to the present, many hydrologic studies have been
done at individual sites on SUBASE Bangor with shallow
ground-water and soil contamination. Two of those
studies (Hart Crowser, Inc., 1988, 1989) provide detailed
summaries of hydrogeologic and water-quality informa-
tion known at the time of their publication. The
Comprehensive Water System Plan for SUBASE Bangor
(Parametrix, Inc., 1994) summarizes the hydrogeology of
SUBASE Bangor and closely follows the earlier work of
Noble (1976 and 1989).

Concurrent with the present investigation, Becker
(with Robinson and Noble, Inc.) updated the hydrogeo-
logic framework and water budget of the aquifers at and
near SUBASE Bangor (Becker, 1995a). The updated
information was incorporated into a three-dimensional
ground-water flow model, to assess water availability in
the area (Becker, 1995b). These studies were commis-
sioned by the Kitsap County Public Utility District No. 1.
Data and other information were exchanged by personnel
from Robinson and Noble, Inc. and the USGS during
Becker’s work and the present USGS investigation. More
than 100 site-specific investigations for water-supply wells

located throughout Kitsap County have been done by
Robinson and Noble, Inc. (formerly Robinson and Roberts
or Robinson, Noble, and Carr, Inc.) from 1952 to the
present.

A comparison chart (fig. 2) summarizes and compares
original work done on SUBASE Bangor and the surround-
ing area. Figure 2 shows the hydrogeologic unit symbols
and the terminology used in those studies. The units listed
under each author are also compared with approximate
geologic ages (in years), and with the hydrogeologic units
identified during this study.

Methods of Investigation

Wells and springs were inventoried to acquire data
throughout the study area. Between November 1993 and
July 1994, 489 sites—wells, piezometers, test holes, bor-
ings, and springs—were inventoried (plate 1). Physical
and hydrologic data for these sites are contained in
Appendix 1. Criteria for site selection included
availability of a driller’s report for a well (obtained from
Washington Department of Ecology, SUBASE Bangor, or
Robinson and Noble, Inc.) having lithologic information
and vertical distribution of well openings, and permission
from the owner or tenant to visit the site. Where possible,
two relatively shallow wells and two relatively deep wells
were inventoried in each square-mile section. In some
areas, fewer—or possibly more—than four wells per
section were inventoried due largely to the amount of
development in the area. On SUBASE Bangor, every
accessible well (production, test, and recharge) associated
with the construction of Delta Pier or with water supply
was inventoried. Several offshore borings with detailed
lithologic information were also inventoried—locations
were obtained from consultant reports provided by
SUBASE Bangor. Only about one quarter of the many
shallow monitoring wells associated with contaminated
sites on SUBASE Bangor were inventoried.

All inventoried sites were plotted on 1:24,000-scale
topographic maps. Altitudes of the land surface at each
site, accurate to plus or minus 10 ft, were determined from
those maps. Some wells in the study area also have sur-
veyed altitudes, accurate to 0.1 ft, obtained from consult-
ant reports. Other information gathered included the name
of the landowner or tenant, primary use of the water, and
construction details of the site. The depth to water in wells
was measured using a graduated steel tape and is accurate
to plus or minus 0.02 ft. Buried well heads or otherwise
difficult access precluded water-level measurement in
some wells.
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In addition to the water levels measured during the
inventory phase of this study, all accessible wells were
revisited during two week-long water-level measurement
periods, one in August 1994, and one in April 1995.
Water levels in 35 wells were measured monthly from
November 1994 through March 1996. All water-level
measurements are included in Appendix 2.

Two geologic maps were produced during this study,
one of the generalized surficial geology of the study area
(plate 1; scale 1:40,000) and one of the surficial geology of
SUBASE Bangor (plate 2; scale 1:12,000). The surficial
geologic map of SUBASE Bangor was produced by
Richard K. Borden during this investigation and is based
on original field mapping done in May and June 1995.
The mapping and an accompanying report, included in its
entirety as Appendix 3, were done under contract with the
U.S. Geological Survey during the present investigation to
understand better the local stratigraphy. Detailed geologic
mapping of SUBASE Bangor had not been available pre-
viously. The methods associated with producing the map
and a thorough description of the surficial geology of
SUBASE Bangor are contained in Appendix 3. Other data
collected during the field mapping include locations of
springs and seepage faces (shown on plate 2), bedding
attitudes, fracture orientations and densities, flow-direc-
tion indicators, and information relating to lateral and ver-
tical facies relations of the surficial geologic units
(Appendix 3).

The generalized surficial geologic map of the study
area (plate 1) was compiled from the surficial geologic
map of SUBASE Bangor (plate 2); the geologic map of
Kitsap County (Deeter, 1979); the geologic map of surfi-
cial deposits in the Seattle 30’-by-60’ quadrangle (Yount,
Minard, and Dembroff, 1993); and the map of coastal
geology for Kitsap County (Washington Department of
Ecology, 1978). Locations of marsh deposits (Qm) on
SUBASE Bangor were added to the generalized surficial
geologic map (plate 1) on the basis of recent soil mapping
(. Smith, Soil Conservation Service, written commun.,
1994).

The generalized surficial geologic map of the study
area and the subsurface lithologic information from drill-
ers’ or geologists’ logs were used to construct the hydro-
geologic sections shown on plates 3 and 4. Twelve
sections were constructed at a scale of 1:24,000 (with a
vertical exaggeration of 10 times the horizontal), using
data from 177 wells. Correlations were made from well to
well and were inferred where well data were sparse.
Because none of the inventoried wells in the study area
went into bedrock, the bedrock surface shown on the sec-

tions was interpolated from a map of the thickness of
unconsolidated deposits in the Puget Sound Lowland
(Jones, 1996). After the major hydrogeologic units were
identified and the sections were correlated, the data from
the sections were extrapolated and used in conjunction
with the data from the remaining inventoried wells to con-
struct maps of the extent and top (altitude) of each unit.
Altitude contours of the top of each unit were hand drawn
at the 1:24,000 scale. After the hydrogeologic sections
and the maps of the extent and top of units were com-
pleted, they were digitized and reduced to a scale of
1:40,000. Thickness maps of the hydrogeologic units
were then hand contoured at the 1:40,000 scale using
thickness values from inventoried wells and thickness val-
ues from the hydrogeologic sections, as well as values
computed by subtracting top (altitude) values of intersect-
ing contour lines of two sequential top maps. Finally, the
maps of top of unit (altitude), extent of unit, and thickness
of unit were compiled using geographic information sys-
tem (GIS) techniques. The resulting maps are shown on
plates 5-6 at a scale of 1:62,500.

Well- and Spring-Numbering System

In Washington, wells and springs are assigned num-
bers that identify their location within a township, range,
section, and 40-acre tract. Number 26N/01E-12Q01
(fig. 3) indicates that the well is in Township 26 North and
Range 1 East, north and east of the Willamette Base Line
and Meridian, respectively. The numbers immediately fol-
lowing the hyphen indicate the section (12) within the
township; the letter following the section gives the 40-acre
tract of the section, as shown on figure 3. The two-digit
sequence number (01) following the letter indicates that
the well was the first one inventoried by USGS personnel
in that 40-acre tract. An “S,” “D,” or “P” following the
sequence number indicates that the site is a spring, deep-
ened well, or piezometer in a well, respectively. In the
plates of this report, wells and springs are identified indi-
vidually by only the section and 40-acre tract, such as
12Q01; township and range are shown on the map borders.
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Figure 3. Well- and spring-numbering system used in Washington.



SUBASE Bangor, who assisted in many aspects of this
study, including providing loan copies of many reports
associated with the investigation and remediation of sites
on SUBASE, assisting in the acquisition of historical and
current water-level data, and helping with logistics during
field work. The timely geologic mapping of SUBASE
Bangor, done by Richard K. Borden, greatly improved the
understanding of the stratigraphy in the area and strength-
ened the interpretations presented in this report. The
author gratefully acknowledges Joseph E. Becker of
Robinson and Noble, Inc., for providing loan copies of
lithologic and geophysical logs for test wells on SUBASE
Bangor with associated field notebooks and water-level
data, and many reports associated with production and test
wells throughout the study area.

HYDROGEOLOGY

Geologic Setting

The recent geologic history of the Puget Sound
Lowland, including the study area, has consisted of
repeated advances and retreats of continental glaciers that
modified the pre-existing landscape. At least six different
glacial and intervening interglacial (nonglacial) periods
have been proposed for the Puget Sound Lowland over
approximately the last 2 million years (Easterbrook and
others, 1982; Blunt and others, 1987). During that time,
deposits greater than 3,000 ft thick in places (Jones, 1996)
accumulated in the Puget Sound Lowland. Because the
principal hydrogeologic units within the study area are
composed of the relatively young glacial and interglacial
deposits, the earlier geologic history of the region will not
be presented in this report. The reader is referred to Burns
(1985), and Alt and Hyndman (1995) for descriptive
accounts of earlier geologic processes, in addition to the
relatively recent glacial and interglacial processes
involved in the formation of the Puget Sound Lowland.

The effects of the most recent Pleistocene glaciation
on the topography of the Puget Sound Lowland is evident
in the study area in the form of numerous small north-
south trending hills (those that are located at the south end
of SUBASE Bangor, plate 2) and many small generally
north-south trending streams (plate 1a). The nearly
north-south orientation of these landforms was caused by
scouring of the landscape by overriding glacial ice whose
movement was from the north to the south.

Each successive glaciation in the Puget Sound
Lowland resulted in the deposition of vast quantities of
unconsolidated material. They were deposited by meltwa-
ter streams, ice-dammed lakes, directly by glaciers, or (in
the case of interglacial periods) by rivers similar to those
that exist today. Glacial deposits generally consist of out-
wash sand and gravel, lacustrine silt and clay, or till (an
unusually hard and poorly sorted mixture of varying
amounts of silt, sand, gravel, or boulders). Ice-contact
deposits are often included with till; these deposits are
generally composed of poorly bedded silt, sand, and
gravel that are deposited adjacent to the glacier, but not
necessarily below it. Interglacial deposits generally con-
sist of clay, silt, or sand alluvium interbedded with discon-
tinuous lenses of sand and gravel, or peat.

The rock types found within glacial deposits of the
Puget Sound Lowland—including granite, andesite, and
metasediments—generally are from British Columbia,
whereas the rock types found within interglacial deposits
often are from more local sources. The interglacial
deposits in the study area have considerable quantities of
basalt and basaltic sandstone from the eastern Olympic
Mountains, west of the study area. Additionally, the inter-
glacial deposits observed along Hood Canal are coarser
grained than interglacial deposits located toward the center
of the Puget Sound Lowland because of proximity to the
Olympic Mountains. The presence of peat, organic-rich
silt beds, and dispersed organic material is also character-
istic of interglacial deposits.

The youngest deposits in the study area (shown on the
map of generalized surficial geology, plate 1b) are allu-
vium (Qal), which includes stream, beach, and landslide
deposits; and marsh deposits (Qm), which includes bog
deposits and peat. Together, Qal and Qm cover about
5 percent of the study area. These deposits, which in
many cases are still being formed today, are generally thin
and discontinuous.

Deposits of the Vashon Stade of the Fraser
Glaciation—the most recent glaciation in the Puget Sound
Lowland—account for most of the surficial exposures in
the study area. As the Vashon glacier advanced south-
ward, large quantities of sand and gravel were deposited
by meltwater. These deposits, the Vashon advance out-
wash, are designated Qva and typically consist of stratified
sand or sand and gravel, with lenses of silt and clay. The
unit is exposed in many drainages and in coastal areas
where the overlying Vashon till has been eroded (plate 1b).
The Vashon till, designated Qvt, was deposited directly by
the overriding Vashon glacier; it covers much of the land
surface in the study area (plate 1b). The Vashon reces-
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Description of Hydrogeologic Units

The Shallow aquifer (Qvr) is a discontinuous and thin
unconfined aquifer consisting of sand, gravel, and silt with
lenses of silt and clay (plates 3 and 4). Qvr is composed
mostly of recessional outwash, but may include younger
stream, beach, or landslide deposits. Of the four invento-
ried wells open to this unit, one is used for monitoring pur-
poses, two are used as single-family water supplies, and
one is unused due to a lack of water in the well following
several years of use. Water from the one inventoried
spring in Qvr is used to supplement a local water supply.

The Vashon till confining unit (Qvt) is a low-perme-
ability unit consisting mostly of till (compacted and poorly
sorted silt, sand, and gravel) with a locally occurring
sandy clay at the base. Nineteen inventoried wells are
open to water-bearing lenses within Qvt. Yields are gener-
ally small, and many of the inventoried wells in this unit
are old dug wells that tend to go dry in late summer. In
fact, eight of the inventoried wells in Qvt are unused due
to small or unreliable yields. The unit mantles much of the
study area (plates 3 and 4), with tops ranging in altitude
from slightly less than sea level to more than 500 ft above
sea level. Thicknesses of Qvt vary widely, but are gener-
ally 10 to 100 ft; thicknesses of 80 ft or more tend to be
present in inland areas (plate 5a).

The Vashon aquifer (Qva) consists of well-sorted sand
or sand and gravel with lenses of silt and clay. Most of the
unit is unconfined, but confined ground-water conditions
exist where the unit is fully saturated and is overlain by
Qvt. Qva is the most widely used aquifer in the study
area, with 170 inventoried wells open to the unit, includ-
ing 12 public supply wells that each serve five or more
homes. The top of the unit ranges from sea level to
slightly more than 500 ft above sea level. The unit is not
present in some nearshore areas along Hood Canal, Dyes
Inlet, and Liberty Bay (plate 5b), likely due to erosion of
the unit through geologic time. The thickness of Qva is
commonly 20 to 200 ft; however, thicknesses are almost
300 ft near the eastern boundary of SUBASE Bangor
(plate 5b). The mapped extent of Qva may include older
sands, where thicknesses are nearly 500 ft in the southern
part of the study area, west of Dyes Inlet (hydrogeologic
section H-H’, plate 3). In earlier reports, the Vashon aqui-
fer has been referred to as the Perched aquifer (Noble,
1975a-b, 1976, Paterson, 1981) and the Shallow aquifer
(Hart Crowser, Inc., 1988, 1989; Kitsap County
Ground-Water Advisory Committee and others, 1991).
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The Upper confining unit (QC1) is a thick and exten-
sively occurring low-permeability unit consisting mostly
of early Vashon glaciolacustrine silt and clay (Lawton
Clay) and underlying interglacial deposits—silt, sand, and
gravel with numerous lenses of silt and clay or silty peat
(upper Whidbey Formation). Dispersed organic detritus
and iron-oxide cementation are common within these
interglacial deposits. In some parts of the study area, QC1
includes interglacial clay and gravelly clay—perhaps
deposited during the Olympia Nonglacial Interval—as
well as thin and discontinuous lenses of Possession-age till
and outwash sand. The top of QC1 ranges from more than
100 ft below sea level to more than 400 ft above sea level
(plate 5c). Thickness is generally 100 to 300 ft, but
exceeds 500 ft in places (plate 5c). Although the perme-
abilities of the material in QC1 are generally low, 59
inventoried wells are open to numerous coarse water-bear-
ing lenses that produce sufficient amounts of water for
domestic purposes. The upper Whidbey Formation com-
ponent of QC1 roughly correlates to the Kitsap Formation
of earlier reports (for example, Garling and others, 1965,
and Hart Crowser, Inc., 1988 and 1989—see figure 2).

Locally continuous and mappable zones of sand and
gravel within the Upper confining unit, are referred to as
the Permeable interbeds (QC1pi). These interbeds were
identified where data were sufficient to recognize and cor-
relate interbeds generally 10 to 50 ft thick. Although the
permeable interbeds are generally mapped as isolated
lenses of coarse-grained material (plate 5d), the deposits
comprising the unit may be part of a complicated system
of braided channels; as such, the unit may be more con-
nected than indicated by the available data. Small areas of
QClpi with thicknesses ranging from 60 to 119 ft were
identified in several locations throughout the study area
(plate 5d). The top of the unit ranges from more than
50 ft below sea level to more than 150 ft above sea level
(plate 5d). In the vicinity of SUBASE Bangor, the perme-
able interbeds have previously been called the semi-
perched aquifer (Noble, 1975a-b, 1976; Paterson, 1981;
Becker, 1995a—see figure 2).

The Sea-level aquifer (QA1) is an extensive and
widely used confined aquifer; 121 inventoried wells are
open to this unit, 18 of which serve five or more homes.
QA1 consists mostly of nonglacial sand and gravel with
minor silt interbeds (deposited during the Whidbey Non-
glacial Interval, fig. 2). QA1 may include older glacial
sand and gravel outwash (deposited during the Double
Bluff Glaciation) near its base. The top of the Sea-level
aquifer ranges from more than 300 ft below sea level to
slightly above sea level (plate 6a). Typical thicknesses are
40 to 140 ft; however, areas with thicknesses greater than



150 ft are present in several places (plate 6a). QA1 is gen-
erally less than 50 ft thick in much of the southeast part of
the study area (plate 6a). The term “sea-level aquifer” has
been used in many ground-water studies of SUBASE
Bangor and adjacent areas (fig. 2).

The Lower confining unit (QC2) is a low-permeabil-
ity unit consisting of interglacial sandy silty clay (lower
Whidbey Formation) and glacial sand and gravel with sig-
nificant amounts of silt and clay layers (upper Double
Bluff Drift). As shown on plate 6b, QC2 exists through-
out much of the study area, but is absent in places on
SUBASE Bangor. The unit may be absent elsewhere, but
data were not sufficient to identify those areas. Only one
inventoried well is open to this unit. The top of the unit
ranges from more than 400 ft below sea level to slightly
less than 100 ft below sea level (plate 6b). QC2 is com-
monly 80-160 ft thick, but thicknesses as great as 559 ft
exist in the southern part of the study area below Dyes
Inlet (plate 6b).

The Deep aquifer (QA2) is a confined aquifer com-
posed of sand and gravel outwash with minor silt—pre-
sumably Double Bluff Drift. Twenty-four inventoried
wells are open to this unit, most of which are public supply
wells or test wells. On the basis of the rather limited well
data for this unit, thicknesses are generally 100 to 160 ft.
Thicknesses greater than 200 ft can be found in the north-
ern and southern parts of the field area (plate 6¢). The
top of the Deep aquifer ranges from more than 800 ft
below sea level to slightly less than 200 ft below sea level
(plate 6¢).

The Basal confining unit (QC3) is a low-permeability
unit composed of clay and silt with some gravel. The clay
is commonly described as “blue” by drillers. Although
several deep wells have been drilled through this unit, no
inventoried wells are open to it. The top of the Basal con-
fining unit ranges from more than 1,000 ft below sea level
to slightly less than 300 ft below sea level (plate 6d).
Thickness of the unit is largely unknown, but is probably
more than 100 ft in most areas (plates 3 and 4).

The Undifferentiated deposits (QU) underlie the
hydrogeologic units described above and overlie bedrock;
thicknesses probably range from 100 to more than 700 ft
(plates 3 and 4). Little is known about these deposits; only
two inventoried wells are open to this unit. Wells may tap
coarse-grained material within QU at other locations, but
the lack of wells penetrating this unit within the study area
makes identification of such deposits nearly impossible.
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The hydrogeologic units of the study area presented
above can be roughly correlated to the more regional
hydrogeologic unit assignments made for the Puget Sound
aquifer system (covering 17,616 mi%) during the U.S.
Geological Survey’s recent Puget Sound Regional Aquifer
System Analysis (RASA) (J.J. Vaccaro, U.S. Geological
Survey, written commun., 1996). The Shallow aquifer
(Qvr) and the Vashon till confining unit (Qvt) are roughly
equivalent to the surficial semi-confining unit; the Vashon
aquifer (Qva) is equivalent to the Fraser aquifer; the Upper
confining unit (QC1) and the Permeable interbeds (QClpi)
are roughly equivalent to the confining unit; and the older
units (QA1, QC2, QA2, and QC3) are roughly equivalent
to the Puget aquifer (J.J. Vaccaro, U.S. Geological Survey,
written commun., 1996).

Hydraulic Properties

Hydraulic conductivity is a measure of a material’s
ability to transmit water and in unconsolidated sediment is
dependent on the size, shape, distribution, and packing of
the particles. Because these characteristics vary greatly
within each hydrogeologic unit, hydraulic conductivity
values also vary greatly.

Values of horizontal hydraulic conductivity were esti-
mated for the hydrogeologic units using drawdowns that
were observed after pumping wells for periods that ranged
from 1 to 24 hours. Only data from those wells that had a
driller’s log containing discharge rate, time of pumping,
drawdown, static water level, well-construction data, and
lithologic log were used.

Two different sets of equations were used to estimate
hydraulic conductivity, depending on how the well was
finished. For wells that had a screened or perforated inter-
val, the modified Theis equation (Ferris and others, 1962)
was first used to estimate transmissivity at the pumped
interval. Transmissivity is the product of horizontal
hydraulic conductivity and thickness of the part of the
hydrogeologic unit supplying water to the well. The mod-
ified equation is

Q . 225Tt

= —=-In , )]
ArT r2 S
where
s = drawdown in the well, in feet;
Q@ = discharge, or pumping rate, of the well, in ft3/d;



T = transmissivity of the hydrogeologic unit, in fi/d;
t = length of time the well was pumped, in days;

r = radius of the well, in feet; and

§ = storage coefficient, a dimensionless number,

assumed to be 0.0001 for confined units and
0.1 for unconfined units.

The use of equation 1 for unconfined aquifers
assumes that the water table is not drawn down signifi-
cantly below the top of the well screen.

A computer program was used to solve equation 1
for transmissivity (T) using Newton’s iterative method
(Carnahan and others, 1969). The difference in computed
transmissivity between using 0.1 and 0.0001 for the stor-
age coefficient is a factor of only about 2. Next, the fol-
lowing equation was used to calculate horizontal hydraulic
conductivity:

T
where
K, = horizontal hydraulic conductivity of the geologic
material in the vicinity of the well opening, in
feet per day; and
b = thickness, in feet, approximated using the length

of the open interval as reported in the driller’s
report.

The use of the length of a well’s open interval for b
may overestimate values of K, because the equations
assume that all the water flows horizontally within a layer
of this thickness. Although some of the flow will be out-
side this region, the amount can be expected to be small
because in most sedimentary deposits, vertical flow is
inhibited by layering.

A second equation was used to estimate hydraulic
conductivities using data for wells having only an open
end, and thus no vertical dimension to the open interval.
Bear (1979) provides an equation for hemispherical flow
to an open-ended well just penetrating a hydrogeologic
unit. When modified for spherical flow to an open-ended
well within a unit, the equation becomes
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Ky = dmsr 3)
Equation 3 is based on the assumption that horizontal
and vertical hydraulic conductivities are equal, which is
not likely for the deposits within the study area. The
results of violating this assumption probably is an under-
estimate of K h by an unknown amount.

Values of horizontal hydraulic conductivity were cal-
culated with data from those wells for which the data were
available (Appendix 1), and statistical summaries were
prepared by hydrogeologic unit (table 1). Data were
unavailable for the Lower and Basal confining units (QC2
and QC3). With the exception of Qvt and QC1, the
median hydraulic conductivities are similar in magnitude
to values reported by Freeze and Cherry (1979) for similar
materials. Of significance is the fact that the respective
median values for the aquifers (Qvr, Qva, QClpi, QAl,
and QA2), 66 ft/d, 51 ft/d, 34 ft/d, 43 ft/d, and 21 ft/d, are
similar (table 1). The medians of estimated hydraulic con-
ductivities of Qvt and QC1 (28 and 9.7 ft/d, respectively),
are probably higher than is typical for most of the material
in these units because data for confining units usually are
zones where lenses of coarse material exist. Hydraulic
conductivity values for the majority of QC2 and QC3
would likely be one or more orders of magnitude smaller
than those for the aquifers. Maps of horizontal hydraulic
conductivities, by hydrogeologic unit, were constructed in
order to identify areal distributions in the hydraulic con-
ductivity values. However, because no patterns were
observed, the maps of hydraulic conductivities were not
included in this report.

Transmissivities estimated using specific-capacity
data (discharge rate, time of pumping, drawdown, and
static water level) contained in drillers’ logs were com-
pared with transmissivities determined from published
aquifer tests (Becker 1995a, and miscellaneous consultant
reports); only 16 inventoried wells had specific-capacity
data and published aquifer tests. The ratios of transmissiv-
ities determined from aquifer tests to transmissivities esti-
mated from specific-capacity data ranged from about 0.5
to 7, with a median of 3. A similar comparison using data
from more than 1,000 wells indicated that transmissivities
determined from aquifer tests are generally larger, albeit
with considerable range, than those estimated using spe-
cific-capacity data (Prudic, 1991).



Table 1.--Summary of estimated horizontal hydraulic conductivities of selected hydrogeologic units of Naval

Submarine Base Bangor and vicinity

[Hydrogeologic unit: Qvr, Shallow aquifer; Qvt, Vashon till confining unit; Qva, Vashon aquifer; QC1, Upper confining unit;
QClpi; Permeable interbeds; QA1, Sea-level aquifer; and QA2, Deep aquifer; --, not determined]

Hydraulic conductivity (feet per day)

Hydro- 25th 75th

geologic Number Mini- percen- percen- Maxi-
unit of wells mum tile Median tile mum
Qvr 2 22 -- 66 - 110
Qvt 2 9.4 - 28 - 47
Qva 115 0.40 19 51 120 2,400
QC1 36 0.40 44 9.7 70 800
QClpi 60 0.40 20 34 140 650
QAl 71 0.18 12 43 120 6,100
QA2 11 32 15 21 50 69

GROUND WATER In addition to seasonal and long-term variability in

Temporal changes in water levels in an aquifer
depend on the geometry and the hydraulic properties of
the aquifer and on the areal and temporal distribution of
recharge and discharge. When recharge is greater than
discharge, the quantity of water stored in an aquifer will
increase, and water levels will rise. When discharge is
greater than recharge, the quantity of water stored will
decrease, and water levels will fall.

Ground-water levels typically rise and fall with sea-
sonal changes in recharge to the ground-water system.
Recharge to the ground-water system in most local areas is
primarily from the infiltration of precipitation, which is
generally greatest during October through March. Previ-
ous studies in western Washington have shown that water
levels in wells generally rise from October through March
and fall from April through September. Water levels in
shallow wells generally show a fairly pronounced rise due
to the increased recharge. Water levels in deeper wells
generally show a less pronounced and a more delayed
increase, due to greater travel times required for recharge
near the surface to propagate to deeper parts of the
ground-water system, and due to attenuation by storage
and discharge at the intermediate depths.
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water levels, which are caused by variability in precipita-
tion and recharge, short-term variability can be caused by
intermittent pumping from a measured well, pumping
from wells near a measured well, or marine tides in Puget
Sound. Ground-water levels can respond to tides resulting
from a hydraulic connection between the aquifer and the
seawater of Puget Sound or from tidal loading on top of a
confining unit above the aquifer. Ground-water levels in
nearshore wells rise with rising tides and decline with
decreasing tides. The magnitude of tidal range along
Hood Canal is about 13 ft (Mofjeld and Larsen, 1984; M.
van Heeswijk, U.S. Geological Survey, written commun.,
1996). Based on tidal coefficients developed for SUBASE
Bangor (Paterson, 1981), maximum water-level fluctua-
tions are about 4 to 5 ft along the shoreline and generally
are less than 0.1 ft 1.5 mi inland.

Ground-Water Levels

Ground-water levels in 35 wells in the study area
were measured monthly from November 1994 through
March 1996 in order to observe seasonal variations in
hydraulic heads in the hydrogeologic units. The number
of wells in which water levels were measured, by hydro-
geologic unit, are shown below:



Hydrogeologic unit Number of wells
Vashon aquifer (Qva) 9
Upper confining unit (QC1) 3
Permeable interbeds (QC1pi) 4
Sea-level aquifer (QA1) 15
Deep aquifer (QA2) 4

Hydrographs of ground-water levels were generated
for all monthly-measured wells. Selected hydrographs of
water levels in wells in the Vashon aquifer, the Permeable
interbeds, the Sea-level aquifer, and the Deep aquifer—the
three most productive hydrogeologic units in the study
area—illustrate seasonal and long-term water-level
changes observed in the study area (plate 7).

Except for one well which had been pumped prior to
several measurements (25N/01E-08J02), hydrographs that
showed the obvious short-term effects of pumping or tides
are not shown on plate 7. All monthly water-level mea-
surements, however, are included in Appendix 2, with
notations regarding the status of the water level (e.g.,
recently pumped, nearby pumping, or affected by tides).

In order to compare monthly precipitation with hydro-
graphs of water levels, graphs of monthly precipitation
for Bremerton and Wauna, Washington—the two nearest
precipitation stations on the Kitsap Peninsula with long-
term records—is included on plate 7e. The graph for
October 1993 through February 1996 (National Oceanic
and Atmospheric Administration, 1995) shows increas-
ingly wetter winters from 1993 to 1996.

Hydrographs of water levels in wells completed in the
Vashon aquifer show seasonal variations ranging from
about 2 to 7 ft (plate 7a). Water levels generally were
highest in spring and lowest in fall. Hydrographs for wells
26N/01E-33GO01 and 25N/01E-07K01, 174 and 147 ft
deep, respectively, show water-level variations of 6 to 7 ft,
which is common for the Vashon aquifer. In contrast, the
hydrograph for well 26N/01E-29P01, which is completed
deeper in the aquifer (206 ft), shows a less pronounced
seasonal and overall variation of less than 3 ft, perhaps
due to textural differences of overlying material.

