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GLOSSARY

Aquifer — The saturated part of geologic materials capable of yielding significant water to wells

or springs.

Confined Aquifer — Those aquifers with which an impermeable layer of dirt or rock prevents
water from seeping into the aquifer from the ground surface located directly above; instead,

water seeps into the aquifer from further locations where the impermeable layer is not present.
Groundwater — Water held underground in soil or in pores and crevices in rock.

Institutional Controls (IC) — A set of conditions which may be applied to a site known to
contain environmental contamination by the Alaska Department of Environmental Conservation.
These conditions may restrict or prohibit activities, place monitoring requirements, require
engineering controls, or otherwise prescribe required activities. ICs are specific to the conditions

of each site.

Lithology — The general physical characteristics of a sediment deposit or rock formation; a layer

within a sediment deposit with distinct physical characteristics.

Piezometric Surface — The hypothetical surface defined by the level to which water in a
confined aquifer rises in observation wells. In practice, the piezometric surface is mapped by

interpolation between groundwater measurements taken from wells accessing a confined aquifer.
Stadial — The known interval of an ice age.

Stratification — The arrangement of sedimentary rocks in distinct layers (strata), each layer

representing the sediment deposited over a specific period.

Unconfined Aquifer — Those aquifers whose physical structure allows surface water to seep

directly into them and water is free to migrate.
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EXECUTIVE SUMMARY

DOWL completed a groundwater study under contract with the Kenai Peninsula Borough for the
central Niksiki area. The region has a long history of oil and gas development and is home to a
variety of support industries. As a result, the area has subsequently experienced a variety of
contamination events. Concerns over contaminant migration potential and a need to better
understand local aquifers, including their stratification and flow direction, led to the initiation of

this study.

DOWL completed a review of available records and performed a field survey to provide data for
the creation of a working subsurface model. The results of the study produced a three-
dimensional geological model of the area and determined two main aquifers provide source
water for area wells. The deeper aquifer appears to be at least partially confined beneath a layer
of silt and clay (commonly observed between 50 and 75 feet elevation) and the aquifer is
continuous, at depth, beneath the study area. This aquifer appears to be closely connected
hydrologically and displays a fairly consistent hydraulic gradient with general flow from the
southeast to the northwest. Above the confining layer is a less well understood unconfined
aquifer. It does not appear to be strongly connected hydrologically across the study area. This
upper aquifer displays a general trend from east to west but contains local variations in flow
direction (likely due to preferential flow paths in the sediment). The upper aquifer flow direction
also appears to be susceptible to localized drawdown pumping effects. Additionally, several of
the wells in the study access smaller isolated, perched aquifers. Contaminants reaching the lower
aquifer will likely be transported in the general flow direction (southeast to northwest) of the
aquifer. Contaminants isolated in the upper aquifer may be transported in the general flow
direction of the upper aquifer (east to west), but are susceptible to being drawn into the

depression of the groundwater surface created by actively pumping wells nearby.

Page 1
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1.0 INTRODUCTION
1.1 Project Purpose

DOWL was contracted by the Kenai Peninsula Borough (KPB) to conduct a groundwater
modeling study in the central Nikiski area (Figure 1). The area of focus is approximately
bounded by Cook Inlet to the North at the Offshore Systems Kenai (OSK) dock, to the west
along the eastern property line of Nikiski High School, the McGahan Industrial Airpark to the
south, and the eastern boundary is approximated by the western property line of the AIMM
Technologies monofill site (Figure 2). The study area has a history of documented
environmental contamination related to industrial processes, illegal dumping, and unauthorized
industrial waste disposal and the KPB has concerns with the impacts of the sites on Borough

property, private property, and overall business development within the region.
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Figure 1: Location and Vicinity Map
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Several investigations of contaminated sites have occurred within the study area over the last 30
years. Many of the studies have concluded additional information is needed regarding the flow
of groundwater in the area to determine the potential effects of contamination on the surrounding

community.

The goal of the study is to better understand groundwater flow, movement, and depth in the
central Nikiski area through subsurface characterization and groundwater modeling. DOWL staff
identified local aquifers and sub-surface water migration patterns through an examination of
existing water wells, monitoring wells, geotechnical boring logs, other environmental records
and documentation, and a field survey of existing wells. The DOWL survey was performed to
provide a common datum for surface and groundwater elevations, and to measure groundwater
depths over a short interval of time to minimize the effects of seasonal changes and precipitation
events in groundwater levels. The field study and record review provided necessary data for the

construction of groundwater model indicating the likely direction of flow within area aquifers.

Although numerous contaminated sites in the study area have generated multiple reports with
site-specific data, they do not equate to a comprehensive characterization of the subsurface
conditions in Nikiski. However, these reports proved invaluable to developing such a subsurface
characterization as they provide detailed descriptions of particular sites’ lithography, soils, and

aquifers.
1.2 General Setting

The study area contains a mixture of residential, commercial, and industrial development, in
addition to large swaths of mostly undeveloped land. Development is primarily centered along
the Kenai Spur Highway, with some additional industrial facilities located at the north end of the

study area along Nikishka Beach Road, where OSK maintains a port facility.

The terrain of the southern half of the study area is relatively flat with some rolling topography,
and generally slopes to the south. The northern portion of the study area is characterized by
steeper slopes and rolling topography, with an overall slope to the north which becomes very
abrupt as it approaches Cook Inlet and quickly falls toward the water. Kenai Peninsula is free of

permafrost.
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1.2.1 Geologic Setting

Nikiski lies on the western side of the Kenai Peninsula and within the Nikishka Lowland, a part
of the Kenai Lowland physiographic sub-province bordering Cook Inlet. The present topography
is the product of Quaternary Glaciation, primarily deposited during the innermost Killey Stadial
during the Naptowne Glaciation (approximately 18,500 to 17,500 years before present). The
glacial deposits beneath Nikiski are between 500 to 750 feet thick. These sediments are
commonly interlayered and are unconsolidated or poorly consolidated (i.e., the particles are not
closely arranged or cemented together). Underlying the glacial deposits is the Kenai Group,
which is composed mainly of non-marine Tertiary sedimentary deposits of the Cook Inlet Basin

(Reger et al., 2007).

The geological surface of the study site is composed predominately of two types of glacial
deposits. These deposits are mapped in Figure 3 and described in greater detail in Appendix D,
Technical Discussion. The northwest corner of the site is composed of glacial moraine material.
This is recognized in the landscape by the ridgeline running approximately northeast-southwest

on which the Old Nikiski Airstrip was previously located.
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Figure 3: Surface Deposits within the Study Area
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These sediments were deposited by the melting of a glacial ice sheet during the innermost Killey
Stadial. This type of glacial deposit typically consists of rocks having a wide variety of particle
sizes (clay, silt, sand, gravel, cobbles, and boulders) mixed together and lacks stratification.
These deposits contain large proportions of silt and clay. Therefore, permeability is generally
low in this type of deposit and water flow tends to follow paths established when glacial ice was
present and glacial meltwater flowed over, under, or through the deposit. The depth of the glacial

moraine deposit is unknown and it is underlain by varying glacial deposits.

The surface material in the rest of the study area is composed of proximal outwash, proglacial
lakes, and associated fluvial deposits. These deposits are created by the meltwater streams and
lakes which occurred across the plain below the terminus of an advancing or receding glacier.
They are commonly composed of stratified layers of sand, gravel, silt, and clay. Water flow in
these deposits may vary greatly over short distances. Additionally, layers of clay or silt may

create impermeable layers in which groundwater may be trapped above or below.
1.3 Summary of Public Involvement

Known and potential contamination of groundwater within the Nikiski area as a whole, and the
project study area specifically, is of great interest to the local community. The oil and gas
industry has a long history of operations within the Cook Inlet area of the Kenai Peninsula and
these efforts have resulted in a variety of contaminated soils and water issues over the last 50
years. Concern over past contamination and its migration through groundwater serving local
potable water wells was the impetus for this project and as such, an effort was conducted to
inform the community of the specific work occurring within the area and to solicit public
assistance through access to any private water wells which may be present within the project

boundaries.

Public participation in the form of access to private property and wells was necessary for the
collection of field data required to produce the project models. As such, multiple outreach
efforts were conducted to inform the local community about the project plan and goals. Table 1
highlights the efforts to reach out to the community to discuss the project and obtain access to
local wells. Appendix A contains copies of public involvement documents including press

releases, handouts, mailers, and news articles.
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Table 1: Summary of Public Outreach Efforts

Type

Date

Notice

Project Kickoff Meeting

10/16/2014

Flyer announcing meeting in lobby of local post
office.

Newspaper Article

10/30/2014

Peninsula Clarion story about project and
November 3rd meeting based on press release by
DOWL.

Public Information
Meeting

11/3/2014

Rachel Steer, Zach Huff, and Emily Creely attended
the November 3 Nikiski Community Council
Meeting. Approximately 60 residents attended.
DOWL staff provided an informal presentation of
the project and then allowed the public to ask
questions.

Radio Interview'

11/4/2014

KSRM Radio interview with project team members
discussing the nature and objective of project
(DOWL HKM Gathering Nikiski Groundwater
Data).

Newspaper Article

11/6/14

Peninsula Clarion story about project and need for
Nikiski residents to participate, based on
information from November 3rd meeting.

Radio Interview'

11/7/2014

KSRM Radio interview with project team members
discussing the nature and objective of project
(Groundwater Surveyors Looking for Participants
by November 14).

Radio Interview'

11/12/2014

KSRM Radio interview with project team members
discussing the nature and objective of project
(Nikiski Well Surveyors will be Out this Weekend).

Radio Interview'

11/20/2014

KSRM Radio interview with project team members
discussing the nature and objective of project
(Nikiski Well Surveyors get Plethora of Data).

Public Information
Meeting

3/23/2015

Paul Pribyl, Zach Huff, and Emily Creely are to
attend the March 23 Nikiski Community Council
Meeting where they will make a presentation
sharing the results of the study.

" http://radiokenai.net/
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2.0 DATA SOURCES AND METHODS
2.1 Data Sources

Source data was obtained through public records research and field survey efforts. A review of
public records was performed early in the project and allowed the creation of an initial project
database. After the initial data collection effort, it was determined several of the data points
represented the same wells creating duplicates; duplicates were consolidated and/or eliminated as

necessary. This initial database then provided the foundation for the field survey efforts.

2.1.1 Public Records

A public records search was conducted of potential data sources within the defined study area
and the immediate vicinity. Public records sources included the United States Geological Survey
(USGS), the Alaska Department of Environmental Conservation (DEC), and the Alaska
Department of Natural Resources (DNR).

2.1.1.1 USGS

The USGS maintains a national level database”, the National Water Information System:
Mapper, which provides information on select wells, including location of the well (latitude and
longitude in degrees, minutes, and seconds), the depth of the well, and limited water elevation
and/or water quality information. Much of the data within the study area is of limited value due
to the lack of precision in the well locations and the date of data collection, which is often twenty
or more years old. This limited information was useful for initially identifying wells within the
study area and as cross-reference for other collected data identifying well locations. Within the
study area, this database identified 33 wells. A complete list of USGS data for the study area is
available in Appendix B.

The USGS National Water Information System: Mapper was used to roughly check a variety of

wells previously reviewed and/or surveyed by USGS. The record data is coarse, but served as an

? http://maps.waterdata.usgs.gov/mapper/index.html
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approximate check against other well records for bore depths. Much of the USGS data provides
depth of water and approximate groundwater elevations, but due to the dates of the surveys

(ranging from 1968 to 1991), these values were only useable as approximations.

The majority of the historical water elevation data consists of single point observation periods
and does not provide information on groundwater variability in the area over seasons or annual
periods. Only one site within the project study area was observed by the USGS over a multi-year

period and provides some insight into local variability.

USGS site ID number 604323151190301 (State of Alaska Department of Transportation and
Public Facilities Maintenance Yard, 51150 Island Lake Road) records provide data on 28
measurements of the groundwater depth for this single well. The data was recorded over two
distinct periods from February 27, 1970 to June 23, 1972 and May 20, 1977 to December 29,
1978. The collected data reflects a groundwater variance of approximately eight feet, though
two outlier measurements are noted as being taken at times of recent pumping activity.
Removing the outlier measurements, the variation in water levels is approximately 4.5 feet. This

information was valuable in confirming aquifer fluctuation over time for the study area.
2.1.1.2 DNR

The DNR maintains a publicly accessible database of wells registered with their Division of
Mining, Land, and Water. The Well Log Tracking System (WELTS) database provides a
searchable system with links to individual well records. The records for each well vary in
quality and detail, but often include well logs with basic lithology as logged by the well driller.
These documents typically include scanned copies of original drilling logs and initial production

(drawdown) information.

WELTS data was the primary source documentation used for creation of the models as it
provided lithology, of varying quality, for a number of wells. Table 2 summarizes the individual
wells identified through the WELTS database; drilling logs obtained through WELTS are
available in Appendix B. Well logs were evaluated and a qualitative score was assessed for each
record; scores ranged from one (great quality and reliable information) to three (poor quality and

unreliable information). These qualitative scores were used to resolve discrepancies, outliers,

10
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and inconsistencies in the groundwater models development. Additional details on how
qualitative scores were determined and applied to records can be found in section 2.2, Subsurface

Geology.

Figure 4 identifies WELTS data point locations within the project study area and the immediate

vicinity.

11
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Table 2: Summary of WELTS Data from the Study Area
DOWL Project WELTS ID Useable Test Hole/ Well | Completion | Qualitative
Well ID Lithology Depth (f?) Date Score
Admirality 1 16842 No 84 1962 —
ArnDock 1 19292 Yes 182 5/16/1968 2
ArnDock 2 19796 Yes 31 12/16/1966 2
ArnDock 3 19797 Yes 41 12/21/1966 2
ArnDock 4 21647 Yes 186 6/11/1991 2
ArnDock 5 21648 Yes 257 5/21/1991 2
ArnDock 6 16599 No 159 5/00/1968 2
Arness 1 19818 Yes 138 9/18/1988 2
BakerRd 1 16845 Yes 119 Unknown 2
Bernice 1 16843 Yes 132 Unknown 2
Charlie 1 34201 Yes 145 10/5/2005 2
CIP 9 14100 Yes 140 4/4/1984 3
CIP 10 19790 Yes 168 4/4/1984 3
CIP 11 23912 Yes 155 5/23/1990 3
Contro 1 16848 No 96 4/00/1967 —
Diamond 1 15089 Yes 213 3/26/1983 2
Diamond 2 17552 No 300+ Unknown —
FirstBaptist 1 16382 Yes 87 8/27/1963 3
Halco 1 19792 Yes 140 1/17/1986 2
JW 1 17313 Yes 103 10/3/1986 3
JW 2 17419 Yes 107 11/14/1983 2
Mazie 1 16847 Yes 92 8/1/1996 3
Mazie 2 364 Yes 70 1/20/1971 2
MBC 1 16844 Yes 295 3/27/1959 2
MCG 9 19100 Yes 86.5 3/16/1989 1
MCG 10 19101 Yes 56 3/17/1989 1
MCG 11 19105 Yes 96 3/23/1989 1
MCG 12 19099 Yes 55 3/25/1989 1
MCG 13 19103 Yes 91 3/28/1989 1
MCG 14 19102 Yes 85 3/29/1989 1
MCG 15 19104 Yes 40 3/30/1989 1
MCG 16 19106 Yes 60 4/1/1989 1
MCG 17 19098 Yes 187 1/00/1990 1
MCG 20 19791 Yes 152 10/14/1987 2
Nair 1 19506 Yes 97 5/19/1990 1
NorFab 1 18166 Yes 138 10/23/1989 2
OilSal 1 19793 Yes 55 2/13/1977 2
Oren 1 16841 No 224 1961 —
Porter 1 14658 Yes 105 8/4/1977 2
School 1 1335 Yes 197 4/16/1986 2
School 2 19795 Yes 170 5/2/1988 2
17600
Village 1 27711 No 136.0 12/21/1976 3
Village 2 27712 Yes 137.0 8/10/1977 2

12
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2.1.1.3 ADEC

The Central Cook Inlet region has a long history of oil and gas development projects dating back
to the 1950s and the first successful commercial oil production project, the Swanson River Field.
Oil and gas development in the immediate area has included the Tesoro Kenai refinery, the
ConocoPhillips liquid natural gas plant, and a variety of oil field services companies with shops
and other associated industry support facilities located within and surrounding the study area.
The activities of the oil and gas industry, including associated support services and other
commercial activities within the area, have resulted in multiple sites with documented

environmental contamination.

The DEC maintains a Contaminated Sites Program Database® which was consulted to identify
known contaminated sites within the study area. DEC records for contaminated sites can provide
additional background information, including previously completed study reports and the
existence of monitoring wells associated with a site. Additionally, the database provides
historical and contextual information on the known extent of contamination within the study
area. This database identified 13 known contaminated sites with the following statuses: nine
“cleanup complete”, two “cleanup complete — institutional controls”, and two “active”. ADEC-

documented sites within the study area are summarized in Table 3 and Figure 5.

