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Multiply By . To obtain
foot (ft) 0.3048 meter
inch (in.) 25.4 millimeter
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square inch (in%) 25.4 square millimeter
square mile (mi?) 259.0 hectare
square mile (mi?) 2.590 square kilometer

Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit
(°F) by the following equation:

°F=1.8(°C)+32
Sea Level: In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929

(NGVD of 1929)—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.
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TOWNSHIP

Well-Numbering System

Wells are identified and numbered by the State of California according to their location in the
system for the subdivision of public lands. Identification consists of the township number, north
or south; the range number, east or west; and the section number. Each section is divided into
sixteen 40-acre tracts lettered consecutively (except I and O), beginning with "A" in the north-
east corner of the section and progressing in a sinusoidal manner to "R" in the southeast corner.
Within the 40-acre tract, wells are sequentially numbered in the order they are inventoried. The
final letter refers to the base line and meridian. In California, there are three base lines and
meridians: Humboldt (H), Mount Diablo (M), and San Bernardino (S). All wells in the study
area are referenced to the San Bernardino base line and meridian (S). Well numbers consist of
15 characters and follow the format 002N021W11J003S. In this report, well numbers are
abbreviated and written 2N/21W-11J3. The following diagram shows how the number for well
2N/21W-11J3 is derived.

SECTION 11
R21W " Ibplc|B|A
RANGE el 5] a3 247 Fla
R23W R22W R21W P E
. 2N/21W-11
N . 7189 |10)11]12 S
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Well-numbering diagram

Conversion Factors V






Lithologic and Ground-Water Data for Monitoring
Wells in the Santa Clara-Calleguas Ground-Water

Basin, Ventura County, California, 1989-95

By Jill N. Densmore

ABSTRACT

Twenty-three multiple-well (nested) monitoring sites were constructed in the western part
of the Santa Clara—Calleguas Hydrologic Unit and ground-water basin between October 1989
and May 1994. This report is a compilation of the data collected at these sites from October
1989 through April 1995 and includes location and design of the monitoring sites, lithologic
data, geophysical logs, ground-water-level measurements, and water-quality analyses. Grain-
size distribution and mineralogical analyses also are included.

Ninety-nine piezometers were installed at the 23 sites to enable collection of depth-
dependent data. Lithologic logs were compiled from descriptions of drill cuttings for each
site and from observations recorded during logging. Generalized stratigraphic columns were
compiled by grouping similar lithologic units. Grain-size and mineralogical analyses were
used to identify and characterize the various lithologic units and to distinguish changes among
them. Geophysical logs provided information on the character of the lithologic units and on
the presence and chemical characteristics of ground water. Water levels were measured
periodically during 1989-94. Water-quality data were collected periodically during 1989-95.

INTRODUCTION
Purpose and Scope

The U.S. Geological Survey (USGS) constructed 23 multiple-well monitoring sites in the western
part of the Santa Clara—Calleguas Hydrologic Unit between October 1989 and May 1994. The
purpose of the monitoring sites was to provide data on geology, water levels, ground-water quality,
and aquifer properties at multiple depths in the aquifer system. Most existing data were obtained from
wells perforated solely in the upper part of the aquifer system or perforated through several aquifers.

The monitoring sites were constructed as part of two concurrent U.S. Geological Survey studies of

the area: (1) a Regional Aquifer-System Analysis (RASA) study of ground-water conditions in the
Santa Clara—Calleguas Hydrologic Unit; and (2) a cooperative study with United Water Conservation
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District (UWCD) to investigate seawater intrusion in the Oxnard Plain, the coastal part of the Santa
Clara—Calleguas Hydrologic Unit. The objectives of the RASA study are (1) to determine the geo-
hydrologic framework of the coastal and desert basins in southern California, and (2) identify and
analyze major issues and problems affecting the use of ground water in these basins (Martin, 1986).
The Santa Clara—Calleguas basin was selected for intensive study, as a representative coastal basin,
under the RASA program. The objective of the cooperative study with UWCD is to develop and
apply solute-transport and simulation-optimization modeling techniques for evaluating management
options to control seawater intrusion in the Oxnard Plain. Data collected from the monitoring sites
will be essential in completing both studies.

The purpose of this report is to present a compilation of the data collected at the monitoring sites
from October 1989 (when the first site was constructed) through April 1995 (when data collection for
the RASA study was completed). The data presented in this report include location and design of the
monitoring sites, lithologic data, geophysical logs, ground-water levels, and water-quality analyses.
Also included are grain-size distributions and X-ray diffraction mineralogical analyses of selected drill-
cutting samples.

Description of the Study Area

The Santa Clara—Calleguas Hydrologic Unit, about 60 mi northwest of Los Angeles, extends from
the Pacific Ocean on the west to the desert basins on the east and covers about 2,010 mi® (fig. 1). The
basin lies in the western part of the Transverse Ranges geomorphic province, which is characterized by
east-west-trending topographic and structural features. Almost 90 percent of the basin has rugged
topography; the remainder consists of valley floor and coastal plains. The Santa Clara River,
Calleguas Creek, and their tributaries drain to the Pacific Ocean. The study area for the RASA and
cooperative studies includes the water-bearing deposits of the coastal part of the Santa Clara—Calleguas
Hydrologic Unit (fig. 1) in southwestern Ventura County.

The main water-bearing deposits that make up the Santa Clara—Calleguas ground-water basin are
unconsolidated alluvial and fluvial deposits of Holocene age, unconsolidated to partly consolidated
alluvial and marine deposits of late Pleistocene age, and continental and marine deposits of Pleistocene
age. In places, the combined thickness of these water-bearing deposits is more than 1,000 ft. Consoli-
dated sedimentary rocks of Tertiary age underlie the ground-water basin throughout most of the area.
These consolidated rocks, predominantly marine in origin, are considered non-water bearing except for
slightly permeable sandstones, and where fractured.

The Santa Clara—Calleguas ground-water basin has been divided into 12 ground-water subbasins
(shown in fig. 2). The monitoring sites described in this report were constructed in the Oxnard Plain,
Oxnard Forebay, North Pleasant Valley, West Las Posas, East Las Posas, Santa Paula, and Piru
subbasins (fig. 2).
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LOCATION AND DESIGN OF MULTIPLE-WELL MONITORING SITES

Ninety-nine piezometers were installed at 23 monitoring sites (fig. 2) in the Santa Clara—Calleguas
ground-water basin in Ventura County, California, between October 1989 and May 1994. Piezometers
consist of small-diameter wells that generally are perforated or screened over a specific interval (10-
100 ft), thereby enabling one to collect depth- or aquifer-dependent data that can be used to determine
various conditions or properties, such as hydraulic head, water quality, and hydraulic properties. A
typical multiple-well monitoring site consists of three to five 2-inch-diameter polyvinyl chloride (PVC)
piezometers installed at different depths in the same borehole (also called a nested site). At several of
the sites, single piezometers were installed adjacent to the nested piezometers. Well-construction
diagrams for these sites are included in figures 3-25, which follow the "References Cited" section of
this report. Pertinent information about the 23 sites is given in table 1 (tables are at end of report) and
includes the common name of the well (piezometer), State well number, type of well site, total depth
of well, sand-pack interval, seal interval and type of seal, perforated interval, land-surface altitude, and
date drilled.

Most (14) of the sites were constructed near the coast to help define the areal and vertical extent of
seawater intrusion; seven of the sites (TKS, SAT, SG, P7, SP1, SP2, RP1) were constructed near
potential recharge areas to monitor the movement of applied or injected recharge through the different
aquifers; and the two remaining sites (LP1, PV1) were constructed adjacent to existing deep
production wells to provide observation wells for long-term multiple-well aquifer tests.

The boreholes at the monitoring sites were drilled by the USGS using a mud rotary rig and roller-
cone bits. The diameter of the boreholes ranged from 6 1/2 to 20 in. The larger diameter boreholes
were drilled in the shallow partly consolidated to unconsolidated deposits to allow for installation of
surface casing to prevent cave-in of the loose material. The depth to which the surface casing was
installed depended on the depth of loosely compacted material in the upper part of the borehole. The
coastal wells required about 100 ft of surface casing; however, the wells farther inland needed as little
as 20 ft of surface casing.

Once the surface casing was installed, the borehole diameter was decreased to 9 7/8 in. to cut
down on the drilling time yet still allow for installation of as many as five piezometers. The diameter
of the holes at four sites (LP1, P7, SP1, SP2) was decreased to 7 7/8, 8 5/8, 8 1/2, and 9 in.,
respectively, because fewer piezometers were installed at depth at these sites.

The design of each multiple-well monitoring site was determined on the basis of close examination
of the cuttings collected from each hole during drilling and the geophysical logs run on each hole.
The analysis of drill cuttings and geophysical logs is discussed in further detail in subsequent sections
of this report. The multiple-well monitoring sites were constructed by installing the piezometers one
at a time, starting with the deepest one. The screened interval of the piezometers ranges from 10 to
100 ft and consists of 0.020-inch slots on 0.125-inch spacing. The total open area for a 2-inch
piezometer screen is 7.6 in® per foot. Once the deepest piezometer was in position, a filter pack was
tremied around and slightly above the screened interval. Monterey Sand #3 was used as the filter pack
at all of the monitoring sites. After the filter pack was installed, low-permeability bentonite grout was
tremied into place above the filter pack to isolate the screened interval of the different piezometers
from one another. This process was repeated for each piezometer. Following installation of the
uppermost piezometer and filter pack, the remainder of the annulus from the top of the uppermost
filter pack to land surface was filled with cement to provide a sanitary seal as required by Ventura
County.
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After installation, the individual piezometers were developed using compressed air to blow the
drilling mud out of the piezometer and break down the mudcake that is developed between the
borehole and the surrounding formation during drilling. Development was continuous until the water
from the piezometer contained no discernible drilling mud and the specific conductance of the water
stabilized.

LITHOLOGIC DATA

Detailed lithologic logs (given in tables 2-24 at the end of this report) were compiled from
descriptions of drill cuttings collected at each borehole and from observations recorded during logging.
The cuttings, collected at 20-foot intervals and at distinguishable changes in lithology, were described
by rock type, texture, sorting, rounding, color, mineralogy, and any other significant features. Texture
descriptions follow the National Research Council (National Research Council, 1947) grain-size
classification (table 25). This classification allows for correlation of general grain-size terms (such as
"sand") to size limits in millimeters or inches. Color, determined on moist samples, follows the
numerical color designations in the Munsell Soil Color Charts (Munsell Color, 1975).