When the water level in well 26N/01E-33GO01 is com-
pared to monthly precipitation (plate 7¢), a lag of about
3 months between periods of highest precipitation
(November through March) and highest water levels
(February through June) is apparent. Water levels in well

16

25N/01E-07K01 have a lag of about 6 months. The lag
between variations in precipitation and water levels in
well 26N/01E-29P01 is difficult to ascertain because of
the small seasonal variability, the long-term rise, and

the monthly variability of water levels in that well.

Each of the hydrographs for wells in the Vashon aquifer
shows an upward trend during the measurement period
(November 1994 to March 1996), likely due to the larger
quantities of precipitation that fell in late 1995 than in late
1994 (plate 7e).

Hydrographs of water levels in wells completed in the
Permeable interbeds (QClpi) show seasonal variations
ranging from about 3 to 4 ft, with higher water levels
existing in early spring about 4 months after the greatest
precipitation (plate 7b). Well 25N/01E-08J02 shows con-
siderable month-to-month variation, and as noted on the
hydrographs, the well had been pumped prior to four of
the monthly water-level measurements. Excluding these
four measurements, the hydrographs show similar sea-
sonal fluctuation and lag between greatest precipitation
and highest water level.

Hydrographs of water levels in wells completed in the
Sea-level aquifer (QA1) (plate 7c) generally had month-
to-month and overall water-level fluctuations of less than
3 ft and a small long-term rise through the measurement
period. Some of the small month-to-month variability in
wells 27N/01E-33B03 and 25N/01E-06D04 could be
attributed to tides; both wells are located only about
one-half mile or less from the shore.

Hydrographs of water levels in wells completed in the
Deep aquifer (QA2) (plate 7d) generally show no seasonal
variation, but do show an upward trend in water levels
during the measurement period, likely due to the yearly
increases in precipitation mentioned previously. The
hydrograph for well 26N/01E-32L.04—an unused well—
shows some month-to-month variability, and water levels
in that well may have been affected by pumping from well
26N/01E-32L05, which was pumped at least weekly at the
time of this study (see plate 1 for location of wells). The
hydrograph of water levels in well 26N/01E-31B02 shows
one anomalously high water level in September 1995.

Ground-Water Flow Directions

To estimate directions of horizontal ground-water
flow, water-level contour maps were drawn for individual
aquifers. The directions of flow were mferred to be from
higher to lower water levels and perpendicular to the
waler-level contours. Water-level maps were prepared for



the Vashon aquifer (Qva), the Permeable interbeds
(QCl1pi), and the Sea-level aquifer (QA1) (plate 7a-c).
Ground-water levels mostly from the April 1995 week-
long measurement period were used to construct the con-
tour maps of hydraulic head, or altitude of water level;
water levels measured at the time of drilling, during the
well inventory, or during August 1994 were used for areas
for which April measurements were unavailable or sparse.
Water-level contours are dashed or queried where least
certain, and are not shown where data are lacking. Gener-
alized horizontal flow directions of ground water within
the three units listed above are shown with arrows on the
contour maps (plate 7a-c). Because the units are heteroge-
neous and complex, the mapped heads and directions of
horizontal flow are considered to be regional in nature;
conditions may vary locally.

Ground-water flow in the Vashon aquifer (Qva) gen-
erally moves from topographically high areas to low
areas—Hood Canal, Dyes Inlet, Liberty Bay, and several
small creeks (plate 7a). Water levels range from near sea
level in nearshore areas to greater than 400 ft just east of
the central part of SUBASE Bangor. Gradients are highly
variable, but most are in the range of 50 to 600 ft/mi.
There is a north-south trending ground-water divide along
the western part of the study area, with ground water mov-
ing eastward toward Liberty Bay or Dyes Inlet on one side
and westward toward Hood Canal on the other side. In the
area east of Liberty Bay, the direction of flow is south-
westward toward the bay.

The direction of ground-water flow within the
Permeable interbeds (QC1pi) is generally similar to flow
within the Vashon aquifer, with ground water moving from
inland areas toward Hood Canal, Liberty Bay, or Dyes
Inlet. Because the unit is discontinuous, ground water
commonly moves to and from adjacent units. However,
ground-water movement within the unit may be better
connected than can be determined with the available data
due to the possible connected nature of the unit explained
previously. Water levels in the unit range from near sea
level in nearshore areas to slightly more than 250 ft in an
area west of Liberty Bay (plate 7b). Ground water moves
toward Dyes Inlet in the south-central part of the study
area, toward Hood Canal on the western part, and toward
Liberty Bay in the central part. Ground water moves radi-
ally outward from an area of high water levels in the
southwest part of the study area. Gradients range from
about 50 1o 300 ft/m1.

Ground water 1n the Sea-level aquifer generally
moves from inland areas to coastal areas (Hood Canal,
Liberty Bay, and Port Orchard). Ground water in the
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southern part of this unit probably flows toward Dyes
Inlet; however, there are no water-level data in this area to
support this. Water levels range from about sea level near
coastlines to more than 100 ft in the north and south-cen-
tral parts of the study area, and more than 200 ft along the
northeast part of the study area (plate 7c). Gradients vary
throughout the study area—gradients near Delta Pier
range from about 50 to 100 ft/mi. Generally, gradients are
flatter in the inland areas, where they are about 40 ft/mi or
less. A mostly north-south trending ground-water divide
exists in the west-central part of the study area, with
ground water moving west toward Hood Canal on one side
of the divide, and east toward Liberty Bay on the other
side. East of Liberty Bay, flow is southwest toward the
bay.

Water levels in the Sea-level aquifer may have local
anomalies where the underlying Lower confining unit is
missing and the Sea-level aquifer is in direct hydraulic
connection with the Deep aquifer. This appears to be the
case near the southern part of SUBASE Bangor, where the
60-ft contour moves inland and northward (plate 7c). This
area of anomalously low-water levels coincides fairly well
with two areas where the Sea-level aquifer and the Deep
aquifer are connected. In this area of low-water levels,
more ground water may move downward into the Deep
aquifer (QA2) than in areas where the confining unit is not
missing. This flow pattern may exist elsewhere within the
Sea-level aquifer, but was not apparent from the available
data.

Directions of vertical flow were determined using the
maps of water levels in the major aquifers and water levels
in closely-spaced wells. In general, vertical flow is down-
ward in the inland or higher altitude areas. In these areas,
water-level contours are considerably higher in the Vashon
aquifer than in the deeper Sea-level aquifer. Also,
observed water levels in closely-spaced wells (for exam-
ple, 26N/01E-07J01 and 07J02, and 26N/01E-19F01 and
19F01P1) decreased with depth, indicating downward
flow. In a narrow strip along the coast, vertical flow is
generally upward as evidenced by flowing wells located
along Liberty Bay (26N/01E-26MO02 and 26N/01E-
27G03), Dyes Inlet (25N/01E-20A01 and 25N/01E-
21C04), and Hood Canal (25N/01W-12NO1 and 25N/
01W-14EQ7). Also, the water level in well 26N/01W-
25B02 (completed in the Sea-level aquifer) is lower than
the water level in the nearby deeper well 26N/01W-
25B02P1 (completed in the Deep aquifer).



SUMMARY AND CONCLUSIONS

The hydrogeologic framework of Naval Submarine
Base Bangor and vicinity, Kitsap County, Washington,
consists of alternating layers of permeable units (aquifers)
and less-permeable units (confining beds) consisting of
unconsolidated glacial and interglacial deposits. Ten
hydrogeologic units were identified during this investiga-
tion: Shallow aquifer (Qvr), Vashon till confining unit
(Qvt), Vashon aquifer (Qva), Upper confining unit (QC1)
(locally includes Permeable interbeds (QC1pi)), Sea-level
aquifer (QA1), Lower confining unit (QC2), Deep aquifer
(QA?2), Basal confining unit (QC3), and Undifferentiated
deposits (QU).

The Shallow aquifer is a discontinuous and thin, gen-
erally 10 to 40 feet thick, unconfined aquifer composed
mostly of recessional outwash sand, gravel, and silt with
lenses of silt and clay. The Vashon till confining unit is a
low-permeability unit consisting of compacted and poorly
sorted silt, sand, and gravel. Mantling much of the study
area, it is generally 10 to 100 feet thick, and the top (alti-
tude) of the unit ranges from slightly below sea level to
more than 500 feet above sea level. The Vashon aquifer is
a widely used, generally unconfined aquifer consisting of
advance outwash sand or sand and gravel, with silt and
clay lenses. It is typically 20 to 200 feet thick; the top of
the unit ranges from near sea level to slightly more than
500 feet above sea level. The Upper confining unit is a
thick (typically 100 to 300 feet) extensive, generally
low-permeability unit consisting mostly of glaciolacus-
trine silt and clay and underlying interglacial deposits (silt,
sand, and gravel, with numerous lenses of silt and clay and
silty peat). The top of the unit ranges from more than
100 feet below sea level to more than 400 feet above sea
level. The Permeable interbeds are locally continuous and
mappable zones of sand and gravel within the Upper con-
fining unit. The top of the interbeds ranges from more
than 50 feet below sea level to more than 150 feet above
sea level; the thickness of the unit is typically 10 to
50 feet.

The Sea-level aquifer is a widely used confined aqui-
fer that exists throughout the study area. Itis composed of
nonglacial sand and gravel with minor silt interbeds and
older glacial sand and gravel near its base. The top of the
Sea-level aquifer ranges from more than 300 feet below
sea level to slightly above sea level; thickness of the unit is
typically 40 to 140 feet. The Lower confining unit is a
low-permeability unit consisting of interglacial sandy silty
clay and glacial sand and gravel with significant amounts
of silt and clay layers. The top of the unit ranges from
more than 300 feet below sea level to slightly less than
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100 feet below sea level; thickness of the unit is generally
80 to 160 feet. The Deep aquifer is a confined aquifer
composed of glacial sand and gravel with minor silt, gen-
erally 100 to 160 ft thick; the top of the unit ranges from
more than 800 feet below sea level to slightly less than
200 feet below sea level. The Basal confining unit is a
low-permeability unit composed of clay and silt with
some gravel; it is probably greater than 100 feet thick in
most places, and the top of the unit ranges from more than
1,000 feet below sea level to slightly less than 300 feet
below sea level. The Undifferentiated deposits underlie
the hydrogeologic units listed above and overlie bedrock;
thicknesses exceed 700 feet in places.

Medians of horizontal hydraulic conductivities, esti-
mated using pumping rate and water-level drawdowns
reported by drillers, are 66 feet per day (ft/d) for the Shal-
low aquifer, 28 ft/d for the Vashon till confining unit,

51 ft/d for the Vashon aquifer, 9.7 ft/d for the Upper con-
fining unit, 34 ft/d for the Permeable interbeds, 43 ft/d for
the Sea-level aquifer, and 21 ft/d for the Deep aquifer. The
hydraulic conductivities for the confining units are proba-
bly higher than is typical for most of the materials in the
units because data for confining units are available only
from locations where lenses of coarse material exist.

Ground-water levels, measured monthly in 35 wells
from November 1994 through March 1996, indicate that
seasonal variations in water levels generally range from 2
to 7 feet in the Vashon aquifer, from 3 to 4 feet in the Per-
meable interbeds, and are generally less than 3 feet in the
Sea-level aquifer and less than 2 feet in the Deep aquifer.
Highest water levels generally existed in the spring, and
most hydrographs showed an upward trend in water levels
during the measurement period, likely due to the high pre-
cipitation during and just prior to the measurement period.

The vertical component of ground-water flow within
the hydrogeologic units identified during this investigation
is generally downward in inland areas of high topography
and upward in nearshore and other areas of low topogra-
phy. In the Vashon aquifer, ground-water flow closely fol-
lows surface topography, moving from high areas to low
areas. Water levels in the Vashon aquifer range from near
zero in nearshore areas to more than 400 feet inland; gra-
dients range from about 50 to 600 feet per mile (ft/mi). In
the Permeable interbeds, ground-water flow is generally
from inland areas to coastal areas, with movement into
adjacent hydrogeologic units where the Permeable inter-
beds are discontinuous. Water levels generally range from
near zero to 250 feet, and gradients range from 50 to
300 ft/mi. Ground water in the Sea-level aquifer also
moves from inland areas to coastal areas. Water levels



vary from near zero to more than 200 feet, and gradients
range from 40 to 100 ft/mi. A north-south trending
ground-water divide exists in the west-central part of the
study area, with ground water moving toward Hood Canal
on one side and toward Liberty Bay on the other. In the
south-central part of the study area, ground water gener-
ally moves toward Dyes Inlet. On the east side of Liberty
Bay, ground water moves westward toward the bay.

SELECTED REFERENCES

Alt, David, and Hyndman, D.W., 1995, Northwest
exposures, a geologic story of the northwest:
Missoula, Mont., Mountain Press Publishing
Company, 443 p.

Anderson, HW,, Jr., 1968, Ground-water resources of
Island County, Washington: Olympia, Wash.,
Washington Department of Water Resources,
Water-Supply Bulletin 25, part II, 317 p.

Bear, Jacob, 1979, Hydraulics of groundwater: New York,
McGraw-Hill, 569 p.

Becker, J.E., 1995a, Hydrogeologic analysis of the Bangor
aquifer systems, Kitsap County, Washington: Tacoma,
Wash., Robinson and Noble, Inc., [about 150] p.

1995b, Quantitative flow system analysis through
numerical modeling techniques of the Bangor aquifer
systems, Kitsap County, Washington: Tacoma, Wash.,
Rabinson and Noble, Inc., [about 190] p.

Berger, G.W. and Easterbrook, D.J., 1993,
Thermoluminescence dating tests for lacustrine,
glaciomarine, and floodplain sediments from western
Washington and British Columbia: Canadian Journal
of Earth Science, v. 30, p. 1815-1828.

Blunt, D.J., Easterbrook, D.J., and Rutter N.W., 1987,
Chronology of Pleistocene sediments in the Puget
Lowland, Washington, in Selected Papers on the
Geology of Washington: Olympia, Wash.,
Washington Division of Geology and Earth
Resources, Bulletin 77, p. 321-353.

19

Bovay Engineers, Inc., 1975, Hydrogeologic
investigation, supplement no. 17, project no. 1,
contract no. N. 68248-C-0005, Trident Support Site,
Naval Torpedo Station, Bangor Annex, Keyport,
Washington: Spokane, Wash., Bovay Engineers, Inc.,
[about 500 p.].

Bretz, J Harlan, 1910, Glacial lakes of Puget Sound,
preliminary paper: Journal of Geology, v. 18, no. 5,
p. 448-458,

1913, Glaciation of the Puget Sound region:
Olympia, Wash., Washington Geological Survey
Bulletin 8, 244 p.

Burns, R.E., 1985, The shape and form of Puget Sound:
Seattle, Wash., University of Washington Press,
100 p.

Carnahan, B., Luther, H.A., and Wilkes, J.O., 1969,
Applied numerical methods: New York, John Wiley
and Sons, Inc., 604 p.

Crandell, D.R., Mullineaux, D.R., and Waldron, H.H.,
1965, Age and origin of the Puget Sound trough in
western Washington: U.S. Geological Survey
Professional Paper 525-B, p. B132 to B136.

Dames and Moore, Inc., 1974a, Interim Report, Phase II,
Geotechnical Studies and Review of Environmental
Effects, Explosive Handling Wharf 1, Bangor Annex,
Naval Torpedo Station Keyport: Seattle, Wash.,
Dames and Moore, Inc., 23 p., 8 plates.

1974b, Report of Geologic Evaluation and
Stability Analysis, Proposed Delta Sites, Bangor
Annex, Naval Torpedo Station Keyport: Seattle,
Wash., Dames and Moore, Inc., 20 p., 5 plates.

Deeter, J.D., 1979, Quaternary geology and stratigraphy
of Kitsap County, Washington: Bellingham, Wash.,
Western Washington University, unpublished Master
of Science thesis, 175 p, 8 plates.

Dion, N.P,, 1974, A proposal for the investigation of
possible ground-water contamination in the Bangor
area, Kitsap County, Washington: U.S. Geological
Survey Open-File Report, 24 p.



Dion, N.P,, Olsen, T.D., and Payne, K.L., 1988,
Preliminary evaluation of the ground-water resources
of Bainbridge Island, Kitsap County, Washington:
U.S. Geological Survey Water-Resources
Investigations Report 87-4237, 82 p.

Dion, N.P.,, and Sumioka, S.S., 1984, Seawater intrusion
into coastal aquifers in Washington, 1978: Olympia,
Wash., Washington Department of Ecology,
Water-Supply Bulletin 56, 13 p.

Drost, B.W., 1982, Water resources of the Gig Harbor
Peninsula and adjacent areas, Washington: U.S.
Geological Survey Water-Resources Investigations
Report 81-1021, 148 p.

Easterbrook, D.J., 1968, Pleistocene stratigraphy of Island
County, Washington: Washington Department of
Water Resources, Water-Supply Bulletin 25, part 1,
34 p.

1986, Stratigraphy and chronology of Quaternary
deposits of the Puget Lowland and Olympic
Mountains of Washington and the Cascade Mountains
of Washington and Oregon: Quaternary Science
Reviews, v. 5, p. 145-159.

1994, Chronology of Pre-Late Wisconsin
Pleistocene sediments in the Puget Lowland,
Washington: Washington Division of Geology and
Earth Resources, Bulletin 80, p. 191-206.

Easterbrook, D.J., Blunt, D.J., and Rutter, N.-W., 1982,
Pleistocene glacial and interglacial chronology in
western Washington: Geological Society of America
Abstracts with Programs, v. 14, no. 4, p 161.

Easterbrook, D.J., Briggs, N.D., Westgate, J.A., and
Gorton, M.P, 1981, Age of the Salmon Springs
Glaciation in Washington: Geology, v. 9, p. 87-93.

Ferris, J.G., Knowles, D.B., Brown, R.H., and Stallman,
R.W., 1962, Theory of aquifer tests: U.S. Geological
Survey Water-Supply Paper 1536-E, 174 p.

Freeze, R.A., and Cherry, J.A., 1979, Groundwater:
Englewood Cliffs, N.J., Prentice-Hall, 604 p.

20

Garling, M.E., and others, 1965, Water resources and
geology of the Kitsap Peninsula and certain adjacent
islands: Washington Division of Water Resources,
Water-Supply Bulletin 18, 309 p.

Gower, H.D., 1978, Tectonic map of the Puget Sound
region, Washington, showing locations of faults,
principal folds, and large-scale Quaternary
deformation: U.S. Geological Survey Open-File
Report 78-426, 1 plate, scale 1:250,000, 90 p.

Haley and Aldrich, Inc., 1975, Drydock Trident Support
Site, Bangor, Preliminary Engineering Study, Vol. 2,
Site Investigation, Part A: Cambridge, Mass., Haley
and Aldrich, Inc., [about 400 p.]

Hall, J.B., and Othburg, K.L., 1974, Thickness of
unconsolidated sediments, Puget lowland,
Washington: Olympia, Wash., Washington
Department of Natural Resources, Geologic Map
GM-12, scale 1:250,000, 1 plate, 3 p.

Hansen, A.J., Jr., and Bolke, E.L., 1980, Ground-water
availability on the Kitsap Peninsula, Washington:
U.S. Geological Survey Water-Resources
Investigations, Open-File Report 80-1186, 65 p.

Hansen, A.J., Jr., and Molenaar, Dee, 1976, Availability of
ground water in the area surrounding the Trident
submarine construction facility, Kitsap County,
Washington: U.S. Geological Survey Open-File
Report 76-351, 30 p.

Hart Crowser, Inc., 1988, Current situation report, site A,
Naval Submarine Base Bangor, Wash.: Seattle, Wash.,
Hart Crowser, Inc. 2 v.

1989, Current situation report, sites C, D, E, F, 5, 6,
11, 12, 24, and 25, SUBASE Bangor, Bangor,
Washington: Seattle, Wash., Hart Crowser, Inc., 2 v.

Johnson Controls, 1992, SUBASE Bangor wetlands report
and maps: Naval Submarine Base Bangor, Silverdale,
Washington, Johnson Controls, [about 100 p.].

Johnson, S.Y., Potter, C.J., and Armentrout, J.M., 1994,
Origin and evolution of the Seattle fault and Seattle
basin, Washington: Geology, v. 22, p. 71-74.



Jones, M.A., 1996, Thickness of unconsolidated deposits
in the Puget Sound Lowland, Washington and British
Columbia: U.S. Geological Survey Water Resources
Investigation Report 94-4133, 1 plate, scale
1:500,000.

Joseph, N.L., 1989, Geologic guide book for Washington
and adjacent areas: Washington Division of Geology
and Earth Resources, Information Circular 86, 369 p.

Kinner, B.K. and Dugan, J.P.,Jr., 1982, Geotechnical
investigations for Trident Drydock: Journal of the
Boston Society of Civil Engineers Section, American
Society of Civil Engineers, vol. 68, p.237-274.

Kinner, B.K. and Stimpson, W.E., 1983, Artesian pressure
relief for Trident Drydock: Journal of Construction
Engineering and Management, American Society of
Civil Engineers, v. 109, no. 1, p. 74-88.

Kitsap County Ground Water Advisory Committee,
Economic and Engineering Services, Inc., Hart
Crowser Inc., Pacific Groundwater Group, and
Robinson and Noble, Inc., 1991, Kitsap County
ground water management plan, Grant no. 1,
Background data collection and management issues:
Olympia, Wash., Economic and Engineering Services,
Inc., 2 v.

Lea, P.D., 1984, Pleistocene glaciation at the southern
margin of the Puget Lobe, western Washington:
Seattle, Wash., University of Washington, Master of
Science thesis, 96 p.

Lum, W.E., II, 1979, Water resources of the Port
Madison Indian Reservation, Washington: U.S.
Geological Survey Water-Resources Investigations
Report 78-112, 73 p.

Manson, C.J., 1984, Index to geological and geophysical
mapping of Washington 1899-1983: Washington
Division of Geology and Earth Resources,
Information Circular 77, 83 p.

Manson, C.J., 1986, Thesis on Washington geology
1901-1985: Washington Division of Geology and
Earth Resources, Information Circular 80, 409 p.

21

Manson, C.J., 1994, Geologic and geophysical mapping of
Washington 1984 through 1993 and theses on the
Geology of Washington 1986 through 1993:
Washington Division of Geology and Earth
Resources, Open-File Report 94-2, 41 p.

Mofjeld, H.O. and Larsen, L.H., 1984, Tides and tidal
currents of the inland waters of western Washington:
Seattle, Wash., National Oceanic and Atmospheric
Administration, Technical Memorandum ERL
PMEL-56, 52 p.

Molenaar, Dee, 1993, Geohydrology of Kitsap County,
Washington, relative to land-use development and
long-range planning: Burley, Wash., 64 p., 1 plate.

National Oceanic and Atmospheric Administration, 1995,
Climatological data annual summary, Washington:
Asheville, N.C., National Climatic Data Center, v. 99,
no. 13,35 p.

Noble, J.B., 1975a, Geohydrologic investigation for a
water supply for Trident Support site: Tacoma, Wash.,
Robinson and Noble, Inc., [10] p.

1975b, Contribution to hydrogeologic
investigation, Trident, Bangor Annex, Kitsap County,
Washington: Tacoma, Wash., Robinson and Noble,
Inc., 12 p.

1976, Construction of Trident wells 501-504 (blue
wells) and related hydrogeology: Tacoma, Wash.,
Robinson and Noble, Inc., 22 p.

1989, The Trident aquifer study at Bangor, Kitsap
County, in Galster, R.W.,, ed., Engineering Geology in
Washington: Washington Division of Geology and
Earth Resources, Bulletin 78, v. 2, p. 983-988.

1990, Proposed revision of nomenclature for the
Pleistocene stratigraphy of coastal Pierce County,
Washington: Washington Division of Geology and
Earth Resources, Open-File Report 90-4, 54 p.

Owenby, J.R., and Ezell, D.S., 1992, Monthly station
normals of temperature, precipitation, and heating and
cooling degree days, 1961-1990, Climatography of
the United States no. 81: Asheville, N.C., National
Oceanic and Atmospheric Administration, {30] p.



Parametrix, Inc., 1994, Comprehensive Water System
Plan, Naval Submarine Base, Bangor: Bremerton,
Wash., Parametrix, Inc., [about 500] p.

Paterson, W.D., 1981, Ground-water hydrology at the
Naval submarine base, Bangor, Washington: Tacoma,
Wash., Robinson, Noble, and Carr, Inc., vols. 1 and 2.

Prudic, D.E,, 1991, Estimates of hydraulic conductivity
from aquifer-test analyses and specific-capacity data,
Gulf Coast regional aquifer systems, south-central
United States: U.S. Geological Survey Water-
Resources Investigations Report 90-4121, 38 p.

Puget Sound Council of Governments, 1988, Population
and employment forecasts: Seattle, Wash., Puget
Sound Council of Governments, Information Center,
[about 200] p.

Sceva, LE., 1957, Geology and ground-water resources of
Kitsap County, Washington: U.S. Geological Survey
Water-Supply Paper 1413, 178 p.

Shannon and Wilson, Inc., 1973, Subsurface investigation,
Trident Support Complex, Bangor Annex,
Washington: Seattle, Wash., Shannon and Wilson,
Inc., 126 p.

Shannon and Wilson, Inc., Robinson and Noble, Inc., and
Battelle, Pacific Northwest Laboratories, 1975,
Hydrogeology investigation--Trident support site,
Bangor Annex, NTS, Keyport, Washington,
Supplement no. 14: Seattle, Wash., Shannon and
Wilson, Inc., prepared for Bovay Engineers, Inc.,
Spokane, Washington, [44] p.

Thorson, R.M., 1980, Ice-sheet glaciation of the Puget
lowland, Washington, during the Vashon Stade (late
Pleistocene): Quaternary Research, v. 13, no. 3,

p- 303-321.

22

Thorson, R.M., 1989, Glacio-isostatic response of the
Puget Sound area, Washington: Geological Society of
America Bulletin, v. 101, p. 1163-1174.

Tracy, J.V,, and Dion, N.P,, 1976, Evaluation of
ground-water contamination from cleaning explosive
projectile casings at the Bangor Annex, Kitsap
County, Washington, phase II: U.S. Geological
Survey Water-Resources Investigations Report 62-75,
44 p.

U.S. Bureau of the Census, 1992, 1990 Census of
population and housing, in Summary Tape File 1A on
CD-ROM: Washington D.C., U.S. Bureau of the
Census.

Vanderwal, K.S., 1985, Compositional and textural
variations in the Vashon till and underlying drifts in
the northern and central Puget lowland, Washington:
Seattle Wash., University of Washington, Master of
Science thesis, 110 p.

Washington Department of Ecology, 1978, Coastal zone
atlas of Washington, Volume 10: Olympia, Wash.,
Washington State Department of Ecology, DOE
77-21-10, 49 p.

Winter, T.C., 1975, Delineation of buried glacial-
drift-aquifers: U.S. Geological Survey Journal of
Research, v. 3, no. 2, Mar-Apr., p. 137-148.

Yount, J.C. and Gower, H.D., 1991, Bedrock geologic map
of the Seattle 30’ by 60’ quadrangle, Washington:
U.S. Geological Survey Open-File Report 91-147,

37 p., 4 plates, scale 1:100,000.