3 http://dec.alaska.gov/spar/csp/db_search.htm
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Table 3: DEC Contaminated Sites within the Study Area
. Description of Year of Initial
Map Id | Site Name Status Contamination DEC Action
Petro Marine Clean
1 Services - Arness Com ll;i)e Diesel 1991
Dock P
Cocrlrfafle 1;5 B Oily waste, drums,
2 Nikiski Airstrip b unknown waste, 1988
Institutional arbace
Controls garbag
Drag-reducing agent,
3 Arness Septage Active non-domestic 1980
wastewater and oil
4 Baker Oil Tools Active Trichloroethene 2012
Tesoro Land & Cleanup .
> Marine Rental Co. Complete Petroleum, waste oil 1990
6 Hallco Building Cleanup Diesel 1989
Complete
7 Silvertip Storage Cleanup Waste oilfield 1988
Yard Complete chemicals
Cook Inlet Processing Cleanup
8 - Nikiski 1 Complete petroleum 1994
Cook Inlet Processing Cleanup .
? - Nikiski 2 Complete Diesel 2002
10 Cook Inlet Processing Cleanup Diesel, used oil, 1995
Miller Est. Complete hydraulic fluid
Cleanup
11 McGahan Utilities Complgte B Tetrachloroethylene 1988
Institutional
Controls
Nikiski Fire Cleanup .
12 Department #2 Complete Diesel 1991
13 Steve's Chevron Cleanup Diesel 1991
Complete

15
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Figure 5: Contaminated Sites within the Project Study Area as Recorded by DEC
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Data was obtained with the help of ADEC staff in Soldotna. DOWL staff spent one day in the
Soldotna DEC office (October 2, 2014) reviewing the paper files for sites and copying pertinent
records for use. Most of the 13 contaminated sites within the study area provided limited
information from previously conducted assessments and studies; previous measurements and
surveys are not generally available for monitoring wells. However, four sites yielded data from
multiple years due to required monitoring: Arness Disposal, Nikiski Airstrip, Baker Oil Tools,
and McGahan Utilities. These sites are summarized in Appendix B. Additionally, pre-project
development permitting requirements for the AIMM monofill site yielded survey and

groundwater elevation data.

Discrepancies in previous survey data, ambiguous techniques, and the reproduction of previously

produced survey data further limited the usefulness of the available information.

2.1.2  Field Survey

DOWL collected field measurements of wells within the study area and the immediate
surrounding area, including well location (longitude, latitude, and elevation of the ground surface
and well casing) and depth to water. The survey data provided a record of well locations and a
common datum (elevation) for comparing groundwater depths. Field survey efforts were
completed between November 15 and 17, 2014 and captured data for 60 wells and four lakes.

Figure 6 shows wells where data was collected during field efforts.

See Appendix C for the Surveyor’s Report, including the results of field activities.
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Figure 6: Field Survey Locations
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2.1.2.1 Terrestrial Survey

Horizontal and vertical control was established using Real Time Kinematic Global Positioning
System (GPS) survey equipment. A temporary control point was established within the study
area and the GPS base unit was stationed at this location to record a static position. A roving
unit in communication with the base unit was used to collect the horizontal and vertical positions
of each well. Following field collection efforts, the data was processed and normalized.
Processed horizontal coordinates (latitude and longitude) and vertical (elevation) data both have

a margin of error of +/- 0.1 feet.
2.1.2.2 Groundwater Measurements

The depths of groundwater were measured with a Ravensgate Model 200 sonic water level
meter. The meter operates by emitting a series of acoustical pulses and measuring the time it
takes for the sound to return to the meter after reflecting off of the surface of the water. Use of
the sonic meter provided depth to water measurements typically accurate within one to two
tenths of a foot. This level of accuracy was considered sufficient as: the tool would prevent the
potential for cross-contamination between wells, real or perceived; the quality of the available
lithology data typically only provided a wide spread between stratigraphic layers (making exact
depths unnecessary); and, well measurement accuracy would be consistent across all measured
wells. The data collected was not intended to meet additional data needs beyond this study nor

other agency or organizational protocols.

Measurements provided by the sonic meter may not provide the absolute consistency and
accuracy traditional down-hole equipment is capable of producing. Although measurements
were repeated to verify depth readings, equipment in wells, changes in casing size, misaligned
casing, and other obstructions, can affect the accuracy of depth data. (Down-hole equipment
requiring contact with the water was not used for the survey due to community concerns in
general and the desire to not create any possibility of cross-contamination between either water
wells or monitoring wells.) The sonic meter was always transported in its protective case and

required no maintenance.
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The meter was calibrated and measurements were verified prior to the field work commencing in
Nikiski. Sonic meter temperature was set to 32 degrees Fahrenheit on day 1 and 40 degrees
Fahrenheit on days 2 and 3 (ambient air temperature was at or below freezing during the time of
survey, but downhole temperatures were not known). This change was initiated following
consideration of downhole temperatures which were not known, but were reasonably believed to

be slightly warmer than ambient air temperatures during the time of the survey.

The following list provides a general summary of the procedures and protocols typically

employed for measuring water depths while conducting field activities:

1. Remove well cap or service port plug;

2. Remove excessive wiring from casing when required;

3. Use 6” casing adapter which allows for measurement from top of casing (location of
terrestrial survey point) on water wells (older wells not employing a sanitary seal did not

require the adapter as the well head cap was not removed and a service port was used

allowing direct insertion of the meter’s probe);

4. Use 2” PVC adapter on monitoring wells and correct measurement for 0.4” extension (the
adapter was frequently required to reach PVC risers set beneath the top of monument

boxes);

5. All measurements were repeated at least twice per well to confirm the results, which
included removal of the meter from the well casing and subsequent reinsertion and

measurement;

6. The riser pipe was used as the point of measurement for terrestrial survey on monitoring

wells; and

7. Reassemble the well head as necessary.
2.1.2.3 Field Data Reconciliation and Quality Control

An initial field review of the data produced showed consistencies in areas where it might be

expected, for example:
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e Darcy 1, Marlene 2, Teddy 1, and Alvin 1 are residential wells located within a few
hundred yards of each other and showed only a couple feet of differential in water

elevation, in spite of a nearly 40’ difference in surface elevation;

e Village 1, 2, and 4 showed less than 0.5 of differential in water elevation for three wells

also located within a few hundred yards of each other; and

e Porter 10, 20, and 30 showed 1’ of differential in water elevation for three wells located

several hundred yards apart.

Following the field survey efforts, data was input and processed for initial review. Data
processing included applying appropriate correction factors to the survey data and converting
depth to groundwater measurements to elevations using the common datum. Well locations and
associated bore logs were confirmed at this time, allowing for final input into the modeling
software. A quality control analysis was performed on the processed data, using existing records
of known well measurements. This round of quality control review was limited due to the few

records available for the surveyed sites.
2.2 Subsurface Geology

The subsurface geology of the study area was determined through examination of publicly
available well and test boring logs. No new borings were conducted for this study. The quality of
the lithology logs varies greatly as they were completed by multiple people with varying ranges
of expertise in soils identification. Additionally, the logs used in the subsurface investigation
spanned 50 years, ranging from the 1960s to present day, making the possibility of altered
ground elevations at well head locations likely for some of the data points. As such, the depths

observed at the time of drilling may not accurately reflect current surface conditions at the site.

A quality assessment criterion was developed to classify the perceived quality of each log. Logs
with a higher quality assessment rating were given preference in making interpretations

regarding the subsurface geology. The log quality assessment criterion is as follows:
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1. A log was assigned a quality value of “1” if it was created by a professional engineering
firm or drilling company perceived to have a high level of expertise, sampling of material

was conducted at frequent intervals, and the exact location of the boring is identifiable.

2. A log was assigned a quality value of “2” if it was recorded by a drilling company with a
perceived intermediate level of expertise, the lithology changes were documented to a
fairly precise interval (changes of less than approximately three to five feet were
recorded), and the location of the boring is known exactly or with a high degree of

certainty.

3. A log was assigned a quality value of “3” if the level of expertise of the individual
recording the boring could not be determined or was perceived as low, the lithology
changes were recorded in non-precise intervals (changes of less than approximately three
to five feet were not recorded), and/or the location of the boring is not known exactly or

with a high degree of certainty

The study site is located in an area composed of glacial deposits which can vary greatly over
short distances. In the northwest corner of the study area, silty sands and gravels are common in
the glacial moraine material. In the remainder of the study area, clean sands and gravels are
interbedded with lenses of clay, silt, and silty sands and gravels. There is a clay and silt layer
commonly observed at an elevation of approximately 75 to 100 feet within the study area. This
layer separates the upper, unconfined aquifer from the lower confined aquifer. The general
subsurface geology at the study site is in agreement with regional trends described by Freethey

and Scully, 1980, Anderson and Jones, 1972, and Glass, 1996.

2.2.1 Groundwater Aquifers

An aquifer is defined as the saturated part of geologic materials capable of yielding significant
water to wells or springs. In the Nikiski area, the geologic material is composed of
unconsolidated glacial sediments and the water moves through small openings between grains of

the material (clay, silt, sand, gravel, and cobbles).

An unconfined aquifer is one in which the upper surface of the aquifer is the water table, all

permeable rocks below the water table are saturated, and the pressure of the water table is equal
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to atmospheric pressure. A perched aquifer is an isolated lens (pocket) of water not connected to
a larger aquifer system. A perched aquifer may sit on an impermeable layer such as clay. Wells
in perched aquifers have the potential to be pumped dry as the water resource is not connected to
a larger aquifer system capable of recharging the reservoir. A confined aquifer is one separated
from the earth’s surface by an impermeable layer, such as clay or hard/tight silt, preventing the
upward flow of water and confining the water beneath a distinctly separating layer. Water in a
confined aquifer may be under additional pressure, and, where the aquifer is tapped by a well,
the water surface will rise in the well above the top of the confining layer. It is possible to have

all three types of aquifers layered within a single vertical column.

The majority of the wells in the study area utilize two main aquifers in the Nikiski area. There is
an upper unconfined aquifer separated from a lower confined aquifer by an impermeable to semi-
impermeable layer of clay and silt. These aquifers are referred to within this report as the upper
or upper unconfined aquifer and the lower or lower confined aquifer. The remaining wells are
located in scattered and disconnected perched aquifers. Regionally, a third deeper, confined
aquifer is believed to be present beneath a clay layer approximately 100 feet thick, but none of
the wells identified in this study are believed to be accessing this deeper third aquifer based on
interpretation of available information. A generalized schematic of the subsurface geology below

the study site is shown in Figure 7.

NIKISKI
| INDUSTRIAL AREA
ISLAND LAKE

COOK INLET

silt and clay unconfined aquifer
(discontinuous) = - —

Figure 7: Generalized Geology and Aquifer Schematic in the North Nikiski Area. (Vertical
Distance is Greatly Exaggerated).
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Interpretation of which aquifer each well is accessing was accomplished by examining the well
construction lithology logs and the subsurface geology model. At well locations where lithology
logs were not available, the aquifer classification was determined by extrapolating the
interpretation of nearby wells with similar groundwater elevations, or by using the projected
aquifer surface modeled for each aquifer. If the modeled surface correctly predicted the
measured groundwater elevation in an unknown well, it was assigned/grouped with the relevant
aquifer in future revisions of the modeled groundwater surface. These techniques are discussed

in greater detail in section 3.2 Mapping and Modeling and Appendix D, Technical Discussion.
23 Mapping and Modeling

Subsurface lithology mapping and modeling is the process in which two-dimensional lithology
data (well lithology logs) is extrapolated to form a three-dimensional conceptual model of the
subsurface of the study area. The three-dimensional subsurface geology model can then be used
to help interpret the groundwater survey measurements and ultimately create a model of the

groundwater system.

The lithology and groundwater models were created using a combination of geographic
information system (GIS) mapping software and RockWorks subsurface modeling software.
RockWorks is a subsurface visualization software package capable of creating maps, logs, cross-
sections, solid three-dimensional models, and topographic surfaces through the interpolation and

extrapolation of user supplied data.

2.3.1 Lithology Model

The lithology model was created based on the project geologist’s interpretation of the available
public well logs. Each sediment division identified within the logs was translated into a common
Unified Soil Classification System (USCS) category; the USCS is a soil classification system
used by geologists and engineers to describe the particle size distribution and texture of
sediments. These classifications were then grouped into four sediment classes based on the
general permeability of the sediments most relevant to the flow of groundwater. The four
classifications used are (listed from greatest permeability to least): clean gravel and sands, silty

gravel and sands, silt, and clay.
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The geographic location of each lithology log was determined through field surveying,
geographic information recorded on the logs, information or maps created during previous
investigations, location data stored in DEC and USGS databases, or from the more general
method of the official rectangular subdivision of public lands system (a system in which
locations are recorded by quartering sections of the town ship and range system). The location of
each log was plotted using a GIS mapping application and the latitude and longitude recorded in
the well database created in Excel. These locations were then transferred to RockWorks for use

in creating the lithology model.

Lithology divisions within logs are recorded in terms of depth from surface. To create a three-
dimensional subsurface model, the elevation of the ground surface at the location of the log must
be known. This information is often not accurately obtained and/or recorded at the time of the
test boring or well installation and cannot be accurately known without surveying. The ground
elevation for logs which were not surveyed during this study or during previous investigations

required an elevation estimate derived from external data.
2.3.1.1 Topographic Surface Model

In order to estimate the ground elevation at the location of the lithology logs without survey data,
a topographic model of the ground surface was created for the study area. DOWL was provided
with a Digital Elevation Model (DEM) model of the study area from the KPB in the form of a
GIS raster layer. The data used to generate the DEM was collected through a previous Laser
Imaging Detection and Ranging (LIDAR) survey. The elevation data contained within the GIS
raster layer was then translated into RockWorks and a three-dimensional surface was created.

This surface can be seen in Figure 8.
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Figure 8: Topographic Elevation Model
2.3.1.2 Subsurface Solid Model

Once all of the test boring and well logs had been translated into one of the four lithology groups
discussed above, and geographic location and elevation data was assigned, the logs were plotted
in three-dimensional space. The distribution of logs within the model can be seen in Figure 98
(an aerial photo of the study area was applied the topographic surface for reference) and the

lithology log data is tabulated in Appendix D: Technical Discussion.
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Figure 9: Lithology Log Distribution with Aerial Photograph Drapped Over Topographic Elevation Model
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A solid model was then generated from the lithology logs through application of a horizontal
lithology blending function. The lithology blending algorithm assigns a lithology type to
unknown locations by looking outward horizontally from each lithology type in each borehole
and in search circles of ever-increasing diameter. It assigns the space immediately surrounding
each borehole (50-foot radius) the closest lithology value. It then moves out by an additional 50
feet, and assigns the next circle of lithology values, effectively “bleeding” the lithology type
outward from the wells in a horizontal fashion. The software continues in this manner until the
program encounters interpolated locations already assigned lithologies. The resulting model from
this step can be seen in Figure 10. It is important to note that within glacial deposits, such as
those composing the study area, the confidence of the horizontal projection decreases with
distance from the control points (i.e. the well lithology logs). Model confidence is discussed in

further detail in Appendix D, Technical Discussion.
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Figure 10: Lithology Solid Model with Aerial Photograph
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2.3.1.3 Solid Model Filtering

One limitation of this solid model lithology blending method is lithologies near the bottom of
deep test borings will be projected for great distances across the study area when another
horizontal control point (test boring) is not encountered. This generates a misleading model of
the subsurface. To control how far lithologies are projected horizontally near the base of the
wells, an additional three-dimensional surface was created to filter out the misleading data. This
filtering surface was created from the elevations of the bottom of the test borings (this surface
can be seen in Appendix D, Technical Discussion). This can be thought of as slicing the bottom
of the model off in a “connect-the-dots” fashion from the base of each well. The upper surface of
the model is controlled by the topographic elevation model discussed in Section 2.3.1.1. The

lithology model resulting from this step is seen in Figure 11.
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Figure 11: Lithology Solid Model Base Filtered

31



Nikiski Groundwater Study April 2015
Report 33.61736.01

2.3.1.4 Geologic Cross-sections

Geologic cross-sections are two-dimensional projections of the subsurface. They are vertical
“slices” of the geology beneath the grounds surface. For this project, geologic cross-sections
were created by taking slices of the lithology solid model. The locations of the cross-sections
presented within this report were chosen in areas of the study area where: a) there is a high
density of well logs; b) cross-sections pass through and illustrate the subsurface near areas of
interest (contaminated sites); and c) differences in aquifer water elevations are illustrated.
Additionally, measured groundwater elevations are shown on the cross-sections. This aided
interpreting which aquifer individual wells are likely utilizing. The cross-section location map,

individual cross-sections, and discussion are located in Appendix D.
2.3.1.5 Limitations and Confidence

The subsurface geologic model was limited by the quality and geographic distribution of the
data. Drill logs used for the subsurface model varied in level of detail and perceived expertise of
the person creating the log. Logs with a higher qualitative assessment rating (discussed in
Section 2.2, Subsurface Geology) were used to make subsurface determinations in areas where
multiple interpretations are possible. The geographic distribution of the well logs is another
limiting factor of the subsurface model. Glacial deposits can vary over short distances. The
confidence in the model decreases the further the model is extrapolated from the data input, i.e.,
model confidence is greater the nearer a point is to a well log. The average minimum distance
between wells is 434 feet and the wells are not evenly distributed (the wells occur in groups near
each other), so it is possible the model is not capturing or displaying all of the subsurface trends

and details.
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3.0 RESULTS
3.1 Subsurface Geology and Groundwater Aquifers

The subsurface lithology was found to consist of complex interbedded glacial deposits, i.e.,
interbedded layers and lenses of gravel, sand, silt, clay, and gravel-sand-silt-clay mixtures. This

creates an environment where groundwater occurs in perched, unconfined, and confined aquifers.