Generalized stratigraphic columns (included in figs. 3-25) for each site were compiled by grouping
similar lithologic units determined from the detailed lithologic logs. Borehole geophysical logs were
used to identify the depths of contacts between the lithologic units. The lithologic units were cate-
gorized into textural groups (fig. 26)—on the basis of estimated percentages of gravel and (or) sand
and the ratios of sand, silt, and clay present—following the nomenclature of Folk (1954, 1980).

Grain-size and mineralogical analyses were done for selected samples to help identify and
characterize the different lithologic units and to distinguish changes among them. Grain-size analyses
were done by the Quaternary soils laboratory at San Diego State University, San Diego, California,
using sieves to determine the sand and gravel fractions and a hydrometer to determine the silt and clay
fractions. Mineralogy was determined, using X-ray diffraction, by the U.S. Geological Survey,
Geologic Division, Branch of Geochemistry, Denver, Colorado. The grain-size distribution at selected
depths is given in table 26 (at the end of this report), and mineralogy (the most common minerals
determined from selected samples) is shown in table 27.

GEOPHYSICAL LOGS

Geophysical logs were made in the borehole at each monitoring site immediately following
completion. The logs were made in the uncased borehole, which was filled with drilling mud, and
generally included 16-inch and 64-inch normal resistivity, lateral (6-foot) resistivity, spontaneous
potential, natural gamma, and caliper logs (figs. 3-25). The geophysical logs are continuous from the
bottom of the hole to the top of the drilling mud, which may be lower than the top of the hole. These
logs provide information on the character of the formations and on the presence and chemical
characteristics of ground water. Data derived from the geophysical logs were used in conjunction with
the lithologic logs to determine the placement of the piezometers.

Resistivity devices measure the apparent resistivity of a volume of rock under the direct
application of an electric current (Keys and MacCary, 1983). These logs are used to determine
formation resistivity, formation porosity, and fluid resistivity. In general, low resistivity indicates
water higher in dissolved solids, and (or) fine-grained deposits such as silt, clay, and shale; whereas
high resistivity indicates water lower in dissolved solids, and (or) coarser materials such as sand and
gravel. Therefore, resistivity can be used as an indicator of water quality: As dissolved-solids
concentration increases, resistivity decreases. For example, the presence of high-dissolved-solids water
(such as seawater) in a formation would result in a low value of apparent resistivity.
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Spontaneous potential (SP) devices measure voltage differences that exist between non-porous and
porous beds. The log usually has a baseline, which corresponds to impermeable beds such as clay or
shale. Deflections to the left of this baseline correspond to the positions of permeable strata if the
formation water is less resistive (more saline) than the drilling mud. Deflections to the right of the
baseline correspond to the positions of permeable strata if the formation water is more resistive (less
saline) than the drilling mud.

Natural gamma logs measure the intensities of gamma-ray emissions resulting from the natural
decay of potassium-40 and daughter products of uranium and thorium. These logs are used primarily
as lithology indicators, and for geologic correlation. Clay, as well as feldspar-rich gravel and granite,
generally emits higher intensity gamma rays (Driscoll, 1986). In the logs completed for this study, an
increase in gamma intensity generally corresponds with an increase in clay or shale.

Caliper devices measure the diameter of the borehole. The caliper log can be used to show the
existence of cave-in in unconsolidated sands or the presence of swelling clay. The caliper log of the
boreholes at three sites (CM3, CM4, CMS, figures 16, 12, and 14 respectively) shows a 2-inch-
diameter hole at the bottom part of these boreholes. It was determined that this 2-inch-diameter
measurement was an error when the casing and tremie were inserted without obstruction to the full
depth of the borehole. These false results may have been due to failure of the instrument to fully
deploy the sensor arms. The cause of this may have been the accumulation of borehole material (such
as clay) that formed on the end of the caliper tool as it was lowered down the borehole preventing the
sensor arms from opening fully. As the tool was raised, the clay ball gradually wore away. Once the
clay ball was gone, the caliper tool measured the actual diameter of the borehole.

WATER-LEVEL DATA

Ground-water levels were measured periodically for each piezometer at the 23 multiple-well
monitoring sites. The depth to water was measured using either a calibrated electric tape or steel tape.
Water-level data for the period 1989-94 for the multiple-well monitoring sites are given in table 28 at
the end of this report.

WATER-QUALITY DATA

Water-quality samples were collected periodically at the multiple-well monitoring sites after the
sites were adequately developed (when drilling mud was eliminated and water quality stabilized, as
previously described). At the time when each sample was collected, the piezometer was purged using
a portable pump to evacuate at least 3 casing volumes. The samples were collected after the specific
conductance of the purged water had stabilized, and were analyzed in the field immediately after
sample collection for temperature, pH, alkalinity, and specific conductance. Aliquots were collected,
using methods given by Brown and others (1970), and sent in polyethylene bottles to the USGS
National Water Quality Laboratory in Arvada, Colorado, for analysis of the major cations and anions
and selected trace elements, using methods given by Fishman and Friedman (1985). Selected samples
were analyzed for tritium and the stable isotopes of oxygen and hydrogen at the USGS laboratory in
Reston, Virginia. Water-quality data were collected periodically at the multiple-well monitoring sites
from October 1989 through April 1995 and are given in table 29 at the end of this report.
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FleﬁRE 3. Geophysical logs, stratigraphic column, and well-construction diagram for
multiple-well monitoring site CM1 (1S/21W-8L3, 4, 5).
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LITHOLOGIC DESCRIPTION
0to 30 feet: NO SAMPLE RECOVERED.

30to 50 feet: SLIGHTLY GRAVELLY SAND: sand, fine to medium, subanqular; gravel, granules to pebbles; trace of
shells occasional organics; poorly sorted; light olive-gray [5Y 6/1).

7 5010 135 feet: SLIGHTLY GRAVELLY SAND: sand, fine to coarse, subanqular; gravel, granular; abundant organics;
: s[fg%lle g/r;;iimninanny clams, sand dollars, gastropods; poorly sorted; grayish-black [N2] to dark greenish-gray
: 13510 150 feet: NO SAMPLE RECOVERED: Clay
175010 180 feet SANDY MUD Clay, sand, medium Io fine_ subangular; race of organics and shells, poorty sorted;
—\_dark greenish-gray |5GY 4/1]
| 180 to 230 feet: GRAVELLY SAND: Sand, very coarse fo medium, subrounded; gravel, pebbles, subrounded; trace of
shells and organics; poorly sorted: dusky yellowish-green {5GY 5/2] to grayish-olive-green [5GY 3/2]

== 23010 250 feet: MUD: clay and silt; lrace of medium-fine sand; organics; poorly sorted; dark greenish-gray [5GY 4/1]
250 to 310 feet: MUDDY SAND: sand, fine to coarse, rounded; clay; shells (whole gastropods); occasional organics;
poorly sorted; olive-gray [SY 4/1] to dark greenish- gray [5GY 4/1).

310 to 330 feet: SANDY MUD: silt and clay; sand, fine, subangular; occasional organics and gravel; poorly sorted;
light olive-gray [5Y 6/1].

d 330 to 390 feet: GRAVELLY MUDDY SAND: sand, very fine to vety coarse, subangular; silt and clay; gravel, pebbles;
Irace of organics and shells; poorly sorted; light olive-gray [SY 5/2 o 5Y 6/1].

BENTONITE
GROUT SEAL

2° PVC CASING
MONTEREY SAND

2" PVC SCREEN

390 to 450 Teet: GRAVELLY MUD: clay and silt; gravel, granules to pebbles, subrounded; shells, tumitella, clams;
trace of organics; poorly sorted; olive-gray [SY 3/2].

450 to 470 feet MUDDY SAND: sand, medium to fine, subrounded; silt and clay; abundant shells, turritella,
=_gastropod; clams; occasional pebbles; organics; poorly sorted; olive-gray [5Y 3/2).

470 to 510 feet: MUD: clay and silt; trace of shells and organics; moderately sorted; olive-gray [5Y 4/1].

510 to 590 feet: GRAVELLY SAND: sand medium to coarse, subrounded; gravel, granules, subrounded; with
trace of sil) and clay, shells and organics; moderately sorted; olive-gray [SY 3/2].

1 590 to 605 feet: BASALT: granular; greenish-black [5GY 2/11. TOTAL DEPTH _
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FIGURE 3. Continued.
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FIGURE 4. Geophysical logs, stratigraphic column, and well-construction diagram
for muitiple-well monitoring site CM6 (1S/22W-1H1, 2, 3, 4).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

010 50 feet: SAND: sand, fine to medium, with occasional coarse sand, shells; well sorted, subrounded; olive-gray [SY 4/

1 11, quartz, rock fragments, feldspar, mica

; 5010 110 feet MUDDY SAND: sand, very fine to fine, and silt, with clay, organics, occasional shells; moderately poorly
;4 sorted; subangular; olive-black [5Y 2/1] to olive- gray [5Y 4/1]; quartz, feldspar, mica, rock fragments.

3 11010 125 feel. NO SAMPLE RECOVERED: Clay

#2125 10 175 feet: GRAVELLY SAND: sand, fine 1o very coarse, with graved, clay, ofganics; poorly sorted; subrounded; light
o1 olive-gray [5Y 5/2]; quartz, feddspar, rock fragments.

17510 220 feet: SAND: sand, fine to medium, with clay, organics, occasional coarse sand; moderately poorly sorted,
- subrounded; olive-gray [SY 4/1}; quartz, rock fragments, feldspar.

22010 275 feet: SANDY MUD: silt, very fine sand, and clay, with organics, occasional shells; poorly sorted; subrounded;
olive-gray [5Y 4/1; silt, quartz, mica.

275 10 305 feet: MUDDY SAND: sand, very fine to medium, and silt, with clay, organics, trace of shells; moderately

-] sorled; subrounded; olive-gray {SY 4/11; quartz, mica, sit.

4 30510 345 feet: GRAVELLY SAND: sand, fine lo very coarse, with some gravel, organics, occasional shells; moderately
»-:) poorly sorted; subrounded; light olive-gray [SY 5/21; quartz, rock fragments, feldspar.

-.+1 34510385 feel. SAND: sand, fine to medium, with silt, clay, trace of shells, organics; moderalely sorted; subrounded;
1 olive-gray [5Y 4/1]; quartz, feldspar.

| 38510 405 feet: GRAVELLY SAND: sand, coarse to very coarse, with fine sand, organics, some shells; poorly sorted;
"\ subrounded; olive-gray [SY 4/1]; quartz, fekdspar, rock fragments.