Yount, J.C., Minard, J.P., and Dembroff, G.R., 1993,
Geologic map of surficial deposits in the Seattle 30
by 60’ quadrangle, Washington: U.S. Geological
Survey Open-File Report 93-233, 2 plates, scale
1:100,000.



daop SH.L - z - - - 01r9/56¢ 9T IVO ..80.Tb.7C1 ..LS.0b.LY  1dT10dSO-HIO/NST
MO[eYS §H.L 217°d y/ - " - 019/0ST 9 dID0  ..80.2h.7C1 .LS.0b.LY 10dSO-dT0/NST
- a H 0TIl £ It 811 09¢ eAQ  ..60.TP.TCI ..80.1Y.LY 10X S0-HT0/NST
- a d 0tl 8¢ 14 14 Y4 [44 D0  ..vW.1¥.2C1 .. L0 1V.LY 101SO-HI0/NST
- a H SL S 4! 86 09¢ BAQ L€V IP.TTL LIE 1YLV YOVSO-HI0/NST
- a H LS 6 01 L 06¢ BAQ 6T 1¥.2C1 LLIE IV.LY €0VSO-H10/NST
- a H Ly el S1 09 081 MO L.0T.14.2C1 ..S0.1¥.LY EONPO-HTO/NST
" a H 00t'C I ov $6 ovl eAD 0L 1$.2C1 ..80.1b.LY CONVYO-HT0/NST
" a H 088 I SI 68T S6l IVO ..S0.19.221 ..SE. 1Y.LY 10DV0-H10/NST
- a H €L L1 ST LS 00¢ eAQ . PI.6€.2C1 ..90.1V.Ly 103€0-910/NST
" a d 011 (44 274! 61 0s¢ eAQ L ILOV.TTI YL IV.LY Y09€0-910/NST
- a d 061 81 OLT T61/S81 0S¢ eAd  ..60.07.2C1 LELIY.LY £0d¢0-410/NST
- r‘'a d ovl IS 088 8¢ 0s¢e eAQ  ..60.0%.2C1 ..PLIV.LY C0d€0-dT0/NST
- a d 010 i% 065°1 9¢e 0LE eAD  ..90.0%.2C1 ..ELIV.LY 10HE€0-HT0/NST
- a H 6C 144 SI (4470133 01¢ diDd  ..91.6€.7C1 ..8€. Iv.LY 104€0-H10/NST
- a H [43 S1 1[4 89 ore eAQ  .P1.8€.TT1 ..9S.0V.LY 10070-910/NST
=" a d Se 08 S08  6V0°1/0£0°1 00T N0 ..SS.LE.TTT ..90.1¥.LY £0[C0-d10/NST
- a d 1T §99 90T  LPI'1/0LO°L 00T N0  ..6S.L£.TTT ..90.1¥.LY 70120-410/NST
- a H € Syl 0c vL 0S¢ eAD  ,.TK.8E.TTL VT 1b.LY C0dT0-410/NST
- a 2 6¢ 9°0¢ 0¢ €9 09 dId0  ,.LE.LETTL ..8T. IY.LY [10VCO-410/NST
- a H 8’ 911 SI Ly SOI IVO ..€T.L£.TT1 ..0S.0V.LY TONIO-HTO/NST
- a H 144 8T 0¢ 69 08I eAD L TLLETTIL 6L 1Y.LY 20410-H10/NST
19y Jlqejieae 1em  (Kep 1ad 109)) (109))  (unwyes) (3993) (393)) nun (spuooss  (Spuooss squinu
-nuspt 8oy Jo Jjo  AKjanonpuod umop 98reyosi(q s1o0y jo soeyms 01301098 ‘saynuIy  ‘saynunu 1om
AxeN adAL asn SIneIpAy  -mel(] yydap puej jo -0IpAH ‘soo18op)  ‘sav139p) ®o0]
Arewnig [ejuoziIoy /l_em Jo  apmny spmiduo  epmne]
pajewnsg uydag

[pounuiaiep Jou *-- ‘onunu Jad suoffed ‘utu/es 10O
‘108ueg FSYENS UO P3IRO0] 10U YIS ‘-- ISHNUIPI AABN I9Y10 “Z pue ‘uonnau ‘N ‘Kel eurures ‘f ‘uononput ‘I ‘s180[0a8 ‘0 OMI09[3 “F ‘S IO[UP ‘ ‘1odifes <) o1 Jo adK), 1oyi0 ‘7
pue ‘pasnun ‘) ‘reuonmnsur ‘T, ‘Addns sngnd ¢ ‘uoneSiur 4 onsawop ‘H oIy 4 L19JeMop ‘(I {[RIDISWWIOD ) tIojem JO sf) “[[m pa1a[dwiod sy jo yidop sy uey) 191318 199) aow
10 G s1310Y 3y1 Jo yidap dyj J1 10 ‘[[om & st PAIS[dWoD J9ASU Sem [0Y Jy) JI papnfout st ooy jo yide "ps[[up sem 3oy 3y) Ya1ym o3 qidap [e103 ayi st 3oy Jo yidap,, ‘[[om paysiuy
ay1 Jo yadep ays st J1om jo yadaqg, ‘suodar JuBINSUOD WIOIJ PSUIRIGO I9M SSNTBA PIKIAINS 9I9M 193] [°() 01 JeIdoe SapmINy "A[uo uoleuuIojul Si3otoyIn 10 PAJ[LP S[oY paseoun
‘Sunrog 91un o13010a801pAY duo uey) 10wl Ul PaUdAIS st [[om ‘Didnnpy ‘susodap parenualeyyipupy ‘N eymbe dasg ‘v “un Suruyuod 19mo 7 ‘7D ‘19)inbe [9As] €IS 1VO
‘spaqIaul sjqesussd ‘11D ‘mun Suruguod 1addny <1 DO ‘eyinbe uoysep ‘BA) ‘Hun Suluyuod [n uoysep aQ) Jojinbe mofreys IAQ) :01 uado SI [[om 3Y) Jey) Jiun d130j09801pAH]

uodurysopy ‘Gunop dosiry Knuidia pup (108uvg FSVENS) A0SUDG ISDG UIIDUIGNS [DADN UO SIS PILIOJUIAUL Y] 40f DIDP 2130)04pLYy pup (po1sKYJ--"T X1puaddy

23



- a H 09 € S1 (454 00€ DO ..8LEV.TTI ..S5.66.Ly  €0DLO-HIONST

-- a H LT 123 0T L6T Sle dID0O . 1€.€0.2C1 ..€0.0v.LY 70dLO-dT0/NST

- a d 91 1 X4 €C 86¢ 1447 diD0O . 10.94.2C1 .. 90.0p.Ly  TACONLO-HIO/NST

- a d - - - TIE/L6T STy dip0 .. 10.¥9.2C1 .. 30.0v.Ly  TONLO-HIO/NST

-- a H oor'r ¢ 14! 98 ory BAQ  .LS.€V.TTI ..95.6€.LY IONLO-HTO/NST

- a H 9L L 114 Lyi 1743 eAD . TLEP.TTY L.0LOV.LY 10X L0-HT0/NST

-- a H SI 0¢ 01 09¢ 1914 dIDO Ly, Th.TTL L.61.0V.LY 20rLO-HI0/NST

- a H 01¢ 4 0¢ €8 1944 BAQ  ,.6V.T9.2C1 ..80.0V.LY 10L0-HT0/NST

- a H 0LI 9 0¢ zel 06¢ BAD ., LP.TP.TTL L.0T.0V.LY POHLO-HIO/NST

. a H 0s¢e S'1 01 y0¢ 0LE d1DO  ..00.71.TT1 ..8T.0P.LY C0HLO-HI0/NST

- a H (43 Lc 0t P0€ SLT IVO  ..8S.€4.2C1 ..¥v.0v.LY 10dLO-HT0/NST

-- a H Le So1 9 98¢ 8119 IVO  ..9Z.€v.2C1 ..9€.0p.LY €0DL0-H10/NST

- a H LE 8 (4! ILE 0s¢e IVO . 8€.€4.2C1 ..9€.0¥.LY T0DLO-HT0/NST

- a d 0Lt 9'v1 91 Lee/soe 1743 diDO  ..LY.Th.TTT ..SEOP.LY 10VLO-HI0/NST

- a L 9T SI 91 P8¢ 0ce IVO  ..0€.€4.221 ..00.1v.LY T0190-H10/NST
9-MIN a V4 =" - - £01/56 0sT eAQ  .8Y.TH.TTT ..LO.Tb.LY C0190-d10/NST
-MIN a V4 - -- - 98 08¢ BAQ LY. TP.TTL LOLIV.LY 10190-H10/NST
£MIN a Z - - - 807/991 L6T BAQ  .06.TY.CT1 LLELIV.LY TOH90-H10/NST
=" a H 1€ Lz 0C (453 soe IVO  ..€5.€0.221 ..C2LIV.LY 10990-HI10/NST
LIHL H21°‘d z - - - €1L/79¢ 1'v6C IVO  ..00.v$.2C1 . 1€ 1¥.LY $0d90-910/NST
Y'ON AVN a n -- -- - 98T 1993 100 ..0S.€.TC1 ..9€. Iv.LY 20d90-910/NST
SON AVvN a n -- ST g¢ LOT 09¢ BAQ  ,.SY.EY.TTT L.6T. IV.LY 10d90-910/NST
- a H 0¢ el Sl 6L1 01¢ dIDO eV 14,221 ..85.0¥.LY T0YUSO-HT0/NST

- a H IS SI Sl £ SLI eAQ €5, 1,221 ..85.0v.LY T00S0-I10/NST

- a H ovs z 0T LST 091 dID0  ..¥0.Th.2T1 ..9%.0p.LY 10050-A10/NST

1y J[qefieAe Iojem  (Kep 1ad 399)) (399))  (uu/pes) (39001) (1399y) nun (Spuooas  (Spuooas Jaquinu
-nuapt gor Jo Jo  Anandnpuod  umop oSreyosig 10y Jo soeyns 91807098 ‘soInuIu  “‘s9nuIul 1ELY
KaeN ad4y, asn oneIpAy  -meig dop puef Jo -0IpAH ‘soo1dop)  ‘soa1Sop) [eo0

Arewrig [eIUOZLIOY /oM Jo  apmnjy opnyiSuoT  opmue|
parewnsyg pdeg

panunguo))--uo1duryspy Kuno))
dosiy Knuoia pup (108upg FSV(1S) 4108upg 250G 2uLIDUGNS [DADN U0 SSulids pup sjjam pariopuaaul 2y3 1of piop c130j04pLy pup po1syg--"1 Xipuaddy

24



- a H 4 6v 9 6L ovl eAQ  .P¥.8€.2C1 ..0€.6€.LY 09y 1-d410/NST
- a H 09 0L (U 01 (8 100 ..¥5.LE.TTL ..0S.6E.LY 10V 1-d10/NST
- a 0 [ 6L Y 651 Sel 100 ..S€.L£.2T1 ..9L6E.LY CONET-HTO/NST
- a 0 - - - y6C or1 100 ..80.L£.2T1 ..ST.6E.LY £0TET-HT0/NST
- a H v'6 el [4 68 41 MO ..80.LE.TTI ..ST6E.LY COTIET-HI0/NST
- a H 199 8¢ 09 €0e 08T 100 ..€T.LE.TTL ..6¥%.6E.LY COAET-HI0/NST
- a H 9L 6'6 S €y 09¢ 100 ..6L.LE.TTI ..TV.6E.LY 10de1-910/NST
- a H - ot 0¢ ¢8 SLT BAQ L. ET.LETTI ..85,6E.LY TONTI-HI10/NST
- a H 9 8} S L9C 09¢ 100 ..LT.L£.2TT ..00.0%.LY TONCTI-HT0/NST
- a H 'L 0¢ 8 gTe 00T diDO  ..6€.8€,2C1 ..80.0v.LY [OWTT-HT0/NST
- f‘a d £ 8°9L 001 6£5/e8Y 192 IVO ..80.0%.2CI ..S0.0v.LY LONOI-HT0/NST
- a d 1] ¥4 9T 0S¢ £79/0¢e Siy BAQ  ..20.0%.2C1 ..6€.0V.LY 10dOI-H10/NST
- a H 4! 901 4! e 00¢ diD0  ..80,6€.2T1 ..E€€.0v.LY ¢0VOI-310/NST
- a I - - - 8 99 diDO  ..SLIV.CTI ..€0.0v.Ly  TON60-HIO/NST
- - n - - - - ¢8I 1m0 ..LT.0%.TC1 ..60.0V.LY STOr60-d10/NST
- a H 9 £9 o1 134 139! IVO ..6T.0%.2¢1 ..0L0v.LY 10A10060-H10/NST
- a H 11 4} 0c €81 S¢Sl 100 ..62.0¥.2C1 ..0LOV.LY 10060-H10/NST
- a d 4! L9 oy 08¢ €0t IVO ..ST.0¥.TCI . 1€.0V.LY [0H60-9T10/NST
- a n 0C 6S OLI L1€/00¢ 944 diDO  ..10.24.221 ..00.0v.LY £0080-910/NST
- a H 6C 91 01 0oL Sy eAQ  ,.0C.29.2C1 ..S0.0%.LY ¥07180-HT0/NST
- a H £9 €l 91 901 09¢ eAQ L ILTH.TTI ..TLOV.LY £07180-HI10/NST
- a H 197 81 91 138! 0Le BAQ  ..¥T.TH.TCI ..0LOV.LY TO180-HT0/NST
- a H SL 61 0¢ 891 (U9 D0  ..TE 14,221 ..60.0v.LY T0r80-910/NST
- a H 0St 01 [43 08 0Lt eAQ  .6%.Th.TC1 ..€0.0V.LY 109L0-HT0/NST
- a d 97 8 Sl - 09¢ eAQ |, TLEP.TTI ..85.6E.LY #00L0-IT10/NST
Yy dlqe[IeAR 11em  (Aep 1od 199) (3o93)  (uruypes) (399y) (129y1) jun (spuodas  (Spuodas Joquunu
-juapt 8ot Jo Jo  AyAnonpuod umop a8reyssiq Jloy Jo aoeyins  9130[0a8 ‘sojnuitu  ‘sajnuIll [om
AreN adAy, asn onneIpAy  -meiqg yidap puey jo -0IpAH ‘so0130p)  ‘sea13op) [eo0]
Arewnig [eIuOZLIOY JlIdom Jo  apmnly opmiduo]  opmye]
parewsyg ydag

panunuo)--uoiSurysoy uno)
dospy ‘Ciuoia pup (108ung SV YNS) 108upg aspg 2ULIpUGnS IPADN U0 SSULLIdS pup Sjjam pariojuaaul ay1 i0f viop 2180j04pKy puv (po1sCy--"1 xipuaddy

25



- Z1'7‘d d 6C | 4 091  00T°1/966 0es V0 ..ST.EV.TTL .YL8ELY 20d61-d10/NST
. a H 0ci 4 01 LeT o6t eAQ . 11.€4.2C1 ..6L.8€E.LY 10d61-J10/NST
- (‘0‘a L == - -- 109 0LE IVO  ..20.€0.TC1 ..LE.8E.LY COH61-JT10/NST
- a n - - - Sie SOt 100 ..00.b¥.ZC1 ..8G.8€.LY 10Q61-410/NST
- a H [44 0C 01 1ve SSY d1DO  ..8€.€V.TT1 ..9T.6€.LY 107181-d10/NST
- a H 8% [4! o1 (43 [3:14 eAD  ,.TS.TP.TTI ..TTL6ELY £0181-H10/NST
- a H 011 01 81 691 ote eAD  ,.LS.TP.TT1 ..8€.6E.LY COHSI-H10/NST
-- Zr'r'a d 69 1T SIS ¥90°1/898 0ze V0 LVS.TP.TTL L.8T.6E.LY TOHSI-"HT0/NST
-- a d 001 £ 1] 00v/c8¢ 08¢ diDO  .€b.€5.2C1 L.S.6E.LY £0d81-d10/NST
- a H 44 St L s61 0z€ dIDO  L.ECEV.TT ..vh.6€.LY  TODST-HIO/NST
- a H 09¢ [4 0T 091 06T eAQ  ,.90.€¥.TC1 .. 1¥.6€.LY 1098 1-410/NST
- a n 1) 6 01 19 061 BAQ  VE.TP.TTI L.TL6ELY TONLT-F10/NST
- a I 1 14 (Y4 IL S8l eAD  .PE.TY.TTL LLTL6ELY TONLT-H10/NST
-- a H 0cl 9 91 €61 S81 diDO  ,.T6.14.2C1 ..TE.6E.LY 10DL1-3T0/NST
- a H (44 801 4> 86 0ce eAQ ., 12.79.TT1 ..6€.6€.LY 204LT-910/NST
- a H 8¢ 14 01 139 01T eAQ  ,.02.T9.TC1 ,.Th.6E.LY €0DLI-HT0/NST
- a n L1 9¢ (1 IS 061 BAQ  ,.80.TV.TC1 ,.bP.6€.LY C0DLI-910/NST
-- a H 19 0c 0T 201/06 Y44 eAD .95, 1%.TC1 ..9%.6€.LY 109LT-910/NST
-- a d 001 £'19 80V $62/08T 012 diDO  ..S1.0v.T¢1 ..9L6E.LY 10191-910/NST
" a H 0s 801 4! 4! 0s1 eAD  ..60.6€£.2C1 ..8T.6€.LY t0IST-TT10/NST
- a H 14 8°LS L LL Y4l eAQ  .LS.8€.TCI .. 1T.6€.LY COIST-HT0/NST
- a d 0T 99 STT  ¥61°1/000°1 Ste  AdumMIN .70,0%.2T1 L.Th.6€.LY 10dS1-910/NST
- a H 9'¢ L9 9 66 061 BAD  ..T0.6£.2C1 ..TS.6€.LY 10VST-910/NST
- a d L1 6'e6 L0E  600°1/09S S8 V0  ..91.8€.TT1 ..€0.6E.LY €00V I-A10/NST
=" a n (4! 0¢ 91 143 08 IVO  ..TS.LE.TTI ,.€T.6E.LY 20IP1-410/NST
peli JJqe[ieAe 1orem  (Aep 10d 109j) (1%91)  (uruyqed) (3993) (399)) nun (spuooas  (spuodas Jaquinu
-nuapt go1 j0 Jo  K11Anonpuod umop  a8reyosig a0y Jo soeyns 01301093 ‘solnuIll  ‘senuill Tom
KaeN odAL asn oNneIpAy  -meiq yidop pugj Jo -01pAH ‘so013op)  ‘ssaidop) [e207]
Arewrtig [eluozrioy /llom Jo  apmnjy opmiSuo  opmpe]
poyeumsg pdeq

panunuo)--uoidurysoy ‘Kuno’)
dosny ‘Knuioia pup (103uvg FSVENS) 108upg asvg 2ULIDUIGNS DADN U0 SFULLdS Pup SJjam palLojuaaul ay3 10f vivp 3180j04pLy pup 15 yg--1 xipuaddy

26



- a d 8¢ €9 [4* 16¢ oy eAD  ,.06.£v.7C1 ..€0.8€.LY 20d0e-H10/NST
- a H ¥'8 0l e £12/80¢ 08t eAD  .9€.€4.2C1 ..¥0.8€.LY £0D0€-H10/NST
- a H 06 61 g8 006/68¥ 0zZs eAQ ..92.€v.2C1 ..80.8€.LY 2000€-9T0/NST
- a H IS 0l 01 801 soc eAd L IV.TP.221 L.6E.LE.LY TO6Z-H10/NST
- I‘r‘a d =" - =" 90L/889 091 V0 ..62.2%.2C1 ..80.8€.LY 10Ad62-910/NST
- a H Ll 9C o1 9¢1 081 diD0  ..L0.6€.2C1...LT.LE.LY 104 LT-HI0/NST
- a H L 9 (174 1.2 soT diD0  ..€€.6€.2C1 ..65.LELY 109LT-HT0/NST
- a d £6 8°GL 80§ 786/08¢ S9°191 IVO ..02.8€.221 ..TE.LE.LY 10719C-H10/NST
-" a d [4* 801 oS (44} SLT Tv0  ..0L.LEZTL . VL.8E.LY 10d¥Z-910/NST
. a n 06¢ (43 08¢ (44 0S1 IVO  ..6T.LE.TC1...1S.8€E.LY 70avZ-410/NST
- a n 9L 88 Y€l 000°1/0v8 06'95T VO  ..8€.8€.7T1 ..91.8€.L¥ CONET-HT0/NST
- [1'a n - I 0¢ 000°1/006 06°95C diDD  ..86.8€.2Z1 ..9L.8E.LY TONET-HIO/NST
- a H ¥5°0 91 14 65¢ 0S1 IVO .. 1¥.LE.2C1 ..ST.8€E.LY 101€C-H10/NST
- a H SL 8 (4! 801 08 100 ..¥6.8€.2C1 ..00.6€.LY 10AeT-d10/NST
- a H 0cl1 (] 0¢ 6L 08 100 ..£€.6£.7C1 ..8T.8E.LY 103MCT-A10/NST
=" I‘r'a d 79 (43 0S¢ LY6/268 00T V0 ..PL6ETTL .LT.8E.LY 10[TC-H10/NST
=" a d 154 §901 082 9861 S6 d1DD  ,.€6.6€.271 ..LE.8E.LY 20dTC-d10/NST
- a d - =" =" €61°1/05Y S6 o[dninN |, €6.6€.2C1 . LE.8E.LY 104CT-410/NST
- a H o6y 1A 4! 199 0¢ diD0  ..S1.0%.ZT1 ..01.8E.LY 20d1T-H10/NST
-" a H - 0 0t 86 S diD0  ..T6.0%.2C1 ..¥S.8€.LY Y0O1Z-d10/NST
=" a H 1914 Ll 9C 611 0ce eAD  ..LE.TP.TTL ..TL.8E.LY TONOZ-H10/NST
- a n 0¢l 4! 0¢ (43 S0l eAD  ..60.Ch.TC1 ..ST.8E.LY 20710C-d10/NST
" a d 0cl 6'¢eS 0S¢t 9T 00¢ diDO  ..ST.Th.2T1 ..9%.8€.LY 10402-410/NST
- - n - =" - (43 ov eAD . Sh.1v.2C1 ..9G.8€.LY 10VO0Z-d10/NST
=" a H 01c C 8 8CC ore eAD  .6V.T.TC1 ..01.8E.LY C0U61-H10/NST
oy Jrqeieae Joiem  (Aep 1ad 109)) (399))  (uruyes) (399)) (399)) jun (Spuodds  (Spuod9s Jsquinu
-1uapt Jog J0 Jo  AuAnonpuod umop  ddreyssiq J10y Jo soeyms 21807098 ‘soynuiy  ‘sdynur om
AaeN adAL asn onmeIpAy  -meiq yidop puey Jo -01pAH ‘soa180p)  ‘so13op) 18207
Arewnig [eluozLoy /Idm Jo  apminyy opmuduo]  opniney
porewI sy ydeg

panunyuo) --uoSunysoy ‘Kjuno)
dosny €uoia pup (1o8uvg Sy gns) 105uvg asvg auripuigng [papN uo sSurids pup Sjjam pariouaaul ay1 10f viop 0130j04ply puv (po1sKyg--1 xipuaddy

27



-- a H i6 €l 14! LL (11 eAD L, SY.91.TC1 L.61.6€.LY €0rST-MI0/NST
-~ - H - -- -- - 001 eAD  ,.96.SY.TCL ,.0b.6€.LF  SYODVI-MIO/NST
-- a H 66 Ie SL9 901 374 100  ..£v.SV.TC1 ..9€.6€.LY €0DVI-MI0/NST
-- a d 01t v 0¢ 0cs 314 IVO .¥S.Sh.2T1 ..9€.6€.LY TODPI-M10/NST
-- a H 8¢ V98 oy 861 197 IVO  ..TL9V.TTI ..0V.6€.LY YOd¥T-MI0/NST
-- a H 08¢ €l (1143 6Vl Sl IVO . 12.9V.TC1 ..6€.6€.LY LOFYI-MTO/NST
-- a H 9¢ Ll 0¢ 091 ory 100 ..0T.¥v.2Cl . 11.6€.LY COUET-MTO/NST
- a H 174 9 01 LIg 0se Wd1D0 L. Iv.vp.2CT L.61.6E.LY COIEI-MIO/NST
- a d 00Tt 1 0T Iy 0se IVO .. Iv.¥v.2C1 ..LL.6E.LY 10TET-MI0/NST
-- a H 0T 8¢ Cl €L olv eAD  L.TTYV.CTI L 1T.6E.LY 10MET-MIO/NST
-- a H ¥8 € 01 89T 08¢ 100 ..LLY.TT1 ..84.6E.LY 10VET-MI0/NST
=" a H -- -- - 001 9474 eAD  ,.S0.¥Y.TC1 ..65.6€.LY COACT-MT0/NST
-~ a H oLT € 01 79¢ ocy diD0  ..80.v¥.7T1 ..96.6€E.LY 10UTI-MT0/NST
=" a d 61 14! 0¢ SLT 08¢ diD0  ..STYP.CTI ..€0.0V.LY 100T1-M 10/NST
- a H I'e So1 8 81 121 100 ..TL.SY.TTl ..65.6€.LY TONTI-MTO0/NST
=" a H (4! [4Y 9! 98 0¢ IVO . €S.¥Y.2T1 ..81.0V.LY COTCI-MIO/NST
-- a d 007 L 0t 0¢ 0ce Wdid0  ..0v.vp.TT1 L.TLOV.LY POAICT-MTO/NST
- a H oL1 9 0T 09¢ 1544 did0d  ..€0.v¥.2C1 ..L0.0V.LY T0ITT-MTO/NST
- a H V8 9 01 IL 0oL eAD  LLLEVV.TTI ..LO.TV.LY €0 T0-MI0/NST
-- a H 0¢l 14 oI 9¢ ove IVvO  ..20.¥Y.TCL ..8L.IV.LY IOHTO-M 10/NST
- a H 00¢‘1 1 0c 8L1 081 IVO  ..LTYY.TTL VT 1v.LY SODT0-MIO0/NST
- a H 0019 T 0T 611 0L IVO ..SEVY.TTL .0 1v.LY 20d10-MT0/NST
- a H 4y el Sl €9 ove eAD  ,90.44.7C1 L.9¢. 1v.LY ZOVI0-MI0/NST
- - n - -- -- Ll ove eAD  L.0LYY.TT1 L.LE. 1YLV TI0VIO-MTO/NST
- a d 9Y 08 123 oty 09 eAD L. EV.€0.CT1 ..T0.8€.LY £0d0oc-H10/NST
Y JlqeteAe I99em  (Aep 1ad 199)) (99))  (urwypes) (399]) (399)) nun (Spuooss  (Spuooas qunu
-uapI 301 Jo Jo  Ananonpuoo  umop o81eydsiq J[oy jo aoeuns 01301093 ‘sonumu ‘seynur HELY
AaeN odAL asn oNNBIPAY  -mei] ydap puef Jo -0IpAH ‘so0139p)  ‘sa0idop) 8001
Arewug [eluozLIOY /oM Jo  opmny opmiSuo]  opmme|
pajewnsyg ypdaq

panuuo)--uoiSuryspy ‘Kunoy)
dosity €nuo1a pup (108ung FSVENS) 40SUDY aSDG FULIDUIGNS [DADN UO SSULLDS PUD $]]2M PaLIOJUa AUl 3Yy3 10f DIDP 2180704pKYy pup [I1sKy--1 xipudddy

28



- - n - - - 0T/~ ¢8 eAd  ,.TT.8€.TT1 L.VLOV.LY $0TC0-H10/N9T
- D'a d 1T (458! 009 8€6/CTS €8 V0 ..TT.8E.TTI ..EL.9V.LY €071C0-dT10/N9T
- - d - -- - - €6 O, 1€.8€.7C1 ..0T.9v.Ly  STOTZO-ATO/NST
- a I 0T 14 [4¢ LLT 01¢ IVO ..8S.L£.2T1 ..¥L9Y.LY TOMZ0-H10/N9T
- a H 9C ¥C 91 P0¢ 06¢ dipd |, TI8E.TTI ..EL.9V.LY 103120-910/N9T
- a H 06T 11 09 1%% $6 eAQ . 11.8€.2T1 ..6T.9%.LY C0DTO-d10/N9T
- d H (33 0¢ 161 ¥8¢ 09¢ d1D0  ..LT.LETTT ..LO.9V.LY IONTO-d10/N9T
- a H 98 0s 01 SIE oty dIDO .06 LE.TTT ..LEOV.LY 10Q10-410/N9T
- - d e - - £Cs Sel IVO ..1T.9€.2C1 ..TT.8€.LY EONG61-HTO/NST
. N‘a d 129 48! 9L 18L Sel V0 .. 12.9¢€.2C1 ..TT.8E.LY TONG61-HTO/NST
- a H ove € 81 681 1194 100 ..€0.$%.TC1 ..€1.8€.LY TONVT-MTO/NST
- a d 029 S 09 8LT 06¢ eAD . 10.¥b.TC1 .. 1€.8€.LY T0MYT-MT0/NST
- a H 9 0t SI LLE 08¢ diD0  ..60.47.CC1 ..E.8€.LY TOHVT-MI0/NST
- a d 059 € 14! I1e 0eg d1DO  LIE€.4P.221 ..05.8€.LY 09rT-MTO/NST
- a H oS o1 8 LLE 0sy d1D0  ..€0.4$.2C1 ..95.8€.LY 10VYT-MI0/NST
- a d ovl C 01 134 00$ d1D0  ..00.S%.TTT ..SE.8€E.LY POMET-MIO/NST
-- a H -- - 91 £6T (1189 dID0  ..Lv.SP.TTL .. YT.8E.LY €0 ET-MTO/NST
- d d 01T € T 781 ovy BAD  ,.8€.S1.TTT ..LY.8E.LY 10D£T-MIT0/NST
-- a H - 0 0¢C 86T 00¢ IVO  ..ve.Lb.TCl .. TL8ELY TONTT-MI0/NST
- a H LE 0z S1 1543 ove IVO  ..LLLY.TCZL ..14.8€.LY 104CT-MTO/NST
= r‘'a d 09¢ €1z 0cL 00S/¥9¢ 69C IVO ..SE.LY.TT1 ..8%.8€.LY 10dCC-MTO/NST
- a H 0¢1 [4 0t 991 0S1 IVO ..9LLY.TTL ..LS.8€E.LY TODTT-MTO/NST
- a H 098 I Syl €Ll S6 IVO  ..60.Lv.TT1 ..11.6€.LY €00ST1-MT0/NST
-= a H 09¢ (4 0t 0LT ove IVO  ..9%.Ly.TT1 ..L0.6€E.LY CONST-MTO/NST
- a H oS It LT zel 01 IVO ..0€.LY.TT1 .. 12.6€.LY T0TST-MIO/NST
Iy J[qe[reae Iorem  (Aep 1od 1993) (399))  (utuyred) (199)) (199)) jun (Spuodas  (Spuooas Joquinu
-nuapt 8or 10 Jo  ApAnonpuod  umop 98reyssiq oloyjo  ooeyms  o130[098 ‘solun ‘s9jnuIwd NELY
AaeN adAL asn onneipAy  -meiq ydop puef jo -0I1pAH ‘sooidop)  ‘soaidop) [B20]
Arewud [ejuoZLIOY /lIdM Jo  apmnly opmiSuo]  opmme]
parewinsy ydeg

panunuo)--uorSurysuy GunoyH
dosiy ‘Knura puv (108uvg FSVENS) 405uvg aspg aunvugng [papn uo s8uiids pup Sjjam pariojuaaul ay1 10f vypp 0180]04pLy pup 105Ky -~ xipuaddy