A clay and silt layer was commonly observed in the well logs at an elevation between 50 and 75
feet. This layer is interpreted to be a confining layer between two aquifers: an unconfined aquifer
(above the clay and silt layers) and a confined aquifer (below the clay and silt layer). The data

does not demonstrate conclusively if the confining layer is “leaky” or not.

3.1.1 Groundwater Models

After creation of the lithology model and examination of the well lithology logs, the aquifer each
well is likely utilizing was determined. The interpretation of which aquifer each well is accessing
is shown in Table 4 and discussion of well inclusion can be found in Appendix D, Technical
Discussion. Once each well was assigned to an aquifer, interpolation techniques were applied to
the measured groundwater elevations to generate groundwater surface contour maps for each
aquifer. The groundwater surface contours were then used to determine probable groundwater

flow directions.
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Table 4: Groundwater Elevations and Interpreted Aquifers
sieName | waim | Cpliver| ephie | Water | Inrpetd
AIMM 1 149.98 56.8 93.18 Upper
AIMM 2 137.94 448 93.14 Upper
AIMM AIMM 3 171.80 79 92.8 Upper
Monofill AIMM 4 161.44 68.6 92.84 Upper
AIMM 5 161.35 60.4 100.95 Perched*
AIMM 6 154.76 57.8 96.96 Perched*
Arness Arness 1 191.44 109.2 82.24 Lower
Disposal Arness 2 185.51 107.2 78.31 Lower
ArnDock 4 144.38 98.5 45.88 Perched
Arness Dock
ArnDock 1 144.15 45.4 98.75 Perched/Upper
Baker 1 132.07 35.2 96.87 Upper
Baker Oil Baker 2 133.74 353 98.44 Upper
Tools Baker 3 132.89 35.6 97.29 Upper
Baker 4 136.63 423 94.33 Upper
coear Paw o | BearPaw 187.31 100.5 86.81 Lower
CIP9 184.67 11.4 173.27 Perched
gr‘z)‘élé;;f; CIP 20 179.73 93 86.73 Lower
CIP 11 183.59 97.8 85.79 Lower
Darcy Darcy 1 192.78 106.5 86.28 Lower
Diamond Diamond 2 214.44 144.6 69.84 Lower
DOT&PF DOT 1 187.78 94.8 92.98 Lower
First Baptist FirstBaptist 1 181.76 91.7 90.06 Lower
Church of . )
Nikiski FirstBaptist 2 180.99 94.1 86.89 Lower
H"‘S“fovrvjre Hardware 1 176.39 91.7 84.69 Lower
Lake 1 N/A N/A 98.07 Upper
Lake 2 N/A N/A 96.48 Upper
Lake Lake 3 N/A N/A 97.8 Upper
Lake 4 N/A N/A 192.66 Perched
Larry Miller Larry 1 190.94 95.1 95.84 Lower
Alvin 1 155.84 66 89.84 Lower
Marhenke Res
Teddy 1 174.78 85.9 88.88 Lower
Marlene Res Marlene 2 191.86 105.5 86.36 Lower
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stexame | wa | Cpindter | b || Mar | Inereted
Mack
McGahan Mack 1 147.18 38.3 108.88 Lower
Residence
McGahan MCG 17 138.03 55.3 82.73 Lower
Utilities MCG 19 138.62 44.9 93.72 Upper
Nair 1 193.89 89.4 104.49 Perched/Upper
Nair 3 195.55 95.5 100.05 Perched/Upper
Nair 4 213.06 121 92.06 Perched/Upper
o Nair 5 194.43 95.8 98.63 Perched/Upper
E:fsltsrlf; Nair 6 20451 1117 92.81 Perched/Upper
Nair 7 195.28 N/A N/A Unknown
Nair 8 215.75 N/A N/A Unknown
Nair 9 215.97 120.5 95.47 Perched/Upper
Nair 13 220.20 124.5 95.7 Perched/Upper
Blj;’trits}i gﬁﬁ?::h NorthBaptist 1 | 170.02 87.5 82.52 Lower
g;%g;; OilSal 1 130.23 36.3 93.93 Upper
Oliva Oliva 2 174.18 84.4 89.78 Lower
Peak 1 185.66 100.1 85.56 Lower
Peak Oilfield Peak 2 186.20 100.4 85.8 Lower
Services
Peak 3 188.70 101.5 87.2 Lower
JWJohns 2 187.02 88.9 98.12 Lower
Porter Road Admirality 1 186.36 87.2 99.16 Lower
Porter 1 185.44 86.8 98.64 Lower
Post Office Post 1 187.32 102.2 85.12 Lower
Rediske Rediske 1 183.63 92.5 91.13 Lower
Nikiski High School 1 158.52 77.5 81.02 Lower
School School 2 159.94 77.8 82.14 Lower
Tubo 1 176.26 92.9 83.36 Lower
Tuboscope
Tubo 2 128.81 349 93.91 Upper
Village 1 176.74 90.1 86.64 Lower
Village Trailer Village 2 147.94 63.8 84.14 Lower
Court Village 3 155.98 54.7 101.28 Perched
Village 4 156.02 71.8 84.22 Lower

*Note: Data suspect due to potential damage or other obstruction to monitoring well resulting in likely

false groundwater depth measurement.

35



Nikiski Groundwater Study April 2015
Report 33.61736.01

3.1.2 Results Summary

Two distinct aquifers were determined to be present beneath the study area. The deeper aquifer
appears to be at least partially confined beneath a layer of silt and clay (commonly observed
between 50 and 75 feet elevation) and is continuous, at depth, beneath the study area. This
aquifer appears to be well connected hydrologically and displays a fairly consistent hydraulic
gradient with general flow from the southeast to northwest. Above the confining layer is another
less understood aquifer. This upper aquifer does not appear to be well connected hydrologically
across the study area. It has a very general trend from east to west but has local variations in
flow direction (likely due to preferential flow paths in the sediment). The upper aquifer flow

direction also appears to be susceptible to localized drawdown pumping effects.
3.1.2.1 Lower Aquifer

The lower aquifer is the confined aquifer and interpreted to be present, at depth, across the study
area. Thirty four (34) of the wells surveyed with groundwater measurements are interpreted to be
accessing the lower aquifer. The data supports the lower aquifer being well connected
hydrologically and the piezometric surface (the level of the groundwater table in a confined
aquifer, once allowed to rise past the confining layer) displays a generally consistent slope and
directional trend. The piezometric surface/groundwater table of the lower aquifer was generated
through interpolation of measured groundwater elevations in wells interpreted to be accessing the
lower aquifer. A natural neighbor interpolation function was selected for the interpolation
technique (Kriging interpolation was also conducted and generated very similar results; see
Appendix D, Technical Discussion). The piezometric surface/groundwater table of the lower
aquifer provides an indication of the direction of groundwater flow. The interpolated
groundwater surface fitted with 5 foot contours and groundwater flow directions can be seen in

Figure 12.
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Figure 12: Lower Aquifer Groundwater Contours and Flow Directions
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3.1.2.2 Upper Aquifer

The remaining 26 of the surveyed wells and four lakes are interpreted to be accessing the upper
unconfined aquifer or perched aquifers. The upper aquifer is likely comprised of multiple bodies
of groundwater with varying degrees of hydraulic connectivity; for the purposes of this report,
this system of aquifers is referred to as the upper or unconfined aquifer. When the groundwater
elevations of the surveyed wells and lake surfaces of the upper aquifer wells in the central study
area are modeled together, conflicting groundwater contours are resultant. For example, the
groundwater contours (0.5 feet intervals) generated through natural neighbor interpolation

suggests irrational groundwater flow directions and are shown in Figure 13.

Figure 13: Upper Aquifer Natural Neighbor Conflicting Groundwater Model
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The result of this model suggests: a) the upper aquifer is not well hydrologically connected and
that preferential flow patterns are present in the subsurface; b) some of the wells are accessing
perched isolated aquifers; and/or c) not enough data is available to accurately capture the

characteristics of the upper aquifer.

Assuming the remaining wells (those not accessing the confined aquifer) are not accurately
representing continuous groundwater gradients, it is appropriate to analyze each grouping of well
data individually. The wells were divided between the AIMM monofill site, the Nikiski Airstrip
site, and Baker Oil Tools area. The groundwater table at each of these sites was then modeled

individually.
3.1.2.3 AIMM Monofill Site

Four (4) surveyed welled and groundwater measurements were used to create the groundwater
contour map for the AIMM Monofill site. The groundwater measurements from monitoring
wells five and six were not including in the analysis as the measured groundwater elevations
were anomalous (they are interpreted to be obstructions or constrictions of the well casing
creating a false reading in the sonic meter). The data indicates a generally westward groundwater
flow direction. The flow direction and groundwater gradient are in general agreement with the

results of Weston Solutions, 2012.

A Kriging interpolation method was appropriate for generation of the groundwater contours
(0.08 feet per contour) and the resultant contours and groundwater flow direction are shown in

Figure 14.
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Figure 14: AIMM Monofill Groundwater Contours and Flow Direction
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3.1.2.4 Nikiski Airstrip Area

The Nikiski Airstrip is located on glacial moraine material. Isolated, perched aquifers are
common in moraine material due to the heterogeneous blend of gravel, sand silt, and clay of the
material. Groundwater measurements at the Nikiski Airstrip suggest many of the wells are
accessing disconnected or poorly connected perched aquifers or lenses of water; groundwater
elevations varied as much as 8 feet between wells approximately 175 feet apart. Additionally,
several of the groundwater measurements are at a higher elevation than the regional aquifers,
indicating they may be perched aquifers isolated from the larger systems. Previous studies at the
Nikiski Airstrip also documented a large range of groundwater elevations for the site as well, and
it has been suggested all groundwater flows north towards a small seep observable in the bluffs
north of the site. Our data suggests it is possible some of the water entering the moraine as

precipitation also drains to the south of the site.

An inverse distance weighted (IDW) interpolation technique best represents the groundwater
elevations at the Nikiski Airstrip site. The resultant contours (2 feet per contour) and
groundwater flow directions are shown in Figure 15. The groundwater flow direction indicators
are dashed to indicate the possible flow direction; however, it is not clear if the lenses of water

are hydrologically connected.
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Figure 15: Niksiki Airstrip Groundwater Contours and Potential Flow Directions

3.1.2.5 Baker Oil Tools Site

The Baker Oil Tools Site includes the area from Baker Oil Tools west to the TuboScope and Oil
Field Salvage sites. Most of the surveyed and measured wells in this area are interpreted to be
accessing the upper aquifer (except MCG17). The general trend in groundwater flow is from east
to west. The data shows a depression in the groundwater table around well Baker 4. This is a
production well believed to have been pumping prior to well measurements, resulting in a
discontinuity in the data. Although the well was turned off before groundwater measurements
were taken, it does not appear enough time was allowed for the groundwater table to equilibrate
and a pumping drawdown effect is captured in the data. In spite of this, it appears the overall
trend (flow from east to west) is still preserved. This finding is in general agreement with

groundwater gradients reported by Ahtna, 2014, which documented two groundwater gradients
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to the northwest and southwest. An inverse distance weighted interpolation technique best
represents the groundwater conditions at the time of measurement and the resultant contours (1
foot contours) and groundwater flow directions are shown in Figure 16. Smaller dashed arrows
in the figure represent groundwater flow directions interpreted to be created by localized

drawdown by pumping while the natural trend is shown with the larger arrow.

Figure 16: Baker Oil Tools Area Groundwater Contours and Flow Directions

3.1.2.6 Limitations and Confidence

The largest limitation for the aquifer modeling is the interpretation of which aquifer was
accessed by each well. This interpretation was largely dependent on the availability of well
lithology logs. In the event a surveyed and measured well did not have accompanying lithology
data, the interpretation of which aquifer each well was accessing was accomplished by
examining nearby well groundwater elevations. For example, in the Nikiski Village Trailer Court

area, two of the surveyed wells had lithology logs which suggested they were accessing the

43



Nikiski Groundwater Study April 2015
Report 33.61736.01

lower aquifer. A third well had no lithology data but similar groundwater elevation, so it was
assumed to be accessing the lower aquifer as well. A fourth well had no lithology data but had a
drastic difference in groundwater elevation (greater than 12 feet), so it was assumed this well
was accessing a separate perched aquifer. In the event a surveyed and measured well did not
have accompanying lithology data and no nearby comparable wells, the interpretation was based
on projected groundwater gradients of the modeled aquifers. For example, the Diamond and
Hangar 1 wells have no nearby comparable wells. A lower aquifer model was created without
their groundwater elevations included and the modeled projected surface was compared to the
measured level. If the projection was close to the measured value (within 2 feet), the well was

interpreted to be part of the modeled aquifer and included in updated renditions of the model.

The groundwater analysis and modeling revealed several problematic areas for the interpretation
of the known contaminant history and future. Around the Arness site, the data suggests the two
wells are screened and accessing the lower aquifer below a confining layer, but the contaminant
source was located on or near the surface as shallow buried waste. The fact the contaminant is
detectable in water samples from the well suggests: a) the confining layer between the upper
aquifer and lower aquifer is discontinuous and may be leaking down into the lower aquifer at the
Arness site; b) wells on site may not be sealed properly and contaminant is draining down the
well from the upper levels to the groundwater below; and/or c) the Arness wells are accessing an

isolated aquifer not well understood due to lack of nearby wells and data.

Analysis from this study and previous studies suggests the hydraulic gradient in the upper aquifer
near the Baker Oil Tools site is very susceptible to pumping. This limits how accurate
projections of the natural groundwater gradient can be without a well-organized effort to
coordinate a shutdown of all nearby pumps for a long enough time period to allow the
groundwater to equilibrate and groundwater measurements to then be made. Additionally, it
suggests the natural groundwater gradient in the area may not be as important on influencing the

contaminate transport direction as the local drawdown effect of nearby pumping.
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4.0 ADDITIONAL STUDIES AND RECOMMENDATIONS

Data collection for this project was limited to existing lithology records made available to the
project team and collection of field measurements including well location and water depths.
This methodology was determined to be a cost effective solution for the task of producing
generalized groundwater flow models, but it does contain limitations inherent to using data of
limited detail and varying quality. As such, further efforts could be conducted to refine the
accuracy of the model, expand or narrow the geographic area encompassed within the model,

and/or generate additional models with alternative objectives.

In recognition of limited financial resources, any further efforts should be tailored to clearly
defined goals determined by the KPB to best serve residents and industries within the study area.
In this section, several of the potential additional studies and actions are discussed. Table 54
summarizes the potential studies envisioned by DOWL for consideration by the KPB.
Additional studies focused on the goals of the KPB may take the form of a combination of the

following activities.
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Table 5: A Summary of Potential Additional Studies and Actions

Recommended Action

Cost

Description

Public Education
Campaign

$5,000 - $10,000

Provides well owners information on how they can
better protect their water wells. Informs well owners
on how to test drinking water and what tests should
be examining for...

Datalogger Installation

$4,000 - $10,000

Install dataloggers to record groundwater elevations
for extended periods of time around areas of interest.
This would provide information on localized flow
variation and could provide background data for
drawdown testing.

Drawdown Testing

$8,000 - $12,000

Pumping tests can be conducted on wells near
contaminated sites to determine the influence of well
pumping on the groundwater flow direction and to
determine aquifer analytical characteristics.

Installation of Monitoring
Wells

$10,000 - $30,000

Install additional monitoring wells on KPB property
neighboring the Arness Disposal site and/or the
former laundry on Nikishka Beach Road. This would
provide additional lithology, assist in on-going
monitoring efforts, and further define the extent of
contamination.

Tracer Identification and
Testing

$15,000 - $30,000

Identify chemical signature specific to one or both
aquifers and sample wells throughout the study area
for each signature. This information would confirm
the conclusions of the model.