4 40510 445 feel: SAND: sand, very fine to medium, with silt, clay, organics, some shells, occasional coarse grains;
;|\ moderately sorted; subrounded; dark greenish-gray [SGY 4/1]; quartz, feldspar, rock fragments, mica.

"] 44510 565 feet: MUDDY SAND: sand, very fine, silt, and clay, with organics, shells; poorly sorted; subrounded; ofive-gray
- [5Y 4/1] 1o dark greenish-gray [SGY 4/1); quartz, silt, mica.

950 1

1050 1
1100
1150
1200

1250

1400 =

1450

et

| 56510 725 feet: SANDY MUD: silt, and very fine sand, with organics, some shells; moderately sorted; subrounded; olive-
:| gray 5Y 3/2); silt, mica, quartz.

FIGURE 4. Continued.
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FIGURE 5. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site SCE (1N/21W-19L10, 11, 12, 13, 14).
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’

OEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC BESCRIPTION

0to 20 feet NO SAMPLE RECOVERED.

2010 60 feet MUDDY SAND: sand. medium to fine grained, and silt; moderately well sorted; angular to rounded; light
olive-gray (5Y 5/2) to dark yellowish brown (10YR 4/2).

60 10 80 feet: MUD: Clay; well sorted; olive-gray (5Y 3/2).

80 to 100 feet: SANDY MUD: sand, fine o very fine grained, and silt; moderately sorted; sub-anguiar to sub-rounded,
light olive-gray (5Y 5/2).

1503 521) 80 feet: SAND: very coarse fo very fine grained; moderately sorted; sub- angular to rounded; light olive-gray
¢ 3

180 to 200 leet: MUDDY SANDY GRAVEL: gravel, pebbles, and coarse sand with some fine sand; poorly sorked: sub-

angular to rounded; light olive-gray (5Y 5/2).

200 to 280 feel: MUDDY SAND: sand, fine to very fine grained, with some medium grains; moderately well sorted; sub-
angular to sub-rounded; light olive-gray (5Y 5/2) olive-gray {5Y 4/1).

280 to 290 feel: SANDY MUD: medium to coarse grained, and clay; poorly sorted; sub-angular o sub-rounded; grayish

.4\ olive (10Y 4/2) to olive-gray (5Y 3/2).

2?3 I& %) I%et: SAND: very coarse to medium grained, moderalely well sorted; sub-angular to sub-rounded; light olive-

310 to 360 feet: MUDDY SAND: sand, medium to fine grained, with some coarse to very coarse grains; moderalely
sorted; sub-anquiar to rounded; olive-gray (5Y 4/1) to light olive-gray (5Y 5/2).

1,100

1,150 1

1,200

1250 4

1,300
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360 to 420 feet: SAND: medium to fine grained, with some coarse grains; moderalely sorted; sub-anguiar to sub-
rounded:; ofive-gray (oY 4/1)

420 to 520 feet: SANDY MUD: sand, very fine grained, with some medium and coarse grains, some silt modeately
sorted; sub-angular to sub-rounded; olive-gray (5Y 4/1) to dark gray (5Y 4/1).

FIGURE 5. Continued.
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FIGURE 6. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site Q2 (1N/21W-32Q2, 3, 4, 5, 7).
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IN FEET

.

DEPTH BELOW LAND SURFACE

LITHOLOGIC ODESCRIPTION

-1 010 97 feet: MUDDY SAND: sand, fine to coarse, and silt, with some clay, shells; moderately poorly sorted; subrounded;

light olive-gray {5Y 5/2] to dark yellowish- brown [10YR 4/2].

97 10 100 feet: NO SAMPLE RECOVERED: clay layer.

/100 to 120 feet: SAND: sand, coarse to very coarse, wilh some medium sand, organics, occasional pebbles; poorly
sorted; subrounded to subangular; olive-gray (5Y 4/1].

120 10 125 teet: NO SAMPLE RECOVERED: dense clay.

=1 12510 180 feet: MUDDY SAND: sand, medium to fine, and silt, with some organics, occasional coarse grains, clay; poorty

sorted; subrounded; dark yeflowish-brown [10YR 4/2] to dusky yellowish-brown {10YR 2/2]

5 180 1o 240 leet: SANDY GRAVEL: gravel, and sand, coarse to very coarse, with some medium grains; moderately sorted;
3 subrounded to anqular; light olive-gray {5Y 5/2] to dark yellowish-brown {10YR 4/2].

240 1o 280 feet: SANDY MUD: silt, clay, and sand, very fine, with occasional medium sand, organics, shefls; moderately

poorly sorted; subrounded; olive-gray [5Y 3/2).

280 to 360 feet: SAND: medium to coarse, with some fine and very coarse grains, organics, sheffs; poorly sorted;

subrounded; olive-gray {5Y 4/1].

360 1?54Y02,f2e]e(: MUDDY SAND: sand, fine to coarse, and silt, with clay, organics, shells; poorly sorted; subrounded; olive-
qray :

400 t0 420 feet: SAND: sand, coarse [0 very coarse, and silt, with fine sand, shells, organics; poorly sorted; subrounded;
olive-gray [5Y 3/2].

42010 510 feet: MUDDY SAND: sand, fine to coarse, with some silt, very coarse grains, shells, organics; moderately
poorly sorted; subrounded; olive-gray [5Y 4/1].

510 to 570 feet: SAND: fine ko coarse, with some angular rock fragments [pale blue SPB 7/2), organics, sheils; poorly
sorted; subrounded 10 subangular; olive-gray {5Y 4/1].

570 to 600 feet: MUDDY SAND: coarse o medium grained, with silt, fine sand, organic, occasional coarse grains; poorly
sorted; subrounded; olive-gray (5Y 4/1};

600 to 670 feet: SAND: sand, medium 1o very coarse, with gravet, some silt, organics, clay; poorly sorted; subrounded;
olive-gray [5Y 4/1)

670 to 870 feet: MUDDY SAND: sand, fine to medium, with shells, some clay, coarse-grains, organics; moderately soried;
subrounded; olive-gray 15Y 3/2 to 5Y 4/1].

1,450

1.500

870 10975 feel: SANDY MUD: sill, clay, and sand, very fine, with organics, occasional medium-coarse grains, shells, clay:
poorly sorted; subangular; olive-black [5Y 2/1].

FIGURE 6. Continued.
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FIGURE 7. Geophysical logs, stratigraphic column, and well-construction diagram for
muitiple-well monitoring site A1 (1N/22W-20J4, 5, 6, 7, 8).
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DEPTH BELOW LAND SURFACE, IN FEET

1,450

1,500

LITHOLOGIC DESCRIFPTION

1 010 56 feet: GRAVELLY SAND: sand, medium to very coarse grained, with some gravel, wood, silt; poorly sorted;

sub-rounded; olive-gray (5Y 4/1) lo light olive-gray (5Y 5/2).

56 1o 60 feel: NO SAMPLE RECOVERED. Clay.

60 1o 75 feet: MUDDY SAND: fine to medium grained, and silt, with some coarse grains, wood, clay; poorty sorted;

“T\sub-rounded: light olive-aray (5Y 5/2).

7510 130 feet: SAND: medium ?rained, with fine and coarse grains, some gravel, silt; moderately poorly sorled; sub-

1 rounded: light ofive-gray (5Y 572

13010 220 feel: SANDY GRAVEL: gravel and sand, coarse to v%' coarse, with fine sand, silt, wood; poorly sorled;
angular to rounded; olive-gray (5Y 4/1) to light ofive-gray (5Y 5/2).

220 10 280 feet: MUDDY SAND: sand, fine, and silt, with clay, some medium sand, occasional coarse grains; poorly
sotled: sub-rounded; medium dark gray (N4} to olive- gray (5Y 4/1).

280 10 330 feet: GRAVELLY SAND: sand, medium to very coarse, and gravel, with some silt and clay; poorly sorted;
sub-rounded; olive-gray (5Y 4/1).

71 330to 420 feet: MUDDY SAND: sand, fine, silt, and clay, with some wood, occasional coarse grain, moderately
sorted; rounded; dusky yellowish brown (10YR 2/2) to olive-gray (5Y 3/2).

420 10 520 feet: SANDY MUD: silt, and clay, with fine sand, some wood, occasional gravel, moderately sorted; sub-
rounded; olive-black (5Y 2/1) to olive-gray (5Y 3/2).

520 to 610 feet: MUDDY SAND: sand, fine, silt, and clay, with wood, some medium grains, and shells, occasional
coarse grains; moderately poorly sorled; sub- rounded; olive-black (5Y 2/1) to olive-gray (5Y 3/2).

=21 610 10 690 feel: SAND: medium wilh fine and coarse grains, some wood; moderately sorled; sub-rounded; ofive-
| gray (5Y 3/2) to olive-gray (SY 4/1).

1 690t 710 feet: SANDY MUD: clay, and sand, medium to fine, with silt, wood, occasional coarse grains; poorly
|\ sub-rounded; olive-gray (5Y 3/2).

710 10 860 feet MUDDY SAND: sand, fine to very fine grained, and silt, with clay, shells, occasional coarse grains;

| moderately poorly sorted; sub-rounded; olive-gray (5Y 3/2) to light olive-gray {5Y 5/2).

: 860 t0 1,000 leet: SAND: fine to coarse grained, with some silt, wood, shells; moderately poorly sorted; sub-angular
1 to sub-rounded; olive-gray (5Y 3/2).

FIGURE 7. Continued.
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FIGURE 8. Geophysical logs, stratigraphic column, and well-construction diagram for
multiple-well monitoring site A2 (1N/22W-20M1, 2, 3, 4, 5, 6).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIRPTION

01075 feet: SAND: medium ko very coarse with some fine grains; moderately sorted; sub-anqular o rounded;
dusky yellow green (5YG 5/2).

75 1o 109 feet: MUDDY SAND: medium to coarse, with clay, some fline sand; moderately well sorled;
subrounded to rounded:; dusky yellow green (5GY 5/2).

109 to 146 keet: MUD: clay, with granules to pebbles; poorly sorted; grayish olive green (5GY 3/2).

146 10 184 feet: GRAVEL les, with very coarse sand; moderately poorly sorted; angular to rounded;
dusky yellow green (56 Spd]b o Y ‘

18410 203 feet NWDX/GFW - gravel, pebbles, with cfay, poorly sorted, sub-rounded to rounded; moderate
t._yellowish-brown (10YR

20310222 feet MUD _ clay, with some coarse fragments, poorly sorted, Sub- rounded to rounded, moderate
yellowish-brown (10YR 5/45

22210240 fest. SANDY GRAVEL sand, very coarse gratned, with some granules. moderately sorted; sub-angularto
rounded, ight olive-gray (5Y §/2)

24010 278 feet: GRAVELLY MUD: silt, with granule to pebble sized gravel, wood; poorty sorted; sub-
anqular to rounded; olive-gray (5Y 3/2) to light olive-gray (5Y 5/2).