29



YWMIN-V a V4 - -- -- 9¢1/¢eTI GSI ead  .,60.7.TC1 ..00.9v.LY 20D80-d10/N9C
0CMIN-V a Z - -- -- 86/¥9 06°1S1 100 ..80.T¥.TTI ..6¥%.Sv.LY 10080-410/N9C
CEMIN-V a V4 - -- -- S8 9¢€91 100 ..8S.1¥.TTI ..¥S.SY.LY 20980-d10/N9C
[TMIN-V a Z -- -- -- 76 06°LL1 100 ..6S.1%.2C1 ..LY.SY.LY 10980-d10/N9C
TEMIN-MD a Z - -- -- 8¢ €Tl 100  ..95.7¢.7¢1 ..8L.SY.LY YOULO-HI0/NIT
0EMIN-MO a z - -~ - Y11/26 0ceel 100 ..L5.T9.TC1 ..61.Sv.LY €0dLO-HT0/NIT
CEMIN-MO a z - - - w 9611 100 ..¥5.79.2C1 ..€T.Sv.LY 0IL0-HT0/N9C
TEMIN-MD a z - e - 0€1/9L 88°611 WdiD0 #6528 TT YT Sh.LY 10[L0-AT0/N9T
CTMIN-0S a Z - - - (43 01 IAD  ..8%.T5.2C1 ..90.9%.Ly 10¥90-910/N9T
0EMIN-V a z - - - 001 orl D0 ..95.1%.2C1 ..01.9%.LY 10050-H10/N9T
[EMIN-V a z - - - €11/L8 L6 eAD L PLTP.TTL .. T0.9V.LY 10dS0-d10/N9T
- a n (4! 144 Lyl 0ty 0C1 IVO ..60.1%.TC1 .. €T.9V.LY 20X SO-HI0/N9T
=" a 0 - - - 09¢ 0t1 IVO  ..70.24.2T1 ..pL.9v.LY 10A50-d10/N9T
== a H 87 €9 I1 S6 691 100 ..62.1%.2¢1 ..81.9v.LY T0ISO-d10/N9T
-- a H (43 €9 01 6 OLIT D0 VT I$.221 . L19%.LY TOWP0-H10/N9T
-- a H 9y Le (4! 01 0sT eAD .10, 19.TT1 ..81.9%.LY 10T¥0-d10/N9T
- a H Iy 33 0¢ £6C 0cI IVO ..SLIb.TTI ..8€.9V.LY €0d¥0-d10/N9T
- a H Y4 Le 0c 1.2 061 dipd  ..86.0v.2C1 ..LY.9V.LY 10D%0-d10/N9T
- Z11'd n 124 8'0L 0S §9L/069 00¢  oldmmN | €€.08.2C1 ,.8%.9%.LY 209y0-d10/N9T
-- a d 94 49 00¢ L89 08¢ VO ..€E.0V.TTI ..6%.9V.LY 109¥0-910/N9T
- a H 8! 0s sc 4! 06¢ eAd  ..90.0%.TT1 ..L0.9%.LY YONEO-HT0/N9T
- a H 08¢ 9 09 8¢ 06¢ 100 ..85.6£.2C1 ..90.9v.LY EONE0-9T0/N9T
-- a H 00g'r ¢ ST L1l S6¢ eAD  ..6S,6£.CT1 .. 10.9V.LY CONE0-H10/N9T
- a H Il w 0T Iee o1y 1D0  ..S1.6£.2C1 ..LT.9V.LY 201€0-410/N9T
-- a d -- -- - 0ze/cie 08 IVO  ..PT.8€.TC1 ..€L.9%.LY SOTCO-IT0/N9T
Iy Jjqepieae Ioem  (Aepaad 199)) (199])  (urwyres) (199]) (393)) nun (spuodas  (Spuooss Jaquunu
-IuapI So1 J0 Jo  Apampnpuoo  umop oSreyosi(q a[oy Jo ooeyms  o130[0o8 ‘soynuI  ‘Sa)nuI HELD
KaeN adAy, asn ouneIpAy  -meIi(q yidop puej jo -0IpAH ‘soo13op)  ‘sea18op) 1800

Arewrig fejuozZUIOY /oM Jo  apmnpy ospmiSuo  epmne]

parewrnsyg ydag

panunuo)--uoidunysopq ‘quno)
dosity Knuioia puv (108uvg GSVENS) 105Upg 2S0G dULIDUGNS [PABN UO SSULLAS pup §]]2M pa1ioguaaul ay1 10f pivp 2180]04pLy pup [po1slyd--T xipuaddy

30



- a H Le 01 SI $6 (i741 eAQ  ,.TT.8E.ITT ..9T.Sv.LY €0TIT-9T10/N9C
-- a H 9'8 YAl 514 SeT 06 IVO ..91.8€,2C1 ..8T.Sv.LY COTTII-"HT0/N9T
- a H 00 861 14 Ie oLl 100  ..19.LE.TTT ..6T.SV.LY T0f T1-HT0/N9T
- a H 08L L4 99 ¥6 0cI eAQ  ..0T.8€.TTI ..EE.SV.LY 20T 1-910/N9T
- - n -- -- -- 81 00¢ WO ..60.0v.2CT . ILSY.LY YONOT-HI0/N9T
- a H €9 14! 14! 9¢ 00¢ eAQ  ..90.0%.CCI . 11.Sh.LY €ONOI-H10/N9C
- - N h - -- 68 1743 eAd  ..70.0¥.TT1 ..9T.SY.LY COWOT-HT0/N9T
- a H 08¢ € ot L6 0ce eAQ  ..70.0¥.2C1 ..ST.Sh.Ly TOWOE-HT0/N9T
- a H 1T Ie 91 971 g6l BAQ  ,.T0.6€.2C1 ..EV,Sh.LY TOHOT1-H10/N9T
- a H - 0 oY 911 0ce eAQ  .LS.6£.CT1 .. TS.Sh.LY 10A01-HT0/N9T
- a H ovl 6 ST 89 oce eAQ L ILOV.TZI ..6LSh.LY 70¥60-H10/N9T
- a H 09¢ [4 (114 801 06¢ eAQ  ..SE.0$.TCI ..TLSY.LY 20360-H10/N9C
- a H 0z1 Sy 114 9Tl 08¢ eAQ  .0£.0v.2C1 ,.¥¥.Sh.LY £0D60-HI10/N9C
- a H (44 £3 (113 L0E 0Le D0  ..86.01.TC1 ..tvb.Sh.LY 10d60-310/N9T
- a H ¥$0 ovi 8 0re/10¢ ove d1DO 0L I$.TCT ..9€.5b.LY 10960-H10/N9T
- a d -- 0 01 8¢S 60¢ IVO  ..10.1#.2C1 ..6S.Sv.LY 70060-910/N9C
- - n - -- - 08 Sie eaQ L. 10.14.2C1 ..6S.Sv.LY 10D60-H10/N9¢
9TMN-HD a z - - - 96/0¢ 0t'9LT BAQ . VT.TH.TCT ..60.SV.LY 10d80-H10/N9C
LTMIN-MO a z - - - 8¢ 6L'TY1 BAQ  L.PP.TH.CTL LLLLSY.LY SONBO0-d10/N9T
9TMIN-MO a Zz -- - - 9L LLevl 100 ..Th.T1.201 ..91.Sh.LY YONSO-HI0/N9T
6CMIN-D a z =" - - 901/L6 61°¢ST 100 ..8T.Th.TC1 ..0L.Sh.LY £ONSO-HI0/N9T
8TMIN-HD a Z =" -- - €L 1€°€ST 100 ..8C.T4.2C1 ..60.Sv.LY CONSO-H10/N9T
LTMIN-HD a Z -- - - 0t S0°€ST eAQ  ,.67.T.CCT1 LOLSY.LY TON8SO-H10/N9C
¢HL 42I°7°a Z - - - SOT1/LES S0¢T VO L.TETH.TTL L 1T.Sh.LY TON80-H10/N9T
SITHL AIT'd n - - - 99¢ 9e8l IVO ..9LT¥.TCT1 ..8E.St.LY 10480-910/N9C
13y J[qe[reae 1em  (Aep aad 109)) (399y)  (urnuyes) (399)) (199)) jun (spuooes  (Spuooos Jaquinu
-1juapt gor jo Jo  AjIAnonpuod umop afreyosiq Jloy jo ooeyms 015307098 ‘SoINUIW  ‘S9JNUIW 1om
AneN adAL asn oyneIpAYy  -meI(] yidop puej jo -0IpAH ‘soo18op)  ‘soaidop) 1007

Arewd [eIU0Z1I0Y Jllem Jo  apmny opmiSuo]  opmue]

pajewinsyg yidog

panutuo)--uoiSurysoy Kiuno)

dosiry €uoia puv (108uvg FSVGNS) 108upg aspg aurmuqns [papp 1o sSuiids pup Sjjam pariojuaaul ayy 410§ viop 2180j04pLy puv 0215y J--"1 Xipuaddy

31



YEMIN-D a z - == -- 91/8 09°¢0T W0 L.8€.TP.TTI ..LO,SY.LY 10dL1-d10/N9T
10049 a z - -- - (44% 44! ove 100 ..0LZ9.TC1 ..$0.Sv.LY 10DLT1-9d10/N9T
OIHL 21'lr'd z - -- -- 008 80y IVO ..LTI$.TTD ..LO.SY.LY T10VLI-H10/NST

- a H 8y 9yl S1 LLT Sey eAD .91 IP.TTI ..LT VY.L €ONII-d10/N9T
- - H -- -- =" - 0sT W0 ..01.0b.TT1 ..Th.bv.Ly  STOHOI-HIO/NST
- a H 99 14! ot 1! oce BAQ  ..61.0V.TC1 ..€S.vY.LY T0H91-d10/N9T
- a H 114 61 91 6¢l1 147 BAQ .. LS.0V.TTI ..Sh.vb.LY #0491-910/N9T
- a H LT 4! 14! £ oty BAQ  ..T0.1¥.TC1 ..vh.vb.LY £0d91-H10/N9T
=" a H Sl 91 01 9Tl oy eAQ L LLIP.TTL ..SS.¥v.Ly T0d91-d10/N9T
- - H - -- -- 0t SL WO L,SE.6€.TTL . LLYY.LY €0dST-H10/N9T
- a H 9t LT 114 16 001 BAQ . LE.6£.TT1 ..LLYV.LY 20dS1-HI0/N9T
- - n - -- - - 0¢T W0 L.T.6£.TT1 ..90.Sv.LY £0D61-d10/N9T
-- a H L1 oy Sl 14! 0¢T BAQ  .pb.6£.7C1 ..S0.Sh.LY TODST-HI0/N9T
- a H €9 oy L 8¢l 08¢ 100  ..6€.LE.TTL ..TLYY.LY 10YY1-H10/NST
- a H 9 oy S X4 Se 100 ..1T.8€.TTI ..LO.SY.LY 10DV1-H10/N9T
- a H L8 ST 81 144! 0ce BAQ  .PE9ETTL L.LY.VY.LY YOHE1-d10/N9T
-- a d -- -- - 01¢ 06¢ dID0  ..60.LE.TTL ..Eh. Y.LV 204 1-H10/N9T
=" - H == -- -- - 1343 ID0 ..9CT.L£.TT1 ..10.Sv.LY T0deT1-910/N9T
- a H L1 144 o€ (7K 0S¢ WdIDO .. ¥T.LETTL .. 10,SV.LY 10d€1-910/N9T
-- a H 01¢ L oy 19°14 08¢ diDO . ILLETTL ..8S.¥b.LY £0D¢1-H10/N9T
-- a d 0Ll 9¢ 11e 0ce/ele 0Le diDO  ..Tr.9€.2C1 ..v0.Sv.LY 109de1-910/N9T
- - n - - - 691 $9¢ ID0  ..€0.9€.7C1 ..0LSY.LY 100T1-H10/N9T
- a H 0t S 91 1454 0l¢  oldnIn  ,,07.L€.2T1 ..96.Sb.LY 10dT1-d10/N9T
- a o) Orl el (4% 1744 0sT IVO  ..65.9€.2C1 ..LS.SP.LY €00TI-4I10/N9T
- a H ovl ¢l oy 0S1 (4%4 diDO  ..65.9€.2C1 ..6V.5b.Ly TODTI-910/N9T
1oy J[qefieae 1orem  (Aep 1ad 309]) (3997)  (uruyres) (399)) (399)) jun (spuooas  (spuooas Jaquunu
-nuapt 8or 30 Jo  AjAnonpuod  umop a31eydsiq 310y jo soeyns 91301093 ‘SINUI  “‘synuI Iom
KaeN adAy, asn OIMeIpAY  -meI( ydep puej Jo -0IpAH ‘so0180p)  ‘sao1dap) [e207]

Krewig [eozuoy /llom Jo  apmuy opmiduo]  opmne]
parewnisg nydag

panunuo)--uosSurysop quno)
dosiy ‘Knuioia puv (108ung FSVENS) A08Upg 2sDg 2ULIDUGNS [DADN U0 SSULLAS pup S]]2m pa1ioiuaaul ayy of vapp 2180104pLy pup 015Ky J--'T Xipuaddy

32



coed a n =" - - (497 68 3uuog |, 9€.€4,2C1 ..LT. VY.LV 10d81-H10/NST
S-4D n - - - 6ve 0§ IVO  _.¥h.€v.221 ,.6LYh.LY CTONSI-d10/N9T
-dqd Z == - - €ee 14! IVO ..€5.€0.221 ..9LVb.LY TON8I-HT0/N9Z
LSmd n - =" =" oL/~ 89- IVO  ..SY.€0.TT1 ..8E.pb.LY YO8 1-dI0/N9T
I Smd n - - - SL Sy- IVO ..80.€1.2C1 .. 1E.¥h.LY CONBI-HI10/N9T
9074 a n - =" - 8LT/ 6c1- Suuog  ,,16.€v.2C1 ..8E.VV.LY CONWST-d10/N9T
vicid a n - - == 20¢/-- 91- Suuog .zt €v.7C1 L.0EVh.LY OIS T-dT10/N9T
alov D n - -- -- 6Vl SI IVO ..€€.€¥.2T1 ..8E.¥V.LY 807I81-HI0/N9T
Vv 10¥ D n == - - oLY/191 L1 IVO ..S€.€v.2C1 ,.SEvv.Ly  1dLOTISI-HI0/N9T
Vv 10V D n =" - - 0L1 Ll IVO ..SE.E€9.TCT ..SEVY.LY LOI81-H10/NST
e-ddmaad 12°0 67 000°1 00t e IVO ..LEEV.TTL . 1EVP.LY 90718 1-H10/N9T
odam-a - - - - ST IVO ..SEEV.TC1 ..SEVh.LY SO0181-H10/N9T
I-damada 810 122 000°1 s8I S'6l IVO  ..€CEV.TTI ..8E.VY.LY YO1I81-H10/N9T
soed a n - == - SeT/-- £Cl Suuog  ,,6C7.€¥.2C1 ..SEVP.LY €0 I81-H10/N9C
L-g a Z - - - [44% €l IVO  ..STEP.TTL . Iv.vh.LY ZOI81-HI10/N9T
-9 a n - - - 1543 14! IVO ..€€€0.TC1 ..0V.vP.LY 10718 1-H10/N9T
0S a d - - - 1927 1] ¥4 IVO .. 12.€9.721 ,.0E.vv.LY 10M81-H10/N9T
84 a Z - - - Y43 01 IVO  ..8T.€4.TT1 ..0S.vh.LY 10A81-d10/N9T
H91 a n - == - ove/-- 89- Suuog  ,.TT.€%.7CY ..90.SY.LY 10481-910/N9¢
gYHL - n - - - 09¢ 79¢ eAQ L I%.28.2C1 0T bY.LY TONLI-HT0/N9T
VYHL 41°1°d Z = =" - 01L €9¢  fdumN 11,2122 LL6LYY.LY TONLT-HT0/N9T
doap 9THL - Z - =" - S9L ooy VO ..8S.1%.TT1 ..9C. vv.Ly  TIIOMLI-HIO/N9T
MO[BYS 9THL D HIT‘d Z - - - S9LISET ooy eAd  ..8G.1%,7C1 ..9€.¥v.Ly  1dIONLI-H10/N9T
9EMIN-HD a Z - - - 8 SLT0T 100 ..6€.T%.27C1 ..LO.SY.LY £0ALT-H10/N9T
SEMIN-HD a Z - - - T6/ES 65°20C 100 ..8€.T%.TC1 ..80.Sv.LY COALI-H10/N9T
19y Jlqerreae 101em  (Kep 1od 109)) (3093)  (uruwyjed) (199)) (199)) jun (spuodoas  (Spuodas Joquinu
-njuapt 3oj J0 Jo  A)ABONpUOD umop a8reyosi a0y jo ooejuns 01301093 ‘so)nurz “sa)nuI 1om
KAeN odA], asn ofneIpAy  -mei(] yidop puej jo -0IpAH ‘so013op)  ‘soa1dop) 1e207]

Arewid [eluozioy /oM jJo  opmny opny3uoy  opmne]

parewnsg yidoq

panunuo)--uodurysop ‘GGuno)

dosiry ‘Cnuuoa pup (108uvg JSVYNS) 103uvg asvg suripuqns [papy uo sdurids pup sjjam pariopuaaut ayy 1of vipp 180j04ply puv patsyg--y xipuaddy

33



- - n - - - 125 Sty BAQ  ,.ZEIH.TTL LSEEV.LY 10d0T-410/N9T
14 OVdAMS a n - - - 0¢/-- 00v Suuog | L€.T¥.TT1 ..€T.EV.LY TONOZ-d10/N9T
Y OVAIMS a n - - - 9¢/-- G8¢ Suuog | L€.T4.2T1 ..6€.Eb.LY TOWO0T-d10/N9T
- a H 6¢ S 0T 9ce oty eAD €€ 1V.TTI ..8E.EV.LY 10f0C-H10/N9T
L DVdIMS a n - " - €1/ 0LE Suuogd | LE.TH.TTI ..9S.EV.LY 10902-910/N9T
1-O1 a Z - - - Svv So¢ IVO  ..¥LEV.TTL .0 EV.LY €0061-H10/N9T
1-VI (‘a yA - - - 144 g6t IVO ..YLEV.TTL . VT.E.LY 20061-910/N9T
dl a Z - - - 109 $6T V0 LYLEV.TTL L.STEV.LY 10061-310/N9T
TIMIN-A a Z -" - h T6/48 €y L0T 120 ..6T.E€4.TT1 ..EE.EV.LY £0d61-910/N9T
ITMIN-A a Z e - - ov 60°90T eAQ  ,.0€.€V.7C1 L.TEEV.LY 20d61-d10/N9T
0TMIN-d a YA - - - L1 8114 WO L.8T.EV.TTI L. EE.EV.LY 10d61-910/N9T
CEMIN-A a YA - - - 9L S6 dIDO  .St.ev.TTT L. eV EV.LY YOWG61-H10/N9T
TEMIN-A a yA -- - - 96 001 120 ..9V.€4.TT1 . LE.EV.LY tON61-410/N9T
TEMIN-Ad a Z =" - - oI S6 W0 LLIV.EYTTT LY EY.LY TON6I-H10/N9C
0EMIN-A a z -" - - 14! 001 10 8. €%.TT1 LLE.EV.LY TOW61-H10/N9T
daap SHL - z -- - - 086/S1¢T Vel IVO ..9€.€4.2C1 .. 16.€v.L.y  1d10461-H10/N9T
MO[Teys CHL 41'1'd yA - - - 055/50T Vel IVO  .,9€€4.7T1 .. 1S.€v.LY 10461-d10/N9T
o | a yA - - - Y43 (44 IVO ..00.4%.2C1 ..ILVb.LY 10A61-H10/N9C
daap 9-g - YA - - - 1329 g6 Tv0  ..0v.€4.7T1 L€0.vb.Ly  1d10D61-HI0/N9T
Mmo[Teys 9-¢q a YA -" - - £YS/0EE S6 IVO ..Ov.€¥.201 ..€0.0b.LY 10061-d10/N9C
£0S MIN a d LT 011 USY 9LE SLI IVO  ..8T.€%.TTL ..YTYb.LY 90d81-d10/N9T
£0S PIO a n - - - 8¢ SLI IVO  ..LTEV.TTL ..E€TYY.LY S0d81-H10/N9C
08 a d - - - $9¢ 0cl IVO . €E.€4.TT1 .. 8LYb.LY Y0d81-d10/N9T
108 a d - - - 80¢ 06 IVO ..9€.€4.2C1 .91 bb.LY £0d81-410/N9T
-ddm a a 9T0 14 000°1 80¢C 1944 IVO . I%.€%.2C1 ..STYY.LY ¢0d81-HI0/N9C
19y JJqe[reAe wrem  (Kep 12d 199J) (1991)  (unuyed) (129y) (399)) Jun (Spuodds  (Spuodas nqunu
-Nuapt 8oy Jo Jo  Anaponpuod umop a81eyosiq JJoy jo aoejms  o180]003 ‘sonuiue ‘sojnurua [om
KaeN ad4y, asn neIpdy  -mei(g ydap Ppuej Jo -0IpAH ‘so139p)  ‘seaiBop) eo0]

Krewipg [eIU0Z1I0Y /llPm Jo  opnny opmiguo]  opmne]

parewnsy deq

panunuo)--uoiSuryspy ‘Kruno)

dosny ‘ot pup (108ung FSVE1S) 108ung asvg auripuiqng [DAvN uo sSurds pup Sjjam pariojuaaul ay1 4of viop 180]04pLy puv [po1siyq---1 xipuaddy

34



- a H 0s L L 9 oL eAD  ..87.6£.2C1 ..81.EV.LY 209LT-HI0/N9T

- a H 0z1 14 81 we 0T IVO ..0L.8€.TTI ..6€.TV.LY £0092-910/N9T

- a n 0zl 01 T €81 0z 100 ..ILSE.TTI ..0v.Th.ly  TOO9T-HIO/NIT
- a H 114 (%9 el 9 o1 DO ..S7.8€.TC1 L.¥b.Th.LY CON9T-HI0/N9T

- a H (44 S¢ L 89 (019 eAQ  L.TELETTL LSETY.LY YONST-HT0/N9T

- a H 129 LT 0¢ IL 0¢ BAQ  ,.P0.LE.TTL L 1S.Th.LY 9071ST-H10/N9C

- a H X4 [49 0¢ 681 o1l DO ..1%.9€.7C1 ..L0.EV.LY S0DST-dI0/N9T

- a H 174 125 8¢ 1 x44 ovl DO ..06.9€.7C1 ..€L.Eb.LY 2049ST-dI10/N9T

- - n - - - 091 eVl 100 ..6%.9€.2C1 .. €LEV.LY 104ST-dI10/N9T

=" a H 6 811 0¢ £s¢e (4414 120  ..L$.9€.27C1 .. 1v.Ch.LY 103¥C-H10/N9C

- a H 00 €8 SI 6Ty/Tee 0S¢ dIDO  ..9%.9€.7T1 ..€5.€v.LY 10DPT-HT0/N9T

- - n - - =" -- 08¢ 110 ..8€.9€.TCL ..LO.VY.LY YOy C-dI10/N9C

- a H 8¢ 61 Sl SOl 09¢ DO L I$.9€.TT1 ..LO0.¥b.LY €0dC-d10/N9T

- a H €C 0¢ SI 811 0ce eAQ  ..SC.9€.TTI ..v0.¥Y.LY 209¥C-910/N9C

- a H 8¢ ¢ 01 L8 oIl eAQ  ..TP.6€.TC1 ..6T.E.LY 70dCT-d10/N9C

- a H ocl (4! (019 SLI 001 IVO ..9€.6£.TC1 ..ST.E€V.LY 10dCT-910/N9T

- a H 91 (013 4! SoI 0LT eAQ  ..60.0v.2C1 ..ST.Eb.LY €ONCT-dI0/N9T
- - n - - -" Ll 0Le 10 ..60.0V.TT1 ..STEV.LY TONCT-H10/N9T
- a H 9¢ 8 0¢ 901 061 eAQ  ..80.00.TC1 ..8p.Ev.LY CONTT-JI0/N9T
- a d 001 1< SLI ovy 6 IVO ..16.6£.2T1 ..90.vv.LY 20dTTc-910/N9T
- a H 61 L1 "€l 01¢ 144 eAQ  L.9L.1¥.TCL ..ST.EV.LY TONIT-H10/N9T
- a H - 0 414 8I¢ 0S¢ IVO ..0L.0V.TCl ..0b.Ev.LY CO[1C-dI0/N9T
- a H €l 124 ol 09 osy eAQ 0L 1¥.2C1 ..0S.€V.LY YOHIT-d10/N9C
- a H oLe [4 (44 19¢ 1947 eAQ €€ 14.7C1 ..SE.Eb.LY Y0d0Z-H10/N9C
6HL 771°7°d Z - - - LTS osy eAQ 8¢ IV.CC1 ..TE.Eh.LY €0d0C-910/N9C
1y JJqe[ieae Joyem  (Aep 1ad 199)) (399])  (utuye3) (199)) (399)) jun (Spuodas  (Spuooos Joquinu
-nuap! 3oy jJo Jjo  Ananonpuod umop a3reyosiq Jloy jo doejns 01301098 ‘sonunu - ‘saynuiua [1om
AaeN adAy, asn onneIpAy  -mei(q ydep pue[ jo -0I1pAH ‘soa1gop)  ‘soo13op) 8007

Areunig [ejuozLioy /llem Jo  apmny opmiSuoy  opmpe]
pajewnsy ydaq

panunuo) --uo1durysopy ‘uuno)
dosity ‘Cuuoia pup (108ung FSVENS) 105ung asvg auripuigng (papN uo sSullds pup Sjjam pariosuaaul ayy 1of vipp 2130104pKy pup 102151 q---1 Xipuaddy

35



I-v¢ (‘a Z - -- - 165/18€ 0S¢ IVO ..L0.€.TTL ..6T.Th.LY £0dI€-HI0/N9T
(404 a Z == -- - £8L 0s¢e V0 ..90.£v.2C1 ..8C.Th.LY 209d1€-HI10/N9T
doop [[HL - Z - -- -~ 018 99 V0  L.ELEV.TTL .. LT.Th.LY  €d1091€-HI0/NIT
wnipswt 1THL - Z -- - - 018/059 gse IVO ..€LEV.TTY ..LT.Th.LY  TAI0FIE-HIO/NIT
moffeys [THL D9'I‘r‘d Z - - - 018/¢£0¢ 1393 D0 L.€Leb.TTl L LT.Th.LY  1d10FIE-HI0/NIT
1-0¢ (‘a VA - - - 98¢ ove IVO ..85.Tv.2C1 ..8T.Th.LY €OVIE-HI0/N9T
0199 DVdAMS a d or1 SLTT 961 Iee 1549 diDO  ..€€.€0.7C1 .Sh.Th.LY 10710€-H10/N9T
9HL (‘a Z - -- - pee oll IVO  ..LS.€h.TT1 . 1T.Eb.LY 10d0¢-HI0/N9T
dasp ZIHL - VA - -- =" 0SS 0LT V0 ..6L.€b.2C1 ..TT.Eb.Ly  €d1090E-HIO0/NIT
warpsw ZTHL - VA - - =" 059/0%¥ 0LT IVO ..6L€b.2C1 ..TC.€b.Lv  TIOFOE-HIO/NIT
MOIRYS ZIHL  DHATL'A Z - - - 089/81¢ 0Lt diDO  ..6L.€p.TT .. TTEv.Lv  1d1090€-HI0/NIT
dosp ¢THL - Z . - - 0c8 Siv VO  ..8E.14.2C1 ..€h.Th.Lt  €d10¥6T-H10/NIT
warpaw ¢THL - Z - =" - 0Z8/9vS SIy IVO ..8€.1+.221 ,.€b.2h.Lt Td1096T-HI0/NIT
Mmoqeys ETHL D ‘F°1°1°d VA - - - 0Z8/06¢ 1984 eAD 8¢ 14,2C1 €.Th.LY  1dI0Y6C-HI0/NIT
w0od a Z - -- - €97/90C o1y eAD |, SLTH.CC1 L.6E.Th.LY 10d62-H10/N9T
LHL HI0‘d Z =" -- - 816/099 S9¢  oldumW 6729221 . Ib.Th.LY TION6T-H10/N9T
19 OVdIMS a n -- -- -- 12/-- 10¥ 3unog  ,0v.2Y.2C1 .. VL.EV.LY 10d6Z-d10/N9T
- a H oee S 0t 881 S6¢ eAD  ,,60.10.2C1 ..VE.Th.LY CONSZ-HI0/N9T
- o'd H ove Ley See 1Ly ove IVO  ..TLOV.TTL ..SY.Th.LY 1008C-d10/N9T
- a H 00€°1 1 (44 LIT ocy eAD 1T 19,221 ..€0.€b.LY T0d8T-H10/N9T
- a H 081 L ot €81 ory eAQ 1T 14,221 ..8L.€b.LY 10d8Z-HI0/N9T
- a H ovlI 9¢l 0¢ L1z ove diDO  ..L0.0v.221 .8€.Th.LY TONLZ-HIO/N9T
- a H 94 Ll STl wi 0S¢ D0 ..80.0b.2C1 ..ZE.Th.LY TONLZ-HT0/N9T
- a H 1244 ¥91 Sl 08 81 eAD . bL.6€,2C1 ., 20.Eb.LY £0OLT-HI0/N9T
- a H ov1 ¢S St 00T o¢el diDO  ..p€.6€.2C1 ..80.€v.LY C04LT-H10/N9T
oy J[qe[ieAe Iorem  (Aep Jod 399)) (1993)  (umnuyTed) (199)) (399)) jun (Spuosss  (Spuosos aqunu
-IUapI 3o1 jo Jo  AnAnonpuod umop d8reyosiq Jl0y Jo oeyms 91307093 ‘sojauIul  ‘sajnurw oM
AaeN adAy, asn sineIpAy  -meig ydap puej jo -0IpAH ‘soordep)  ‘soa13ap) 2001