Additional Survey Data

$15,000 - $30,000

Collect additional round(s) of measurements from the
study area to further refine the model and provide
insight on seasonal fluctuations in the water table.

Expand the Study Area

$25,000 - $75,000

Expand the study area to the south and/or west to
include areas with higher residential densities. This
would provide a larger picture of groundwater
movements in the area and assist in determining areas
potentially at risk of groundwater contamination.

Plume
Identification/Modeling

$75,000 - $100,000

Plume identification would be a combined effort of
several of the techniques listed above, as well as
additional efforts and testing to create a contaminant
fate and transport model to determine the extent of
contamination and the ultimate fate of the hazardous
materials.
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4.1 Additional Studies

The following subsections contain recommendations for potential future studies should
additional funding be made available. Each option is discussed in terms of what sort of action
would be involved, the likely benefits the information would provide, and a general cost
estimate. Cost estimates provide a probable cost associated with performing the stated tasks,
though refinement of sampling size or analysis may be tailored to some degree based on

available funding.

4.1.1 Public Education Campaign

As this study was in large part driven by concerns over water quality by area residents, a public
outreach and education campaign about how well owners can better protect and test their water

supply would likely aid in alleviating community concerns.

Many of the wells in the study area were observed to not use modern sanitary seals or concrete
aprons as preventive measures to protect them from surficial contamination, were placed on flat
terrain, or only had a short length of well casing rising above the surrounding ground surface.
Contamination from surface water, whether it be hydrocarbon products or bacteria carried in
runoff water, can be easily transmitted to source water through migration along the well casing.

The DEC and other environmental agencies suggest the following tips for wellhead protection:

Ensure the ground around the wellhead is sloped to drain away from the well for at least

10 feet in all directions to ensure there is no standing water at the wellhead;

e Leave a minimum of two feet of well casing “stickup” above the surrounding ground

surface;
e Installation of a concrete apron around the well casing;
e Don’t pile snow, leaves, or other materials around the well;

¢ Installation of a proper wellhead sanitary seal (not just a well cap) to minimize or prevent

insect or airborne debris from entering the well casing;
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e Dispose of hazardous products (e.g., motor oil, solvents, antifreeze, etc.) properly;
e Limit the use of chemicals, fertilizers, pesticides, and other hazardous products; and
e Properly maintain septic systems.

Water testing for contamination can be cost prohibitive as testing prices can range from $40 for
basic bacterial testing into several hundred dollars for more exhaustive chemical contamination
tests. Identification of likely contaminants, as determined from previous DEC studies and water
testing, could be provided to well owners to limit costs through tailored testing parameters.
Public outreach efforts could include a combination of local advertisement, targeted mailings to
area well owners, and/or community meetings. Additional resources, if available, could be used
to establish a grant program to reduce the financial costs associated with individual well testing

based on KPB determined guidelines.

Estimated Cost: $5,000— $10,000

4.1.2 Datalogger Installation

Groundwater dataloggers are devices installed into a groundwater monitoring well and left in
place for a period of time. During this time, they collect groundwater level measurements
automatically and the measurements are stored within the device. This data is then retrieved and
analyzed to obtain continuous groundwater elevation measurements at a location. Dataloggers
could be installed within wells around areas of interest to capture seasonal variation and
localized aquifer variation created through groundwater pumping. This can be a cost effective
solution to obtain groundwater measurements within wells where accurate location data obtained
through professional survey already exists. Additionally, dataloggers can provide background
data prior to conducting further aquifer tests such as drawdown testing and plume

identification/modeling.

Estimated Cost: $4,000 — 810,000 (per well installation)
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4.1.3 Drawdown Testing

Drawdown is a side effect of well pumping and the time lag associated with well recharge. As
water is pulled from a well by pumping, water at the surface of the aquifer exhibits a depression
due to the time required for water to migrate through the geological material. Drawdown creates
a localized change in flow direction of the aquifer towards the pumping well. This can influence

the transport direction of contaminates within the groundwater.

Drawdown testing consist of measuring the static level of water, pumping the well for a period of
time, measuring the depth of the water immediately following pumping, and then measuring the
time required for the water level to return to its previous static level. Additionally, at least one
additional well (screened within the same aquifer and within the range of influence of the
pumping well) is also used as an observational well. The drawdown should be measured at an
observation well located approximately one to two times the saturated thickness of the aquifer
away from the pumped well. Groundwater elevation measurements are obtained from this well
during the test. Drawdown testing can be used to determine hydraulic parameters (e.g.

transmissivity and storage coefficient) and the area influenced by the pumping well.

There are several limitations to drawdown testing requiring consideration. To accurately capture
the aquifer characteristics, it is preferable the pumping well is screened entirely through the
thickness of the aquifer. This is unlikely for most of the wells within the study area. Another
limiting aspect is the pumping of other nearby wells must be coordinated with the testing so
other wells are not influencing the measurements at the well being studied or the observation
well(s). Drawdown pump tests are generally conducted for approximately 24 hours in a confined
aquifer and 72 hours in an unconfined aquifer. However, some conclusions can be reached
concerning the area of influence of a pumping well without the above stated limitations being
met. If background data is collected through the installation of dataloggers prior to conducting
the pumping tests, many of the effects of nearby pumping wells can be identified and accounted

for in the drawdown analysis.

The data obtained from drawdown pump tests could be used to determine the likelihood of
contaminates being transported away from known contamination areas to areas of actively

pumping wells and the rates contaminates can flow through the aquifers.
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Estimated Cost: $8,000— 812,000 (per well tested)

4.1.4 Installation of Additional Monitoring Wells

As the primary sources of contamination most concerning to area residents are related to the
Arness Disposal site and the former drycleaner/laundry located on Nikishka Beach Road,
additional monitoring wells could be installed on neighboring KPB properties. Using the
groundwater model created through this study, new monitoring wells could be located in areas of

likely contaminant migration.

This is particularly true near the Arness Disposal site. The groundwater model developed during
this study suggests the lower aquifer groundwater flow direction at the Arness Site to be from
southeast to northwest (away from populated areas of the study site), but the groundwater
measurements indicate a possible flow direction to the south. However, the two wells currently
on the site are not sufficient to confidently capture the localized aquifer conditions and
groundwater flow. Additionally, the detection of contaminates (leached from the surface) within
the monitoring wells at the Arness Site (even though the well logs suggest the well is screen
within the confined aquifer) suggests the installation of additional monitoring wells would be

beneficial to assess potential connection between the two aquifers.

Installation of additional monitoring wells would provide valuable lithology data and
groundwater elevations, allowing for further refinement of the existing model. Additionally, the
new monitoring wells would provide access for on-going water sampling and testing efforts.

Installation of monitoring wells should be conducted by an environmental professional.
Cost Estimate: $10,000 — $15,000 (per well)

4.1.5 Tracer Identification and Testing

It was noted by the DEC Contaminated Sites Program that an exploratory well was drilled near

the McGahan Utilities well and a lower aquifer (presumably the confined aquifer described in
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detail within this report) was identified, beneath the existing aquifer being used by the utility®.
The exploratory work was completed in an effort to seek out a different water source for the
utility in response to contamination within the existing well. The new aquifer was deemed not a
suitable source of water for the utility due to high, naturally occurring iron concentrations.
These iron concentrations may be present throughout the aquifer and make for a suitable
chemical identifier which could be tested for in water sampling of other area wells to confirm
conclusions reached in this report and to further expand the data set. Further analysis of previous

water quality testing investigations may reveal additional geochemical markers for each aquifer.

The benefit of this analysis is water samples could potentially be tested only for the unique
marker(s) which would lower the costs of water testing and provide a quick indication of
vulnerability of a well to contamination within its source aquifer. This would be particularly
useful in wells without lithology data to assess aquifer utilization. If a well is shown to be
accessing an aquifer containing contaminates and is located down-gradient from the
contaminant, further testing may be warranted. If a well is shown to be accessing an aquifer
without contamination or up-gradient from contamination, no further testing may be deemed
necessary. Additionally, the presence of a specific aquifer tracer in a well screened within
another aquifer (where the tracer is not normally found), would suggest localized “leaking” or

transmission between aquifers at/near that location.
Estimated Cost: 315,000 — $30,000

4.1.6 Additional Survey Data

Conducting an additional round or multiple rounds of well measurements could provide further
insight into groundwater migration and would allow for further refinement of the model. The
results of this study provide grounds to distinguish which aquifer a majority of the wells within
the study area are accessing. Additional survey and groundwater measurements could focus on
specific aquifer characteristics around areas of interest. For example, the study area of future

measurements could be focused only on wells in the upper aquifer in the area of the former

* http://dec.alaska.gov/Applications/SPAR/PublicMVC/CSP/SiteReport/478
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laundry facility. Ideally, the survey would consist of successive measurements at the same wells
spaced over a period of time (e.g., every 8 hours for 2 days). This would generate a snapshot of
how the upper aquifer gradient changes while different users utilize the resources. Successive
rounds of data collection would be quicker as well locations have been recorded. The results of
this method would be more clearly understood with greater community involvement, such as
documenting the duration the pumps are active and the rate at which they pump. Analysis of the
resulting data would likely reveal how pumping locally affects the aquifer and should still
capture the larger trend of the regional aquifer flow direction. This is an alternative to aquifer
drawdown testing not requiring coordination for the shutdown of well pumps, but would not
yield the same analytical aquifer characteristics obtainable through coordinated drawdown

testing.
Estimated Cost: $15,000— $30,000

4.1.7 Plume Identification/Modeling

Contaminant plume identification, including the extents of migration and prediction of future
migration direction, could be achieved through a combination of the above described methods.
Analytical aquifer characteristics would need to be determined through pump testing, slug tests,
and/or laboratory permeability tests on collected subsurface soil samples. Careful coordination

between groundwater users in the area would be needed to make accurate conclusions.

Additional monitoring wells would likely need to be installed down-gradient from known
contaminate sources for sampling and groundwater measurements. Installation of additional
groundwater monitoring wells may also produce the necessary lithology information to
determine if anisotropic conditions (preferential flow paths) are present within the aquifer.
Water sampling from all known and suspected contaminated wells would need to be conducted
to establish contamination gradients within the aquifer. These tests would determine the
necessary variables needed to construct a plume model in a standard groundwater contaminate

modeling software (e.g., ModFlow).

52



Nikiski Groundwater Study April 2015
Report 33.61736.01

This effort would produce risk horizons for area wells based on the direction of flow, the
permeability of localized soils, the concentrations of contaminants, and would serve as the basis

for conducting geochemical fate and transport modeling of the contaminants.

Cost Estimate: 375,000 — $100,000

4.2 Recommendations for Future Actions

The recommendations listed here need to be evaluated in terms of the KPB’s priorities and
funding availability. The recommended responses listed below are based on our interpretations
presented within this report. Many of the possible actions have been presented in the proceeding
section, and all alternatives should be considered in relation to the goals of the KPB. Our
recommendations are based on a combination of the above actions and are here listed from the
most passive response (least expensive) to the most proactive approach in relation to the known

contaminated sites.

4.2.1 Area Wide Monitoring

The results of this study suggest groundwater in both the lower and upper aquifers flows away
from population centers within the study area. The upper aquifer appears to be more susceptible
to localized pumping affects. The McGahan public utility is known to be accessing contaminated
water and is actively treating all water drawn from the aquifer to a safe level. As it is doing so, it
is effectively working to pump and treat the contaminated aquifer, and may also be restricting the
transport of the contaminants across natural gradients. The DEC water testing program has

shown contaminant levels in the vicinity are decreasing.

Further studies, such as drawdown testing and additional survey efforts described above in
Section 4.1, could help determine if other wells in the area are at risk, as well as the area of
influence (drawdown and aquifer gradient changes) of active wells. Installation of groundwater
dataloggers in monitoring wells in the area around the known contaminate sites could also be a

cost effective measure to continue monitoring the groundwater flow directions. This would help
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elicit localized aquifer variation due to pumping and usage and could also capture seasonal

variations.

4.2.2 The Arness Disposal Site — Proactive Monitoring

The current monitoring well array and available subsurface data does not appear to be sufficient
to fully understand the localized subsurface and aquifer characteristics near the Arness Disposal
site. If an understanding of the subsurface characteristics is desired; at least one additional
monitoring well should be installed. It is likely multiple monitoring wells would be necessary to
fully characterize the conditions at the site. The priority should be placement of an additional
monitoring well to the southwest of monitoring well one and to the west of monitoring well two.
Each additional monitoring well could be installed successively at later times, with each location

ultimately determined based on knowledge gleaned from previous efforts.

The installation of the monitoring well(s) should be supervised and logged by an environmental
professional and location(s) of the installed monitoring well(s) should be surveyed by a
professional licensed surveyor. Soil and water samples should be tested for contaminates during
the installation of the well(s). Water levels encountered while drilling should be carefully
documented. The investigation should be conducted in such a manner as to test the hypothesis of
whether the wells are accessing confined, unconfined, or perched aquifer(s). If a layer of clay is
observed in the boring and an aquifer is observed below the clay layer, the first monitoring well
should be screened below the clay layer. A bentonite plug should be placed at the elevation of
the clay layer in the monitoring well annulus to prevent the upward or downward migration of
water around the monitoring well. The second monitoring well should be installed in the same
manner. If a third monitoring well is to be installed, it should be drilled to the elevation above
the clay layer (in close proximity to one of the new monitoring wells), and screened above the

clay layer alone.

The installation (and subsequent measuring and sampling) of these wells could show the
localized groundwater flow direction around the Arness Disposal site and could illuminate the

relationship between the contaminants and the aquifers.
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4.2.3 Baker Area Wells — Proactive Monitoring

The upper aquifer is the contaminated aquifer in the area around Baker Oil Tools. The
contamination source at Baker Oil Tools has been documented by the DEC to be four Class V
injection wells connected to interior floor drains on site. To understand the likelihood of known
contaminants being transported to other neighboring wells, it is recommended a series of
successive groundwater measurements be taken at area wells screened within the upper aquifer
spaced over a period of time (e.g., every 8 hours for 2 days) or the installation of dataloggers
within selected monitoring wells. Efforts could be made to work with local groundwater users to
have the duration and rate of any active pumping be recorded during a predetermined interval to
isolate the effects of each pumping well. This data could then be analyzed to determine the
localized aquifer flow trends and the area of influence of actively pumping wells in the areas. If
possible, a coordinated effort should be made to arrange a shutdown of neighboring pumps for an
interval long enough to conduct pumping tests to determine some of the aquifers analytical
characteristics. This type of study would likely provide the data necessary to interpret the

likelihood of contaminant transport to area wells.
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NIKISKI ENVIRONMENTAL STUDY

PROJECT KICKOFF

L oin us Thursday,

9\6056 ) October 16, 2014
©6:00 p.m.

Nikiski Middle/High School

A project kickoff will be held at Nikiski Middle/ High School in the library on Thursday, October 16th at 6:00 p.m. to
discuss a new project to study the subsurface conditions of the central Nikiski area.

The community is invited to come learn about the project and ask questions.

The goal of this project is to better understand subsurface conditions and develop a conceptual model of the
groundwater between the McGahan airstrip and the coast, and between Prather Street and Marhenke Street.

The Kenai Peninsula Borough has contracted DOWL HKM to conduct the study, and a representative from both the
borough and DOWL HKM will host the meeting.

For more information, contact:
Dan Mahalak, KPB Project Manager
(907) 224-9515
or

DOWL HKM Project Manager
907-562-2000 o

DOWL HKM
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STU DY Please join us for a project kickoff to discuss a new project to study the
subsurface conditions of the central Nikiski area.

Thursday, October 16, 2014
Nikiski Middle/High School

Meeting Location: Nikiski
Middle/ High School is
located on Education Drive
between Holly-Beck Street
e and Nikishka Beach road.

Project
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October 16, 2014
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144 North Binkley Street
Soldotna, AK 99669

A project kickoff will be held at Nikiski
Middle/ High School in the library on
Thursday, October 16th at 6:00 p.m.
to discuss a new project to study the
subsurface conditions of the central
Nikiski area.

The community is invited to come learn
about the project and ask questions.

The goal of this project is to better
understand subsurface conditions and
develop a conceptual model of the
groundwater between the McGahan
airstrip and the coast, and between
Prather Street and Marhenke Street.

For more information, contact:
Dan Mahalak, KPB Project Manager
(907)224-9515
or
DOWL HKM Project Manager
907-562-2000
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Nikiski Environmentdal S<udy
Project Kickoff Agenda

1. Introductions

¢ Dan Mahalak, Kenai Peninsula Borough Project Manager
e Emily Creely, DOWL HKM Project Manager

2. Project Background and Status

e Development of grant
¢ Project Goal
e Status of Project and Schedule

3. Questions

4. Discussion

To receive project information, please provide your name and an email or postal address:

Name:

Address:

Email:

Phone:

Comment form on reverse
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TO: KENAI PENINSULA CLARION

NIKISKI ENVIRONMENTAL STUDY | FOR IMMEDIATE RELEASE | OCTOBER 21, 2014

Project managers for a study that aims to document groundwater movement in Nikiski are asking
for help to identify private wells that Nikiski residents will allow to be surveyed. The study
covers the area between McGahan airstrip and the dock, and between Prather Street and
Marhenke Street, and is funded by a legislative grant. Additionally, project managers are asking
the public for information about their wells to assist in the study.