27810316 feet: GRAVELLY SAND: sand, very coarse grained, with some medium grains and granules,
wood; moderately sorted; sub-angular to well rounded; light olive-gray (5Y 5/2}.

316 to 410 feet: SANDY GRAVEL: gravel, granules to pebbles, with wood, shells; moderalely sorted; sub-
angular to rounded; light olive-gray (5Y 5/2}.

410 to 466 feet: GRAVELLY SAND: sand, medium to coarse, and gravel, granules to pebbles, with wood,

4 shells, some fine sand; moderately sorted; sub-angular to rounded; grayish olive (10Y 4/2) fo olive-gray (SY 32).

466 to 504 feet: SLIGHTLY GRAVELLY MUD: silt, with gravel, very coarse to pebbles, wood; poorly sorted;

=12 sub- anqular to sub-rounded; olive-gray (5Y 3/2)

504 to 598 feet: MUDDY SAND: sand, medium to very coarse, with wood, shells, silt, fine sand, some gravel,
moderately sorted; sub-angular to rounded; ofive- gray (5Y 3/2).

598 to 630 feet: SANDY MUD: silt and sand, very fine to very coarse grained, with some gravel, wood;

poorly sorted; sub-angular to sub-rounded; olive-gray (5Y 3/2).

630 10 685 feet: SAND: medium grained, with some fine to coarse gralns. wood, shells; moderately sorled;
sub- rounded to rounded; olive-gray (5Y 3/2 to grayish olive (10Y 4/2

68510 704 feet MUDDY SAND: sand, coarse to medium, with some fines, shells; moderately sorted; sub-

lar to sub-founded: grayish olive (10Y 4/2).

704 to 742 feet: SAND: medium to coarse grained, with some fines and gravel, wood; moderately sorted; sub-

angular to rounded; grayish olive (10Y 4/2).

750 -

74210 760 feet: SANDY MUD: silt, with some very fine to coarse sand and gravel, wood; poorly sorled; sub-

-1\ angular to sub-rounded; olive-gray (5Y 3/2).

760 10 911 leet SAND: coarse to fine, with wood, shells, some very fine sand, and gravel; moderately weil
1 sorted; sub-angular to well rounded; olive-gray (5Y 3/2} to dark yellow brown (10YR 4/1).

e a ol e a

911 to 949 feet: MUDDY SAND: sand, medium, with some silt, fine sand, and wood; moderately poorly
sorted; sub-angular to rounded; olive-gray (5Y 3/2)
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FIGURE 8.
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FIGURE 8. Geophysical fogs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site SWIFT (1N/22W-26J3, 4, 5).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

010 45 feet: NO SAMPLES RECOVERED.

4510 85 feet: SAND: medium, with some fine and coarse grains, shells, organics; moderalely poorly sorted; rounded to

{ subrounded; light olive-gray (5Y 5/2J; quartz, mica, rock fragments.

85 1o 180 feet: MUDDY SAND: sand, fine to medium, with sift and organics content increasing toward the bottom, some
]coarsedd grains; poorly sorted; subangular; olive- black [5Y 2/1] to olive-gray [5Y 3/2]; quartz, rock ragments, mica,
Spar.

18010 220 feet: SANDY GRAVEL: gravel, granular, with very coarse sand, sit, and organics; poorly sotted; subanguiar;
olive-black [5Y 2/1} to light olive-gray [5Y 5/2}; quartz, rock fragmeats, mica.

220 to 245 feet: SANDY MUD: clay and silt, with some fine sand, organics, grave!; poorly sorted; subangular; olive-
gray [5Y 3/2}; rock fragments, silt, quariz.

245 10 265 leet: SAND: sand, coarse, wilh clay; some silt, organics, gravel; poorly sorted; subrounded; ofive-gray [5Y
4/1); quartz, leldspar, rock Iragments.

26510285 feet: MUDDY SAND: sand, coarse, and silt, with clay, some gravel; pootly sorted; subrounded; olive-gray
[5Y 4/1} to brownish-black [SYR 2/1}; quartz, mica, silt.
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28510 365 feet: SAND: sand, fine to coarse, with silt, clay, and organics; poorly sorted; subrounded; ofive-gray (5Y

1 4AY; quartz, rock fragments, feldspar, mica.
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FIGURE 9. Continued.
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FIGURE 10. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site SW (1N/22W-27C2, 3, 4).
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DEPTH BELOW LAND SURFACE, IN FEET

LITTHOLOGIC DESCRIPTION

0o 40 feet: SANDY MUD: clay, silt, and sand, very fine, with some medium- coarse sand, organics; poorly sorled;
subangular; ofive-gray [SY 4/1J; quartz, feldspar, mica.

4010 85 feel: SAND: sand, fine to medium, with silt, shells, some organics; moderalely well sorted; subrounded; olive-
gray [5Y 4/1]; quartz, rock fragments, mica.

8510125 feet: SANDY MUD: silt, and sand, very fine, with some medium sand, clay, organics; poorly sorted: subangular
ofive-gray [5Y 3/2]; silt, mica, quartz.

%% o1 rG? Jgke(n SAND coarse with some very coarse grains; poorly sorted; subangular; olive-gray [5Y 4/1]; quartz,

165 lo 225 feet: MUDDY GRAVELLY SAND: sand, coarse, gravel, and silt, with clay, organics; poorly sorted; subrounded
light olive-gray [5Y 5/21; rock fragments, sill, quariz, mica.
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22510 245 leet: MUDDY SAND: sand, very coarse, silt, and sand, very fine, with shells, organics; poorly sorted;
subangular; ofive-gray [5Y 3/2]; quariz, feldspar, sill.

245 10 265 leel: MUD: clay, and sand, fine, with some gravel, organics; poorly sorted; subrounded; dusky blue-green
[5BG 3/2} 1o moderale yellowishuown |10YR 5/4]; silt, quariz, mica.

Silt; organics, clay; moderately poorly sorted; subangutar; ofive-gray

305 to 385 feet: MUDDY SAND: silt, and sand veg fine lo medium, with shells, some clay, organics; poorly sorled;
subangular; olive-black {5Y 2/1] to olive-gray {5Y 3/2]; sill, quartz, mica.

FIGURE 10. Continued.
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FIGURE 11. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site CM7 (1N/22W-27R3, 4, 5).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

01087 feet MUDDY SAND: sand, fine to coarse, and silt, with clay, shells, organics; poorty

sorted; subrounded; light
olive-gray [5Y 5/2}; quartz, feldspar, mica. .

87 to 155 keet: SANDY MUD: siltand sand, fine to very fine, with organics, occasional medium sand, some ciay, poorly
sorted; subrounded; olive-black [5Y 2/1J; silt, mica, quartz.

155 10 220 feet GRAVELLY SAND: sand, coarse o very coarse, and gravel, pebbles to granules, with organics and silt;
~# poory sorted; subangular to angular; light olive-gray [5Y 5/2J; quartz, leldspar.

220 to 275 feet: MUDDY SAND: sand, fine to coarse, wilh silt, organics, and occasional gravel; poorly sorted;
subrounded to subangular; light olive-gray [5Y 5/2}; quartz.

275 10 305 feet: SANDY MUD: silt, clay, and sand to gravel, with organics and shell fragments; poorly to moderalely
sorled; subrounded lo rounded; light olive-gray [5Y 5/21; mica, quark.

N % o
g € 8
P

ST R

305 1o 365 feet SAND: sand, fine to coarse, with silt, same organics, shetls; moderately poorly sorled; subrounded;
olive-gray {5Y 3/2]; leldspar, quartz, mica.

FIGURE 11. Continued.
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FIGURE 12. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site CM4 (1N/22W-28G1, 2, 3, 4, 5).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

01030 feet: NO SAMPLE RECOVERED.

301070 feet: SLIGHTLY GRAVELLY SAND: sand, fine to coarse; gravel, granules; organics; trace of shells; moderately
to mly sorted; slubangjlar; light olive-gray {5Y 5/21 to olive-gray [5Y 3/2]; feldspar, mica, quartz; shells, molluscs,
radiolarians spicules.

| subrounded: olive-gray (5Y 372 to 5Y 4/1]: feldspar, mica, quarz;

70 to 130 feet: MUDDY SAND: sand, fine to coarse; silt; trace of organics, shells, gravel; moderalely to poorly sorted;

Is, molluscs, radiolarians.

13010 155 feet: GRAVELLY SAND: sand, medium lo very coarse, and gravel, granules to pebbies; poorty sorled;
subangular; ofive gray (5Y 4/1); quartz, feldspar, mica, rock fragments.

155 10 185 leet: SANDY MUD: Silt, clay, and sand, medium to coarse, with some wood; poorly sorted; subangular;
olive-gray (5Y 3/2); quartz, mica, rock fragments.

185 to 315 feet: GRAVELLY SAND: sand, medium lo very coarse; gravel, granules to pebbles; trace of organics, clay,
shells near é)oﬂom of section; poorly sorted; subangular; light olive-gray [5Y 5/2] to olive-gray (5Y 4/1); feldspar,
mica, quar

31510 355 feet: MUDDY SAND: sand, fine to medium; silt, clay; trace of organics, gravel, shells; poorly sorted;
subangular; olive-gray [5Y 3/2 to 5Y 4/1]; feldspar, mica, quartz.

35510915 feet: SANDY MUD: clay and silt; sand, fine, subrounded; trace of organics, coarse grains; moderately
sorted, olive-black [5Y 2/1] to olive-gray [5Y 3/2); clay, mica, quartz.

91510 955 feet: MUDDY SAND: sand, very fine to coarse; silt, trace of organics, gravel; poorly sorted; subrounded;
olive-gray [5Y 3/2].

955 to 1115 feet: SANDY MUD: silt; sand, fine to coarse; trace of organics, clay, shells rare; poorly sorted; sub-
anqular; olive-gray [5Y 3/2]; feldspar, mica, quarlz.

111510 1175 feet: MUDDY SAND: sand, very fine to coarse; sill; trace of organics, gravel; moderately poorly sorted;
subanguilar; olive-gray 15Y 3/2 to 5Y 4/1); leldspar, quartz.