Krewnttg [eluozioy /lldm jo  spnyl|y opmyiSuoT  opmie]

parewnisg yideg

panunuo)--uordurysoyy Kruno)
dosyryy Kpnunora pup (108ung FSYENS) 403ung aspg 2ulDUGNS [DADN U0 SSULIdS pup S]]am patiojuaaul ay3 1of viop 2180]04pLy pup (p1sCyJ--"] Xipuaddy

36



LMINIT a VA - -- - yo1/e€1 7891¢ BAD .S TH.TTL «6S.1P.LY $OTE-HI0/NIT
PMINIT a VA - -- -- 891/9¢1 89'81¢ BAD . EC.TP.TCL 6S.17.LY £0MCe-H10/N9T
TMINOT a n -- - - 981/891 00¢ eAD  .SC. 11,201 .00.Th.LY 20MTE-d10/N9T
I'ON VN a n 0c 8 0S¢ 069/589 08¢ VO LSS IP.TTT TS IY.lY 10MTe-d10/N9T
TTMIN-A a n - - -- 34 08'9C¢ MmO LEE.TH.TTT .90.Th.LY S0dTe-dT10/N9T
0EMIN-A a n - - - V8/8L 91¢ eAD | .SE.TH.TTI L TLTh.LY YO0HCE-H10/N9T
CCMIN-A a n -- - - 4 08°9T¢ eAD  .bE.TY.TTI ..90.Th.LY €0HCE-HI10/N9T
9TMIN-A a Z -- - - 191/¢¢1 L'90¢€ eAd |, TP.Th.TC1 ..S0.Th.LY 209Te-d10/N9T
21 SOSN a Z -- - - 129% 24! 01¢ eAD L bh.Th.TTL L.S0.Th.LY T09Te-d10/N9T
(8THL) S0S r‘a d - - - 699 01y DI _€6.TH.TC1 ..6€. TY.LY 10MTE-HI0/N9T
OPMIN-A a Z -- -- - 8ET/061 8¢ eAD  ,.80.€%.7T1 ..T0.Th.LY T0ATE-d10/N9T
SYMIN-A a VA -- -- -- 9ST/LIT (AY4) eAD  ,.5S.Th.TT1 ..8S. 1b.LY YOITe-410/N9T
LTMIN-A a VA -- -- -- 00¢2/191 L'vSe eAD ,.86.TY.7CT ..20.Th.LY t0IT1e-H10/N9T
S1SDsN a VA - - - 201 LSE eAd  ,.96.79.7C1 ..v0.Th.LY 10[1e-HT10/N9T
SYMIN-A a VA -- -- -- 881/LS1 I'8ve eAQ | IS.T9.7C1 ..91.Th.LY COHIE£-HI10/N9T
9EMIN-A a VA -- -- - 8LT/LST £ove eAD  ,.LS.Th.T7T1 ..60.Th.LY TOHT¢-d10/N9T
SEMIN-A a VA -- -- -- 6€T/LLY 7'69¢ eAD L 8L.EP.TTI .. ILTP.LY €0DTe-dT10/N9T
dTYC-MIN-H a VA -- -- -- 00T 8¢¢ eAd L PLEV.TTI ..ELTIV.LY 20DT1£-HI10/N9T
gT1I1T-MN-H a VA =" -- - LTT 09¢ 100 ..6L€v.TC1 .YL.Th.LY 10D1€-d10/N9C
doop THL - VA -- - - 7¢e8 (0143 V0 ..06.€9.7C1 L PLTY.LY  IdIOFIE-HI0/N9T
MO[[eys ZHL 41°7'd Z =" -- - es/eey (1143 IVO ..0S.£%.2C1 ..vLTY.LY 1091¢-d10/N9T
P MIN-A a VA =" - - 661/1L1 1143 eAD  .6T.€0.2C1 L .LL.TP.LY  TdI0DIE-AI0/N9T
SEPMIN-A a Z -- -- -- 661/ST1 obe eAd  .6T.€0.7C1 ..LL.TY.LY 1d10DTE-AI0/N9T
Py MIN-A a Z -- - =" 017/e81 91'69¢ eAd | .8L.€b.TCT ..00.Th.LY  TdVOLIE-HI0/NIT
St MIN-A a VA -- - - 01z/eet 9'69¢ eAd .8L.€b.2C1 ..00.2v.LYy  1dPOL1E-HI0/NIT
Y J[qe[IeAE 195em  (Kep 1od 109)) (3093)  (uruyed) (393)) (399)) un (spuooas  (Spuodas Joquinu
-nuop! gof Jo Jo  Ananonpuod  umop 2S1eyosiq Jtoy Jo soeyns 01301098 ‘solnuruu - ‘seynuIw HEX
AaeN ad£y, asn onneIpAy  -meiq ydop puej jo -0IpAH ‘soa1Sop)  ‘soaidop) 8201

Arewng [ejuozLIoY /lem Jo  2pminy spmiduo|  spmne

palewinsyg ydaq

panuuoy--uoySutysop ‘Gguno)

dosny ‘Kpuoia puv (108ung FSVES) 103upg asvg auripuqns [papp uo sSuilds pup s)jam paiioguaaul Y1 10f vivp 2130jo4plY puv [po1sdyg---1 xipuaddy

37



-- a H 081 Sl 0§ 91 (47 IVO ..0L.8€.TCI ..TT.Th.LY £09Se-H10/N9T
=" a H £9 pel (414 €8¢ 8I¢ 1D ..60.6€.2C1 ..Th.Ib.LY 10dbe-d10/N9T
=" a H 09 [44 9 607 0S¢ 100 ..€V.6€.TT1 ..6€. 1P.LY 70dve-d10/N9T
-- a H It 0¢ L1 194 061 erd  ..€0.6€.2C1 L ILTV.LY I0HYE-H10/N9T
- a H 0¢ 0t o1 66 081 diD0  ..¥5.6£.2C1 ..90.Th.LY 10dv£-H10/N9T
=" a H €S ST 0s 891 09¢ D0 ..00.0.2C1 ..LT.Th.LY 10ave-d10/N9T
- a H IS 8¢ ov 06 061 eAD  ,,00.10.TC1 ..6€. 1LY €0dee-HI10/N9T
- a H 0¢ €L oy YLl 09¢ eAd  L.9%.0v.TT1 LELTV.LY 10D¢e-d10/N9T
- a d 000°1 I 0t 6S1 0S¢ eAD VT IH.TTL L.8LTY.LY 10d€e-d10/N9C
- a H ovl Se oI 811 §9¢ eAD  ,.LT.0P.TTI . 1T.TV.LY WOV ee-H10/N9T
- a H G9 o1 4 IS 134 eAD |, SS.IH.TTL ..6E.1P.LY 800T¢-10/N9T
IMIN-6T a z - - - 59 SLT eAD  ..70.70.TC1 .8V, 1LY LOOTE-AT0/NIT
LMINST a Z - -- - PII/T0T LTOLT eAD LS. 1H.TTL €. IP.LY 900TE-d10/N9T
SMINST a z - - - SII/P0T  SI'ILT eAD 65 1P,TTL L.Sh.Iv.LY S00TE-AI0/NIT
EMINST a Z -- - =" [44 0£'69C WO LLS.IP.TTL L0V, Ib.LY y00TE-A10/N9T
TMINGST a VA - - - (44 PEELT eAD PG, IP.TTL ..Sh. LY £00TE-H10/N9T
- a n - - -- (44 134 W0 L.96, 14.2C1 .68 Ib.LY 100TE-d10/N9T
ITMIN-OI a Z - - =" 194 SLT eAQ  ,.80.T.TTI ..0S.1.LY 10dCe-d10/N9T
6TMIN-A a n - -- -- 78 8°17¢ eAD  ..SE.TP.TTT ..00.TY.LY TONCE-d10/NST
I811 a n - - - [44% 06¢C IVO . ILTP.TTI ..20.Th.LY SOTCE-HT0/N9T
THL 1'4°r'a Z - - =" 000°1 68C Tv0  LLILTY.TTE .. 10.Th.LY POTCL-HI0/N9T
TON dVN a n - - (%Y 00L/OLS SLz  eduimN  ,TT.Th.TTL L85, 1h.LY £0TCE-H10/N9T
¢ON AVN - 0 - Ll 8L el 06T eAd L ILTP.TT .T0.Th.LY TOTCL-HI0/NST
IMIN-8T a Z - - - v SLT eAQ  ..00.T9.CT1 ..TS. 1P.LY 90X Te-d10/N9T
IMIN-LT a VA - - =" 144 SLT eAD  ,.20.T8.TC1 ..€S. Ib.LY SOMTE-dI10/N9T
pelif J[qe[reae Jo1em  (Aep 1od 199)) (190))  (utuymes) (109)) (199)) un (Spuod3s  (Spuooas Jaquinu
-TjuspI 8o1 jJo Jo  Ananonpuod  umop 98reyosiq Jjoy jJo soejns  o130[0e8 ‘solnuIw  ‘saynuiw HER
AaeN aodL], asn onneipAy  -mei(q yidap puej Jo -01pAH ‘so0189p)  “‘s9a1dop) [e00

Areunig [eluoZLIOY /ldM J0  opmny spmuduoy  epmne]

parewnisy qideQ

panunuo) --uoSurysvpy Kunoy

dosiry ‘o1 puv (108uvg FSYGNS) 108ung aspg auripuiqng [PADN U0 S8ULS pup sjjam pariojusaul 3yl 10f pipp 2180]04pLy puv [DASLY -] Xipuaddy

38



- a H X4 891 9 1§47 0S¢ IVO ..1€.8€.2C1 ..SL9%.Lv 2090-HZ0/N9T
== a H 88 LT IT OIl 061 eAD  .6€.5€.2C1 L.9€.9%.LY 10D90-HC0/N9T
-- a H IS 61 0¢ So1 ol eAd . 1T.S€.TCI ..S.9%.Ly Z0V90-H20/N9T
-- a H 8¢S Ll 0¢ I8¢ 8174 IVO  L.LLYP.TCL.. LY. 1V LY £0d9E-MT0O/NIT
- a H YL o1 4! a4 0S¢ LZXO N 1B 2 A A A A SNk 4 20Y9E-MT0/N9T
- a H 008 I el L9 94! 100 ..6L¥b.TCl .. 10,Th.LY 2009¢-MT0/N9C
-- a H 001 9'8 14! L61 0ce IVO ..80.4%.2C1 ..8S.1¥.LY 1019€-MT0O/N9T
-- a H 88 8 91 S ocl IVO ..EV.4b.2C1 ..LT.TY.LY 1009¢-MT0/N9C
LYMIN-A a Z -- - - €02/861 80°8¢C IVO ..80.4%.2C1 ..8L.TY.LY I0V9E-MI0/N9C
-- a H 001 6l 1€ 8¢CI 06 IVO ..Lb.bb.TCL ..8Y.Th.LY COTST-M10/N9C
-- a n 6S 4 0¢ 34! 06 IVO ..9%.4¥.TC1 ..8%.Th.LY 1071ST-MI0/N9T
- a H €C L 8 86 0cl eAd .8 ¥h.CCI L.8S.TV.LY €0DST-MI0/NIT
=" a d 974 8¢L 0s¢ 6LT 8II IVO ..2€4P.7C1 ..90.€V.LY C0DST-MT0/NIT
-- a d 081 01 ov P91 0zl IVO ..¥€4P.721 ..00.E0.LY 10DST-MT0/N9T
doop $THL - z -- == -- STS/01S YTl VO LLTYP.TTL L TLEY.LY  1dT09ST-MTO/NIT
MO[[eys yTHL 417°d Z -= == -- 6TS/S6T 41! IVO ..LTyP.2Cl LCLEV.LY 209ST-M10/N9T
I-v¢E a Z -- - -- 0LT 011 IVO ..00v4.0C1 ..CLEV.LY COVST-MI0/N9C
J20p Yead-frews a n -- -- - £e1/921 S0l IVO  ..ILYP.2CL .. 20.vh.LY TOHYT-M10/N9T
a! a Z -- == - 08¢ 08 IVO  ..CTL¥P.CCL L ILYY.LY I0VYT-M10/N9T
G'ON nod4Aay a d - - 0v0°1 708 0T VO LLLLLETT] L.8Y.1Y.LY S0d9€-H10/N9T
¥'ON pod4a3y a n - - - 9¢€0°1 01 oidnmN . S1.L€.2C1 ..0S. IY.LY Y0d9E-A10/NIT
€ ON Mod4ay] a n =" -- 9L ges 61 700  ..TLLETTL L.0S. 1v.LY £0d9€-H10/N9T
1'ON nod4ay] a n - - -- 08¢€/59¢ 91 IVO .VLLETTIL .8V, 1V.LY 10d9¢-410/N9T
-- a d €l 81 She €8LI9YL o1 VO ..E€.L€.TC1 ..T0.TY.LY T0N9¢-H10/N9T
- a H 60 9¢l 14 10¢€ 091 1ID0  ..S€.8€.2C1 ..0S. 1¥.LY TONSE-HT0/N9T
1y S[qejIeAe 19em  (Aep 19d 109)) (3293)  (uruyes) (399)) (309)) jun (spuooas  (spuooss pquinu
-13uU9pI goy Jo Jo  AnAnonpuod umop 93reyosiq 30y jo doejins 0150093 ‘soInuUI  ‘SoynuN NELY
KaeN odAL asn onneipAy  -meiq yidop puey Jo -01pAH ‘so0189p)  ‘saa13ap) 1820
Krewnig [eIu0Z1I0Y /oM Jo  dpnuy opmyiSuo]  opnine]
porewnsyg ydag

panunuo)--uoiSurysoy quno?)
dosiry ‘CGnnoia puv (108uvg FSVYNS) 108Upg asDg 2ULDUGNS [PADN U SSULLdS pup Sjjam pariojudaul ay; 1of vivp 218ojoiply puv jpaisdyd---1 xipuaddy

39



- a H 1C VLT 14! 10t 08 IVO ..67.8€.7C1 ..61.6V.LY 10D€C-H10/NLT
- a H LE LZ 07 6Cl ovl 1d1D0  ..L0.8€.7C1 ..0T.6¥.LY 109€C-910/NLT
- a H 99 €l 14! 6¢C oct IVO ..LT.6€.TC1 ..6E.8Y.LY S00TT-A10/NLT
- a H LT 0T (44 $6 0Z1 diDO  ..82.6€.7T1 ..0V.8V.LY Y0OTT-ATO/NLT
- a H ozt 01 0T 96 ov eAQ  ..90.6£.2C1 ..TS.8b.Lv 101TT-I10/NLT
- a H 3! Ll 8 14 (44 eAQ  ,.70.5€.2¢1 ..10.Tb.LY €0 1€-920/N9T
=" a H 174 01 9 081 01¢ IVO ..TT.6€.2C1 ..TLTb.LY 10D1¢-920/N9T
- a H sl £8°8¢ 81 9Ly ovl eAQ  .Tv.5€.2T1 ..9LTY.LY 20d1¢-970/N9T
- a H L9 1e 04 el 9 eAQ ,.81.9¢,2¢1 .. C€.Th.Lv TOAELONOE-ATO/NIT
- a H 0L1 4! 8¢ 79 9 eAQ  ,.81.9€.2C1 ..TE.Th.LY £ONOE-dT0/N9T
- a H Ly 91 3! LeT L1t IVO  ..L0.S€.TT1 ..L0.Eb.LY ZOHOE-H20/N9T
- a H (44 6 S 65T 08¢ IVO  ..S0.S€.221 .. 1T.€V.LY SOVOEL-dT0/N9T
- a H [44 01 81 9 0Lt IO ..€0.6€.2C1 ..6€.Eb.LY €0[61-dC0/N9T
- a H 89 6 el 142 She IVO ..ST.S€.TT1 ..SS.€b.LY 20D61-420/N9T
- a n 8T 14! 01 €61 oge 100 ..8T.6€.TT1 ..00.¥v.LY 10D61-d420/N9T
- a H €t (44! 01 (184 0c¢ 100 ..6£.6£,221 0L ¥b.LY 10a¥0961-AZ0/NIT
- a n 011 € 4! 0¢ 0s¢e IO ,.6€.6€.TT1 L.0LYY.LY Y04d61-d70/N9T
- - H - - - 0¢ 0s¢e IO ,,9€.6€.7T1 .. TLYP.LY £04d61-4C0/N9T
- a H 0LT S ST 943 oee IVO  ..60.S€.2C1 ..0S. Y.Ly YOHR1-H70/N9T
- a H vy or 8 89 0ce eAQ |, TT.SE.TCT L ES.bh.LY Y0D81-HC0/NST
- a H €9 0¢ S 9Tt 0S¢ 100 ..%0.S€.2C1 ..+0.Sp.Ly 90V 81-d70/N9T
- a H [} 01¢ 9 1y 08¢ IVO  ..T1.6€.221 ..80.Sb.LY £0YLO-IT0/N9T
- a H - 6 S 6 01¢ BAQ  .SP.SE.TT1 L 1E.Sh.LY T01LO-dT0/N9T
- a H 007 |84 14! ¢9¢ 067 IVO  ..SL9ETTI ..9¢.5b.LY 109L0-9T0/N9T
- a H e 194! 6 16¢€ 0¢T IVO .. 1T.6€.2C1 ..90.9%.Ly T0Y¥90-dT0/N9T
1y dJqe|ieAe 1orem  (Aep 30d 309)) (0091)  (uruy/pes) (399)) (390)) jun (spuooas  (Spuoodss Joqunu
-juapt 3o1 30 Jo  A1Anonpuod umop  981eyosiq Jroy Jo ooejns 21301093 ‘sonurur - ‘sanurur oM
KaeN adLy, asn onneIpAy  -meid ydop puej Jo -01pAH ‘s90189p)  ‘saa189p) [eo01
Areunig [eiuozI0y /llom Jo  opmny opmiduoy  opmpe]
parewrnsy pdaq

panunuo)--uoidurysop ‘Cunop)
dosny ‘Knuioia pup (108ung FSYYNS) 108ung asvg aurpuqgng [pavN uo sSuiids pup sjjam pariojuaaul ay1 40f vipp 2180j04pLy puv 10215y g--"1 xipuaddy

40



- a H 0¢ 08 01 VLT 0LY IVO  ..T6.0¥.TC1 ..15.9%.LY 20dee-d10/NLT
- a H (44 ST 0T vl 00T eAQ  ,.96.0%.TC1 ..STLY.LY 20de€-H10/NLT
- - n - - - -- 0¢el WO ,.06.09.2C1 LLIELV.LY  SYOLEE-AIONLT
- a H - - SI 0LT 061 IVO  ..LE.0V.TTL ..0P.LY.LY £0dee-d10/NLT
- a H 144 144 oy 8¢l 091 100  ..SP.0¥.TCT ..6T.LY.LY 209ee-410/NLT
- a H 0s 1e [4> 801 SL IVO ..8%.0%.TC1 ..85.Ly.LY POABT-HI0/NLT
- a H 144 91 14! 801 oy IVO ..0v.0¥.2C1 ..S0.8V.LY €0MBT-HI0/NLT
- a H (4] 8 14! 0s1 (44 IVO  ..6€.0v.2T1 ..50.8%.L¥ CTOMBC-HIO/NLT
- a H Ll 123 0T 1444 081 IVO  ..¥2.0%.TT1 ..6S.LY.LY T0I8T-HI0/NLT
- a H Ly L01 (4! LST 68¢ 100  ..00.6€.2T1 ..¥S.LY.LY €0ULT-HIO/NLT
- - H - - - 0T c8T MO ..00.6€.TTL ..¥S.Ly.LY TOYLT-FI0/NLT
- a H €9 0t 197 S6 1914 BAQ  .€0.0%.TT1 ..TS.LY.LY CONLT-HI0/NLT
- a H 9T 154 ST el 09¢ BAD . 16.6€.TCL ..6V.LY.LY TONLZ-dI0/NLT
- I‘'a d 87 901 oLy 9L6/99Y 06T IVO  ..80.6£.CT1 ..L0.8V.LY TOLLT-HI0/NLT
- a d ovl1 $'9¢ 0zs o8l 06T eAD  ..80.6€.TT1 ..90.8%.LY 10LLT-dI0/NLT
- a d - - - 9T 0Te 100 ..T5.6€.TT1 ..TL8Y.LY POHLT-HI0/NLT
-- a n - - - 65T 0cT IVO  ..T5.6€.2C1 .. TL.8V.LY €0HLT-HIO/NLT
- a n - - - 1€ ST IVO  ..86.6£.7C1 ..TL8V.LY TOHLT-AT0/NLT
- a H 09 LE S L6 SL1 eAD  ,.9€.LE.TTL .. TS.LY.LY 10Y99C-d10/NLT
- a H 96 oy Ll €0t )74 DO ..8%.L£.2C1 ..81.8V.LY T0H9T-d10/NLT
== a H 9 L 1741 §9¢ (3% IVO ..6€.8€.2T1 ..60.8V.L¥ T0H9Z-H10/NLT
- a H ¥6'0 (187 8 L9Y 0¢T IVO  ..6V.8€.TC1 ..¥T.8V.LY 10Q97-910/NLT
=" a H ISY 6¢ 0s (41} SII IVO  ..TP.8€.TC1 ..6V.8V.LY TOWET-H10/NLT
=" a H - 0 12! LS oy eAD . 16.8€.TT1 ..6L.6V.LY 70AET-HIO/NLT
- a H 00t‘T I oy 6L 1974 eAD  .6%.8€.TT1 ..VT.6V.LY 10AET-d10/NLT
12y dlqe[reAe 191em  (Aep 12d 303)) (399))  (umuyres) (399)) (399)) un (spuodas  (Spuooas Iaqunu
-IJuap1 8oy 30 Jo  KjrAnonpuod umop a3reyosiq 910y jo Joeyns 91307093 ‘sojnuix - ‘sajnuwa [1om
AAeN adA, asn onneIpAy  -meiq yidap pue| Jo -0IpAH ‘sao1dop)  ‘secidap) 18207
Arewtld [ejuoZ1IoY /lldm Jo  apmn[y opmiSuoy  opmne]
palewnsyg yideg

panunuo)--uoiuiysoy ‘Quno)
dosiry ‘Cuoia puv (108ung ASYE/S) 103ung asvg autipuqns [papN uo sSurids puv sjjam pariojuaaur ay1 10f viop 2130j04psy puv 1025y -~ xipuaddy

41



- a H ¥'9 6'LTT 133 0ot (VA1 IVO  ..10.S€.2C1 ..SS.9v.LY €0d1e-HTO/NLT
- a H 14 $'6 L L1l $6T 100 ..LL.9€.TTI ..1S.9¥.LY TONTE-HCO/NLT
- a H 133 9 8 Lel €9T eAQ . PE.SE.TTL L.S0.LY.LY 10X 1¢-HTO/NLT
- a H 14! 91 9 LS SII1 BAQ .. 1T.SE.TC1 ..8T. LY.LV TOHTE¢-HTO/NLT
- a H 08¢ 13 S1 9t 0Le diD0  ..8C.9€.2C1 ..0LLY.LY POI9€-d10/NLT
- a H LT L1 01 0z1 ore eAQ .. 1T.9€.2C1 ..90.LV.LY €0[9¢-HTO/NLT
=" a H 91 81 4! ¥8 1314 BAD .. 9T.LE.TTI ..ET.LV.LY 10H9¢-HI0/NLT
-" a H 1 (43 SI 9te 08¢ diDO  ..€£.8€.2C1 ..95.9¥.LY TONSE-HIO/NLT
-- a H 14 84 01 (4 oLl BAQ  ,.LE.LETTY L. SLLY.LY 101S€-HI0/NLT
-- a H 8T (49 0t 10T oL1 IVO  ..8€.LE.TTI ..8LLY.LY TOHSE-HIO/NLT
-" - H - - - - 09¢ MO ,LE.8E.TTI ..9T.LY.L¥  STOASE-HIONLT
-" a H 99 ¥8 194 15414 06T 120 ..16.8€.2C1 ..0T.Lb.LY 103Se-HI0/NLT
- a H 144 09 0T 86¢ SLE 100 ..1T.8€.2C1 ..VE LY.LV 10D06¢-HT0/NLT
- a n 4 881 I §0s S6t ID0 ..5S.6€.2C1 ..0LLY.LY TOYE-HT0/NLT
=" a H 194 11 (43 96 €8¢ eAQ  L.9V.6€.TC1 ..0L LY.LV TOTre-dI0/NLT
- a H 88 9 [43 001 ¢8¢ eAQ . SP.6£.2C1 L.OLLY.LY 10Tre-d10/NLT
- a H (tral 9 14! L9t 1543 ID0  ..61.6£.2C1 ..€0.LV.LY C0XIve-HI0/NLT
pEli] Jlqe[ieAe 1orem  (Aep 1od 199)) (100])  (unuye3) (399)) (199)) nun (spuooas  (Spuodss oquinu
-juopt 3ot jo Jo  A1AnRONpuod umop areyosig J10y jo doejms  0130[098 ‘soJnuIl  ‘s9)nuI oM
AaeN adAy, asn oneipAy  -meiq ydop puEj Jo -01pAH ‘soo1dop)  ‘seaifop) 800
Areung [eIu0ZII0Y /oM Jo  opninyy opmiuo]  opmne]
porewnsyg qydaq

panunuo)--uordurysopy ‘Cunoo)
dosyry €uidia pup (1o8uvg FSVENS) 10SUDg aSDG 2ULIDUGNS [DADN U0 SSULIAS pup sp1am pariojuaaul ay 4of viop 2180104pLy puv [pa1skyJ--"1 xipusddy

42



Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington

[Water level: --, not determined. Status: --, static; D, dry; F, flowing; O, obstruction; P, pumping; R, recently pumped; S, nearby
pumping; X, affected by tides; and Z, other. Water-level measurement method: A, airline; H, calibrated pressure gage; R, reported;
S, steel tape; T, electric tape; and Z, other]