The borough has contracted DOWL HKM to conduct the study, which is in its early stages and is
expected to be complete by Spring 2015. The end result will be a conceptual model of the

groundwater in the Central Nikiski area through subsurface modeling and mapping.

“This study doesn’t include water quality data, but rather the measurement of the groundwater
table,” said borough project manager Dan Mahalak. “Before any assessment of contamination
can happen, basic information about subsurface conditions is needed and we need a fact-based
picture of the aquifers.

DOWL HKM is currently working with available data taken from monitoring wells, well logs

from drillers and existing reports, but large portions of the study area lack any data.

“The groundwater aquifers are variable between seasons as well as years, and we need more
consistent information so our next step is to survey the wells and measure groundwater levels at
the same time so that we’re comparing apples to apples,” said Mahalak. “We need help from
residents and businesses to do this.”

Mahalak explained that he and DOWL HKM project manager Emily Creely are looking to
survey private wells to get an accurate recording of the ground surface, and also measure the

water elevation.

“We don’t need to touch anyone’s water -- we have a meter that uses sonic technology to
determine the depth of groundwater,” said Creely. “More information from south of the Kenai

Spur Highway is needed as information from that portion of the study area is just not there.”

Once DOWL HKM geologists finish surveying the location and static water level in all

accessible wells, then the depth and extent of groundwater aquifers can be estimated. Using



specialized software, the dataset will result in subsurface maps to conceptualize groundwater
flow depth and direction. A report summarizing the findings and resulting recommendations will
be released in March.

Surveyors are planning to conduct their portion of the project before mid-November, so any
residents willing to allow their wells to be used in the model, should contact Emily Creely in the
within two weeks at 907-562-2000 or ecreely@dowlhkm.com. For more information about the
project, contact Dan Mahalak at DMahalak@kpb.us or (907) 224-9515.
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Company, Nikiski landowners will soon have
another group of surveyors knocking on their
doors as contractors from DOWL HKM begin
testing area wells.

4 SR Tt .
File photo contributed by the Alaska Department of
Environmental Conservation The Arness Septage Site in

The study, which will cover an area between the e

Nikiski, shown here from the air in September 1985. The McGahan Industrial Park, the AIMM Monofill
site was contaminated with thousands of gallons of oil ?
and other industry wastes. site, the Cook Inlet and the eastern property line CLICK HERE FOR

of Nikiski High School, was contracted by the w E E K LY s PB c l A L s

borough in response to community concerns
about contaminated sites in Nikiski. The

I A LN
hydrogeological study will not include water 0 P E N D A I LY
quality testing. Rather DOWL HKM surveyors

will be documenting groundwater movement G A M = 10 P M
and generate a model for the Kenai Peninsula 2 83 _3660
Borough. 47 Spur View Dr., Kenai, AK (on the Spur Hwy)
“They have been tasked with building a model, JOIN US SUNDAYS AT THE
so that we can figure out — if a contaminant was BACK D 0 0 R LOU H GE
introduced at “x” location, what it would mean 1 AT
to the aquifers in the area — where the :-E. i]l‘llli"{‘ll Sﬂpl?)g II)S
alilL

contaminant would go, how fast it would be able
to get to another place,” said Kenai Peninsula Borough Capital Projects Director Kevin Lyon.

Currently, employees from DOWL HKM are gathering publicly available water movement data from
area monitoring wells, well logs from drillers, and existing reports. Among those to be studied are
six groundwater-monitoring wells installed by AIMM Technologies as part of its permitting process

with the Alaska Department of Environmental Conservation. B ACE DOOI l

LOUNGE
Study organizers are also looking for help from area residents. KENAI ALASKA

“Large portions of the study area lack any data,” said borough project manager Dan Mahalak. X

Borough and DOWL HKM employees will be at the Nov. 3 Nikiski Community Council Meeting to
give a brief presentation on the project, Mahalak said.

To test the well, surveyors will not need to touch a resident’s water, Lyon said.

http://peninsulaclarion.com/news/2014-10-30/nikiski-water-study-underway[11/2/2014 9:37:25 PM]
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“We can sound it from the top, just like a sonar, and then we can read the water levels there,” he
said. “If we can get ahold of their well log, so we know the pump setting, what the pipe was and
where the water was, that will work.”

The borough’s $119,970 contract with DOWL HKM will eat up most of the $150,000 state money
the borough received in 2013 for the project. The funds were part of a capital budget

reappropriation written by State Rep. Mike Chenault, R-Nikiski.
pprop Y P Recent Comments

When the money was requested, Kenai Peninsula Borough Mayor Mike Navarre said he had heard
from a number of Nikiski residents after the history of a site near the AIMM Monofill known as the
Arness Septage Site was revealed. The site was the subject of a six-part Peninsula Clarion
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“We just really want people to come out and help us get the data so we can put it together,” Lyon
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said. “If we don’t have data points, we really aren’t going to have a good data set.”
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Once surveyors are done with the field research portion of the project, DOWL HKM will generate
subsurface maps to conceptualize groundwater flow, depth and direction, according to a project
media release. A report summarizing the findings and recommendations is scheduled to be released
in March, according to the release.

b [

My Gallery

Surveyors are planning to finish their field research in November, so any residents willing to
volunteer their wells for testing should contact DOWL HKM’s Emily Creely at 907-562-2000 or at

ecreely@dowlhkm.com.
Clarion file material was used in this article.

Rashah McChesney can be reached at rashah.mcchesney@peninsulaclarion.com
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Company seeks private wells for Nikiski

water testing

Surveyors to generate a model of groundwater movement near
Arness Septage site

Posted: November 6, 2014 - 8:49pm | Updated: November 6, 2014 - 9:28pm

=, By Rashah McChesney
Peninsula Clarion

Darcy McCaughey and her family live in the
middle of an area in Nikiski that will soon be
the subject of a groundwater modeling study.

So, when the company that will undertake the
study gave a presentation at a recent community
council meetings, McCaughey was one of the
first to volunteer her drinking water well for
testing.

At least four other private landowners in the
area have given hydrologists and geologists with
DOWL HKM, the company contracted by the
Kenai Peninsula Borough to track groundwater
movement in the area. Their data will be added
to a model that, thus far, has about 140 other
sources of data, according to project geologists.

Alaska Department of Environmental Conservation file
photo An Alaska Department of Environmental
Conservation staff member secures a chain to an
unearthed 40-foot pipe used at the Arness Septage Site.
The pipe was installed on the land previous to a 1979
permit seeking to expand the facility, including a 21-tank
system, to hold petroleum products, drilling muds and
other sludge. That permit was not approved, but in the
late 1980s, DEC excavated more than 4,200 gallons of
oily waste at the site in addition to hundreds of barrels
containing various oil industry wastes.

Eventually, the mode should show groundwater
flow, depth and direction in an area of Nikiski
that has long been speculated to contain several
sources of groundwater contamination.

“There’s a lot of uproar over water,” McCaughey
said. “Often people are willing to talk and they
aren’t willing to help. I'm just doing my little
part to help people figure it all out.”

Alot of the talk about the groundwater quality
in Nikiski was rekindled when Texas-based
AIMM Technologies proposed and ultimately
built a waste disposal site on a 1.5 acre plot that
will store up to 10 million gallons of petroleum
drilling waste at the end of Halliburton Drive.

http://peninsulaclarion.com/news/2014-11-06/company-seeks-private-wells-for-nikiski-water-testing[ 11/7/2014 1:26:07 PM]
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“This study is not to show whether there is
contamination in the area,” said DOWL HKM
dealt' Public Involvement Manager Rachel Steer
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contaminants have traveled, but this is the first
step that you need to do to be able to do anything else.”

The Kenai Peninsula Borough and DOWL HKM are still seeking landowners in the area. DOWL
HKM Environmental Specialist Emily Creely said project managers need to have landowner
permission by Friday Nov. 14. Surveyors will be out collecting data from Nov. 18-21, she said. The
company plans to have the study completed by the spring of 2015.

“The key is to do all that survey work within a short period of time so it’s consistent. Groundwater
levels change from season to season,” Steer said.

The company has been examining well logs and previous studies conducted in the area, to
supplement the model.

No one is sure exactly how many wells are in the area of land between the McGahan Industrial Park,
the AIMM Monofill site, the Cook Inlet and the eastern property line of Nikiski High School, Creely
said.

The borough’s $119,970 contract with DOWL HKM will eat up most of the $150,000 of state money
the borough received in 2013 for the project. The funds were part of a capital budget
reappropriation written by State Rep. Mike Chenault, R-Nikiski.

Project organizers encouraged Nikiski residents to contact them for the non-invasive well testing
which involves no contact with the water, they said during the community council meeting.

“We can sound it from the top, just like a sonar, and then we can read the water levels there,” said
Kenai Peninsula Borough Capital Projects director Kevin Lyon during a previous interview. “If we
can get ahold of their well log, so we know the pump setting, what the pipe was and where the water
was, that will work.”

http://peninsulaclarion.com/news/2014-11-06/company-seeks-private-wells-for-nikiski-water-testing[ 11/7/2014 1:26:07 PM]
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Steer said she hoped to get as much data as possible to improve the resulting model and organizers
encouraged residents at the community meeting to spread the word about the project.

At least one resident, owner of Charlie’s Pizza Steve Chamberlain, said he wanted to see more done
with testing the water rather than spending money to determine how it moved. Chamberlain has
been a vocal proponent of further testing in the area. The walls of his pizza shop were plastered with
local newspaper articles, photos and DEC documentation of a polluted site in the area when the
Clarion published a six-part series investigating a contaminated site in Nikiski in 2012.

“Some of that money should be put toward actual analytical testing of the water,” he said during the
community council meeting. “After we get done with this study we still won’t know where pollution
is and where itisn’t.”

Reach Rashah McChesney at Rashah.mcchesney@peninsulaclarion.com
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NIKISKI GROUNDWATER STUDY
FACT SHEET

The Kenai Peninsula Borough has hired DOWL HKM to study groundwater in
central Nikiski and develop a model showing groundwater flow, depth, and
direction. This study does not include identification of contaminated areas, but
rather the measurement of the groundwater table. Basic information about
subsurface conditions is needed before any future assessment of contamination
can happen. The study started in October 2014 and is expected to be complete by
Spring 2015.

Is this project related to the LNG project?
No.
Will this project test contamination in the groundwater?

This study does not include identification of contaminated areas, but rather the
measurement of the groundwater table. Basic information about subsurface
conditions is needed before any future assessment of contamination can happen.

Why do you need my well information?

There is a large portion of the study area that does not have any public
information available.

If I let you survey my well, could it impact my water?

No. Measuring water elevation will not require any physical contact with well
water as the project team will use sonic technology to determine the depth of
groundwater.

PROJECT GEOLOGISTS ARE LOOKING FOR ADDITIONAL WELL DATA
AND THEY NEED YOUR HELP!
CONTACT EMILY CREELY TO ARRANGE A WELL MEASUREMENT:

907-562-2000 e ECREELY@DOWLHKM.COM



mailto:ecreely@dowlhkm.com

Project Study Area
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Project Contacts:
Emily Creely, DOWL HKM, 907-562-2000, ecreely@dowlhkm.com
Dan Mahalak, Kenai Peninsula Borough, 907-244-9515, dmahalak@kpb.us
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Nikiski Groundwater Modeling - 32.61736 DNR WELTS Database Records
Project Study Area Well Records

Project Well ID Welts ID L?::;%';y Bore Depth (ft )| Completion Date nglg?:ve
Admirality 1 16842 No 84 1962 --
ArnDock 1 19292 Yes 182 5/16/1968 2
ArnDock 2 19796 Yes 31 12/16/1966 2
ArnDock 3 19797 Yes 41 12/21/1966 2
ArnDock 4 21647 Yes 186 6/11/1991 2
ArnDock 5 21648 Yes 257 5/21/1991 2
ArnDock 6 16599 No 159 5/00/1968 2
Arness 1 19818 Yes 138 9/18/1988 2
BakerRd 1 16845 Yes 119 Unknown 2
Bernice 1 16843 Yes 132 Unknown 2
Charlie 1 34201 Yes 145 10/5/2005 2
CIP9 14100 Yes 140 4/4/1984 3
CIP 10 19790 Yes 168 4/4/1984 3
CIP11 23912 Yes 155 5/23/1990 3
Contro 1 16848 No 96 4/00/1967 --
Diamond 1 15089 Yes 213 3/26/1983 2
Diamond 2 17552 No 300+ Unknown --
FirstBaptist 1 16382 Yes 87 8/27/1963 3
Halco 1 19792 Yes 140 1/17/1986 2
JW 1 17313 Yes 103 10/3/1986 3
JW 2 17419 Yes 107 11/14/1983 2
Mazie 1 16847 Yes 92 8/1/1996 3
Mazie 2 364 Yes 70 1/20/1971 2
MBC 1 16844 Yes 295 3/27/1959 2
MCG 9 19100 Yes 86.5 3/16/1989 1
MCG 10 19101 Yes 56 3/17/1989 1
MCG 11 19105 Yes 96 3/23/1989 1
MCG 12 19099 Yes 55 3/25/1989 1
MCG 13 19103 Yes 91 3/28/1989 1
MCG 14 19102 Yes 85 3/29/1989 1
MCG 15 19104 Yes 40 3/30/1989 1
MCG 16 19106 Yes 60 4/1/1989 1
MCG 17 19098 Yes 187 1/00/1990 1
MCG 20 19791 Yes 152 10/14/1987 2
Nair 1 19506 Yes 97 5/19/1990 1
NorFab 1 18166 Yes 138 10/23/1989 2
Oilsal 1 19793 Yes 55 2/13/1977 2
Oren1 16841 No 224 1961
Porter 1 14658 Yes 105 8/4/1977 2
School 1 1335 Yes 197 4/16/1986 2
School 2 11%%%/ Yes 170 5/2/1988 2
Village 1 27711 No 136.0 12/21/1976 3
Village 2 27712 Yes 137.0 8/10/1977 2

Note - Logs less than or equal to depth of 30 feet omitted

Note - Log Quality Assesment: Rating Number Description
1 Great Quality, Reliable Information
2 Good Quality, Acceptable Information

3 Poor Quality, Unreliable Information
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Admirality 1

WELTS 16842

WRD Exp. (GW)

P /6P#R2 - -

Well Ko.

April 1966
WELL SCHEDULE * 3

U, S, DEPT, OF THE INTERIOR GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

HER ¢-14
wp Kena. C —4-

MASTER CARD

Record by Cl’a 5
State Ad /ﬂ Tk f‘\

l.lr.itude, I_é

: lonE.
ulrio:::bu L-Siﬁi o-i Oi Z_EO /
roent wee: (010331 | 1}

Source

of data &wﬁf} Date 2- }q'ﬂy

'{%":13.,.) K'nrmf

Sequent u
mn'har

v Sl x, .S'cd x, SE SEWQQQ
2101 DICICIC]hs

Owner
Or_name:

- -

Owner or name: 8 H Address: C
56 T
c). F G m
Olmarlhig: Cox‘anly, Fedtcgv't, g!y, Corpngz co, State(i;ancy, ua:g)m-: & P
(4) (B) (c) (D) (E) (F) N (D) (M) (W) (P) (R)
Use of Air cond, Bottling, Comm, Dewater, Power, Fire Irr, Mad, Ind, P 8, Rec,
BED o) M W ) W) ™ m @)

Stock, Instit, Unused, Repressure, Recharge, Desal-P §, Desal-other, Other
: - : ~

Use of (&) (D) {(G) (H) ® (B) (®) (T) (L] (W) (x) (®)
well: Anode, Drain, Seismic, Heat Res, Obs, Oil-gas, Recharge, Test, Unus Withdraw] Waste, Destroyed

—
Well dltlL%_l IW'I_I Field aquifer char.