117510 1200 feet: SANDY MUD: silt, clay; sand, verY fine; trace of organics, medium-coarse sand; poorly sorted;
subanqular; dark greenish-gray [5GY 4/1}; silt, rock fragments, mica, quartz.

1200 to 1255 feet: MUDDY SAND: sand, very fine to medium; silt; trace of organics, shells; poorly sorted; sub-
angular; olive-gray [5Y 3/2]; quartz, rock fragments, mica.

125510 1335 feet: SANDY MUD: sitt and clay; sand, fine to medium; organics; trace of shells; moderately poorly
sorted; subangutar; olive-gray [5Y 3/2] to ofive- black {SY 2/1}; silt, quartz, mica.

1,500 —

1335 to 1415 feet: SAND: sand, fine to medium; silt; trace of organics, shells, gravel, moderately poorly sorted;
subrounded; olive-gray [5Y 3/2} to light olive-gray {5Y 5/2); leldspar, mica, quartz.

FIGURE 12

. Continued.

R o

i

S| CEMENT SEAL

STEEL SURFACE CASING
MONTEREY SAND

BENTONLTE
GROUT SEAL

2" PVC CASING

2" PVC SCREEN

TOTAL DEPTH

Figure 12 29



> 16-INCH 64-INCH LATERAL
SPONTANEOUS RESISTIVITY RESISITIVITY, RESISTIVITY, GAMMA-RAY, CALIPER,
cm2 POTENTALIN ke M Ttk IN OHM- IN OHM- IN COUNTS PER N

) 5 MILLIVOLTS 75 0 1000 METERS 1000 METERS 1000  SECOND 1500  INCHES 20

CIN FEET

DEPTH BELOW LAND SURFACE

1,100

1,150

1,400 1t 1 b

1,450

1,500

FIGURE 13. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site CM2 (1N/22W-29D1, 2, 3, 4).
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DEPTH BELOW LAND SURFACE, IN FEET

LTITHOLOGIC DESCRIPTION

(1o 70 eet: GRAVELLY SAND: sand, very coarse to fine, subrounded; gravel, granules to pebbles, subangufar;
race of organics and shefls; poorly sorted; olive-gray Y 4/1].

70to 901eet: MUDDY SAND: sand, very coarse lo fine, subangular; siltand clay; trace of shells, occasional gravel;
poorly sorted; olive-gray [SY 3/2).

P 90to 230 feet: GRAVELLY SAND: sand, fine to very coarse, subangular to subrounded; gravel, gramules o pebbles,
- | subangular; trace of shells, organics; poorly Sorted; olive-gray [SY 3/2 to 5Y 411).

Y 71/ 230 to 265 feet: GRAVELLY MUD: silt and clay, ravel, pebbles, subrounded }may be falting in from above); shells,
2 wood, poorly sorted; light olive-gray (5Y 5/2) to dark yellow orange (10YR 6/6).

265 to 310 feet: SANDY GRAVEL: gravel, pebbles; sand, medium to eoarse, trace of clay; subrounded; poorly
sorted; olive-gray [5Y 3/2].

310to 330feet: SANDY MUD: sift and clay; sand, fine, subrounded; gravel (may be falling in from above); trace of

] shells; poorly sorted; olive-gray [Y 3/21.

fg o9 330to370feet: SANDY GRAVEL: gravel, pebbles to granules, subrounded; sand, fine to very coarse, subrounded;
;4\ trace of shells and organics; poorly Sorted; {ight olive-gray [SY 5/2] o olive-black [5Y 2/1].

TOTOT!
sl s
o AVESR
SSREN BN
Y DPN:
O O

37010 432 feet: GRAVELLY SAND: sand, very coarse bo fing, Subrounded gravel, granules, subrounded; race of
shells, organics, silt, poorly sorted; ofive-gray [5Y 3/2] to dark greenish-gray [5GY 4/1].

432to 492 feet: GRAVELLY MUD: clay; gravel, granules, subrounded; sand, medium to coarse; trace of organics;
poorly serted; olive-gray [5Y 3/2].

49210 690 feet: GRAVELLY MUDDY SAND: sand, fine to very coarse, subangular; sil% gravel, granules,
subrounded; trace of organics and shells; poorly sorted; olive-gray by 321t 5Y41]

S 690 to 790feet: SAND: fine to very coarse; trace of shells and organics; subrounded; poorly sorled;
EL e SV oA
SRS

| 790to 930 fest: MUDDY SAND: sand, fine to coarse, subrounded; silt; some gravel, trace of organics and shells;
2 poody sorted; olive-gray [5Y 3/2to Y 4/1].

1 930to 1040 eet; SAND: fine to very coarse, subangular to subrounded; trace of organics; poorly sorted;
| olive-gray [5Y3/2).

10100 1090 feet: MUDDY SAND: sand, fine to very coarse, subangular; silt and clay; trace of organics;
1 poorly sorted; olive-gray [5Y 3/2].

1,100

1450 4

1000 to 1170 feet: SANDY MUD: silt and clay; sand, fine to coarse, subrounded; trace of organics; pooly

[ sorted; ofive-black (Y 2/1] to light olive-gray [5Y 6/1].
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FIGURE 13. Continued.
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FIGURE 14. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site CM5 (1N/22W-35E1, 2, 3, 4, 5).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

01lo 137 feel: MUDDY SAND: sand, fine to medium, subrounded, and sill, with organics, shells, some
coarse grains; poorly to moderately sorted; light ofive-gray [SY 5/2] to olive-gray (SY 3/2}; sitt, quartz.

&ZY[% ;1 517 feel: SANDY MUD: silt and fine sand with occasional medium grains, wood; dark greenish gray

157 lo 267 feet: MUDDY SANDY GRAVEL: gravel, granules to pebbles, and sand, fine to coarse, with silt,
some organics, and shells; poorly sorted; subrounded; dusky yellowish-green (5GY 5/2] to olive-gray (SY 4/1];
rock fragments, quarniz, silt.

1 267 10 307 feet: SANDY MUD: silt, cla\‘, and sand, fine, subrounded, with organics, occasional coarse grains;

moderately sorted; olive-gray [5Y 4/1]; silt, quartz.

307 to 347 feet: GRAVELLY SAND: sand, medium Lo coarse, and gravel, granules fo (]Jebbles. with organics,
minor silt; poarly sorted; subrounded; tight olive-gray [SY 5/2] to olive-gray (5Y 4/1].

347 to 387 feel: MUDDY SAND: sand, medium to fine, subrounded; silt, and clay, with organics; poarly
to moderately sorted; light olive-gray (SY 5/2] to olive-gray [SY 4/1]; quartz, feldspar, mica.

387 to 447 feel: SAND: sand, coarse to medium, with organics, some gravel, silt; moderately sorted;
subrounded; olive- gray [5Y 4/1]; quariz, feldspar, rock fragments, sill, mica.

447 10 487 feet: MUDDY SAND: sand, medium lo fine, subrounded, with trace of organics, shetts, silt,
minor gravel; poarly sorted; olive-gray (5Y 4/1]; quartz, rock fragments, mica, silt.

487 10 567 feel: SANDY MUD: clay and sand, fine to very fine, subrounded, with trace of organics, shells,
some medium-coarse sand; poorly sorted; dark greenish-gray [5GY 4/1] to olive-gray [SY 4/1]; clay, quartz,
mica.

567 to 607 feel: MUDDY SAND: sand, very fine to medium, subangutar, and da{, with organics, shelis,
Some coarse grains; poorty sorted; dark greenish-gray (5GY 4/1] to olive-gray {SY 4/1]; quartz, clay, mica.

607 to 687 feel: SANDY MUD: silt, and sand, very fine to fine, subrounded, with shells, organics, some
medium-coarse sand; poorly sorted; dark greenish-gray (5GY 4711 1o olive-gray (SY 3/2]; silt, mica, quartz.

687 10847 feet: MUDDY SAND: sand, fine to very fine, subrounded; silt, and clay, with organics, shells,
some coarse and medium sand; moderalely sorted; dark greenish-gray (5GY 4/1] to olive-gray (5Y 4/1];
quartz, feldspra, mica, silt.

847 lo 947 feet: SAND: sand, medium lo coarse, with organics, shells, some silt and very coarse grains;
rggkortlrggonedé subangular; dark greenish-gray [SGY 4/1] to olive- gray (5Y 4/11; quartz, feldspar,
ments.

947 to 987 feet: MUDDY SAND: sand, tine lo very fine, subrounded, and silt, with organics, some medium-
coarse sand; poorly sorled; ofive-gray (5Y 3/2}; quartz rock fragments, mica, silt

1,450

987 lo 1227 feet: SANDY MUD: sill, clay, and sand, fine, subangular, with organics, sheiis, medium-coarse
grains; poorly sorted; dark greenish-gray [5GY 4/1] o olive- gray (SY 4/1]; silt, quartz, mica.
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FIGURE 14. Continued.
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FIGURE 15. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site DP (1N/22W-36K5, 6, 7, 8, 9).
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LITHOLOGIC BDESCRIPTION

o 0to40feet: SAND: sand, fine to coarse, with silt, clay, shelis, some gravel: poorly sotted; subrounded; tight ofive-gray

[5Y 5/2] to olive-gray [5Y 4/1); quarlz, leldspar, biotite. rock fragments.

4010 84 feet: MUDDY SAND: sand, fine to very fine, with silt, some organics, shells, clay; well sorted; rounded; olive-gray
5Y 4/1}]; quartz, miea, ments.

8
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g
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/84 1o 90 feet. CI AY NO SAMP!E RECOVERED
90 to 118 feet: SANDY MUD: fine to ve7 fine sand, and silt, with clay, shells, occasional gravet; poorly sorted;

subrounded; ofive-gray {5Y 3210 5

118 lo 170 feet: GRAVELLY SAND: sand, coarse lo very coarse, and gravel, granules to pebbles, with silt; poorly sorted;
subrounded; fight olive-gray [5Y 5/2] 1o olive-gray [5Y 4/1]; quartz, leldspar, rock fragments, mica.

170 1o 177 feet: CLAY: NO SAMPLE RECOVERED.

177 to 205 feet: SANDY GRAVEL: gravel, granules to pebbles, and sand, coarse to very coarse, with some silt, clay,
organics; pootly sorted; subrounded to anguiar; olive-gray [5Y 4/1]; quartz, rock fragments, mica.

205 to 265 feet: SANDY MUD: sand, very fine to coarse, and clay, with some silt, shella organics; moderately well
sorted; subrounded: olive-gray [5Y 3/2 to 5Y 4/1]: quartz, clay. silt, rock fragmens.