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-01NO1 02-24-94 144.32 R S
08-24-94 147.35 -- S
04-13-95 144.53 R S
25N/01E-02A01 03-23-94 16.26 -~ S
08-24-94 19.25 -- S
04-13-95 16.15 - S
25N/01E-02E02 04-05-94 31.80 -~ S
08-26-94 31.95 -~ S
04-10-95 27.19 -- S
25N/01E-02J02 08-22-94 198.3 R T
04-14-95 193.8 R R
25N/01E-02Q01 03-23-94 33.18 -- S
08-24-94 33.70 -- S
04-13-95 30.25 -- S
25N/01E-03E01 08-23-94 183.2 R R
04-11-95 181 R R
25N/01E-03E02 08-23-94 168.7 R R
04-11-95 166 R R
25N/01E-03E03 08-23-94 167.1 R R
04-11-95 164 R R
25N/01E-03E04 08-23-94 167.0 R R
04-11-95 164.8 R R
25N/01E-03KO01 04-05-94 22.61 -- S
08-25-94 23.27 -- S
04-10-95 18.86 -- S
25N/01E-04C01 04-12-94 144.13 -- S
08-24-94 146.24 .- S
12-01-94 145.86 -- S
12-27-94 143.55 -- S
01-24-95 144.09 - S
02-28-95 144.40 -- S
04-10-95 143.98 - S
05-26-95 143.85 - S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-04C01 02-28-95 144.40 -- S
04-10-95 143.98 -- S
05-26-95 143.85 -- S
06-20-95 144.28 -- S
07-19-95 149.78 R S
08-21-95 145.60 -- S
09-18-95 144.79 R S
10-24-95 146.90 -- S
01-22-96 148.27 -- S
02-23-96 148.47 P S
03-25-96 143.75 -- S
25N/01E-04M03 04-12-94 2.09 -- S
08-24-94 5.82 -- S
04-12-95 -25 -- S
25N/01E-05A04 04-07-94 20.01 -- S
08-24-94 21.54 -- S
04-12-95 17.40 -- S
25N/01E-05J01 08-23-94 163.9 R R
04-12-95 162.2 R R
25N/01E-05K01 04-12-94 82.60 -- S
08-24-94 82.69 -- S
04-12-95 78.05 -- S
25N/01E-05Q01 11-16-93 95.23 R S
08-23-94 95.90 -- S
04-12-95 94.97 -- S
25N/01E-05R02 11-16-93 142.27 -- S
08-24-94 143.27 -- S
04-12-95 142.25 -- S
25N/01E-06D04 01-07-94 262.51 -- S
01-24-94 262.69 -- S
06-01-94 262.97 -- S
06-27-94 262.69 -- S
08-24-94 262.96 -- S
12-01-94 262.82 -- S
12-27-94 262.69 -- S
01-24-95 262.69 - S
02-28-95 262.57 -- S
03-20-95 262.60 - S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-06D04 05-24-95 262.06 -- S
06-19-95 262.12 -- S
07-19-95 261.97 -- S
08-25-95 262.05 -- S
09-22-95 262.01 -- S
10-25-95 261.86 -- S
11-20-95 262.18 -- S
01-23-96 261.93 -- S
02-23-96 261.75 -- S
03-27-96 261.47 -- S
25N/01E-06E01 04-11-94 269.76 -- S
08-22-94 274.16 -- S
04-13-95 269.57 -- S
25N/01E-06HO1 08-23-94 115.72 -- S
04-13-95 113.05 -- S
25N/01E-06J02 08-23-94 46.24 -- S
04-13-95 42.04 -- S
25N/01E-061.02 04-11-94 290.68 -- S
08-22-94 295.37 -- S
04-13-95 294.01 - S
25N/01E-07A01 11-12-93 230.9 - R
08-24-94 230.5 R R
04-13-95 228.1 R R
25N/01E-07C02 11-16-93 276.43 - S
08-22-94 276.61 -- S
04-11-95 276.91 -- S
25N/01E-07C03 11-17-93 250.98 -- S
08-22-94 252.28 - S
25N/01E-07D01 11-17-93 230.74 -- S
08-22-94 231.46 -- S
12-02-94 231.23 - S
12-27-94 231.64 - S
01-24-95 231.07 - S
02-22-95 232.20 - S
03-22-95 230.49 - S
04-11-95 230.79 - S
05-26-95 230.98 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-07D01 06-20-95 231.10 -- S
07-19-95 232.61 R S
08-22-95 231.09 R S
09-18-95 231.18 - S
10-24-95 234.72 -- S
01-22-96 233.68 - S
02-22-96 230.39 -- S
03-25-96 232.34 -- S
25N/01E-07E02 11-18-93 268.20 - S
08-22-94 268.76 -- S
04-11-95 269.49 -- S
25N/01E-07H04 04-12-94 89.46 -- S
08-22-94 89.07 -- S
04-11-95 85.15 -- S
25N/01E-07J01 04-05-94 59.89 R S
08-23-94 59.86 -~ S
04-13-95 54.51 -- S
25N/01E-07K01 08-23-94 114.62 - S
11-21-94 115.24 -- S
12-27-94 115.46 -- S
01-24-95 114.98 -- S
02-22-95 114.14 - S
03-22-95 112.70 - S
04-11-95 111.56 R S
05-24-95 109.40 -- S
06-20-95 108.82 -- S
07-19-95 108.33 -- S
08-22-95 108.36 -- S
09-18-95 108.74 R S
10-24-95 109.17 -- S
11-21-95 109.37 -- S
01-22-96 109.40 -- S
02-23-96 109.05 - S
03-25-96 107.78 -- S
25N/01E-07P02 03-09-95 206.74 -- S
25N/01E-07Q03 03-07-95 198.15 - S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-08J02 11-18-93 66.69 -- S
08-24-94 67.72 -- S
12-02-94 66.39 -- S
12-27-94 64.67 -- S
01-24-95 64.13 -- S
02-22-95 63.13 -- S
03-22-95 62.54 -- S
04-12-95 62.55 R S
05-26-95 65.09 -- S
06-20-95 64.26 -- S
07-19-95 67.94 R S
08-22-95 65.54 R S
09-18-95 66.09 R S
10-24-95 65.63 - S
11-21-95 65.62 -- S
01-22-96 63.62 -- S
02-22-96 63.04 -- S
03-25-96 62.96 - S
25N/01E-08L02 11-17-93 80.27 - S
08-23-94 79.83 -- S
11-22-94 80.31 -- S
12-27-94 79.98 - S
01-24-95 79.37 - S
02-22-95 78.53 -- S
03-22-95 77.00 -- S
04-12-95 75.98 R S
05-24-95 75.27 -- S
06-20-95 75.44 - S
07-19-95 75.49 -- S
08-22-95 75.92 R S
09-18-95 76.35 - S
10-24-95 76.74 -- S
11-22-95 77.06 -- S
01-22-96 76.60 -- S
02-22-96 75.78 -- S
03-25-96 74.78 - S
25N/01E-08L04 03-03-95 37.73 -- S

47



Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-08Q03 11-17-93 155.36 - S
08-23-94 156.05 - S
11-22-94 155.78 -- S
12-27-94 154.55 -- S
01-24-95 154.42 -- S
02-22-95 153.99 - S
03-22-95 153.45 -- S
04-12-95 153.77 -- S
05-24-95 154.39 -~ S
06-20-95 154.51 -- S
07-19-95 155.14 - S
08-22-95 154.67 -- S
09-18-95 155.15 -~ S
10-24-95 154.93 -- S
11-21-95 154.87 -- S
01-22-96 153.74 -- S
02-22-96 153.32 -- S
03-25-96 153.57 -- S
25N/01E-09HO01 04-15-94 77.8 -- T
25N/01E-09J01DO01 11-18-93 108.48 R S
08-26-94 111.88 -- S
04-12-95 103.37 R S
25N/01E-09N02 03-09-95 99 -- S
25N/01E-10A03 04-15-94 213.52 R S
08-25-94 224.96 R S
04-10-95 219.06 R S
25N/01E-10D01 08-23-94 236.7 R R
04-11-95 234.1 R R
25N/01E-10NO1 08-25-94 274.1 -- R
04-11-95 294.2 R R
25N/01E-12N01 02-24-94 190.63 - S
08-25-94 191.23 -- S
04-13-95 184.94 - S
25N/01E-12N02 02-24-94 51.98 -- S
08-25-94 50.86 -- S
04-14-95 47.92 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-13D01 04-19-94 159.10 -- S
04-19-95 154.13 - S
25N/01E-13L02 03-22-94 24.37 - S
08-25-94 25.25 -- S
04-13-95 17.72 - S
25N/01E-14A01 03-23-94 11.74 -- S
08-26-94 17.46 -- S
04-14-95 8.32 -- S
25N/01E-14E02 03-28-94 7.50 -- S
08-25-94 15.23 -- S
04-10-95 7.92 R S
25N/01E-14J02 04-05-94 -4.15 - S
08-26-94 4.35 -- S
04-13-95 -6.78 -~ Z
25N/01E-14Q03 08-26-94 59.53 R S
03-03-95 50.3 R R
25N/01E-15D01 08-24-94 286.8 R R
04-12-95 276.8 R R
25N/01E-15J02 03-28-94 8.25 -- S
08-25-94 17.82 R S
04-10-95 5.96 -- S
25N/01E-15J03 04-05-94 15.88 -- S
08-25-94 19.78 -- S
04-10-95 15.14 R S
25N/01E-16J01 08-23-94 144.8 R R
04-11-95 124.9 R R
25N/01E-17B01 02-23-94 50.00 -- S
08-23-94 50.10 -- S
04-11-95 43.89 -- S
25N/01E-17C02 12-07-93 10.38 -- S
08-23-94 9.53 - S
04-12-95 2.90 -- S
25N/01E-17F02 04-12-94 51.10 -- S
08-23-94 48.63 -- S
04-10-95 45.70 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-17G01 04-07-94 114.91 -- S
08-23-94 116.70 -- S
04-10-95 114.07 -- S
25N/01E-17N01 12-07-93 31.62 -- S
08-23-94 31.04 -- S
04-11-95 27.36 -- S
25N/01E-17N02 04-11-94 29.99 - S
25N/01E-18B01 11-18-93 133.86 - S
08-23-94 132.94 -- S
04-13-95 126.54 - S
25N/01E-18C02 11-18-93 173.75 - S
08-26-94 174.00 - S
04-12-95 170.76 - S
25N/01E-18D03 03-03-95 250.11 -- S
25N/01E-18HO01 08-23-94 289.9 R R
04-12-95 285.0 R R
25N/01E-18H02 03-03-95 146.63 -- S
25N/01E-18J03 12-08-93 37.41 -- S
08-23-94 32.45 - S
04-11-95 20.18 -- S
25N/01E-18L01 03-30-94 296.90 - S
08-23-94 299.69 - S
04-10-95 297.29 -- S
25N/01E-19P01 04-05-94 217.62 - S
08-25-94 216.93 - S
04-10-95 215.16 - S
25N/01E-19P02 08-24-94 476.45 R R
04-12-95 470.65 R R
25N/01E-19R02 03-30-94 212.82 -- S
08-25-94 213.10 - S
25N/01E-20A01 12-08-93 -- F R
08-22-94 -6.94 - Z
04-12-95 -8.31 - Z
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-20F01 08-24-94 174.2 R R
04-12-95 146.8 R R
25N/01E-20L.02 12-08-93 17.20 -- S
04-12-95 12.56 -- S
25N/01E-21C04 03-28-94 -- F R
25N/01E-21R02 03-22-94 26.29 -- S
08-26-94 28.62 -- S
04-10-95 26.66 -- S
25N/01E-22F01 08-23-94 39.5 R R
25N/01E-22F02 08-23-94 58.6 R R
04-11-95 50.2 R R
25N/01E-22J01 04-11-95 150 -- A
25N/01E-23D01 12-09-93 73.79 -- S
08-26-94 74.73 -- S
04-10-95 72.67 -- S
25N/01E-23J01 12-09-93 115.16 -- S
08-26-94 123.94 - S
04-10-95 112.44 - S
25N/01E-23N02 05-19-94 218.60 -- S
08-23-94 230.39 -- S
04-11-95 218.78 -- S
25N/01E-24D02 04-06-94 109.11 -- S
25N/01E-26L.01 05-18-94 116.30 -- S
08-23-94 123.26 -- S
04-11-95 112.50 -- S
25N/01E-27B01 12-08-93 184.32 -- S
08-26-94 185.29 -- S
04-10-95 183.76 - S
25N/01E-27R01 12-09-93 118.24 -- S
08-26-94 121.69 R S
04-10-95 119.07 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01E-29D01 01-08-94 111.5 -- R
08-23-94 116.5 R R
04-10-95 119.67 -- S
04-12-95 110.4 R R
25N/01E-29M01 12-08-93 83.50 -- S
08-26-94 85.25 -- S
04-14-95 81.05 -- S
25N/01E-30C03 12-08-93 188.08 R S
08-22-94 187.33 - S
04-14-95 184.39 -- S
25N/01E-30D02 04-04-94 315.53 -- S
08-26-94 31594 -- S
04-11-95 316.28 - S
25N/01E-30D03 04-07-94 326.87 R S
25N/01W-01A01 12-29-93 12.94 -- S
25N/01W-01A02 12-29-93 28.90 -- S
25N/01W-01B02 03-20-95 57.5 -- R
04-19-95 53.93 -- S
25N/01W-01G05 12-29-93 157.82 -- S
08-22-94 158.49 -- S
04-12-95 157.10 - S
25N/01W-01HO1 12-29-93 203.00 - S
08-22-94 203.90 -- S
04-14-95 202.55 -- S
25N/01W-01KO03 12-29-93 50.57 -- S
08-24-94 51.57 -- S
04-12-95 49.85 -- S
25N/01W-12K04 03-15-95 165.60 P S
25N/01W-121L02 02-11-94 28.80 -- S
08-22-94 30.73 -- S
12-02-94 26.18 -- S
12-27-94 26.08 - S
01-24-95 28.93 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01W-121L02 02-22-95 28.68 - ‘ S
03-22-95 25.80 -- S
04-12-95 27.88 - S
05-26-95 33.81 P S
06-20-95 28.54 - S
07-19-95 28.47 - S
08-22-95 28.90 -- S
09-18-95 28.52 - S
10-24-95 29.28 -- S
11-21-95 28.05 - S
01-22-96 27.74 - S
02-22-96 27.02 - S
03-25-96 28.25 -- S
25N/01W-12N01 01-03-94 - F R
25N/01W-12Q01 03-03-95 231.50 - S
25N/01W-12R01 01-03-94 330.83 - S
08-22-94 332.67 - S
04-12-95 330.37 - S
25N/01W-12R02 03-22-95 76.47 - S
25N/01W-13A01 03-03-95 213.10 -~ S
25N/01W-13K01 03-21-94 20.10 - S
25N/01W-13L01 03-25-94 311.17 - S
08-25-94 313.50 -- S
04-13-95 311.00 -- S
25N/01W-13L02 03-25-94 268.32 -- S
08-22-94 267.54 -- S
04-12-95 266.07 -- S
25N/01W-13R02 03-21-94 125.02 -~ S
08-22-94 125.65 -- S
04-12-95 125.40 -~ S
25N/01W-14E07 04-01-94 -- F R
25N/01W-14F04 04-11-94 24.61 -- S
08-22-94 25.62 - S
04-14-95 23.95 -~ S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01W-14G02 04-11-94 198.84 -- S
08-24-94 199.47 -- S
04-13-95 197.83 R S
25N/01W-15J03 04-01-94 23.92 -- S
08-24-94 25.72 -- S
04-14-95 23.14 -- S
25N/01W-15L01 08-11-94 -10.39 - Z
08-22-94 -9.45 -- Z
04-11-95 -11.62 -- Z
25N/01W-15N02 04-11-94 235.14 -- S
08-24-94 237.07 - S
04-14-95 234.33 -- S
25N/01W-15Q03 04-01-94 103.73 -- S
08-24-94 104.30 -- S
04-14-95 103.24 - S
25N/01W-22E01 08-22-94 228.5 S T
04-14-95 226.3 S R
25N/01W-22N01 08-24-94 229.50 -- S
04-14-95 228.45 -- S
25N/01W-23G01 05-06-94 150.85 -- S
08-24-94 152.90 R S
04-11-95 150.61 -- S
25N/01W-23K03 04-22-94 225.43 -- S
08-24-94 225.75 -- S
04-11-95 225.75 -- S
25N/01W-23K04 04-22-94 213.40 -- S
08-24-94 211.29 -- S
04-11-95 210.99 -- S
25N/01W-24A01 03-25-94 346.87 -- S
08-22-94 347.16 -- S
04-12-95 347.06 -- S
25N/01W-24B02 04-22-94 276.07 -- S
08-24-94 277.30 -- S
04-11-95 276.68 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
25N/01W-24HO01 04-22-94 321.62 -- S
08-24-94 322.84 -- S
04-11-95 322.14 -- S
25N/01W-24302 04-10-95 259.27 P S
25N/01W-24N02 04-22-94 158.46 -- S
08-24-94 158.87 -- S
04-14-95 158.15 -- S
25N/02E-19N02 03-21-94 132.0 R R
08-26-94 158.92 -- S
04-03-95 132.5 -- R
25N/02E-19N03 03-21-94 172.4 R R
08-26-94 211.09 -- S
03-15-95 105.3 -- R
04-18-95 180.1 R R
26N/01E-01D01 12-04-93 257.38 -- S
08-26-94 258.68 -- S
04-11-95 257.65 -- S
26N/01E-01NO1 12-15-93 177.63 -- S
08-26-94 178.20 -- S
04-11-95 177.60 -- S
26N/01E-02G02 12-08-93 3.08 -- S
08-23-94 4.18 -- S
04-11-95 343 -- S
26N/01E-02K01 12-08-93 131.06 -- S
08-23-94 141.18 -- S
04-11-95 126.54 -- S
26N/01E-02K02 12-08-93 121.79 -- S
08-24-94 145.85 -- S
12-01-94 122.40 -- S
12-28-94 121.10 -- S
01-23-95 120.48 -- S
02-22-95 11991 -- S
03-22-95 119.42 - S
04-11-95 119.17 -- S
05-26-95 119.16 -- S
06-20-95 119.40 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-02K02 07-18-95 119.79 -- S
08-21-95 134.78 R S
09-19-95 126.08 R S
10-24-95 139.14 R S
11-21-95 127.72 - S
01-22-96 121.86 -- S
02-22-96 121.01 -- S
03-27-96 120.33 -- S
26N/01E-021.03 08-26-94 159 R R
04-11-95 17.1 -- R
26N/01E-021.05 08-24-94 16.9 R R
04-10-95 18 -- R
26N/01E-03N02 12-09-93 94.35 -- S
08-22-94 94.78 -- S
04-11-95 93.07 -- S
26N/01E-03N03 12-09-93 240.35 -- S
08-22-94 241.54 -- S
04-11-95 242.18 -- S
26N/01E-03N04 12-09-93 107.22 R S
08-22-94 106.00 - S
04-12-95 104.61 - S
26N/01E-04B01 04-14-95 293.3 R R
26N/01E-04C01 12-15-93 173.28 -- S
08-24-94 176.43 R S
04-10-95 173.38 -- S
26N/01E-04E03 12-15-93 64.92 -- S
08-25-94 67.76 -- S
04-10-95 64.95 -- S
26N/01E-04L01 12-15-93 45.65 - S
08-24-94 45.70 R S
04-12-95 4427 -- S
26N/01E-04MO01 12-09-93 .59 - S
08-24-94 2.02 -- S
11-21-94 2.39 -- S
12-28-94 45 -- S
01-23-95 .60 -- S
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Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-04MO01 02-22-95 13 -- S
03-22-95 -.34 - S
04-10-95 -.64 - S
05-26-95 1.02 -- S
07-18-95 19 -- S
08-21-95 -.08 -- S
09-19-95 .09 -- S
10-24-95 -.18 - S
11-21-95 -42 -- S
02-22-96 16.33 Z S
02-23-96 -- F R
03-25-96 - F R
26N/01E-05J02 12-15-93 1.71 -- S
08-24-94 3.50 -- S
04-10-95 .78 -- S
26N/01E-05P01 08-22-94 62.28 -- S
04-11-95 60.80 -- S
26N/01E-05Q01 08-22-94 91.58 - S
04-11-95 91.61 -- S
26N/01E-06R01 08-25-94 5.37 -- S
04-11-95 7.44 -- S
26N/01E-07J01 08-23-94 65.11 -- S
04-11-95 64.63 - S
26N/01E-07J02 08-23-94 8.82 -- S
04-11-95 4.26 - S
26N/01E-07R03 08-23-94 36.00 -- S
26N/01E-07R04 08-23-94 14.60 - S
04-11-95 7.76 -- S
26N/01E-08B01 08-22-94 76.05 - S
12-02-94 76.50 - S
01-24-95 76.42 - S
02-28-95 76.40 - S
03-20-95 75.05 - S
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Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-08B01 04-11-95 75.30 - S
05-24-95 74.52 - S
06-19-95 74.35 -- S
07-19-95 74.06 -- S
08-25-95 74.07 -- S
09-22-95 74.00 -- S
11-20-95 74.20 - S
01-23-96 73.74 -- S
03-27-96 72.45 -- S
26N/01E-08B02 08-22-94 77.79 -- S
04-11-95 77.59 - S
26N/01E-08C01 08-22-94 54.87 -- S
26N/01E-08C02 08-22-94 103.46 -- S
04-11-95 103.51 -- S
26N/01E-08MO01 12-29-93 189.83 - S
03-29-94 190.21 -- R
08-24-94 190.84 -- S
04-10-95 189.23 -- S
26N/01E-08NO1 08-23-94 23.27 -- N
04-11-95 18.34 - S
26N/01E-08N02 08-23-94 21.90 -- S
04-11-95 18.29 -- S
26N/01E-08N03 08-23-94 22.73 -- S
26N/01E-08N05 08-23-94 11.92 -- S
04-11-95 9.67 -- S
26N/01E-08P01 08-23-94 24.50 - S
04-11-95 21.56 - S
26N/01E-09C01 04-21-94 32.78 -- S
08-23-94 32.67 -- N
04-14-95 28.16 -- S
26N/01E-09C02 04-22-94 264.6 -- T
08-23-94 268.60 -- S
04-14-95 263.50 - S
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Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-09E01 12-21-93 151.97 R S
08-24-94 172.61 R S
04-11-95 165.2 - R
26N/01E-09F01 12-21-93 146.19 -- S
08-24-94 147.44 R S
11-21-94 147.50 -- S
12-28-94 147.28 -- S
01-24-95 146.85 -- S
02-22-95 145.88 -- S
03-22-95 153.43 -- S
04-10-95 145.15 -- S
05-26-95 146.17 P S
06-20-95 149.70 P S
07-18-95 154.44 -- S
08-21-95 154.72 P S
09-19-95 145.24 -- S
10-24-95 147.05 -- S
11-21-95 144.71 - S
01-22-96 144.51 -- N
02-22-96 143.83 -- S
03-25-96 143.56 - S
26N/01E-09G03 04-07-94 97.75 -- S
08-22-94 97.62 -- S
11-21-94 97.89 -- S
12-28-94 98.23 -- S
01-23-95 97.69 -- S
02-28-95 98.67 R S
03-22-95 98.15 -- S
04-11-95 96.17 -- S
05-26-95 94.49 -- S
07-18-95 93.18 -- S
08-21-95 92.74 - S
09-19-95 92.51 -- S
10-25-95 92.47 -- S
11-21-95 92.10 -- S
01-22-96 94.40 - S
02-22-96 92.77 -- S
03-27-96 95.47 -- N
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Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-09K02 04-07-94 93.07 -- S
08-22-94 92.83 -- S
04-10-95 89.40 -- S
26N/01E-09R02 12-21-93 49.10 - S
08-22-94 49.39 -- S
04-10-95 4483 S S
26N/01E-10DO01 12-21-93 86.41 - S
08-22-94 86.66 - S
04-11-95 84.55 -- S
26N/01E-10HO02 12-28-93 64.41 - S
08-24-94 64.17 -- S
04-11-95 60.67 -~ S
26N/01E-10MO1 12-28-93 42.08 - S
08-22-94 42.41 - S
04-11-95 38.38 - S
26N/01E-10M02 12-28-93 39.14 - S
08-22-94 39.40 - S
26N/01E-10N03 12-21-93 11.66 -- S
08-25-94 12.27 R S
04-10-95 6.62 - S
26N/01E-10N04 12-21-93 12.04 - S
08-25-94 14.06 - S
04-10-95 6.78 - S
26N/01E-11J01 04-07-94 170.03 R S
04-11-95 131.27 - S
26N/01E-11L02 12-28-93 29.75 - S
08-24-94 87.10 R S
26N/01E-11L03 12-28-93 64.95 - S
08-23-94 62.17 - S
04-11-95 56.65 - S
26N/01E-12C02 12-14-93 470 - S
08-24-94 4.49 - S
26N/01E-12C03 12-28-93 189.50 - S
08-25-94 183.86 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-12D01 12-14-93 85.46 -- S
04-11-95 82.79 - S
26N/01E-13B01 08-24-94 121.3 R R
04-11-95 117.5 -- R
26N/01E-13D01 04-01-94 110.56 -- S
08-26-94 112.35 - S
04-06-95 107.86 -- S
26N/01E-13D02 04-01-94 97.09 R S
08-26-94 98.80 -- S
04-11-95 94.34 -- S
26N/01E-13F02 08-22-94 162.2 R R
04-11-95 161.8 - R
26N/01E-13H04 12-08-93 79.78 - S
08-26-94 80.73 -~ S
04-11-95 73.62 - S
26N/01E-14C01 04-06-94 -- F R
08-11-94 -- F R
04-13-95 -- F R
26N/01E-14R01 12-28-93 53.97 -- S
08-23-94 54.20 -- S
04-11-95 53.53 -- S
26N/01E-15C02 01-04-94 67.81 -- S
08-23-94 67.51 -- S
04-10-95 63.34 - S
26N/01E-15C03 01-04-94 82.76 -- S
08-23-94 81.91 -- S
04-10-95 77.56 -- S
26N/01E-15P02 12-30-93 47.85 -- S
08-23-94 49.12 -- S
04-11-95 45.72 R S
26N/01E-15P03 12-30-93 6.95 -- S
08-23-94 9.90 -- S
04-11-95 5.86 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-16D02 04-07-94 104.77 R S
08-25-94 105.18 -- S
04-12-95 104.84 -- S
26N/01E-16F03 01-04-94 125.01 -- S
08-24-94 125.99 -- S
04-10-95 125.87 -- S
26N/01E-16F04 04-06-94 101.19 - S
08-25-94 101.92 -- S
04-10-95 101.92 -- S
26N/01E-16HO1 01-04-94 68.41 -- S
08-22-94 67.98 - S
04-10-95 65.17 -- S
26N/01E-16N03 04-06-94 129.79 -- S
08-25-94 130.44 -- S
11-21-94 131.08 - S
12-28-94 130.67 -- S
01-23-95 130.59 - S
02-28-95 130.67 -- S
03-22-95 130.06 - S
04-10-95 130.31 -- S
05-26-95 130.40 - S
06-20-95 130.56 - S
02-22-96 129.69 -- S
03-25-96 130.13 -- S
07-18-95 133.43 R S
08-22-95 130.26 - S
09-19-95 130.15 -~ S
10-25-95 129.93 -- S
11-21-95 129.93 -- S
01-22-96 129.90 -- S
02-22-96 129.69 -- S
03-25-96 130.13 -- S
26N/01E-17A01 01-06-94 357.4 - R
03-29-94 358.0 -- R
08-24-94 358.29 -- S
12-05-94 358.56 -- S
12-27-94 356.98 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-17A01 01-24-95 357.23 -- S
03-20-95 356.60 -- S
04-10-95 356.69 -- S
05-24-95 356.77 -- S
06-19-95 357.00 -- S
08-25-95 357.59 -- S
09-22-95 357.78 -- S
11-20-95 357.17 -- S
02-05-96 356.18 -- S
02-23-96 356.20 -- S
26N/01E-17C01 08-23-94 52.46 - S
12-02-94 52.40 -- S
12-28-94 51.50 - S
01-24-95 50.79 -- S
02-28-95 49.95 -- S
03-20-95 49.50 -- S
04-11-95 49.38 -- S
05-24-95 49.93 - S
06-19-95 50.43 -- S
07-19-95 51.05 -- S
08-25-95 51.55 -- S
09-21-95 52.01 -- S
11-20-95 52.00 -- S
01-23-96 50.86 -- S
02-05-96 356.18 -- S
02-23-96 50.00 - S
03-27-96 50.00 -- S
26N/01E-17D01 08-23-94 - D S
04-11-95 1.39 -- S
26N/01E-17D02 08-23-94 27.58 -- S
04-11-95 25.08 -- S
26N/01E-17D03 08-23-94 15.11 -- S
04-11-95 12.29 -- S
26N/01E-17NO1 01-06-94 347.58 -- S
03-29-94 345.8 -- R
08-24-94 347.39 -- S
04-10-95 340.51 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-18F01 01-06-94 3.43 -- S
04-12-95 1.51 -- S
26N/01E-18KO01 04-21-94 191.44 R S
08-22-94 184.77 - S
04-12-95 183.01 -- S
26N/01E-18L02 01-06-94 121.90 -- S
08-24-94 122.17 -- S
04-12-95 112.74 -- S
26N/01E-18L04 01-06-94 10.85 - S
06-02-94 8.5 -- R
08-24-94 17.97 X S
04-12-95 1.01 X S
26N/01E-18L05 01-06-94 17.04 X S
06-02-94 15.2 -- R
08-24-94 23.99 X S
04-12-95 6.64 X S
26N/01E-18L06 01-06-94 26.37 X S
06-02-94 242 - R
08-24-94 32.93 X S
04-12-95 13.25 X S
26N/01E-18NO1 12-29-93 6.31 X S
08-25-94 10.17 X S
26N/01E-18P02 01-06-94 35.43 X S
06-02-94 31.8 -- R
08-24-94 41.13 X S
04-12-95 20.01 X S
26N/01E-18P03 04-21-94 75.67 R S
08-22-94 71.19 -- S
04-12-95 68.81 -- S
26N/01E-18P04 04-21-94 116.62 R S
08-22-94 111.55 -- S
04-12-95 109.10 -- S
26N/01E-18P06 04-21-94 159.63 R S
08-22-94 153.87 - S
04-12-95 151.64 - S
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Washington--Continued