-
-

TA AVAILABLE: - Freq. W/L meas.:

-
]

Hyd. lab. data:

Qual, water data; type:

yes
Pumpage inventory: .., period:

~
[

000 R E|

Freq. sampling: -

Aperture cards:

H%

Log data:

|
-

79
WELL=DESCRIPTION CARD

8’-/

I SAME AS ON MASTER CARD Depth well:

el L 1814 o
-2 Tept

Casing -° accuracy
Joest cantds e "’“m SIRL  ium é [:!_?g]
(c) F (H (P) T) )

Finish: mp:::::.. s:(';\:lel U., ‘::::“S s:sgfélz. e perf., t:taen, li pt., shored, gnn ‘
Method (A (8) D) (H ) P R) T v & rJ
Drilled: 512- bored, 3-:3, hyr)i jntted -13 re\Etru tre:(u: ing, drgvln. dgl\)m ® g

rot, Tot., percussion, rotary, wash, —sFRer 32
Date [ | T | - |
Drilled: )q‘i ? é Z intake setting: 2 2 ft | :

36 &

@erme_ Wﬂ\"ﬁh i

Lift L) o) o o De
ik B C J ep
(type): Eﬂ. bugkgr., eSnZ. }.Z, "t‘lupl‘; -ull:igle. msgz. yi‘.‘l:znn, g ﬁ °“‘¢= Shallu-
P

ower N nat LP ans. or
(type): diesel , gas, gasoline, hand, gas, wind; H,P. meter no.
4 S

above
Descrip., MP fr below LSD . Alt. MP
.4 ¥ 12 : Accuracy:
Alt. LSD: [ P i/ IS0 I thcei "z
37 13
Water above above [ "‘I
Level ft pelow MP; FE paiow D Al:cuncz- 3
Date v 5 T T T Method
meas: 39 Yield: _gan ! H H determined

I I GU‘{'IGI

60 y
D___H;m hral .l {“

Drawdown: .
QUALITY OF |—|
WATER _DATA: Iron I ISulflte Chloride mﬂlﬂ‘. »
- ] _“_5|_| PPE |‘—!—'—"r'—'-|l | Dacs Date lI "T e l|
P K s b H
Sp. Conduct x 10 Lﬂ_l Temp. FI_" A 7 sampled - l"

Taste, color, etc.

SSTODT / -:‘/—4;? o




AIMM 1

Date/Time:

MW-1
MONITORING WELL INSTALLATION REPORT
Project Name: Ay Y’i\SLJ‘ Zéfﬂcﬁlg‘l } Well No.: M W ﬂ/ s
Project No.: |4 €30, 003,00 h gggg Observer: )4 i PC'_’ nil

2/l 0100

Drilling Method:

Helbw$em Avyef (NE-I

7
Depth of
Compgnents in Stick up (feet) L
Soil Log feet Approximate ground surface elevation (feet)
g “. f 5 éﬁfd ve 15 Diameter of borehole (inches) s /ﬂ
} '/ Vg J1 K B Type of surface seal ﬁ"’ﬂ ft?ﬂi ,C
77
g,&iﬂblgf_ﬁfﬁ?' Af?l f ngi |.D. of riser pipe (inches) "Z
I benf Type of riser pipe = S heclule ‘/(7 )ﬂl/c
= ]-h e () ‘;e ;’” ! ’ ——Type of backfill around riser bc’il o I‘ <
e |

Fma Drk Bm/ofe 5“’“/5
£41 I—Ln’ lr\?Sd’Nﬂfi

(;ongishfn)t (IW"Z[) 2

Ec" n ‘]Lcm I \'f‘(i

—T1—Type of well seal

C7/50§| Ih Mé”/

*?f):‘m Séth’/

Type of sand

dor of [1
ﬁti\(ﬁ; 0

Length of top screen blank / F(-?e }

~ on baminafibi

Oy

Water level L d / ﬁ

Screen size and type {{ //0]1' 56 ,letj “-’ﬁ Lk‘

Length of bottom screen blank / () (:\@_"JL

£
Z

| _—— Length of end cap

—— Type of backiill material 9!’ /?/

Bentonite pellets [ 5/ "! ;
Bentonite/\olclay

Z—J —— .
Remarks: SOWJ //7 i :—é 60”}0'11 }6 % 3 F‘l’q éml/q -3 >5»{f
Lonclete Sulface "completion,
Amount of Sand é&i‘i‘é X< i Monument “Z '3 / b" C Iﬁ /] )l’ 5]%@/
Materials: Cement 6\4(” (:"\(ﬂ O t\/ Riser /[) S't:c. )Lmh { X

Screen ID gCC Hw\ Xj—

S

face

Other ‘/@ Grave] at surfece = 3 bE.




AIMM 2

MW-2
MONITORING WELL INSTALLATION REPORT
Project Name: N l\’il‘sk jt Zz:’fﬂ/f? Fi \}} Well No.: /‘V\ W"’ﬂ’ 2 .
Project No.: _/ 1’/(){3  CO3 .00/, 5”5{{’5’ Observer: A f?ﬂ’m“n&
Date/Time: 5 /&?/ /] 139¢ Drilling Method:  /fe/low-Sler %ew CHET4
e
Con?;ﬁ,ﬂ’;ﬁfs in stick up (feet) 215
P Soil Log feet Approximate ground surface elevation (feet)
Bf‘ 5 ‘%)b o UQlQ | ! Diameter of borehole (inches L /ﬂ al
S0M
s 8 e Tl
gker% rdé,! Cgf‘ {‘t’lfl Type of riser pipe & }1(‘2 ‘bik, L/f} ) [/ C
0'50 lé' /7 ‘4’7 Md I m/ ——Type of backfill around riser l’t 1 fﬁnl k
Fine d rlbém/éfﬂ gy

e, (s o
g?:fséc?ﬁSISffﬂf C j —{—Type of well seal gfii’lﬁf’ﬂlk’

0'>5¢ bes AN
No adet of /L/™ 5
A :d eneg, o G e

Contaminaction “

Type of sand é} ‘// i(ﬁ S'l m,f/

Length of top screen blank _ /0 (:ee_)"
——— Screen size and type 0 §Ié7l Qltfdulé YA
Water level !)PZD _”

= = /Length of bottom screen blank ! 0 £ C‘ej"
""" ::-:if ~|_— Length of end cap ’7/2)

o—————— Type of backfill material 5//1 4//}

7"
revars: _Satlie]> 58297, Beniﬂr11‘)%-?>"L7i‘f/f fa Lrone]>Y “Surface

Amountof Sand { Bczg: r &) i Monument 7 j S“/ S!‘/'&?J
Materials: Cement 9 JF-(U( 0 N kl Riser ,0 "Sec ﬁ OnSX \S’
: Bentonite pellets iS— [“z@g A Q 2#' Screen |/ SCC/' 107\)(

Bentonite/\Volclay ' Other ‘tf) (5} ﬁlVﬁ a1 Sul (qCC > f;i Igé’




[0

AIMM
MW-3

3

MONITORING WELL INSTALLATION REPORT

5:/)L gf % 5/&1\15!5
tr%-’—l ,Z), Tf{

Hlj}lcf Grave| Cﬁﬂ ’é
. l
Rvi:j%ﬁfjdrzg }d
few silF
éuHHﬁs ailc wns:s CVIl'
C fon 0 = Té f
4ff MS}I No 0010!” o

Project Name: N i\f"l.\Sh‘ L(f"W’{F’ \, ) Well No.: Al \,\fﬂ 3
Project No: | Y€ %0),003,090/, kK Observer: 4] | FPennine
atertime: ___S/1¢/)) 0 <e0 pringetnos: JE/J/-Stem A el
/
Depth of i -/
Comsgne:?ts in Stick up (feet) _ZJS
Soil Log feet Approximate ground surface elevation (feet)

. F oy
Diameter of borehole (inches) 1/‘4"

Type of surface seal Bc’ i I‘C«i'\l c

1.D. of riser pipe (inches

e 2"
4 hedile 70 A

Type of riser pipe

Benfon fe

—1— Type of backfill around riser

———Type of well seal 66’?”«/37’4!‘ yﬁ”

A .
Type of sand oF /I' t‘C’f S“i’&’//

Length of top screen blank / ﬂ (’ )L

Screen size and type

— |_— Length of end cap

Water level

Length of bottom screen blank

o————— Type of backfill material

PLP evidkence © ?
C‘”&)”"al"’\lﬂq /0“’ 570/ .'
;';"7'—
é

sand> 4g*~ 557 bendonie-£5 Y, leabrue|- 1 Syrface

Cement S W FES(;&Q,?H l\% !
Bentonite pellets [L AL )

Bentonite/Volclay

Remarls:

(onclete Surface” com ﬂ/choﬂ;
Amé:unt of Sand G r & Monument Z. S, _3/66]
Materials: Riser - 7 A //)’ Ser Hong

Screen
Other

I r 10" Sec Frem

=




AIMM 4
MW-4
Page 1
Boring Location ID: Page L of )_)l
Project Name: Friple-North-Geotech investigaiion——
P/ SOLUTIONSE Site Location: -BelugaRiverUnit
Fettontg Rescues: Cihcianey Project Number: 12700.084:001:0010—
Start/End Date: /& /n N —lez Driller's Name: Deaaen vavesiiel |ogged By: J-Craner
StartEnd Time: [# [ 12| |1~ [lo"%5 ofF az - Drilling Contractor: Dlsc ry Drilling PM: J. Peterson
Initial W. Level: Longitude: : Drilling Method: = /9 Total Depth:
Borehole Dia.: Latitude: Culling Disposal: ‘h,gr\ . f\!m Backfill: ,/ﬁf/z;d
- 5 Collected S le |Ds/A P -
3 c = | o Ha\wu\l:‘l gl-/b I b
a8 =% le o< o o <, -
Egg‘gggigt o E| 8 & EFDON = 25 W
— | O -— ‘o ;
£|93|2 s g ? 2 £ B % 3 3 Grain Size
S(3g(82[a8|25| E | & 5|2 Lithologic Description Distribution (%)
Qlm2lea|TolTh| » = o] > (calor, type, size, moisture, densily, parlicle shape, other) Gravel Sand Fines
SR [ Ben: b/ cgandics. ol Dy \ — |=2|&D
5 \ .
—- 3 A ple 2 @0
B ol B2 DN I I R Y v
=< < @ -+ ( \ .
R g GRRA Sih-/w SAVE Dy 18 |

s

aaw,aﬁhg w/kETﬁTfﬂax”“(ij\ 25 |eo | 29

|

|
QVEIT | R

3 M
s ! X d > Se (&8 |25
ﬂ) . §\ x T / - L(ep A, ~SIT
= 0 = Q «; NI Q(&n«g‘ QoD v/ Glede
i Pl [l eme e el
— e — - ! 3 - Bt ) M ——————————— [—— ,._-\Q‘.I—._.- S SRS—
DL " 9 (1 ‘I‘\._..»: _‘7-'"“ / JJ:TL_EV h\_‘ga’\f u—) a(P\J{{_M_ f,_ . ‘-3?: / é w“TOC}F\?r'

|
g
73
(P
"z%
5y
5
w

EDQL w /(7/)&1\‘ SAAD I./ (,,—,Q;\f.ﬂ-l‘, 5_ Z” -'TC\ b= 2 o ]}x

Y - " ‘
o O I 2 o e o | [}

AN I P e e o T W £ 7y =

o e I Rl Bl I I b il e o ere =S (eeoit ) |20 |0

—- o S N7 N )

m ¢l A I v U] 4

T | (6w | | BRew wot cpanes SAa0 W ianl o Ba|~

e I A l » Al aman Ay <, ' - (M\ f'r> s
~ =< I3 v N\ é W L[V i .,'_‘-'", v

g q;\ < VN Sl [5ee

—13 o T - ,
I e e B B T P R e R e W T e

v n Vi & N - 7=l

~Lde 1% ] ‘_\) Qf‘\f (\} P lw.: ' canues I‘\I/é} L 'PQ;Q\! (.-)Q& (vv\.o»§/> Yo o

NESEAN NN ET

nh "l g2 Wi

- e B e i I T ——— . ]| .

| s & \J | s P8 | on Zzawn W e ve s, (et ) % |6ep |1 @

P = W f\ T\\i‘ 4 s <P | e 2 Sfll e ~ S04 _w_____[";——-——-——;"’“

g | Nl N P e e e i |

— -1 N S”_ "1 = & el SUADSD TAAS T N {2&?0 a4 H

?51_ il k-v:ﬁ—‘“s” .*'; :,‘/ FK}.\,} E’(LA:{H | A A A \'r-(ﬁ’la\,.) —&0 293

» ' DRt BRE T X 5 eficles.




AIMM 4
MW-4
Page 2

Boring Location 1D: Page __/; of E

Project Name: Triple North Geotech Investigation
L W SO UTIOoNSE Site Location: Beluga River Unit
Restoring Resource Efficlency Project Number: 12700.084.001.0010
Collected Sample 1Ds/Analysis: Page __ of __
1 CoThnkaSs _ :
Ao Lot Fhorrtts X

Grain Size

\J{' " Lithologic Description Distribution (%)

(color, type, size, moisture, density, particle shape, other) Gravel Sand Fines
] —
LA f»” s W/ Enfid L Py~ ([BO|2| P
— | L ) = )
D:’J (-17 . e 'J/ ‘;,"\'_- rfy Mdes IS

Depth (ft)
Blow Counts
Hydrocarbon
Staining (Y/N)

(per 0.5 ft)
Sample Interval

Recovered/
Driven (ft)
Hydrocabon
Odor (Y/N)
Sample ID
USCS Code
Graphic Log

Time

29

el <5f_f- r i,r"__, ;/“5_‘_{_.?—_. Ju'/}:-—... .
/

C : Gl ["f/ S 3

Go

1 ' _
- 2" geul W/ Ak
— —
Yi—t — L ‘

-{3

]

z 2y ! (v ""'j, £ pro )iz %
{
e [ {

|

TopP—""1 e 2%, LGl W] Spas0 & |z

=t

o

> " I e B R e e e e e e - & Al P ?‘9
= £3y" v L v 5090 e

L, & I (! e By Bl e e S s ol in g n fp frad

ool I -- e T 7::;,5‘\ 2 )
L5 1 ] J—a—t o il ™ 5/;_[, " & ASEL/ SN & ¢

Y




AIMM 4
MW-4
Page 3

Boring Location ID: Page 5_ of i
Project Name: Triple North Geotech Investigation
Site Location: Beluga River Unit

SOLUTIONS

Restoring Resource Efficlency Project Number: 12700.084.001.0010
5 Collected Sample IDs/Analysis: Page _ of __
cz c| o
0 c Q= Q o
el5el3elS2l8E| 2 El8] S
Z|8we|sT| 8 8 2| o ol © o
oy s|lzsles E'E 4 o 4 cg = ) o Grain Size
225 §-E 5 8 gﬁ E £ |E|l®@ @ Lithologic Description Distribution (%)
A (=8 |5 ﬂ ra|lTo|Th|. v = o] =2 [G] (color, type, size, moisture, density, particle shape, other) Gravel Sand Fines
e (4 2-3"7 Aty Gil— ,,,.F’ Lidle. SAu=  [9'|e@ |—

]

§

| |

L\

®

}

!
A
2

{

75} s e e Y o it

) I U U N W S Sy R S SRR G B R

N S A6 - 80 10" — SW .

| N \‘\ \““ I N ‘ T 1 oy
: Dy |2 B 1 —82 —Aab -

Wy o
ty =[aF

faeh

1 /'” o, f"l“ F1— ':} Sl S cf{» i?j.