265 10285 feet: MUDDY SAND: sand, very fine to fine, with clay, shelis, some coarse grains; moderately well sorted;
subrounded; olive-gray [5Y 3/2]; quariz, rock fragments, mica, clay.

[ 28510 305 feet: SANDY MUD: sand, very fine to fine, sitt, and clay, with organics; welt sorted; rounded; ofive-gray [5Y 3/

2]; clay, mica, quartz.

1 304 10335 feet: SAND: sand, medium to coarss, with fine sand, some coarse grains, organics; moderately sorted;
lite.

sub d; olive-gray [5Y 4/1]; quartz, feldspar, 100k fragments, bio

cﬁ”w%o“'
ﬁmﬁp

g

‘%o?&o%

Oobo
%)
Y
<
i

g

|
Qo
R B
pOodi '
A
IS{elH

DEPTH BELOW LAND SURFACE, IN FEET
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. _ \335 to 345 feet MUDDY SAND: sand, vety fine to coarse, with occasional glavel silt, and clay; poorly sorted;

d; olive-gray [5Y 4/1); quartz, feldspar, rock fragments, mica

34510 365 leet: SAND: sand, medium to coarse, with some clay, organics; moderalely well sorted; subrounded; olive-
gray [5Y 4/1); quartz, rock fragments.

365 to 375 feet: MUDDY SAND: sand, fine to medium, with silt, occasional gravei, clay, organics; moderately sorted;
subrounded; olive-gray [5Y 4/1]; quariz, rock fragments, mica.

375 to 395 feet: SAND: sand, fine to medium, with very coarse sand, clay, gravel, some shells; poorty sorted;
subrounded; ofive-gray {5Y 3/2I; quartz, rock fragments, mica.

395 to 400 feet: CLAY: NO SAMPLE RECOVERED.

\g))([lt (lﬁ 4315 b!aerftu(l;a?AgIEuY MUD% SAND sand, og(wg;um lo very coarse, and gravel, with some silt and organics; poorly

455 to 605 feet: SANDY GRAVEL: gravel, gr«mul@ to pebbies, and sand, very coarse o coarse, with some medium sand,
organics, shelis; poorly sorted; subrounded lo subangular; ofive-gray [5Y ?572]' quartz, feldspar, rock fragments, mica.

605 to 615 feet: MUDDY SAND: fine to coarse, sift, and clay, with abundant gravel (probably from above) rly sorted;
S roundat oive ey 59 A1 S i ock g gravel (probably ): poorly

7 615 to 670 feet: SANDY MUD: sand, fine to very fine, silt, and clay, with occasional gravel, organics; poorly soried;

subrounded; olive-gray [5Y 3/2]; silt, quartz, leldspar, mica.

670 to 725 feet: GRAVELLY SAND: sand, medium fo very coarse, and gravel, granules to pebbles, with silt, organics,
some shells; poorly sorted; subrounded; olive- gray [5Y 3/2]; quartz, feldspat, rock fragments.
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FIGURE 15. Continued.
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FIGURE 16. Geophysical logs, stratigraphic column, and well-construction diagram for
multiple-well monitoring site CM3 (1N/23W-1C2, 3, 4, 5).
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DEPTH BELOW LAND SURFACE, IN FEET

LITTHOLOGIC DESCRIPTION

010 75 leet: GRAVELLY SAND: sand, very coarse to fine, subrounded; gravel, granules to pebbies, subangular; poorly
1 sorted; light olive-gray {5Y 5/2] to olive-gray [5Y 4/1].

75 to 105 feet: MUD: clay and silt; trace of medium-coarse sand; poorly sorted; olive- gray [5Y 3/2].

105 to 195 feet: GRAVELLY MUDDY SAND: sand, coarse to fine, subrounded; sill and clay; gravel, granular,
subangular; trace of organics; poorly sorted; olive-gray [5Y 3/2).

19510 215 feet: SANDY MUD: silt and clay; sand, medium to very caarse, subrounded; race of organics; poorly sorted;
olive-gray [5Y 3/2].

215t0 240 feel: GRAVELLY SAND: sand, very coarse to medium, subrounded; gravel, granular, subrounded; trace of
organics; poorly sorted; olive-gray 15 4.

240 to 270 feet: MUDDY SAND: sand, very fine to very coarse, subtounded; elay; trace of organics; poorly sorted;
olive-gray 5Y 372 o 5Y 411 o

270to 395 feet: GRAVELLY SAND: sand, very coarse to fine, subrounded; gravel, granules to pebbies, subangular;
trace of silt; occasional organics and shells; poorly sorted; light olive-gray [5Y 5/2] to olive-gray [5Y 4/1].

395 to 420 feet: SANDY MUD: silt and clay, sand, medium to coarse, subrounded; trace of shells; occasional gravel

and organics; poorly sorted; olive-gray [5Y 3/2[.

420 to 475 feet: MUDDY SAND: sand, fine to coarse subrounded; silt; trace of organics; occasional gravel; moderately
sorted; olive-gray [5Y 4/1].

475 to 495 feet: SANDY MUD: siltand clay; sand, medium to coarse; subrounded; trace of organics; poorly sorted;

olive-gray |SY 3/21.

495 o 615 feet: GRAVELLY MUDDY SAND: sand, fine to very coarse, subrounded; silt; gravel, granules to pebbles,
subrounded; interbedded with 5- to 10- foot zones of clayey silt; trace of organics; poorly sorled; light olive-gray

15Y5/2] to olive-gray 15 4/1].

615 to 635 feet: SANDY MUD: sit; sand, fine to medium, subangular; trace of organics; moderately poorly sorted;
olive-gray {5Y 4/1].

635 to 695 feet: GRAVELLY MUDDY SAND: sand, very coarse (o fine; subrounded; silt; aravel, granules to pebbies,
subangutar; interbedded with 5- to 10- foot zones of clayey silt; trace of organics and shelis; poorly sorted; olive-gray

15Y 3/2to 5Y 4/1].

69510 735 feet: SANDY MUD: silt; sand, fine to very coarse, subangular; trace ol organics; poorly sorted; olive-gray

[5Y4/11.

735 to 860 feet: MUDDY SAND: sand, fine lo very coarse, subrounded; silt; trace of sheils and organics; moderately
poorly sorted; light olive-gray [5Y 5/2] to olive-gray [5Y 4/1].

860 to 880 feet: SANDY MUD: silt; sand, very coarse to medium, subrounded; frace of organics; poorly sorted; olive-

gray [5Y 4/1].

880 to 1095 feel: MUDDY SAND: sand, fine to very caarse, subrounded to subangular; silt; zones of abundant sheils,
molluscs, gastropods; trace of organics; poorly sorted; olive-gray [SY 3/2 to 5Y 4/1].

109510 1115 leet: SANDY MUD: clay; sand, fine to medium, subrounded; trace of organics and shells; poorly sorted;

olive-gray [5Y 3/2].

e

111510 1215 feet: MUDDY SAND: sand; fine to very coarse, subangular to subrounded; silt; trace of organics and
shells; poorty sorted; olive-gray [5Y 3/2 to 5Y 4/11.

1,350

1,400

1214 to 1415 feet: SANDY MUD: silt; sand, very fine to medium, subrounded to subangutar; trace of organics and
shells; rare gravel; moderately sorted; olive-gray (5Y 3/2 to 5Y 4/11.

1,450

1415 10 1495 feet: MUDDY SAND: sand, fine to coarse, subrounded; silt and clay; interbedded with 5- to 10-foot
z0nes of clayey silt; trace of organics and shells; occasional gravel; moderately sorted; olive-gray {5Y 3/2 to 5Y 4/1].

1,800

FIGURE 16.

Continued.
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FIGURE 17. Geophysical logs, stratigraphic column, and well-construction diagram for
multiple-well monitoring site TKS (2N/20W-16A2, 3, 4).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

0 o0 60 feet: SANDY GRAVEL: gravel, ?z nules to pebbles, sand, very coarse, with clay, silt, organics; poorly sorted;
subrounded; olive-gray [5Y 4/1]; quartz, feldspar, rock fragmenls.

60 to 80 feet: MUDDY GRAVEL: gravel, pebbles, and clay, with organics, shells, some coarse sand; pooriy Sorted;
subrounded; olive-gray [5Y 4/1}; quartz, rock fragments, clay.

-+ 8010 120 feet: MUDDY SAND: sand, medium to fine, and clay; poorly sorted; subrounded; olive-gray (5Y 4/1] to dark
yetlowish-brown [10YR 4/2}; quariz, rock fragments, mica, Clay.

120 to 160 feet: MUD: clay; otive-gray [5Y 3/2 to 5Y 4/1] to dark yellowish-brown [ 10YR 4/2).

<2+ 160 to 200 feet: SAND: sand, line to medium, clay, and silt, with shells; poorly sorted; subrounded; light ofive-gray {5Y
| 5/2] to moderate yellowish-brown [10YR 5/4]; quartz, rock fragments, clay.

200 to 220 feel: MUDDY SAND: sand, very fine, and silt, with shells, some medium sand; poorly sorted; subrounded,

olive-gray [5Y 3/2); silt, mica, quartz.

22010 300 feet: SAND: sand, fine to coarse, with siit, shells, some coarse grains; moderately well sorted; subrounded;

| olive-gray [5Y 4/1}; quartz, rock Iragments, mica, feldspar.

1250

1,300

1,350

1,400 —

1,450

1,500 —

FIGURE 17. Continued.
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FIGURE 18. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site SAT (2N/21W-7L3, 4, 5, 6).
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DEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

WELL CONSTRUCTION

00 10.0 feet: NO SAMPLE RECOVERED

1010 65 feet GRAVELLY SAND: sand, medium 1o very coarse, and gravel, granules to pebbles, with sill, clay; poor
sorted; subrounded; dark yellowish-brown [10YR 4v/2  quartz, rock ?ragmegt& leldspal[.)emJ Y. poory

6510 125 feet: SANDY GRAVEL: gravel, pebbles to granules, and sand, very coarse, with some organics; poorly sorled;
subangutar; dark yellowish-brown {10YR 4/2); rock fragments, quartz, feidspar.

125 to 185 feet: SAND: sand, fine to coarse, with sill, clay, some gravel; moderately sorted; subrounded: dark yellowish-
brown [10YR 4/2] to light olive-gray [5Y 5/2}; quartz, mica, rock fragments.