Water level

Water-level

(feet below measurement
Local well number Date land surface) Status method
26N/01E-19C01 12-29-93 82.29 X S
05-25-94 84.8 -- R
08-25-94 85.62 X S
04-12-95 73.90 X S
26N/01E-19C01P1 12-29-93 78.05 -- S
05-25-94 75.8 -- R
08-25-94 77.34 -- S
04-10-95 72.26 X S
26N/01E-19D01 12-29-93 11.97 X S
05-25-94 145 -- R
08-25-94 15.60 X S
04-12-95 1.28 X S
26N/01E-19F01 12-29-93 78.06 -- S
05-25-94 77.6 -- R
08-25-94 77.82 -- S
12-01-94 75.73 -- S
12-28-94 74.76 -- S
01-24-95 74.87 -- S
02-28-95 75.05 -- S
03-20-95 74.48 -- S
04-14-95 74.53 X S
05-24-95 75.79 -- S
06-19-95 76.10 -- S
07-19-95 76.06 -- S
08-25-95 76.53 -- S
09-22-95 76.91 -- S
10-25-95 75.93 -- S
26N/01E-19F01 11-20-95 75.43 -- S
01-23-96 74.34 -- S
03-27-96 73.64 -~ S
26N/01E-19F01P1 12-29-93 90.9 -- R
05-25-94 92.2 -- R
08-25-94 91.89 -- S
12-01-94 88.89 -- S
12-28-94 86.79 -- S
01-24-95 87.84 -- S
02-28-95 87.81 -- S
03-20-95 87.08 -- S
05-24-95 88.62 -- N
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-19F01P1 06-19-95 88.31 -- S
07-19-95 90.05 -- S
08-25-95 87.89 -- S
09-22-95 88.39 -- S
10-25-95 87.18 -- S
11-20-95 86.60 - S
02-23-96 85.80 - S
03-27-96 85.01 -- S
26N/01E-19MO1 08-25-94 12.25 -- S
04-13-95 6.34 -- S
26N/01E-19M02 04-13-95 2.42 -- S
26N/01E-19M03 08-25-94 33.75 -- S
04-13-95 32.47 -- S
26N/01E-19M04 08-25-94 26.02 -- S
04-13-95 24.64 - S
26N/01E-19P01 08-25-94 8.28 -- S
04-13-95 3.48 -- S
26N/01E-19P02 08-25-94 5.90 -- S
04-13-95 3.32 -- S
26N/01E-19P03 09-25-94 3.95 R S
26N/01E-19Q01 05-06-94 24472 -- S
08-25-94 245.50 -- S
04-12-95 243.43 -- S
26N/01E-19Q02 04-22-94 245.27 -- S
08-25-94 246.21 -- S
04-12-95 243.55 -- S
26N/01E-19Q03 04-06-94 241.60 -- S
08-25-94 242.92 -- S
04-12-95 240.00 -- S
26N/01E-20J01 03-08-94 205.29 -- S
08-26-94 205.61 -- S
04-10-95 206.08 -- S
26N/01E-20R01 03-08-94 53.37 -- S
08-26-94 50.72 -- S
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Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-20R03 03-06-94 212.0 - R
04-06-94 213.02 - S
08-23-94 212.51 - S
04-12-95 212.58 -~ S
26N/01E-20R04 03-08-94 206.91 -~ S
08-26-94 207.23 - S
11-22-94 207.87 -- S
12-28-94 208.70 -- S
01-24-95 207.61 - S
02-28-95 208.00 -- S
03-22-95 207.32 - S
04-10-95 207.72 -- S
06-20-95 207.73 P S
07-18-95 207.00 -- S
08-22-95 207.14 - S
09-19-95 208.71 R S
10-25-95 206.63 -- S
11-21-95 206.69 -- S
01-22-96 206.58 -- S
02-22-96 206.35 -- S
03-25-96 208.33 -- S
26N/01E-21E04 03-02-94 4.52 -- S
08-25-94 9.47 -- S
11-22-94 9.13 -- S
12-28-94 7.58 -- S
01-23-95 3.83 -- S
02-28-95 2.87 -- S
03-22-95 2.40 - S
04-10-95 3.40 -- S
05-26-95 4.34 - S
06-20-95 5.12 -- S
07-18-95 6.32 R S
08-22-95 6.12 R S
09-19-95 6.21 - S
10-25-95 7.93 -- S
11-21-95 5.66 -- S
01-22-96 1.79 - S
02-22-96 1.25 -- S
03-25-96 2.50 - S
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Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-21N01 03-03-94 179.89 -- S
08-25-94 180.50 R S
04-10-95 181.02 -- S
26N/01E-22D02 08-25-94 81.74 -- S
04-13-95 80.00 -- S
26N/01E-22M03 03-03-94 77.32 R S
08-26-94 76.66 -- S
04-10-95 74.50 -- S
26N/01E-22N02 03-01-94 2.23 -- S
08-26-94 7.20 -- S
04-10-95 3.04 -- S
26N/01E-22N03 03-01-94 75.17 - S
08-26-94 79.07 -- S
04-11-95 73.54 -- S
26N/01E-22P01 03-01-94 75.83 -- S
08-25-94 77.24 - S
11-22-94 76.55 - S
12-27-94 75.37 -- S
01-23-95 75.67 - S
02-28-95 75.25 -- S
03-22-95 74.63 -- S
04-10-95 75.15 -- S
05-26-95 76.02 -- S
06-20-95 75.83 -- S
07-18-95 76.69 R S
08-21-95 76.13 -- S
09-19-95 76.51 -- S
10-24-95 76.25 - S
11-21-95 75.83 - S
01-22-96 75.37 - S
02-22-96 75.05 -- S
03-25-96 75.42 -- S
26N/01E-22P02 03-03-94 46.10 - S
08-25-94 46.42 - S
04-10-95 44.28 -- S
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Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-24B02 12-09-93 70.00 - S
08-26-94 68.04 -- S
04-12-95 64.16 -- S
26N/01E-24B03 12-28-93 13.99 -- S
08-26-94 14.96 -- S
04-11-95 8.50 -- S
26N/01E-24B04 12-28-93 3.78 -- S
08-26-94 9.30 -- S
04-11-95 2.06 -- S
26N/01E-24G01 08-11-94 -1.56 - S
04-13-95 -4.4 - H
26N/01E-24K01 12-15-93 112.16 -- S
08-25-94 117.74 R S
04-10-95 110.32 -~ S
26N/01E-25B01 12-28-93 122.90 -- S
08-25-94 123.08 -- S
04-10-95 121.65 -- S
26N/01E-25B02 12-28-93 118.79 -- S
08-25-94 118.98 -- S
04-10-95 117.55 - S
26N/01E-25G05 12-29-93 98.88 -- S
08-25-94 99.17 -- S
04-10-95 97.49 -- S
26N/01E-25L06 03-02-94 18.80 -- S
08-24-94 20.32 - S
04-10-95 17.32 - S
26N/01E-25N04 12-16-93 22.89 -- S
08-24-94 25.05 S S
04-10-95 18.30 -- S
26N/01E-26M02 03-01-94 -- F R
26N/01E-26Q02 03-02-94 14.41 - S
08-22-94 17.70 -- S
04-10-95 12.52 -- S
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Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-26Q03 03-02-94 10.89 -- S
08-22-94 14.27 -- S
04-10-95 11.23 -- S
26N/01E-27B02 03-02-94 35.62 -~ S
08-23-94 38.12 -- S
04-10-95 35.63 -- S
26N/01E-27F02 03-01-94 113.02 - S
04-10-95 112.44 -- S
26N/01E-27G03 03-02-94 -- F R
08-16-94 2.55 -- S
04-13-95 -1.7 -- zZ
26N/01E-27N01 03-03-94 111.06 -- S
08-22-94 111.90 -- S
04-11-95 109.14 -- S
26N/01E-27N02 03-03-94 107.54 -- S
08-22-94 108.70 -- S
04-10-95 106.30 -- S
26N/01E-28D01 03-08-94 153.65 -- S
08-23-94 154.00 - S
04-10-95 154.33 - S
26N/01E-28E02 03-03-94 178.60 -- S
08-23-94 181.78 -- S
04-14-95 184.78 -- S
26N/01E-28N02 03-08-94 151.18 - S
08-23-94 151.68 -- S
04-19-95 150.90 -- S
26N/01E-29N01 01-06-94 301.3 -- R
03-29-94 301.1 - R
08-24-94 301.15 -~ S
04-10-95 300.61 -- S
26N/01E-29P01 08-23-94 152.04 - S
12-02-94 152.16 -~ S
12-28-94 152.08 - S
01-24-95 152.36 - S
02-28-95 152.48 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-29P01 03-20-95 151.63 -- S
04-13-95 151.86 -- S
05-24-95 151.51 -- S
06-19-95 150.23 - S
07-19-95 150.60 - N
08-25-95 150.40 -- N
09-22-95 150.15 -- S
10-25-95 149.80 -- S
11-20-95 150.33 -- S
01-23-96 149.98 -- S
26N/01E-30B01P1 12-29-93 186.4 -- T
05-25-94 186.6 -- R
08-25-94 186.65 -- S
12-01-94 186.07 -- N
12-28-94 185.89 -- S
01-24-95 186.15 -- S
02-28-95 186.39 - S
03-20-95 186.18 -- S
04-18-95 185.20 - S
05-24-95 185.89 -- S
06-19-95 185.97 - S
07-19-95 186.07 -- S
08-25-95 185.99 -- S
09-22-95 186.09 -- S
10-25-95 185.56 -- S
11-20-95 185.43 -- S
01-23-96 185.38 -- S
02-23-96 184.18 -~ S
03-27-96 185.26 - S
26N/01E-30B01P2 12-29-93 209.2 -- T
05-25-94 209.0 -- R
08-25-94 209.26 - S
12-01-94 206.68 -- S
12-28-94 207.31 -- S
01-24-95 207.32 -- S
02-28-95 207.57 -- S
03-20-95 206.89 -- S
04-14-95 206.57 - S
04-18-95 203.70 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-30B0O1P2 05-24-95 207.54 - S
06-19-95 207.42 -- S
07-19-95 207.89 -- S
09-22-95 207.66 - S
10-25-95 206.73 -- S
11-20-95 206.59 - S
01-23-96 208.07 -- S
02-23-96 205.82 -- S
03-27-96 205.97 -- S
26N/01E-30B01P3 12-29-93 206.8 -- T
05-25-94 196.6 - R
08-25-94 204.07 -- S
12-01-94 205.35 -- S
12-28-94 204.46 -- S
01-24-95 205.35 -- S
02-28-95 205.48 -- S
03-20-95 204.88 -- S
04-14-95 204.84 -- S
04-18-95 206.84 -- S
05-24-95 205.24 - S
06-19-95 205.15 -- S
07-19-95 205.40 - S
08-25-95 204.97 - S
09-22-95 205.41 -- S
10-25-95 204.76 - S
11-20-95 204.70 - S
01-23-96 205.97 - S
02-23-96 203.82 -- S
03-27-96 203.65 -- S
26N/01E-30D01 01-06-94 56.40 - S
08-24-94 56.23 -- S
04-12-95 52.41 -- S
26N/01E-30L01 04-06-94 247.63 -- S
08-22-94 248.80 - S
04-12-95 247.82 -- S
26N/01E-31A03 05-06-94 304.78 -- S
08-25-94 305.38 -~ S
04-12-95 304.20 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,

Washington--Continued

Water level

Water-level

(feet below measurement
Local well number Date land surface) Status method
26N/01E-31B01P1 01-07-94 270.5 -- R
06-01-94 270.9 -- R
08-26-94 270.77 - S
04-18-95 270.34 -- S
26N/01E-31B01P2 08-26-94 306.25 -- S
04-10-95 305.19 -- S
04-18-95 304.91 - S
26N/01E-31B01P3 01-07-94 308.0 -- R
06-01-94 308.0 - R
08-26-94 308.30 -- S
04-10-95 306.81 - S
04-18-95 306.91 -- S
26N/01E-31B02 05-06-94 294.32 -- S
08-25-94 294.95 -- S
12-01-94 294,27 -- S
12-27-94 294.18 -- S
01-24-95 294.29 -- S
03-03-95 293.95 -- S
03-20-95 293.57 - S
04-12-95 293.56 -- S
05-26-95 293.85 - S
06-19-95 293.88 - S
08-25-95 293.89 -- S
09-22-95 293.04 - S
11-20-95 293.90 -- S
01-23-96 293.44 -- S
02-23-96 293.09 -- S
26N/01E-31B03 05-06-94 294.90 -- S
08-25-94 295.56 - S
04-12-95 294.16 -- S
26N/01E-31B04P1 08-22-94 126.18 -- S
04-12-95 125.62 -- S
26N/01E-31B04P2 08-22-94 126.21 -- S
04-12-95 125.75 -- S
26N/01E-31CO1P1 08-22-94 119.16 -- S
04-12-95 117.58 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-31C0O1P2 08-22-94 119.25 -- S
04-12-95 117.53 -- S
26N/01E-31E01 04-07-94 -- (0] S
26N/01E-31E01P1 04-07-94 - O S
26N/01E-31G01 08-23-94 131.45 -- S
04-12-95 131.25 -- S
26N/01E-31G02 08-23-94 118.00 -- S
04-12-95 117.65 -- S
26N/01E-31H02 08-22-94 100.33 -- S
04-11-95 98.78 -- S
26N/01E-31J03 08-22-94 106.28 -- N
04-12-95 104.93 -- S
26N/01E-31J04 08-22-94 75.01 - S
04-12-95 72.91 -- S
26N/01E-31K01 08-22-94 134.99 - S
04-12-95 134.00 -- S
26N/01E-31R01 04-21-94 382.68 -- S
08-22-94 389.13 -- S
04-12-95 382.03 -- S
26N/01E-32E01 08-26-94 57.53 -- S
04-12-95 55.15 -- S
26N/01E-32EQ2 08-22-94 55.95 -~ S
26N/01E-32K03 08-24-94 65.47 -- S
26N/01E-321.03 07-07-94 205.81 -- S
08-23-94 206.00 -- S
04-12-95 205.60 -- S
26N/01E-321L.04 01-07-94 221.34 - S
06-01-94 2214 - R
06-27-94 221.24 -- S
08-24-94 221.65 -- S
12-01-94 220.87 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-321.04 12-27-94 220.49 - S
01-24-95 220.87 -- S
02-28-95 220.86 -- S
03-20-95 220.33 -- S
04-14-95 220.30 -- S
05-24-95 220.74 -- S
06-19-95 220.51 -- S
26N/01E-32L04 07-19-95 220.74 -- S
08-25-95 220.53 -- S
09-22-95 220.62 -- S
10-25-95 220.26 - S
11-20-95 220.30 -- S
01-23-96 220.25 - S
02-23-96 219.46 -- S
03-27-96 219.40 -- S
26N/01E-32L.05 07-12-94 227.66 -- S
08-25-94 232.61 -- S
26N/01E-32Q01 03-03-94 16.00 -- S
08-23-94 17.84 -- S
04-10-95 13.58 -- S
26N/01E-32Q03 08-24-94 20.15 .- S
12-02-94 19.92 -- S
12-27-94 18.14 - S
01-24-95 17.25 -- S
02-28-95 15.22 -- S
03-20-95 14.20 -- S
04-13-95 13.99 -- S
05-24-95 15.82 -- S
06-19-95 16.14 -- S
07-19-95 16.51 - S
08-25-95 16.68 - S
09-22-95 17.27 - S
10-25-95 17.34 -- S
11-20-95 16.93 -- S
01-23-96 14.15 -- S
02-23-96 14,73 -- S
03-27-96 14.33 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-32Q04 08-24-94 18.23 - S
04-13-95 13.72 -- S
26N/01E-32Q05 08-24-94 19.49 -- S
04-13-95 14.64 -- S
26N/01E-32Q06 08-24-94 18.66 -- S
04-13-95 13.46 -- S
26N/01E-32Q08 03-03-94 16.30 -- S
08-23-94 17.87 -- S
04-10-95 13.90 - S
26N/01E-33A02 03-08-94 32.53 -- S
08-22-94 33.54 -- S
04-10-95 30.24 -- S
26N/01E-33G01 03-08-94 20.20 -- S
08-22-94 21.39 - S
11-22-94 22.45 - S
12-27-94 21.40 - S
01-24-95 20.18 -- S
02-28-95 18.07 -- S
03-22-95 16.56 -- S
04-10-95 16.02 -- S
05-24-95 16.41 -- S
06-20-95 17.35 -- S
07-18-95 18.30 -- S
08-21-95 18.99 -- S
09-19-95 19.71 -- S
10-24-95 20.30 -- S
11-21-95 20.37 -- S
01-22-96 18.59 -- S
02-22-96 16.58 - S
04-03-96 16.02 -- S
26N/01E-33P03 03-08-94 -- F R
26N/01E-34D01 03-02-94 27.20 -- S
08-22-94 28.04 -~ S
04-14-95 25.18 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-34E01 03-02-94 1.83 -- S
08-22-94 4.20 -- S
04-11-95 2.1 -- S
26N/01E-34HO01 03-01-94 1.51 -- S
08-22-94 3.08 -- S
26N/01E-34P02 02-24-94 167.65 R S
08-24-94 167.15 -- S
04-10-95 166.38 -- S
26N/01E-34R01 03-01-94 263.61 R S
08-22-94 265.26 R S
04-11-95 264.15 -- S
26N/01E-35B03 04-19-94 44.32 -- S
08-22-94 47.04 -- S
04-11-95 44.6 -- S
26N/01E-35N01 03-03-95 136.69 -- S
26N/01E-36MO01 08-22-94 -16.2 -- R
26N/01W-24A01 01-06-94 67.89 -- S
08-24-94 68.86 -- S
04-12-95 58.42 -- S
26N/01W-25A02 04-22-94 66.82 - S
08-25-94 66.45 -- S
04-12-95 65.66 -- S
26N/01W-25B02 12-29-93 107.45 -- S
05-25-94 112.9 -- R
08-25-94 110.40 -- S
12-02-94 106.40 -- S
12-28-94 108.84 - S
01-24-95 107.95 - S
02-28-95 108.55 -- S
03-20-95 108.75 -- S
04-12-95 112.62 -- S
05-26-95 111.11 -- S
06-19-95 109.43 -- S
07-19-95 109.17 -- S
08-25-95 108.71 - S
09-22-95 110.65 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01E-34E01 03-02-94 1.83 -- S
08-22-94 4.20 -- S
04-11-95 2.1 -- S
26N/01E-34H01 03-01-94 1.51 -- S
08-22-94 3.08 -- S
26N/01E-34P02 02-24-94 167.65 R S
08-24-94 167.15 - S
04-10-95 166.38 -- S
26N/01E-34R01 03-01-94 263.61 R S
08-22-94 265.26 R S
04-11-95 264.15 - S
26N/01E-35B03 04-19-94 44.32 -- S
08-22-94 47.04 -- S
04-11-95 44.6 -- S
26N/01E-35N01 03-03-95 136.69 -- S
26N/01E-36M01 08-22-94 -16.2 -- R
26N/01W-24A01 01-06-94 67.89 -- S
08-24-94 68.86 -- S
04-12-95 58.42 -- S
26N/01W-25A02 04-22-94 66.82 -- S
08-25-94 66.45 -- S
04-12-95 65.66 -- S
26N/01W-25B02 12-29-93 107.45 -- S
05-25-94 112.9 -- R
08-25-94 110.40 -- S
12-02-94 106.40 -- S
12-28-94 108.84 -- S
01-24-95 107.95 -- S
02-28-95 108.55 -- S
03-20-95 108.75 -- S
04-12-95 112.62 - S
05-26-95 111.11 - S
06-19-95 109.43 -- S
07-19-95 109.17 -- S
08-25-95 108.71 -- S
09-22-95 110.65 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/01W-36A01 07-19-95 166.76 -- S
08-25-95 168.25 -- S
09-22-95 169.23 -- S
10-25-95 167.29 -- S
11-20-95 170.80 -- S
01-23-96 16597 -- S
02-23-96 162.85 -- S
03-27-96 162.70 -- S
26N/01W-36C01 01-07-94 129.74 -- S
08-22-94 131.12 -- S
12-02-94 129.68 -- S
12-27-94 129.14 -- S
01-24-95 129.78 -- S
02-22-95 129.83 -- S
03-22-95 128.98 -- S
04-12-95 130.12 -- S
05-26-95 130.94 -- S
06-20-95 130.57 -- S
07-19-95 130.49 -- S
08-22-95 130.72 -- S
09-18-95 131.99 -- S
10-24-95 130.93 -- S
11-21-95 130.13 - S
01-22-96 134.01 -- S
02-22-96 129.30 - S
03-25-96 130.27 -- S
26N/01W-36R02 03-21-94 19.43 -- S
08-22-94 21.54 -- S
04-12-95 17.30 -- S
26N/01W-36R03 03-21-94 193.08 -~ S
08-22-94 195.22 - S
04-12-95 194.08 -- S
26N/02E-06A02 12-07-93 6.80 -- S
08-25-94 8.18 R S
04-13-95 5.12 -- S
26N/02E-06G01 12-07-93 57.53 -- S
08-25-94 60.47 R S
04-13-95 57.27 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/02E-06R02 12-07-93 175.11 -- S
08-25-94 176.05 -- S
04-13-95 174.99 -- S
26N/02E-071.02 12-28-93 56.01 -- S
08-24-94 55.90 -- S
04-13-95 54.54 -- S
26N/02E-07R03 12-08-93 184.50 -- S
08-24-94 186.36 -- S
04-13-95 181.58 -- S
26N/02E-18A06 12-08-93 145.85 - S
08-24-94 146.57 R S
04-19-95 143.48 R S
26N/02E-18H04 03-08-94 73.26 -- S
08-24-94 74.68 -- S
04-11-95 69.48 -- S
26N/02E-19B03 12-14-93 34.80 -- S
08-24-94 32.69 -- S
04-11-95 27.82 - S
26N/02E-19B04DO01 12-14-93 148.36 -- S
08-24-94 166.38 R S
04-11-95 146.78 - S
26N/02E-19G01 12-15-93 138.75 - S
08-24-94 138.03 -- S
04-14-95 137.00 -- S
26N/02E-19G02 12-16-93 278.10 -- S
08-24-94 278.82 -- S
04-11-95 279.45 -- S
26N/02E-19J03 12-14-93 20.18 -- S
08-24-94 20.13 -- S
04-11-95 15.69 -- S
26N/02E-30A05 12-29-93 226.48 -- S
08-24-94 228.51 -- S
04-11-95 226.8 -- S
26N/02E-30H02 12-16-93 180.34 -- S
08-24-94 180.62 -- S
04-11-95 180.35 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
26N/02E-30N03D01 12-16-93 37.38 -- S
08-24-94 38.18 -- S
04-11-95 37.02 -- S
26N/02E-31F02 12-16-93 130.77 -- S
08-25-94 129.28 -- S
04-11-95 127.49 - S
26N/02E-31G01 12-29-93 161.76 -- S
08-25-94 161.77 -- S
04-11-95 159.76 -- S
26N/02E-31J03 03-31-94 27.36 -- S
04-11-95 26.72 -- S
27N/01E-22Q04 02-23-94 48.32 -- S
08-25-94 53.58 -- S
04-10-95 47.11 - S
27N/01E-22Q05 03-22-94 96.64 -- S
08-25-94 99.25 -~ S
04-13-95 96.61 -- S
27N/01E-23D01 03-22-94 47.04 -- S
08-25-94 47.74 -- S
04-13-95 46.56 - S
27N/01E-23D02 03-22-94 41.29 -- S
08-25-94 41.97 -- S
04-13-95 40.52 -- S
27N/01E-23MO01 01-25-94 48.82 R S
08-25-94 51.94 - S
04-13-95 46.45 -- S
27N/01E-26D01 02-03-94 133.95 -- S
08-25-94 146.59 R S
04-13-95 132.62 -- S
27N/01E-26R01 04-04-94 37.33 R S
08-25-94 34.35 R S
27N/01E-27E04 08-22-94 127.9 - T
27N/01E-27J01 08-22-94 117.8 R T
04-14-95 108.3 R R
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
27N/01E-27J02 08-22-94 176.2 -- T
04-14-95 174.4 -- R
27N/01E-27N01 03-30-94 86.67 -- S
08-23-94 87.67 -- S
04-13-95 85.23 -- S
27N/01E-27N02 03-30-94 27.85 -- S
08-23-94 29.77 -- S
04-13-95 26.07 -- S
27N/01E-27R02 03-30-94 2.66 -- S
08-23-94 15.44 -- S
04-13-95 1.67 -- S
27N/01E-27R03 03-30-94 124.38 - S
08-23-94 126.50 -- S
04-11-95 120.91 -- S
27N/01E-28J02 03-31-94 176.15 R S
08-23-94 177.52 -- S
04-19-95 176.42 -- S
27N/01E-28K02 03-31-94 37.38 -- S
08-23-94 37.29 -- S
04-13-95 36.82 R S
27N/O1E-28K03 03-31-94 40.69 - S
08-23-94 41.08 -- S
04-13-95 40.2 -- S
27N/01E-28K04 04-07-94 69.89 - S
08-23-94 72.75 -- S
04-13-95 69.56 -- S
27N/01E-33B02 12-16-93 71.17 .- S
05-24-94 72.30 R S
08-24-94 72.3 -- R
04-11-95 66.13 -- S
27N/01E-33B03 12-16-93 162.92 -- S
08-23-94 163.12 R S
11-21-94 163.43 -- S
12-28-94 163.12 -- S
01-23-95 162.82 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
27N/01E-33B03 02-22-95 163.03 - S
03-22-95 162.43 -- S
04-13-95 162.40 -- S
05-26-95 162.74 -- S
06-20-95 163.13 -- S
07-18-95 163.90 - S
08-21-95 162.97 -- S
09-19-95 163.25 -- S
10-24-95 163.08 -- S
11-21-95 163.00 -- S
01-22-96 162.96 - S
03-27-96 162.49 -- S
27N/01E-33F02 01-25-94 94.16 -- S
08-23-94 95.79 -- S
04-13-95 94.64 -- S
27N/O1E-33P02 12-17-93 173.00 -- S
08-23-94 173.23 -- S
11-21-94 173.36 -- S
12-28-94 172.73 -- S
01-23-95 172.82 R S
02-22-95 172.70 -- S
03-22-95 172.04 -- S
04-12-95 172.22 -- S
05-26-95 172.85 -- S
06-20-95 173.25 -- S
07-18-95 172.83 -- S
08-21-95 173.87 -- S
09-19-95 173.11 -- S
27N/01E-34K02 03-24-94 183.58 - S
08-23-94 186.74 R S
04-12-95 184.04 -- S
27N/01E-34L01 12-17-93 84.17 -- S
08-23-94 83.85 -- S
04-12-95 79.69 - S
27N/01E-34L02 12-17-93 79.96 -- S
08-23-94 79.65 -- S
04-12-95 74.51 -- S
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Appendix 2.--Water levels in inventoried wells, Naval Submarine Base Bangor and vicinity, Kitsap County,
Washington--Continued

Water level Water-level
(feet below measurement
Local well number Date land surface) Status method
27N/01E-34M01 12-19-93 295.66 -- S
27N/01E-35C01 12-17-93 255.04 -- S
08-25-94 255.70 -- S
04-13-95 25298 -- S
27N/01E-35E01 12-16-93 145.07 -- S
08-23-94 151.97 -- S
04-11-95 145.10 -- S
27N/01E-35H01 12-29-93 24.40 -- S
08-25-94 25.41 R S
04-14-95 22.06 R S
27N/01E-35N01 03-22-94 261.98 -- S
08-23-94 262.62 -- S
04-12-95 262.59 R S
27N/01E-36E01 12-29-93 54.65 - S
08-23-94 54.28 - S
04-14-95 50.52 - S
27N/01E-36J03 12-28-93 82.72 -- S
08-25-94 83.40 -- S
04-14-95 82.22 -- S
27N/02E-31H01 12-28-93 19.98 -- S
08-25-94 20.51 -- S
04-14-95 17.69 -- S
27N/02E-31N01 03-31-94 104.03 -- S
08-25-94 104.08 -- S
04-14-95 102.34 -- S
27N/02E-31R03 12-28-93 78.29 - S
08-25-94 78.43 - S
04-13-95 76.64 -- S
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Appendix 3.--Report accompanying geologic map of Naval Submarine Base Bangor, by Richard K. Borden,
RPG, July 1995, The surficial geology map (including locations of springs or seepage faces and outcrops)
referred to in this appendix has been reproduced using geographic information system techniques and is
included in this report on plate 2.

1.0 INTRODUCTION

This report presents the results of the geologic mapping project at Naval Submarine Base, Bangor, Washing-
ton (Subase). It is accompanied by a 1:12,000 scale surficial geology map of the Subase. The mapping was
conducted for the United States Geological Survey (USGS) under Task Order 1434WR-95-SA-0605. Field work
was conducted between May 30, 1995 and June 27, 1995.

The Subase is located on Hood Canal in the west-central Puget Lowland, and covers approximately eleven
square miles. It is underlain by a thick sequence of unconsolidated Quaternary glacial and nonglacial sediments.

1.1 Previous Studies

Several studies of the surficial geology at Subase Bangor have already been conducted. However, these
studies were either conducted at a reconnaissance scale or covered only a small portion of the Subase.
Shannon and Wilson produced a 1:24,000 scale reconnaissance geologic map of the entire Subase in 1973.
Hart Crowser completed a 1:6000 scale map of the extreme northern end of the Subase in 1991; and URS pro-
duced a 1:56,000 scale geologic map of the entire Subase in 1993. The URS map appears to have been a mod-
ification of the original Shannon and Wilson map based upon new boring log data.

The Subase is also covered by the Geologic Map of Surficial Deposits in the Seattle 30’ by 60’ Quadrangle
(Yount et al 1993). This map was produced at a scale of 1:100,000 and, in the vicinity of the Subase, was based
upon preexisting maps. The Subase is not covered by the Coastal Zone Atlas of Washington (WDOE 1978), but
the shoreline immediately to the north and south of the Subase boundaries was mapped.

The results of the present study are compared to these preexisting maps in Section 8.0 of this report.

1.2 Field Procedures

Geologic data were plotted on a 1:12,000 scale base map made from two USGS 7.5’ Quadrangles. Out-
crops and other data were located on the map relative to topographic and cultural features. An altimeter, a
brunton compass, a clinometer and a hip chain were all used to help locate data points. Field efforts were con-
centrated along the shoreline, in stream beds, along roads and in areas of new construction, because these loca-
tions contained the best exposures.