3

R
|
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KRAMHERGER DRILLING
RL. 2 Bax 905
SOLDOTNA, ALASKA $9669
(907) 262-4720

ArnDock 1
Welts 19292

Krazberger Drilling Co. Well Orilling Leg

Well owner: f{shoreSystems Drifter: BdJ Completion: 5/16/68
Builder: Fuss Tug - City:  Nth Kenui

Road/Area: Arness Dock
Legal 1: Legal2: PAD 3 (yELL
Depth: 162 Casing length: 162 Diametor: B Rig type: (I

Static lepel: 101

Vield: 530.0 Finish of weil: .835 Screen 139-1%4

8-101 grv,sand,rocks,houlders
10?-111 clay

115-131 coarse sand

133-137 good water bear/ sand
139-141 good water bear/sand

149-162 cenrse sand

Test pumped @ 530-540 gpm_for
16 hrs

028 Screen 154-159
101-107 sand & grave)
111115 fine heaving_sand
'131-133 coarse gravel

137-139 coarse gravel

141-149 coarse water gravel

fepelonsed scresn 39 hrs

1/24/86 - added 20' 8" casing
T2 _Destd New) APPeox. /69’




iStatic lepel: Yield/GPM 20.0

7 ” Je & Cl= oy Z Y i
Saall WBIL for~ T REAESS KESDENCE B8 DL stkke 19796
AT Baséc of Blufy  WELL No AoNEER EX/sTs. ) Spurce
@ DEe. - Selelsbrer
\\fvfr_ Gaohaw File
/3/25/88 ©
ArnDock 2
WELTS 19796
Krazberger Orilling Co. Well Drilling Log
flell owner: fArness Dock Driller: | Completion: 12/16/66
Buiider: Jim firness - City: Nth Kenai
Road/Arca: Nth Rd /Arness Dock
Legal 1: Legai2: Arness Dock
i
1 Depth: 31 Casing length: 33 Diameler: 6 Rig type: LT
Finish of well: perforate 20-23

0-20 dry sand & qravel

23-27 sandy_clay
perforated 20-231t

20-23 water gravel

27-31 water sand

CoR\ %\ 1S\ Q% W )
|~ e NS -\ -3 /S




Source - DEC-Salohmer
" Mclrahan Fle’

1973 7

ArnDock 3
WELTS 1979

Kranberger Drilling Co. Well Brilling Log
OfGshoe S terns

Well owner: fraessHoek— Driller: | Completion: 12/12/66

Builder: Jim firness City: Nth Kenai

Road/Area: Arness Dock

4ka_ U)e“’kﬁ-
Legal 1: faD 2 office wWellZ  Llegal2: frness Dock
Depth: 41 Casing length: 43 Diameter: 6 Rig type: CT
Static lepel: Vield/GPM 20.0  Finish of well: perforatc 15-18'

0-15 dry rocks & gravel

15-18 water gravel
18-27 silty sand water grovel 27-35 clay

35-41 sand & gravel

perforate 15-18 S rows 6 per

T o218\ 1 S\CE R
R-1Q2DV = <€l -3 ]S



T Q4T

Kraxberger Drilling Co. Well Drilling Log ArnDock 4
: WELTS 21647

ena\

Well owner: 0Offshore SYste""S i Driller: RRK Completion: 6/11/91
Builder: City: Nth Kenai

Road/Area: Arness Dock Rd Elec. = [4771° MSL
Legal 1: |Jec, #* o Legal2:
Depth: 186 Casing length: 189 Diameter: 8 Rig type: AR

Staticfleuel: 101 Yield/GPM 550. Finish of well: 25' JS screen 161-186

0-22 dirty sand & gravel 22-43 dirty_sand,gru,rocks
43-50 loose dirty sand & gravel 20-61 loose gry,sand & rocks
61-64 sand 64-95 logse sand & gravel
95-97 wet sand & gravel 97-99 sticky _gray_clay

99-107 silty wet sand 1072-115 clean wet sand
115-165 sand,gravel,water 165-186 coarse sand & water '~

—— Y

Set .030 screen\lﬁl—l 66 D025 screen 166-171

.020 screen 171-181 .018 screen 181-186

Depeloped screen for 24hrs

lOblI&//1SITLRHO9

9—| QYO 78-2/)-8 @5

e Al e il



o 20648
.___..,--"’

3 Krauberger Drilling Co. Well Drilling Log ArnDock 5
WELTS 21648

Well owner: 0ffshore Systews, Kenas Drifller: SLK Completion: 5/21/91
— Builder: City: Nth Kenai
Road/Area: Arness Dock Rd ELEY. = 200.2 ' MSL
Legal 1: _wete *3 Legal2: -
Depth: 257 Casing length: 259 Diameter: 8 Rig type: AR
Static level: Yield/GPM Finish of well:
- D-2 gravel 2-10 gravel,silt & clay
10-15 sand,gravel & rocks 15-17 sand
17-96 sand,gravei & rock 96-108 gravel & ciay
108-125 clay 125-131 sand & gravel
131-145 clay / 145-152 silt,gravel & clay
n 152-16? sand & gravel(20gpm) 162-1722 clay
13122-178 water sand coarse.020 178-200 water sand,ﬂBB[MQP"‘>
200-209 blue_ clay,silt,coal 209-220wet sand,silt,coal
220-227 flowing sand & silt 221-238 fine water sand(l_ﬁ_—?ﬂgpm)

19 238-257 silt,sand & water

pDeice  CASE
oLy

NOT QOEVeLOFPED
OR «SeED

lolgglIS| €TChhkO9
(-1 qav> 9¢-t)-8 g5



PORM NO 9-1904— A ; sire no. SB _‘&,13-3{,~CAAA? x
U.5. DEPT. OF THE INTERIOR /45 q 9
A on: AK-10117

g I GEOLOGICAL SURVEY 157 Lt e
Recorded by WATER RESOURCES DIVISION Date _2_.~__L"

WATER SITE INVENTOR
Fronscribed ln\, Lunde 1) mwN:I‘IE‘SCHEDI::.! ! / ArnDock 6
GENERAL SITE DATA 18] Cesk Ona e = WELTS 16599

Ste bdont No ] 2 :0 lwuu-u T h'l@“: w_ Vv I

[ = . madify, vorified
sorml2=]c © w 1w ¢ v (e N3] © (O] - LIy weed K s
-I-hh.m—mm-l!—i-d tiotd sheshod. wnshorhod, lesstion nat, minkmal
nnnu -
No. i '.I R T T T OO VO T O 1 Dietriet %= - bm for wwn) L l

INITIAL

' e T ECEAEE)  EEIEIEIE el L

b min e oy min e soa, §ome. 10 s, Min
Locsl
Number

DATE

H H 3 : : 1
a Ya s igwashin, range, o
l lll‘“ (R .""'.'. p
Map %M’\ PRRPRRIR RN (2 508 500 St 508 Sests :

rr_ Altitude l“'l Wl Sy o ]'] r“.' l”"i A & @I_l . umn

[ REMARK

HEADIR
WATER LIvrL
KEY PUNCH

AKRG

AT = ¥ shimuter, leval, map
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Arness 1
WELTS 19818

A

Ae.less Disposal
S1Te X1 $TindG

WELTS 19818

f . - Moﬂ;fa& wlE-
| Mw
...-Km;!;theamer. DBrilling Co. Well Drilling Log
meu ourner: ﬂgmm& Driller: BRK Completion: 9/15/88
Builder: firness Disposal Si City: NihKenaj
., Road/Area: Behind Baker /North F
é Legal 1: Legai2:
7. Depth: 138 Cesinglength: 48  Diameter: & Rig type: AR
i ‘ ) i
| *Statin fevel: 120  vield/GPM Finish of weill: PYC 4" 010 scr 1137-137 f
| 120 s
- o
| o f | % b 6 C
I , i 91-95 tight silt.sand & grauel
: : 103-107 clay,sand & gravel
b 9-123 wet silt & sand
: | 1 124-134wet silt,send & gravel
1 P
!
i
|
f
Lo

[




ARMNESS @L-éfJGSAL. SITe SHEET L
Mo Tog. WEL. MW Z |

Arness 2
MW-2

WS &S CO.
WATER SYSTEMS & SERVICE CO.  ECOWATER
47360 EMERALD AVE, 5 ¥ 5 T E M 8o

KENAI, ALASKA 99611 \\f@""“}}

907-776-8066

SINGE 1825,
Arness Disposal Site Monitor Well #2
Lot [ Block | Subdivision [ Borough | Section Qtrs. | Section | Township Range | Meridian
i J Kenai 1 7N 12W| Seward
j | Peninsula
Well Owner:
Peggy Arness Well Depth: Date Of Completion:
46095 Arness Road .
Kenai, Alaska 99611 _ Depth of Hole __ 134 ft 7 /.9 7113 .
Depth of Casing 111 ft
Well Data: Depths Measured From: X__ Casing Top
Depth : Material, Type, Color Ground Surface . ‘
From To Casing 2.5' above ground level
0 13 Gravel / Rocks / Sand Depth to Stati(: Water Level:
13 | 19 | Sand/Gravel/Rocks B R
19 23 Rocks Method of Drilling:
23 68 Gravel / Rocks / Sand _X__ Air Rotary Cable Tosl Other
68 72 Clay / Rocks
72 74 Gravel Use of Well:
74 83 Clay / Rocks ... Domestic _X Monitor ___ Public ___ Other
83 88 Clay :
88 84 Gravet / Rocks / Clay Casing Size: 6 in.to 141 ft
84 | 107 Gravel / Rocks / Sand Type: Welded Steel in. to ft
107 125 Clay / Gravel/ Sand / Water '
125 131 Gravel / Rocks / Water Well Intake Opening Type:
Open End X__Sereened _ Open Hoie
Screen Type: pvC diam. __4 in.
Siot Size 010 Length 20 ft
Screen set at 111 to 131"
Grout Type:
{ Yolume Used Depth to Tap
Development Method: Ajr Pump
Draw Down Test & Yield: 0 ftof Draw
Down g gpm
_ Tested with 1.5 hp pump. Depth of 120" from top of casmg
Thank you for choosmg Water Systemss & Service for your water well needs.
RH;, v b pe . 719113

Authofized Representatwe Date



Dapth

Boring Log BH-1

Gaologic Log

Arness 3
BH-1

Sample

- =
[} [-]
i i
£ £5 Approximate Ground Surface Elevation in Feet
0
5 Brown Sandy Gravel, GP, loose, wet to
- saturated, slight septage oder. Very
4 small recovery, redrive at 6.5 feet,
h Strong septage odor in cuttings at 9.0 feet.
10
1541 Brown to grey Sandy Gravel, GP, wet, loose,
A mild septage odor.
20
4 | Very tough drilling, 22.0 to 24.0 feet.
25~
30 Grey-brown Sandy Gravel, GP, moist to
4 \wet. medium dense, no unusual odor.
385 - | Bottom of Boring - 30,5 feet
B Completed %-13-88
y No free water observed ATD
| | Backfilled with drill cuttings.
40
4
45 -
50 -

Looked Proleciive Caslng

Buriace Sesl {Coment)

Bentonite PFeliet
2-Inch # PYC Rlaer Plpe

¥_ Product Levsl

Volclay Qrout

M-S Water Leval
4— 8lllos Sand Pack

2-inoh ¥ PYC Soreen
[ .020 Blot Bized

Native Granular Solle

Nominal g-Inch Borehole

o s-1

Hq S-14

NOTES:

1, Soll deseriptions are fntarpretive and actual
changes may be gradual,

2. Water Level Is lor dete indicated and may
vary with time of year. ATD:At Time of Driil

3. Refer to Figure A-+ for explalnation of symbo

HARTCROWSER

A-8136 September 1988
FIGURE &




Depth
o in Feset

10

20

25

30

a5

40

45

50

Boring Log BH-2

Geologic Log

Thermal

1]
c% Approximate Ground Surface Elevation In Feet

Brown Gravelly Sand, 5P, moilst, loose
no unusual odor.

Cuttings change to grey sand at 8 feet
with slight to moderate petroleum odor.

Sample

Grey Sandy Gravel, GP, moist, medium
dense, mild sweet odor.

Very gravelly drilling at 27 feet.

Grey Sandy Gravel, GP, meist, very dense
with cobbles, Very small recovery. Redrive
at 32.5 feet. Recovery contained large
broken rock fragments, no unusual odor.

Bottom of Boring - 33.5 feet
Completed 9-13-88

No free water observed ATD
Backfilled with drill cuttings.

31—~ Looked Protaciive Casing
Surisce Seal [Cemant)
——— Bontonite Pelisl Beal
2-inch # PYC Riser Plps

A
"

"
>
g P
TR

S
8 .0.1 Product Lavst
Yol Vololay Grout

e
52
»
->.

5L
o

N_Waisr Level
Sillos Sand Pagk

2-lnoh ¢ PYC Soresn
( 020 Blol Slze)

Nallva Qranular Solls

A

i

-

L

HNominal 8-Inch Borehaole

5-2

Arness 4
BH-2

NOTES:

1. Soil descriptlions are inlerpretive and acival
changes may be gredual.

2. Watar Level Is for dale Indigated and ma:
vary with time ot year. ATD: At Time ol Dril

3. Rafer to Figure A-1 for explaination of symbc

HARTCROWSER

A-8136 September 1988
FIGURE 6




Depth
o in Feat

20

25

30

35

40

45

50

Boring Log BH-3

Geclogic Log

Themmal
State

Approximate Ground Surface Elevation In Feet

Brown Gravelly Sand, SP, damp to moist,
loose to medium dense, no unusual cdor

Grey sandier cutting with some gravel
between 7 and 10 feet.

Sample

Brown Sandy Gravel, GP, damp, medium
dense, no unusual odor.

Very slow cobbly drilling 23 to 30 feet.

Brown-grey Sandy Gravel, GP, moist,
medium dense with no unusual odor.

Bottom of Boring - 31.0 feet
Compleced 9-13-88

No free water observed ATD
Backfilled with dril) cuttings.

— Looked Proteclive Casing

:\ Swiice Sent {Comant)

N — Bentonite Pellat Beal
2«inch ® PVYC Rlser Plpe
¥ Product Leval

Vololay Qrout

N S Water Levet
8Hloa Sand Pagk

£

2-inoh $ PVC Soresn
{ .020 Biotl Bize)

Nulive Granulsr Solln

Nominal B-Inch Borehot:

NOTES:

1. Soll desecriplions are interpretive and aclual
changes may be gradual,

2, Water Level is for dale indicated and may
vary with time of year. ATD:AL Time of Drillic

3. Hefer to Figure A-1 for expleination of symbol:

HARTCROWSER

A-B136

September 1988
FIGURE 7

Arness 5
BH-3




Depth
o in Feet

10

15

20

25

30

as

40

45

50

Boring Log BH-4

Geologic Log

Thermal

1]
:% Approximata Ground Surface Elevation in Faet

Brown Sandy S51ltv, ML, dry to moist

Samplae

Brown Gravelly Sand, SP, with cobbles.

Brown Sandy Gravel, GP, molst, medium

dense, no unuspal odor.

Grey sandier cuttings 6 to 13 feet.

Slight to moderate petroleum odor in
cuttings at 1l feet.

Brown Sandy Gravel, GP, molst, medium
dense, no unusual odor.

Tough cobbly drilling 22 to 26 feet.

Brown Sandy Gravel, GP, moist to wet,
medium dense well rounded 1/4 inch to 3/8 inch
pea gravel. No unusual odor.

Bottom of Boring - 30.5 feet
Completed 9-13-88

No free water ATD

Backfilled with drill cuttings.

== togkad Prolectiva Caaing

Swisce Senl {Coment)
< Bontonite Pellet Beal
2+Ilnch & PYC Risar Plpa
¥_ Preduct Lavel

Vololay Grout

M -2 Watsr Level
Blllaa Sand Paok

2-Inoh ¢ PYS Sareen
{ .020 Biot Bize)

Natlya Qranutar Solls

Nominat 6-In¢h Borehale

NOTES:

1. Soil descriptions are Interpretive and actual
changes may be gradual.

2, Water Level is for date indicated and may
vary with time of year. ATD:AL Time of Drilli

3. Rafer to Figure A-1 for explaination of symbol

HARTCROWSER

A-8136 September 1988
FIGURE 8

Arness 6
BH-4




Baker 1

TN

Stickup Helght: _w/4
|.L.. -inch Schedule PVC Well Casing

2-95’

Screened Interval:

@t “Slotted Screen
|Cther:

27 - e
28-3t BaT
2o Sl
s-0 BT

BHI-MW-1
ﬂhtna WELL CONSTRUCTION | womemem: | 0 sHEET:
Engineering LOG voaassoy |BMI- av-o1 [ of ¢
moxcriave Dt Moty sm -—_ mm :::um:fs? "I
ot er scemsr Q4 /D 0B Sen |
wn  S/19hy wun  Serry  (O°F by
e, GeaTek ww  Gepprobe 50Y0 DY 1\’
someszz P° e HEA |
WELTYIE g » ’fﬁk l-—:’-r“
WELL INSTALLATION INFO SOIL DESCRIPTION WELL DATA
' Monument Type: M
o fta Surface Seal:
atde 35 ¢




Baker 2

BHI-MW-02
ﬁhtna WELL CONSTRUCTION | wwme | oo -
Engineering LOG w0275.00. DHI - W oL oof |
e B4_prski__ s |
wor  Dier Hogle sonnr  Dodsar, /MRdm
w_huly o Sy Lo
comomrey _reaER v Geoprohe %0 DT
somwas 7" i TR 7 :
Ii,::ﬂ“ umqrn“mn WELL INSTALLATION INFO SOIL DESCRIPTION WELL DATA
0= ' < lom & ( . Monument Type: _M
N - P . . Surface Seal:
§ o _.:f.- patwe €0y
Stickup Height: M4
] 2 Tealrele |2 -inch schedule PVC Well Casing
L P3N § "'f Screened Interval: ﬁf -~ 3%y ‘
1 N, (fl 7 " Siotted Screen
o --—-'0 1¢ ”Qf‘k ‘.J/ Shi¢ [Other:
of p
e | Sf - MWS
'ﬂ’ am— ¢ ra .
t:q A:’ ﬂ.n..!h.k 30-32
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e P wedse sidf 3-3°
r [
— demde 67
30 — , .
Beou i Yo ("oh'w)
e el féa
H’f I
R 5y
SO | .: '.___i: T{j
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Baker 3