185 to 225 feet: MUDDY SAND: silt, clay, and sand, fine to medium, with some organics, shells; moderalely sorted;
subrounded; oiive-gray [5Y 4/1}; quartz, feldspar, mica.

225 10 240 feet: MUDDY GRAVEL: silt, sand, fine to medium, and gravel, es, with some clay; sorled;
subrounded; olive-gray [5Y 3/2}; quartz, feldspar, rock fragments. g peott day. pooty

240 10 325 feet MUDDY SAND: fine to medium, with sill, clay, and shells; moderately sorted; subrounded; olive-gray [5Y
3/2 lo 5Y 4/1}; quartz, feldspar, rock fragments.

325 10 400 feet: SANDY MUD: silt, clay, and sand, fine to very fine, with shells; moderately poorly sorted; subrounded;
olive-gray [5Y 3/2 to 5Y 4/1]; quartz, feldspar, mica.

400 to 425 leet: SAND: sand, very fine lo coarse, with sill, some very coarse grains, clay; poorly sorled; subangular;
olive-gray [5Y 4/1]; quartz, rock ragments, mica.

425 10 445 feet: SANDY MUD: silt, sand, fine, and clay, with medium-coarse sand, some organics; poorly sorted;
subrounded:; olive-gray [SY 4/1]; quartz, silt, mica.

445 10 485 feet: MUDDY SAND: sand, very fine to medium, with silt, some clay, organics, shells; moderately poorly
sorted; subrounded; olive-gray [SY 4/1]; quartz, rock fragments, leldspar, mica.

485 1o 645 feet: SANDY MUD: silt, and sand, fine to medium, with clay, some shells, organics, coarse grains; moderalely
poorly sorted; subrounded; light olive-gray [5Y 5/2] to olive-gray [5Y 4/1]; sill, quariz, mica.

1450 1

1500 —

645 feet to 705 feel: SAND: sand, fine fo medium, with sill, occasional coarse grains, organics; poorty sorted;
subrounded; olive-gray [5Y 4/1]; quartz, rock fragments, mica.

FIGURE 18. Continued.
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FIGURE 19. Geophysical logs, stratigraphic column, and well-construction diagram for
muitipie-well monitoring site LP1 (2N/21W-11J3, 4, 5, 6).
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DEPTH BELOW LAND SURFACE, IN FEET

LTTHOLOGIC DESCRIPTION

010 40 feet: SAND: sand, fine to medium, with some shells, organics, silt; moderalely sorted; subrounded; light olive-
brown [5Y 58] to moderate yellowish- brown [10YR 5/4]; quartz, feldspar.

4010 80 feet SANDY MUD: clay, silt, and sand, very fine, with some shells, coarse grains; moderately poorly sorted;

subrounded; moderate yeilowish-brown [10YR 5/4]; clay, quartz.

8010 140 feet: GRAVELLY SAND: sand, fine to coarse, wilh gravel, some shells, possibly gypsum; poorly sorted;
subrounded; moderate yellowish-brown [10YR 5/4]; quartz, feldspar, mica.

140 to 180 feet: SANDY MUD: clay, and sand, fine to medium, with some caarse grains, possibly gypsum; poorly sorted;
subrounded; moderate yellowish-brown [10YR 5/4]; clay, quartz, feldspar.

180 to 200 leet: MUDDY SAND: sand, medium to very fine, with some caarse grains; moderaely poorly sorted;
subrounded; dark yellowish-brown {10YR 4/2}; quartz, feldspar, mica.

200 to 220 feet: SANDY MUD: silt, and sand, very fine io medium, with some coarse grains, clay; moderately sorted;
subrounded; moderate yeliowish-brown [10YR 5/4); quartz, feldspar.

220 to 320 feet: MUDDY SAND: sand, medium lo very fine, with silt, some coarse sand, organics; moderately poorly
sorted; subrounded; moderate yellowish-brown [10YR 5/4}; quartz, feldspar, mica, silt

320 to 340 keet: SANDY MUD: silt, and sand, medium to fine, with clay, occasional coarse sand; poorly sorted;
subrounded; moderate yeliowish-brown [10YR 5/4]; quartz, feldspar, clay.

340 10 390 leel: SAND: sand, very fine to very coarse, with some silt; poorly sorted; subrounded; moderate yeliowish-
brown [10YR 5/4}; quartz, feldspar, mica, silt.

390 to 465 feet: SANDY MUD: clay, and sand, fine to medium, with some coarse sand, organics, shells; poorly sorted;
subrounded; olive-gray [5Y 3/2 to 5Y 4/1}; quartz, feldspar, mica.

465 10 510 feet: MUDDY SAND: sand, fine to medium, with clay, organics, some shells, silt; poorly sorted; subangular;
dark yellowish-brown [10YR 4/1]; quattz, feldspar, mica.

550 1 -

51010 540 feet: SAND: sand, fine, with some silt, shells, occasional coarse sand; moderately sorted; subrounded; dark
yellowish-brown [10YR 4/2}; quartz, feldspar, mica.

540 10 580 leet: MUDDY SAND: sand, fine to medium, and silt, with some organics, very fine sand; poorly sorted;

6001

650%25

580 to 600 feet: SANDY MUD: clay, and sand, very fine, with some organics, occasional coarse sand; poorly sorted;

subrounded to rounded; olive-gray [5Y 4/1); silt, quartz, feldspar, mica.
\ tounded: olive-gray [5Y 4/1]; sill, mica, quasz

700+

600 10 670 feet: SAND: sand, very fine to medium, with clay, shells, occasional coarse sand; poor 1o moderately well
sorted; subrounded to rounded; greenish-gray [5G 6/1) to olive-gray [5Y 4/11; quartz, feldspar, mica, silt.

67010 720 feet: SANDY MUD: silt, clay, and sand, very fine to fine, with some coarse sand, shells; poorly sorted;

750

800— "
b

subrounded; olive-gray [5Y 3/2] to dusky yellow- green [5GY 5/2}; clay, quartz, mica.

720 to 830 feet MUDDY SAND: sand, fine to medium, and silt, with some clay, coarse sand, shells; moderately to poorly
sorted; subrounded; olive-gray (5Y 3/2] to dark yellowish-brown (10YR 4/2]; quariz, silt, feldspar, mica.

830 to 860 feet: SANDY MUD: silt, clay, and sand, fine, with occasional coarse sand; poorly sorted; rounded; olive-gray
[5Y 3/2); silt, quartz.

860 1o 880 feet: MUDDY SAND: sand, fine, sitt, and clay, with some organics, shells; poorly sorted; rounded; olive-gray
[5Y 3/2); silt, quartz.

880 to 920 leet: SANDY MUD: silt, and sand, fine, with clay, some shells, medium sand; moderately to poorly sorted;
tounded; olive-gray (5Y 3/2 to 5Y 4/1; silt, quartz, mica.

920 to 1093 feel: SAND: sand, fine to medium, with some sill, shells, occasional medium sand; poorly sorted;
subrounded; olive-gray (5Y 3/2 to 5Y 4/1}; quartz, feldspar, silt.
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FIGURE 19. Continued.
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FIGURE 20. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site PV1 (2N/21W-34G2, 3, 4, 5, 6).
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OEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

010 30 feet SAND: sand, fine fo coarse, with clay and silt, some rock fragments; poorly sorled; subangular, moderate
yellowish-brown [10YR 5/4); quartz, ieldspar.

3010 110 feet: MUDDY SAND: sand, fine to medium, sifl, and clay, with some coarse grains; moderalely poorl
soried; s::sbmndea sand; dark yellowish-orange [10YR 6/6] 1o ‘n?yodeme yellwish-brgvm [TOYR w%fogn"u, rock
NS, mica.

110 to 160 feel: SANDY MUD: silt and sand, fine, with some medium grains; poorly sorted; rounded; moderate
yellowish-brown [10YR 5/4].

16010 270 feet: SAND: sand, fine lo coarse, with some silt, very coarse grains; poorly soried; subangular; moderate
yellowish-brown [10YR 5/4]; quartz, rock fragments, feldspar.

270 to 290 feet: SANDY MUD: silt, sand, very fine lo medium, and clay, with occasional coarse grains; poorly sorted;
subrounded; light olive-gray [5Y 5/2]; quartz, feldspar, rock fragments.

290 10 390 feel: MUDDY SAND: sand, very fine to medium, and silt, with occasional shells, some coarse grains; poorly
sorted; subrounded; light olive-gray [SY 5/2]; quartz, feldspar, mica, silt

3%2 10 460 feet: SANDY MUD: clay, silt, and sand, fine, with shells; well sorted; olive-gray [5Y 3/2 to 5Y 4/1; silt,
clay.

460 to 500 feet: MUDDY SAND: sand, fine to very fine, with some medium sand, shells, and occasional rock
fragments; moderately well sorted; subrounded; ofive-gray [SY 3/2] to grayish-olive [10Y 4/2; silt, clay, quarz.

500 lo 520 feet: SANDY MUD: clay, sand, fine, and sill, with Some medium sand, shells, and occasional rock
fragments; poorty sorted; subrounded; dark greenish- gray [S6Y 4/1]; clay, silt, mica.

620 10 590 feet: MUDDY SAND: sand, fine to medium, and silt, with shells, gypsum, some organics, and coarse
grains; poorly sorted; subrounded to subanqular; dusky yellow-green {SGY 5/2] to grayish-olive [10Y 4/2]; quartz, rock
Iragments, sitt.

590 10 610 feet: SANDY MUD: siltand sand, fine to very fine, with some medium-coarse grains; poorly sorted;
subrounded; olive-gray [SY 4/1); silt, quartz.

610 to 860 feet: MUDDY SAND: sand, very fine to medium, with some shells, coarse grains, organics, silt; moderately
poorty sorted; subrounded; olive-gray [SY 4/1); quartz, rock fragments, feldspar, mica, silt.

860 to 880 feet: SANDY MUD: silt, and sand, medium fo coarse, with shells, organics, some angular gravel; poorly
sorled; subangular; olive-gray [SY 4/1]; quartz, rock fragments, silt.

880 to 1000 feet: SAND: fine o coarse, with shel!, organics, and rock fragments, poorly sorled; subrounded; ofive-
gray [5Y 4/1] to light olive-gray [SY 4/2]; quartz, rock fragments, silt, mica.

1450 4

1.500 —

= 1000 to 1020 feet: MUD: clay; well sorted; ofive-gray [SY 3/21.

FIGURE 20. Continued.
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FIGURE 21. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site SG (2N/22W-23B3, 4, 5, 6, 7).
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OEFTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

0 1o 130 feel: SAND: very coarse to coarse, with gravel, silt, clay, organics; moderately sorted; subrounded to rounded;
light olive-gray [5Y 5/2]. dark yellowish- brown [10YR 4/2]; quarkz, feldspar, mica.