Detailed measured sections were made in areas with sufficient exposure. The locations of these measured
sections are shown on Figure 1-1. Outcrops were plotted on the map as either glacial till; glaciolacustrine silt and
fine sand; glacial outwash sand and grave!; or nonglacial silt, sand and gravel. No attempt was made to differen-
tiate between Vashon and preVashon glacial drift at the outcrop scale because of the lack of reliable stratigraphic
indicators at mesoscopic scales. For the same reason, geologic data from borings are plotted on the map as
either till; sand and gravel; or silt and clay. By presenting the information in this way, the raw data used to make
stratigraphic interpretations are clearly visible on the map.

The lack of outcrop on the Subase required that most contacts be located by float and soil mapping. A

four-foot hand auger was used during the float mapping to collect relatively unweathered material from the sub-
surface. The locations of the auger holes are not plotted on the map.
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Other data that were collected during the field work include spring locations, bedding attitudes, fracture orien-
tations and densities, flow direction indicators, and information relating to lateral and vertical facies relationships.
These data are either plotted on the map or presented in this report.

2.0 STRATIGRAPHY

Subase Bangor is underlain by a thick sequence of unconsolidated Quaternary glacial and nonglacial sedi-
ments. Table 2-1 summarizes the stratigraphic units that are exposed on the Subase. Most of the exposed sec-
tion is composed of Vashon drift, but PreVashon glacial drift and Nonglacial sediments crop out near sea level

along Hood Canal.

Table 2-1. Summary of Stratigraphic Units

UNIT

Vashon
Recessional
Outwash

Vashon Till and Ice
Contact Deposits

Vashon
Advance
Outwash

Vashon
Glaciolacustrine
Deposits

PreVashon
Glacial Drift

Nonglacial
Sediments

THICKNESS

0 to 40 feet
typically O feet

0 to 120 feet
highly variable

0 to 200 feet
typically 150 feet in
south and less than
100 feet in north

0 to more than 100 feet
typically 50 feet in south
and greater than 100 feet
in north

0 to 507 feet
highly variable

Bottom not exposed,
greater than 60 feet

HYDROLOGIC
PROPERTIES

highly permeable

variable, till diamicton

is impermeable and glacio-
fluvial ice contact deposits
are moderately permeable

highly permeable

impermeable

variable, outwash sand is
moderately to highly
permeable and till is
impermeable

variable, impermeable to
highly permeable depending
on percentage of silt
interbeds in section
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2.1 Nonglacial Sediments

The oldest unit exposed at Subase Bangor is a sequence of interbedded fluvial sands, gravels and silts that
is believed to be of nonglacial origin. The unit is well exposed in the sea cliffs along Hood Canal and is shown on
five measured sections (Figures 2-1 through 2-5). This unit is at least sixty feet thick.

The Nonglacial sediments are predominantly composed of thick-bedded to massive, cross-bedded sands,
gravelly sands and sandy gravels, with minor silt and peat interbeds. The gravels are made up of well-rounded
pebbles and cobbles up to five inches in diameter. Silt and clayey silt interbeds typically comprise about ten per-
cent of the section. The silt interbeds seldom exceed three feet in diameter, are laminated to massive, and com-
monly contain peat or peaty silt. Most silt interbeds are laterally continuous for tens of feet but some interbeds are
continuous for several hundred feet.

Unoxidized nonglacial silts, clayey silts and sands are usually very dark grey to black (2.5Y 3/0 to 10YR 2/1
on a Munseli color chart). When oxidized these materials generally turn dark reddish brown to dark olive grey
(5YR 3/2to 5Y 3/2).

Exposures of the nonglacial unit tend to be relatively unoxidized north of Devils Hole and moderately to
intensely oxidized south of Devils Hole. In addition to being more lightly colored, the oxidized sediments are usu-
ally iron oxide stained or cemented. Lithic sand grains are also commonly altered to clay and many of the cobbles
and gravels have thick weathering rinds in the oxidized areas. This intense oxidation may have resulted from
long-term subaerial exposure at some time after the unit was deposited.

Evidence supporting a nonglacial origin for this unit includes the presence of peat and organic-rich silt beds,
the prevalence of north-directed flow indicators, and the high percentage of sand and gravel with an Olympic
Mountain source.

Most nonglacial outcrops are oriented north-south or northeast-southwest. North-dipping cross-bedding pre-
dominates on these exposures and south-dipping cross-bedding is exceedingly rare. On the few outcrop faces
oriented roughly east-west cross-bedding tends to dip both east and west. These data seem indicative of a pre-
dominantly north or northeasterly flow direction during deposition. This is consistent with flow from the Olympic
Mountains into the Puget Lowland during a nonglacial period. During a glacial period, when the Puget Lowland is
filled with glacial ice, the predominant flow direction wasto the south.

Dark grey to black basalt is the most abundant rock type in the Nonglacial sediments. Gabbro and basaltic
sandstone are also relatively common. These rocks are derived from the Blue Mountain Unit and the Crescent
Formation that are exposed in the eastern Olympic mountains about eight miles to the west of the Subase (Suc-
zek et al 1994). The sands in the nonglacial formation are predominantly composed of basaltic lithic fragments.
Quartz seldom makes up more than 25 percent of the sand. Unlike the overlying glacial deposits, the nonglacial
sediments do not contain muscovite or felsic intrusive rocks that are indicative of a northerly source. Samples
collected from the Nonglacial unit are lithologically very similar to samples collected from the modern Quilcene,
Dosewallips and Duckabush Rivers that drain the eastern Olympics Mountains. Nonglacial sediments at the Sub-
ase tend to be more coarse-grained than comparible sediments near the center of the Puget Lowland. This is
also indicative of the close proximity of the Olympic Mountain source area.

The nonglacial sediments are thought to correlate with the Whidbey Formation as defined by Easterbrook
(1968). The Whidbey Formation is about 100,000 years old.
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2.2 PreVashon Glagcial Drift

PreVashon glacial drift is exposed above the Nonglacial sediments in some areas. The character of the drift
is variable and at any given location it may be represented by till, outwash sand, or interbedded sand and silt.
The thickness of this unit is poorly constrained but it does not exceed fifty feet anywhere.

PreVashon glacial till is composed of very dense, poorly-sorted, matrix supported, clayey, sandy, gravelly,
silt. Gravel only makes up about ten to twenty percent of the till. Clasts are well-rounded to subround and sel-
dom exceed an inch in diameter. The till is dark grey (7.5YR 4/0 and 2.5Y 4/0).

PreVashon glacial outwash is composed of well-sorted, fine- to medium-grained sand or interbedded grey silt
and sand. This unit is present in two measured sections (Figures 2-1 and 2-2). The sand is predominantly com-
posed of quartz with fewer than thirty percent lithic fragments and minor amounts of muscovite. The sand is olive
grey to dark olive grey (5Y 4/2 to 5Y 3/2) if unoxidized, and olive brown to dark yellowish brown (2.5Y 4/3 to
10YR 3/4) if oxidized.

The PreVashon glacial drift is thought to correlate with the Possession Drift as defined by Easterbrook
(1968). The Possession Drift is about 80,000 years old.

2.3 Vashon Glaciolacustrine Deposits

Glaciolacustrine deposits mark the base of the Vashon drift. The glaciolacustrine deposits are composed of

interbedded silts, clayey silts, fine sandy silts and fine sands. The unit thickens from about fifty feet in the south
to more than 100 feet in the vicinity of the Cattail Lake drainage on the northern boundary of the Subase.
Figure 2-6 is a measured section made in the Cattail Lake area. The silt beds are typically massive, but appear
laminated on weathered surfaces. Some silt beds contain isolated pebbles and smali cobbles that may be drop-
stones. The interbedded sands are well-sorted, fine- to medium-grained, micaceous, lithic, quartz sands. Unox-
idized silts and sands are dark grey (7.5YR 4/0).

These glaciolacustrine deposits correlate with the Lawton Clay member of the Vashon drift as defined by
Mullineaux and others (1965). The Lawton Clay was deposited in large proglacial lakes that formed after the
Vashon ice sheet had advanced into the northern Puget Lowland about 15,000 years ago. At the type section in
Seattle, the Lawton Clay is underlain by nonglacial sediments of Olympia age (about 30,000 years old). No com-
parable Olympia age sediments have been observed on Subase Bangor. This area may have been subject to
erosion rather than deposition during Olympia time. The contact between the glaciolacustrine deposits and the
overlying Vashon advance outwash is gradational. The glaciolacustrine sequence tends to coarsen upward,
becoming progressively more sandy.

2.4 Vashon Advance Outwash

A thick, homogenous Vashon advance outwash sequence is exposed above the Vashon glaciolacustrine
deposits. This unit is typically 150 feet thick but may be up to 200 feet thick in places.

About ninety percent of the sequence is composed of well-sorted, fine- to medium-grained sand. The sand is
predominantly composed of quartz with fewer than thirty percent lithic fragments and with minor amounts of mus-
covite. Sandy gravel and gravelly sand occurs in isolated pods and lenses in the outwash sand and makes up
less than ten percent of the section. The gravels are well rounded and seldom exceed three inches in diameter.
The clasts are a mixture of felsic intrusives, dacites, andesites, basalts and metasediments indicative of a pre-
dominantly northern source. Rare, thin, discontinuous silt beds are scattered throughout the sequence, but are
most common at the base, near the contact with the underlying Vashon glaciolacustrine deposits. The sand is
olive grey to dark olive grey (5Y 4/2 to 5Y 3/2) if unoxidized and olive brown to dark yellowish brown (2.5Y 4/3 to
10YR 3/4) if oxidized.
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2.5 Vashon Till and Ice Contact Deposits

Vashon till and interbedded glaciolacustrine and glaciofluvial sediments cover most of the surface of Subase
Bangor. This unit varies from zero to greater than one hundred feet in thickness.

Figure 2-7 is a sketch of a till outcrop showing typical facies relationships between the till diamicton facies
and associated stratified ice contact facies. All of these deposits are very dense and appear to have been com-
pacted by glacial ice. On boring logs all of these facies are probably designated as Vashon till, but only the mas-
sive, matrix supported diamicton was deposited directly by glacial ice. The other, more stratified, facies were
probably deposited in subglacial and englacial streams and lakes.

The till is composed of very dense, poorly-sorted, matrix supported, sandy, gravelly silt. Gravel typically
comprises about twenty percent of the till. Clasts vary from pebble to boulder size and are generally well rounded
to subround. The till is usually dark grey (7.5YR 4/0 and 2.5Y 4/0).

Glaciofluvial ice contact deposits are typically composed of medium dense to dense, crudely to well-bedded,
clast supported, poorly- to well-sorted, sandy gravels and gravelly sands with extremely variable silt contents.
Glaciolacustrine ice contact deposits are typically composed of stiff to very stiff, thin- to thick-bedded silt and fine
sandy silt. These stratified deposits commonly occur as inclusions within the till diamicton or themselves host till
diamicton inclusions. The stratified deposits tend to be more oxidized than the till, but less oxidized than true out-
wash gravels and sands. They are usually dark grey to olive grey (5Y 4/1 to 5Y 4/2).

2.6 Vashon Recessional Outwash

Thin, laterally discontinuous layers of Vashon recessional outwash cover the till in some areas. The reces-
sional outwash is seldom more than ten feet thick. It is generally composed of medium- to coarse-grained sand
and gravelly sand.

2.7 Holocene Deposits

Holocene deposits include beach sands and gravels, alluvium, colluvium, peat and fill material. These sedi-
ments seldom exceed ten feet in thickness and, except for beach gravels are not laterally continuous.

3.0 OUTCROP DISTRIBUTION
3.1 Nonglacial Sediments

Nonglacial sediments are exposed in the sea cliffs along Hood Canal and in some of the stream valleys
within a half mile of the coast. The exposures are not continuous along Hood Canal because in many areas the
Vashon till is exposed at sea level. Figure 3-1 summarizes the distribution of the Nonglacial sediments in the
measured sections along the coast. Based upon these measured sections and other outcrops, the contact
between the Nonglacial sediments and the overlying PreVashon glacial drift varies between 55 and 80 feet above
sea level.

3.2 PreVashon Glacial Drift

Exposures of PreVashon glacial drift occur near the shoreline between elevations of 55 and about 110 feet
above sea level.
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Two outcrops of PreVashon till were identified. One is located on the northern boundary of T.26N., R.1E.
Section 18 at an elevation of about one hundred feet above sea level. This till outcrop is seventy feet below the
lowest outcrop of Vashon glaciolacustrine deposits in the same drainage. The other PreVashon till outcrop is
exposed near the center of Section 18 at an elevation of about 75 feet above sea level. It is directly overlain by
fifteen feet of outwash sand and is thirty feet below the lowest exposure of Vashon glaciolacustrine deposits in
the same drainage.

A twenty foot section of PreVashon glacial outwash is exposed at the top of the sea cliffs in T.26N., R.1E.
Section 18 (Sections B and C on Figure 3-1). Outwash sand float at the intersection of T.26N., R.1E. Sections 19
and 30, and T.26N., R.1W. Sections 24 and 25 is also believed to be PreVashon glacial drift. This interpretation
is based upon the float's position immediately northwest of Vashon glaciolacustrine deposits, and because a bor-
ing made through the outwash sand showed that it is resting immediately upon Nonglacial sediments.

3.3 Vashon Glaciolacustrine Deposits

Vashon glaciolacustrine deposits are generally exposed within a mile of the Hood Canal shoreline. South of
the center of Section 18, glaciolacustrine outcrops occur between about 100 and 160 feet above sea level. The
glaciolacustrine sediments thicken dramatically to the northeast, so that in the Cattail Lake area outcrops occur
between twenty feet and 310 feet above sea level. The glaciolacustrine exposures are |aterally continuous
except where covered by Vashon till.

3.4 Vashon Advance Outwash

Vashon advance outwash is exposed in erosional windows through the overlying till which blankets most of
the Subase. There are six distinct outwash “windows” on the Subase, separated from one another by Vashon till.
The contact between the till and the outwash varies between 150 and 360 feet above sea level, but the most
common elevation of the contact is about 300 feet above sea level. The elevation of the till/outwash contact
tends to decrease towards Hood Canal.

Four of the Vashon advance outwash exposures form a linear pattern about one mile from, and parallel to,
the Hood Canal coastline. The outwash “windows” are located in areas where the topography dips steeply
toward the coast, and streams have incised deeply into the Quaternary section.

The two inland Vashon advance outwash exposures are both located in stream valleys that have cut into the
upland plateau in the center of the base. These stream valleys have again formed erosional “windows” through
the overlying Vashon till.

3.5 Vashon Till and Ice Contact Deposits

Vashon till and ice contact deposits are exposed over about seventy-five percent of the Subase. The till is
exposed at all elevations, from sea level along Hood Canal, up to 460 feet on the eastern boundary of the Sub-
ase. The till encountered just offshore on the bottom of Hood Canal is also probably Vashon till. It is unlikely to
be Possession till as proposed by Noble (Noble 1989). As described in Section 3.4, the only places the till is
missing is where it has been eroded away to expose the underlying sediments.

The lower contact of the Vashon till tends to mimic the broad topographic features of the area that were
present at the end of the last ice age. On the eastern and central portions of the Subase, where topography
undulates between 350 and 450 feet above sea level, the exposed contact varies between 280 and 360 feet
above sea level. Where topography slopes broadly towards Hood Canal, the lower contact of the Vashon till also
slopes towards Hood Canal. Calculations made from exposures of the lower contact indicate that the bottom of
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the till dips about four degrees to the northwest as it approaches Hood Canal. The Vashon till contact does not
mimic erosional features that have formed since the end of the last ice age. Thus, the till contact does not dip
into incised stream valleys along the coast or on the southeastern boundary of the Subase.

3.6 Vashon Recessional Outwash

The Vashon till is topped in places by small isolated lenses of Vashon recessional outwash. Most of these
lenses are too thin, irregular and limited in exposure to show on the map.

3.7 Holocene Deposits

Holocene alluvium has been deposited in most of the stream valleys on the Subase. The alluvium is most lat-
erally extensive on the deltas that these streams are building into Hood Canal. Beach deposits are most exten-
sive on points and spits.

4.0 GEOMETRIC RELATIONSHIPS BETWEEN STRATIGRAPHIC UNITS

The contact between the Nonglacial sediments and the overlying PreVashon glacial outwash is generally
flat-lying and conformable. The contact between Vashon glaciolacustrine deposits and the underlying PreVas-
hon glacial sediments also appears to be flat-lying and conformable beneath the majority of the Subase. How-
ever, in the vicinity of the Cattail Lake drainage, the glaciolacustrine deposits thicken dramatically and the lower
contact dips below sea level. It is not known if the lower glaciolacustrine contact cuts down section through the
PreVashon drift to the Nonglacial sediments or if the entire sedimentary sequence is downwarped in this area.

In general the contact between the Vashon glaciolacustrine deposits and the Vashon advance outwash is
conformable. To the south the contact is elatively flat-lying. In the vicinity of the Cattail Lake drainage, however,
the upper contact warps upward, and the overlying Vashon advance outwash thins to less than 100 feet over the
thickened glaciolacustrine section.

The base of the Vashon till is steeply dipping and in unconformable contact with the underlying Quaternary
sediments near Hood Canal. The till contact cuts down-section several hundred feet as it approaches the shore-
line. In fact, the lower contact of the Vashon till cuts through the entire exposed Quaternary section. In the interior
of the Subase, the till appears to rest conformably on Vashon advance outwash.

5.0 STRUCTURAL GEOLOGY

Very few structural features were observed in the unconsolidated Quaternary sediments at Subase Bangor.
Most bedding attitudes are subhorizontal, and fractures and clastic dikes are very rare.

5.1 Bedding Attitudes

Only sixteen reliable measurements of bedding attitude could be made because of the paucity of outcrops
and the massive nature of many of the units. Most beds are subhorizontal and no beds dip more than 30
degrees. Almost all of the measurements were made in the Vashon glaciolacustrine deposits and the nonglacial
sediments. Bedding attitudes were not plotted on the map because all of the dips of greater than five degrees
are believed to be related to rotational slump blocks, and so are very localized features. The bedding attitudes
were plotted on a stereonet instead. Figure 5-1 is a plot of poles to bedding planes made on a Schmidt equal
area net. The plot shows that most of the bedding attitudes are clustered around the horizontal. Almost all of the
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Figure 5-1. Stereographic Projection of Poles to Bedding Planes (Schmidt Net)
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more steeply dipping attitudes strike north or northwest, and dip to the east. These attitudes are consistent with
rotation about north to northwest striking, and westward dipping, listric slump faults. These slump features are
discussed in more detail in Section 7.2.

5.2 Fractures

Fractures were only observed in the Vashon glaciolacustrine deposits and in the PreVashon till. These may
be the only units that are indurated enough to behave in a brittle manner. Even in these two units the fractures
are uncommon. They tend to be subvertical, but insufficient data are available to make any generalizations
about strike orientations. The observed fracture density is so low in these two units that the fractures probably do
not decrease their aquitard properties significantly.

5.3 Clastic Dikes

Only two clastic dikes were observed on the Subase, one hosted by the Nonglacial sediments and the other
hosted by PreVashon glacial outwash. The largest is exposed in the sea cliff immediately west of Devils Hole.
This clastic dike is composed of dark grey, nonglacial clay with pockets of gravelly clay. Itis 16 to 22 inches thick
and laminated parallel to the sides of the dike. It, is generally oriented N.12 E., 82 W.. The clastic dike is difficult
to trace at the top of the cliff, but it appears to truncate against Vashon till that directly overlies the Nonglacial
sediments in this area.

The second clastic dike is exposed in a cliff immediately east of the Delta Refit Pier and is contained within
PreVashon glacial sediments. This dike is composed of grey clay and is only about 0.5 inches wide. It is ori-
ented N.14 W., 65 E..

It is difficult to make any conclusions about the significance of these clastic dikes because of the small num-
ber that were observed. However, they are not thought to be laterally continuous and so probably do not influ-
ence groundwater movement significantly.

6.0 HYDROGEOLOGY
6.1 Hydrostratigraphy

Table 2-1 summarizes the hydrologic properties of each of the stratigraphic units. The most significant aqui-
fer exposed above sea level is hosted by Vashon advance outwash. The base of the Vashon advance aquifer is
defined by the top of the Vashon glaciolacustrine deposits. The thick silt beds of the glaciolacustrine unit, in con-
junction with the PreVashon till, act as an aquitard separating Vashon advance outwash sands above from the
Nonglacial gravels below. Beneath most of the Subase the bottom of the aquifer is located about 150 feet above
sea level. In the northern part of the Subase, in the vicinity of the Cattail Lake drainage, the base of the Vashon
advance aquifer varies between 200 and 300 feet above sea level. The top of the Vashon advance aquifer is
either defined by a water table within the outwash sequence, or, if the entire outwash sequence is saturated, by
the contact with the overlying Vashon till.

The sands and gravels of the Nonglacial unit host a second much less productive aquifer. The top of this
aquifer is typically fifty feet above sea level and is marked by the base of either the PreVashon glacial drift, Vas-
hon glaciolacustrine deposits or by the Vashon till. The base of the Nonglacial aquifer is not exposed. In areas
where the PreVashon glacial drift is represented by outwash sands and gravels it may act as part of the Nongla-
cial aquifer.
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6.2 Springs

Spring and seepage faces are shown on the geologic map. In many cases this is a simplification of the
actual geometry of seepage faces. If the seep covers a large area, the spring symbo! was placed at the highest
point on the seepage face. All of the major springs within the study area are associated with the Vashon advance
aquifer. The few springs that are found in the Vashon till and the Nonglacial aquifer all have relatively low flow
rates.

Figure 6-1 shows the western limit of the Vashon advance aquifer and shows the locations and elevations of
springs associated with the aquifer. Most springs are located immediately above the Vashon advance outwash/
Vashon glaciolacustrine contact. However, the largest springs are located at points were deeply incised stream
valleys intersect the water table within the Vashon advance outwash. All water flowing westward in this aquifer
must either discharge through these springs or flow through the Vashon till and Vashon glaciolacustrine aquita-
rds.

6.3 Groundwater Flow Regime

The springs on Figure 6-1 indicate places where the water table in the Vashon advance aquifer intersects the
ground surface. As such they can be used to construct an approximate potentiometric surface and to make a
rough estimate of horizontal gradients. As expected, the groundwater flow direction appears to be to the north-
west, towards Hood Canal. Gradients on the western margin of the Vashon advance outwash aquifer are up to
500 feet per mile.

The actual groundwater flow pattern on the western margin of the aquifer is probably much more complex.
There is most likely a pattern of radial flow towards the springs in the deeply incised valleys. This type of topo-
graphically influenced flow regime has been documented in humerous studies (Dunne 1990).

The radial flow patterns are further accentuated by stratigraphic controls. In areas where the Vashon till has
not been breached by erosion, and so drapes down to Hood Canal, the western limit of the Vashon advance aqui-
fer is defined by the contact between the Vashon till and the Vashon glaciolacustrine deposits. In effect, the aqui-
fer pinches out to the west between the overlying till aquitard and the underlying glaciolacustrine aquitard.
Westward groundwater flow in these areas would be severely impeded. Instead, groundwater would tend to flow
to the north and south, towards the erosional windows in the Vashon till and the deeply incised stream valleys.
Figure 6-1 shows the areas on the Vashon advance aquifer margin where this type of flow pattern would be antic-
ipated (dashed lines).

7.1 SURFICIAL PROCESSES

7.1 Seepage Erosion

Seepage erosion and channel bank erosion are the dominant surficial processes operating in the Vashon
advance outwash exposures. Rapidly eroding, unstable sand cliffs are exposed above several of the springs in
the outwash. The outwash sand has very little cohesion and contains very little gravel so it is susceptible to ero-
sion and entrainment at the seepage face. The cliff faces are eroding so rapidly that they cannot be stabilized by
vegetation. Seepage erosion also tends to oversteepen valley walls making them more susceptible to mass
wasting phenomenon like slumping, debris slides, soil creep and tree throw.
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EXPLANATION

—— Base boundary

———  Western limit of the
Vashon Advance Aquifer
(intersection of the Vashon
advance/Vashon glaciolacustrine
contact with topography)

————— Western limit of the Vashon
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subsurface contact between
Vashon till and Vashon glacio-
lacustrine deposits)
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Figure 6-1. Western limit of the Vashon Advance Aquifer
(Reduced from original to fit page)
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7.2 Slump Blocks

Slump blocks are most commonly associated with cohesive units such as the Vashon glaciolacustrine depos-
its and to a lesser extent with the Vashon till and the Nonglacial sediments. Slumping is most prevalent on over-
steepened slopes along the Hood Canal shoreline and on the sides of deeply incised valleys. As discussed in
Section 5.1, shallow listric slump faults rotate the bedding in the slump block towards the plane of the fauli.
Slump block fault scarps were observed much less often than rotated bedding. Fault scarps tend to be oriented
parallel to the shoreline or to the stream valley walls. The most well developed slump features are visible along
the shoreline in the vicinity of the Delta Refit Pier and the Explosive Handling Wharf (T.26N., R.1E. Section 18).

7.3 Debris Slides

Debris slides are most common in Nonglacial sediments and Vashon till exposed along the shoreline, and to
a lesser extent in Vashon outwash sands exposed in deeply incised stream valleys. Debris slides are initiated
when the sea cliffs are undercut and oversteepened by wave erosion, or when valley walls are oversteepened by
seepage and channel bank erosion. They tend to be smaller scale features than the slump blocks.

7.4 Landscape Evolution

Immediately after deglaciation about 13,000 years ago the entire area was probably covered by Vashon till
topped by small isolated lenses of Vashon recessional outwash. The till surface was fairly regular and sloped
gently from the upland plateau at approximately 400 feet above sea level to below sea level in Hood Canal. Ero-
sion was concentrated at the ancestral Hood Canal shoreline and on top of the Vashon till as it sioped down from
the upland plateau. Erosion rates were probably relatively slow until the Vashon Till was breached by stream or
wave erosion and the underlying Vashon advance outwash was exposed. Once these outwash sands were
exposed, seepage and channel bank erosion rapidly excavated valleys into the outwash sands and undercut the
till. A positive feedback mechanism was also initiated, because as the valleys were deepened, groundwater flow
become even more focused, providing more water for erosion. Rapid downcutting and headward erosion of these
valleys is continuing today. Groundwater flow and erosion have been concentrated in these valleys, leaving ero-
sional remnants of till extending from the plateau to the shoreline in some places. The shoreline is also actively
retreating today through a combination of wave erosion and mass wasting processes such as slumping and
debris flows.

8.0 COMPARISON TO PREVIOUS STUDIES

As described in Section 1.1 there have been several previous studies of surficial geology at the Subase. The
present study agrees most closely with the map generated by Shannon and Wilson in 1973. The 1973 map iden-
tifies most of the large Vashon advance outwash exposures delineated by the present study. However, the two
smaller Vashon advance outwash exposures on the southeastern side of the Subase are not shown on the Shan-
non and Wilson map. The Shannon and Wilson map also identified many of the Vashon glaciolacustrine depos-
its, but tended to underestimate the size of the exposures in the north.

The 1991 study by Hart Crowser was restricted to the northern boundary of the Subase. This map also
greatly underestimated the size of the Vashon glaciolacustrine deposits. The geologic map in the 1993 report by
URS appears to have been largely based on the Shannon and Wilson map. However, many of the sand and
gravel exposures that were correctly named Vashon advance outwash on the earlier map were incorrectly
renamed Vashon recessional outwash on the URS map. All three of these previous studies tended to overesti-
mate the extent of the Vashon recessional outwash.
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The Coastal Zone Atlas of Washington (Washington State Department of Ecology, 1978) shows that Vashon
tillis present on the Hood Canal coastline at the northern and southern base boundaries. The present study con-
firms the presence of Vashon till at the northern coastal boundary; but at the southern boundary there is a thin
layer of nonglacial gravel exposed beneath the Vashon till that is not shown on the atlas.

The Geologic Map of Surficial Deposits in the Seattle 30’ by 60’ Quadrangle (Yount et al 1993) generally indi-
cates Vashon till exposures along the base boundaries away from Hood Canal. It correctly identifies Vashon
advance outwash on the northeastern Subase boundary but underestimates the extent of the outwash exposure.
The smaller Vashon advance outwash exposures on the southeastern side of the base are not identified on the
1993 map, nor are the Vashon advance outwash exposures identified on the southwestern base boundary near
Bangor and Olympic View.

9.0 CONCLUSIONS

Six major stratigraphic units could be distinguished during the mapping project at Subase Bangor: Nonglacial
sediments, PreVashon glacial drift, Vashon glaciolacustrine deposits, Vashon advance outwash, Vashon till and
Vashon recessional outwash. Based upon stratigraphic position and lithologic characteristics, the Nonglacial
sediments are thought to correlate with the Whidbey Formation, the PreVashon glacial drift is thought to correlate
with the Possession Drift, and the Vashon glaciolacustrine deposits are believed to correlate with the Lawton
Clay.

The Vashon till covers about seventy-five percent of the Subase. The older Quaternary sediments are only
exposed in erosional windows through the till. Most of the units are in conformable contact with one another, but
the Vashon till is in unconformable contact with the underlying units and cuts down section several hundred feet
as it approaches Hood Canal.

The most important exposed aquifer is hosted in the Vashon advance outwash. Vashon glaciolacustrine
deposits define the base of the aquifer and control the location of many of the springs in the area. All of the large
springs on the Subase are contained within Vashon advance outwash.
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