130 to 160 feet: SANDY GRAVEL: gravel, granules to pebbles, and sand, very coarse, with some silt, fine sand;

moderately sorted; subrounded to subangular, light olive-gray [5Y 5/2J; quartz, feldspar.

160 to 185 feel: GRAVELLY MUD: clay, sand, fine to medium, and gravel, granules to pebbles; poorty sorted; subrounded;
moderale yellowish-brown [10YR 5/4}; clay, quarlz.

185 to 320 feet; GRAVELLY SAND: sand, fine lo coarse, and gravel, granules to pebbles, with some fine sand, clay;
moderatety poorly sorted; subangutar to subrounded; moderate yellowish-brown [10YR 5/4]; quartz, feldspar, biolite.

320 to 330 feet: GRAVELLY MUD: clax, ravel, pebbles lo granules, and sand, coarse, with some sill, poorly sorted;
subrounded; dark yellowish-brown {10YR 4/2]; quartz, clay.

330 1o 375 leel: GRAVELLY MUD: o!ag; aravel, pebbles lo granules, and sand, coarse, with some silt; poorly sorted;
subrounded; dark yellowish-brown {10YR 4/2]; quarlz, clay.

375 10 410 feet: MUDDY SAND: sand, coarse to very coarse, silt, and clay, with gravel, some organics; moderately
sorted; subrounded; light olive-gray {5Y 5/2); quartz, feidspar.

410 to 460 feet: GRAVELLY MUD: clay, silt, and sand, fine to coarse, with some organics, occasional gravel, poorly
sorted; subanqular; olive-gray {5Y 4/1] to olive- black {SY 2/1}; clay, mica, quartz.

460 to 520 feet: SAND: sand, coarse to very coarse, with silt, clay, some pebbles; poorly sorted; subrounded; light olive-
gray 15Y 5/2; quartz, feldspar, sill.

520 to 590 feet: SANDY MUD: sill, clay, and sand, coarse to fine, with some organics, occasional gravel; poorly sorted;
subrounded; olive-gray {5Y 4/1} to moderale yellowish-brown [10YR 5/4]; sill, quartz, feidspar.

590 lo 690 feet. MUDDY SAND: sand, fine to very coarse, silt, and clay, with some organics; poorly sorted; subrounded;
olive-gray [5Y 4/1] lo light olive-gray [SY 5/2]; silt, quartz, feldspar, mica.

690 to 820 feet: SANDY MUD: silt, clay, and sand, very fine lo medium, with some organics, occasional gravel;
moderately poorly sorted; subrounded; olive-gray [5Y 4/1] to dark greenish-gray [5GY 4/1]; silt, quarlz, mica.

820 to 920 feet: MUDDY SAND: sand, fine to coarse, siltand clay, with some organics, gravel; poorly sorted; subrounded;
dark greenish-gray [5GY 4/11, quarg, silt, clay.

920 to 980 feet: SANDY MUD: ciay, silt, and sand, very fine, with some organics; moderalely welf sorted; subrounded;
olive-gray [5Y 4/1]; sill, clay, quariz.

/ 980 to 1010 feet: MUDDY SAND: sand, very coarse to fine, with some gravel; poorty sorted; subrounded; dark greenish-

gray [5GY 4/1], quart, clay.

1010 to 1090 feet: SANDY MUD: clay, and sand, fine to medium, with some coarse grains; poorly sorted; subrounded;
dark greenish-gray {SGY 4/1]; quartz, clay, mica.

1090 to 1170 feet: MUDDY SAND: sand, fine to coarse; silt, and clay, with some shells, organics; poorly sorted;
subrounded; olive-gray {5Y 4/1] to dark greenish-gray [SGY 4/1]; quarg, clay, silt.

1170 to 1200 feet: MUD: silt, clay, and sand, fine, with some shells, occasional very coarse grains; moderately poorly
sorted; subangular; olive-gray [SY 3/2]; silt, clay, feldspar, quartz.

1450

1,500 —

1200 to 1250 feet: MUDDY SAND: sand, fine to medium, and clay, with silt, some shells, organics; poorly sorted;
subrounded; olive-gray [5Y 3/2 to 5Y 4/1]; quartz, clay.

FIGURE 21. Continued.
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FIGURE 22. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site P7 (3N/20W-35R2, 3, 4).
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OEPTH BELOW LAND SURFACE, IN FEET

LITHOLOGIC DESCRIPTION

010 60 feet SLIGHTLY GRAVELLY MUDDY SAND: sand, fine to very coarse, gravel, and clay; pootly sorted; subrounded
moderate yellowish-brown [10YR 5/4); quartz, feldspar, mica.

60 to 120 feet: SLIGHTLY GRAVELLY SANDY MUD: clay, silt, sand, very coarse to fine, and gravel; poorty sorted;
subrounded; moderate yellowish-brown [10YR 5/4]; quartz, clay, silt.

250

r

120 to 160 leet: SANDY MUD: clay, silt, and sand, very fine, with some medium- grained; moderately poorly sorted;
rounded; moderate yellowish-brown [10YR 5/4); silt, clay, mica.

160 to 180 feet: MUDDY SAND: sand, medium to coarse, clay, and silt, poorly sorted; subrounded; moderate yellowish-
brown [10YR 54; quartz, clay, silt, mica.

180 to 300 feet: SANDY MUD: clay, silt, and sand, fine to coarse; poorly sorted; subrounded to rounded; moderate
yellowish-brown (10YR 5/4}; clay, sitt, quartz.

300 to 320 feel: MUDDY SAND: sand, fine to coarse, and silt, with clay; poorly sorted; rounded; moderate yellowish-
brown (10YR 5/4]; quartz, silt, clay.

/:20 to 440 feet: MUDDY SAND: clay, and sand, caarse to fine, with some organics; poorly sorted; subangular, moderate

320 to 420 feel: SANDY MUD: silt, clay, and sand, fine to very coarse; moderately well soried to poorly sorted; rounded
to subrounded; moderate yellowish-brown [ 10YR 5/4]; silt.egay, quartz.

yellowish-brown [10YR 5/4]; quariz, clay.

440 to 480 feet: SANDY MUD: clay, silt, and sand, very coarse to coarse; poorly sorted; subangular; modesate yellowish-|
brown [10YR 5/4]; silt, clay, quartz.

480 to 560 feet: MUDDY SAND: sand, fine to coarse, silt, and clay, with some organics; poorly sorted; subrounded; light
ofive-gray [5Y 5/2]; quartz, silt, clay.

560 to 620 leet: SANDY MUD: clay, silt, and sand, fine to medium, with some coarse grains; moderately poorly sorted;
subrounded; olive-gray [5Y 4/1]; clay, silt, quartz.

620 to 640 leet: MUDDY SAND: sand, very coarse to fine, and silt; poorly sorted; subrounded; ofive-gray {5Y 4/1];
quart, silt, clay.

640 to 670 feet: SANDY MUD: silt, clay, and sand, very fine to fine, with occasional coarse-grained, some organics; poorly
soited; rounded; olive-gray {5Y 3/2); silt, clay, quartz.

670 to 740 leet: SAND: sand, medium to fine, with some organics, silt, occasional sand; moderately sorted; subrounded;
dark yellowish-brown [10YR 4/2] lo light olive- gray [5Y 5/2]; quartz, feldspar.

740 to 780 feet: SANDY MUD: silt, and sand, medium to coarse, with some organics; occasional very coarse grains;
poorly sorted; rounded; olive-gray [SY 4/1] to light olive-gray [5Y 5/21; quartz, feidspar, mica.

4 poorly sorted; subanqular; dusky yetlow [SY 6/4] to light olive-gray [5Y 5/2]; quartz, feldspar.
/1000 to 1020 feel: GRAVELLY MUDDY SAND: sand, fine, wih gravel, silt, medium-ccarse sand; poorly sorted;

780 to 840 feet: SAND: sand, coarse to medium, with some organics, fine sand, and gravel; moderately poorly sorted;
subanguiar to subrounded; light olive-gray [5Y 5/21; quartz, feldspar.

840 to 880 feet: SANDY GRAVEL: gravel, granules to cobbles, and sand, coarse to line, with some organics, clay; poorly
sorted; angular to subangular; light olive-gray [SY 5/2); quartz, feidspar.

880 to 900 feet MUDDY SANDY GRAVEL: gravel, granules to pebbles, clay, and sand, fine to medium, with silt, organics;
poorly sorted; angular; moderate olive- brown [5Y 4/41; quanz, leldspar.

900 to 1000 feel: GRAVELLY SAND: sand, very coarse lo fine, and gravel, granules to pebbles, with silt, some organics;

subangular, moderate yelfowish-brown [10YR 5/4]; quariz, leldspar.

1020 to 1050 feet: SAND: sand, coarse to very coarse, with medium-fine sand, some gravel, silt; poorly sorted; angular
o subanguiar; moderate yellowish-brown [10YR 5/4]; quariz, feidspar.

1,450

1500

1050 to 1060 leet: NO SAMPLE RECOVERED: possibly clay.

1060 to 1120 feet: SAND: sand, fine to coarse, with some gravel; moderately poorly sorted; subangular; moderate
yellowish-brown [10YR 5/4); quartz feldspar.
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FIGURE 23. Geophysical logs, stratigraphic column, and well-canstruction diagram
for multiple-well monitoring site SP1 (3N/21W-15G1, 2, 3, 4, 5)..
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FIGURE 24. Geophysical logs, stratigraphic column, and well-construction diagram
for multiple-well monitoring site SP2 (3N/21W-16H5, 6, 7, 8).
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0to 60 feet MUD clay, with trace of medium to coarse sand,
poorly sorted, dark yettowish brown (10YR 4/2)

60 to 80 feet SLIGHTLY GRAVELLY SAND fine to coarse, with
granu!es and pabbles. subangular to subroundad, poorly sorted.
ark yellowish brown (10YR 4/2)

80 to 100 feet MUD clay with occasional granules, dark yellowish
brown{10YR 4/2)

100 to 260 feet SLIGHTLY GRAVELLY SAND fine to coarse,
an \t{llalir/tzo) subrounded, poorly sorted, dark yellowis brown
r

260 to 350 feet SLIGHTLY GRAVELLY MUDDY SAND fine to coarse,
?;\ ‘\{n’l]a;;cz) subrounded, very poorly sorted, dark yellowish browa
)
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