BHI-MW-3
ﬁhtn 3 WELL CONSTRUCTION | wwas | 17
Engineering LOG hoe75.001
" o LOCATION SKETCH/EXTRA FELDNGTES: = N
PROICT NAME g: ﬁi; wm [surface condition, le. Asphalt, grass]
wmr  DACECHUHES  sooms g Sengns | g
mn  Sfly wanes  CUaAN ., o
e w‘fdc. nia TYPE % &ﬁ D . <
—T) LS4 i
romown 4S5 wuree FRE-Rer  J. 1) SOV
NONTHING DEPTH TO GW
EASTING EEVATION
"’::"_'n" Hmmn WELL INSTALLATION INFO SON. DESCRIPTION WELL DATA
0 2 - Monument Type: M
s % * & : -* Stickup Height: A
- IE = Z_ -inch Schedule PVC Well Casing
‘wl._ o _‘_’_; screened Intenval: 25 L lI(' Bés
—] ".'C" 0,10 " slotted Screen - <5 GUTM.SZ{ME”
[ — ‘c»- ,.‘ 78 ﬂ“‘f;-l P | Other:
16l |- Lok S0 B3-S e
_““'.': R 2R TIAITE 2022 35
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E g B Srasie
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o I_:_ (":l "J/
— L sereemn
{;;b/ - e




Baker 8
SB-01
Page 1

Project Name _Nikiski

Site _Completions Facility

Client _Baker Hughes

Field Scientist/Engineer _Tim Dobson
Date _5/12/2014

Weather

Total Depth _45 feet bgs
Boring Size _2.25 -inch

Recovery Device _Macro Core

Device Diameter _ N/A

Sample Method _Macro Core

# of Samples 3

Drilling Company _GeoTek

Rig Type _Geoprohe 8040

Hammer Drop & Weight _N/A

Associated Points _N/A

Boring Number: $B-01
Project Number: 20275.002

X/Y Coordinates _2451924.27409/1407550.31941
X/Y Datum _NADS3(2011) AK State Plane 4
Ground Elevation _136.02

Elevation Datum _NAVDSS Geoid 12A US ft
Extra Field Notes:

Project Fila: MAAES\PROJECT FILES - REORGANIZEDBAKER_HUGHES_20275\001_NIKISKI_TOOL_SHOP\Q_FIELD REFORTSIBORING LOGSWNIKISKL.GPJ Library: MAAES\G AK ENVIRONMENTAL GROUPVGINT\AES LIBRARY.GLB  Data Template: AES DATA TEMPLATE.GDT

- i . v g | g
E g ANALYTICAL g g‘?‘i" = g% SOIL DESCRIPTION g |:E g 3
P — =1 = —

o SAMPLES % 2w | R3S AND NOTES & |ZE| @ [ © | WELLDESCRIPTION
ofR 2L | =9 = < | 2
- < <= o] w
g A - 2
hConcrete.
SANDY GRAVEL WITH SILT {GW-GM); brown;
0.0 | 14-BHI-SB01-01-50 ND | medium dense; moist.
SANDY GRAVEL (GW); brown; dense; moist.
0.0
0.0
0.0 14-BHI-SB01-04-50 ND
0.0
0.0 FINE SAND {SP).
SANDY GRAVEL (GW); brown; dense; moist.
0.0




ry: MAAESW AK ENVIRONMENTAL GROUPGINT\AES LIBRARY.GLB  Dats Template: AES DATA TEMPLATE.GDT

Project Flle: MIAES\PROJECT FILES - RECRGANIZED\BAKER_HUGHES_20275\01_NIKISK|_TOOL_SHOP1D_FIELD REPORTS\BORING LOGSWNIKISKL.GPY  Lbra

Baker 8
SB-01
Page 2
ﬂ tn Boring Number: SB-01
Engineering Project Number: 20275.002
Project Name _Nikiskl Recovery Device _Macro Core X/Y Coordinates _2451924.27409/1407550.31941
Site _Completions Facility ' Device Diameter _ N/A X/Y Datum _NADS83{2011) Ak State Plane 4
Client _Baker Hughes Sample Method _Macro Core Ground Elevation _136.02
Field Scientist/Engineer _Tim Dobson # of Samples 3 Elevation Datum _NAVDE8 Geoid 124 US fi
Date _5/12/2014 Drilling Company _GeoTek Extra Field Notes:
Weather Rig Type _Geoprobe 8040
Total Depth _45 feet bgs Hammer Drop & Welght N/A
Boring Size _2.25 -inch Assoclated Points _N/A
o
] [§] — 1=
g8 mavnca. | 3081 225 SOIL DESCRIPTION g £ I
| — = F— -
g3 SAMPLES g é =1 8 5 £ AND NOTES G |HEf g | o | WELDECRIPTON
o 3= =z = < o
s £3 <F 2 z | g
35
SANDY GRAVEL (GW); brown; dense; moist. :"‘}Js
{continued) ?9 DQ_ 7
0.0 é.Q.'G.._ 7
,_.Bn . .
O DM A
p 5 1 a0
GRAVELLY SAND {SW); brown; dense; wet. ‘:’B;\Jg v
SN
00 | 14-BHI-SBO1-09-SO 0.0074 p QL
q_Dq q- i
er s
pQ] 45

End of Boring: 45 feet bgs.




Baker 9
SB-02

Ahtna

Project Name _Nikiski

Site _Completions Facility

Client _Baker Hughes

Field Scientist/Engineer _Tim Dobson

Date _5/12/2014

Weather

Total Depth _45 feet bgs

Boring Size _2.25 -Inch

Recovery Device _Macro Care

Boring Number: S5B-02
Project Number: 20275.002

X/Y Coordinates _2461934.07451/1407590.11501

Device Diameter _N/A

Sample Method _Macro Core

# of Samples _3

Drilling Company _GeoTek

Extra Field Notes:

Rig Type _Geoprobe 8040

Hammer Drop & Weight _N/A

Associated Polnts _N/A

X/Y Datum _NAD83(2011) AK State Plane 4

Ground Elevation _136.03
Elevation Datum _NAVDSS Geoid 12A US ft

Page 1

ANALYTICAL
SAMPLES

ColorTec
133LL {ppm}
GROUNDWATER
ANALYTICAL
TCE (ug/L)

SOIL

ANALYTICAL
TCE {mg/kg)

SOIL DESCRIPTION
AND NOTES

SOIL GRAPHIC
DEPTH
(ft)
WATER LEVEL

WELL GRAPHIC

WELL DESCRIPTION

0.0 14-BHI-5B02-01-50

ND

hConcrete.

2k
: o
]
X1

SANDY GRAVEL {GW); brown; dense; moist.

0.0

0.0

0.0 14-BHI-SB02-04-50

ND

Prejsct Flla: MAAES\PROJECT FILES - REORGANIZEDNBAKER_HUGHES_20275\001_NIKISKI_TOCL_SHOPY1G_FIELD REPORTS\BORING LOGSWNIKISKLGPJ)  Lbrary: MAAESW) AK ENVIRONMENTAL GROUPGINTIAES LIBRARY.GLE  Data Template: AES DATA TEMPLATE.GDT

0.0

0.0

9.0

O o G
A QT G
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2o
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efe

oSN oRs
A07

10
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Dﬂaf?
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_NIKISKI_TOOL_SHOP\0_FIELD REPORTS\EORING LOGEBINIKISKLGPJ  Library: M:\AESWD AK ENVIRONMENTAL GROUPVAGINTWES LBRARY.GLB  Data Tamplats: AES DATA TEMPLATE.GDT

Praject Flls: MAAES\PROJECT FILES - REORGANIZED'BAKER_HUGHES_20276\004

Baker 9
SB-02

Ahtna

Project Name _Nikisk]

Site _Completions Facility

Recovery Device _Macro Core

Device Diameter _N/A

Boring Number: 5B-02
Project Number: 20275.002

X/Y Coordinates _2461934.07451/1407590.11501

Page 1

X/Y Datum NAD83(2011) AX State Plane 4

Client _Baker Hughes Sample Method _Macro Core Ground Elevation _136.03
Field Scientist/Engineer _Tim Dobson # of Samples _3 Elevation Datum _NAVDE8 Geoid 12A US ft
Date _5/12/2014 Drilling Company _GeoTek Extra Field Notes:
Weather Rig Type _Geoprobe 8040
Total Depth _45 feet bgs Hammer Drop & Weight _N/A
Boring Size _2.25 -inch Associated Points _N/A
~ -
[} [8) 1 o
_— = - — — — [T7] T
é i ANALYTICAL g §‘$ = §% SOIL DESCRIPTION é E E 5
2= SAMPLES | = %‘3‘ 3 5 £ AND NOTES i EE 5 @ WELL DESCRIPTION
8@ 33| 3u = k=
aq % < <F o] = g
SANDY GRAVEL (GW); brown; dense; moist.
feontinued) 7]
0.0 1
FINE TO MEDIUM SAND (SP); brown; dense;
malst. 7]
1l ¥
SANDY GRAVEL {(GW); brown; dense; moist.
0.0 14-BHI-5802-09-50 0.0098

End of Boring: 45 feet bgs.




Baker 10
SB-03

Project Name _Nikiski

Site Completions Facility

Cllent _Baker Hughes

Field Scientist/Engineer _Tim Dobson

Date _5/13/2014

Weather

Total Depth _45 feet bgs

Boring Size _2.25 -inch

Recovery Device _Macro Care

Device Diameter _N/A

Sample Method _Macro Core

# of Samples 4

Drilling Company _GeoTek

Rig Type _Geoprobe 8040

Hammer Drop & Weight _N/A

Associated Points _N/A

Page 1

Boring Number: 5$B-03
Project Number: 20275.002

X/Y Coordinates _24561918.54143/1407634.19772
X/Y Datum _NADS3(2011) AK State Plane 4
Ground Elevation _135.91

Elevation Datum _NAVD8S Geoid 124 US ft
Extra Field Notes:

ANALYTICAL
SAMPLES

133LL {ppm)
TCE {ug/L)

ColorTec
GROUNDWATER
AMALYTICAL

SOIL
ANALYTICAL
TCE {mg/kg)

SOIL DESCRIPTION
AND NOTES

SOIL GRAPHIC

WELL DESCRIPTION

DEPTH
(ft)
WATER LEVEL
WELL GRAPHIC

0.0 14-BHI-5803-01-50

ND

hConcrete.

SANDY GRAVEL WITH SILT {GW); brown;
medium dense; moist.

0.0

0.0

GRAVELLY SAND WITH SILT {SW); brown;
dense; moist.

0.0 14-BHI-5B03-04-50
14-BHI-5B03-05-50

ND

SANDY GRAVEL WITH SILT {(GW); brown; dense;
moist.

(el

b3 10
a

D

N2 15
)

0.0

0.0

Projert File: MAAES\PROJECT FILES - REORGANIZED\BAKER_HUGHES_20276001_NIKISKI_TOOL_SHOP\(_FIELD REPORTS\BORING LOGSWNIKISKL.GPJ  Library: MAAES\O AK ENVIRONMENTAL GROUPVGINTVAES LIBRARY.GLE Data Templata: AES DATA TEMPLATE,GDT

0.0

GRAVELLY SAND WITH SILT (SW); brown;
dense; moist.

Yoret
9@8 20

25

dense; moist.

SANDY GRAVEL WITH TRACE SILT {GW); brown; [

FINE TOQ MEDIUM SAND {5P); brown; moist.




Project Fie: MAAES\PROJECT FILES - REQRGANIZED\BAKER_HUGHES_202751001_NIKISK!_TOOL_SHOP\E_FIELD REPORTS\BORING LOGSINIKIBKL.GPJ  Library: MAAESW AK ENVIRONMENTAL GROUPGINTAES LIBRARY.GLE Data Tamplate: AES DATA TEMPLATE.GDT

Project Name Nikiski

Site _Completions Facility

Client _Baker Hughes

Field Scientist/Engineer _Tim Dobson
Date 5/13/2014

Weather
Total Depth _45 feet bgs

Boring Size _2.25 -Inch

Recovery Device _iMacro Core

Device Diameter _N/A

Sample Method _Macro Core

# of Samples _4

Drilling Company _GeoTek

Rig Type _Geoprobe 8040

Hammer Drop & Welght N/A

Assoclated Points _N/A

Boring Number: SB-03
Project Number: 20275.002

X/Y Coordinates _2461918.54143/1407634.19772
X/Y Datum _NAD33(2011) AK State Plane 4

Ground Elevation 135.91

Baker 10
SB-03
Page 2

Elevation Datum _NAVDSS Geoid 12A US ft

Extra Field Notes:

[+
£ 23s| 29 : g |z
S8 | avavnca |8 22% SOIL DESCRIPTION < | 5| %
G - oy -
§ p SAMPLES % 55 g 5 ‘E’ AND NOTES 3 ':‘:"E g |5 WELL DESCRIPTION
o (v = =
s oFF | %=E S £|g
(2]
|38
SANDY GRAVEL {GW); brown; moist to wet. 3 e
Al
0.0 [';:Be;g‘:l_ _
P
o%&?j 40
q. ’ K
e | ¥
“:,:ESO:G:::' .
0.0 | 14-BHISB03-10-50 0.058 3%
%b = 1
R a5
4.3
End of Boring: 45 feet bgs.




Project Name _Nikiski

Site _Completions Facility

Client _Baker Hughes

Field Scientist/Engineer _Tim Dobson

Date _5/13/2014

Weather

Total Depth _45 feet bgs

Boring Size _2.25 -inch

Recovery Device _Macro Core

Device Diameter _N/A

Sample Method _Macro Core

# of Samples 4

Drilling Company _GeoTek

Rig Type _Geoprobe 8040

Hammer Drop & Weight _N/A

Associated Points _BHI-MW-01

Boring Number: SB-04

Project Number: 20275.002

X/Y Coordinates _2461918.07848/1407701.36253

Baker 11
SB-04
Page 1

X/Y Datum _NADS3(2011) AK State Plane 4

Ground Elevation _135.49

Elevation Datum _NAVDSS Geoid 12A US ft

Extra Field Notes:

ANALYTICAL
SAMPLES

ColorTec
133LL (ppm}
GROUNDWATER
AMNALYTICAL
TCE {ug/L)

SOIL
ANALYTICAL
TCE {mg/kg)

SOIL DESCRIPTION
AND NOTES

SOIL GRAPHIC

DEPTH
{ft)
WATER LEVEL
WELL GRAPHIC

WELL DESCRIPTION

14-BHI-5B04-01-50

ND

0.0

0.0

SANDY GRAVEL WITH SILT (GW); brown;
medium dense; moist.

SANDY GRAVEL WITH SILT {GW); brown;
medium dense; wet.

SILT {MH); brown; medium stiff; wet.

_NIKISKI_TOCL_SHGPYIO_FIELD REFORTS\BORING LOGEWNIKISKI.GPE  Library: MAAES\) AK ENVIRONMENTAL GROUPYGINTIAES LIBRARY.GLE  Data Template: AES DATA TEMPLATE.GDT

- REORGANZED\BAKER_HUGHES_202751001,

0.0 14-BHI-5B04-04-50

0.0045

0.0

0.0

Pruject File: MMAESWPROJECT FILES

00

SANDY GRAVEL WITH SILT {GW); brown; dense; ‘.: .

moist,

=1 20

E\J
AN.aH.AaY

o7
0%

Native Soil

10

Bentonite

15

Native Soil
25

0 Bentonite

ot 1 || sand

B2 I 35

Screened Interval




§_20275W001_NIKISK_TOOL_SHOPWO_FIELD REPORTS\BORING LOGSWIKISKL.GPJ  Library: MAAESIWO AK ENVIRONMENTAL GROUPVGINTAES LIBRARY.GLE  Dats Tomplate: AES DATA TEMPLATE.GDT

~ RECRGANIZEINBAKER,_HUGHES:

Project File: MAAES\PRQUECT FILES

Baker 11
SB-04

Project Name _Nikiski

Site _Completions Facility

Client _Baker Hughes

Field Scientist/Engineer _Tim Dobson

Recovery Device _Macro Core

Device Diameter _N/A

Sample Method _Macro Core

# of Samples _4

Boring Number: S$B-04
Project Number: 20275.002

X/Y Coordinates _2451918.07848/1407701.36253
X/Y Datum _NADS3(2011) AK State Plane 4

Ground Elevation _135.49
Elevation Datum _NAVDSE Geoid 12A US ft

Page 2

Date _5/13/2014 Drilling Company _GeoTek Extra Field Notes:
Weather Rig Type _Geoprobe 8040
Total Depth _a5 feet bes Hammer Drop & Weight _N/A
Boring Size _2.25 -Inch Associated Points _BHI-MW-01
[+’
v} 5] ) o
— == i = r} =
g EL ANALYTICAL ggﬁ = §% $SOIL DESCRIPTION g iz ] E
o = = -
F SAMPLES | 2 5‘.; ] 55— AND NOTES & %E £ | & | WELLDESCRIPTION
o (&) '}
o oZ~ E Q o < o
— <L [
5 ) = =
35
SANDY GRAVEL WITH SILT {GW); brown; dense; E,,V}LJq o
moist. {continued) )QBQ_ |
0.0 | 14-BHI-SB04-08-50 0.093 °%9!
ANSE 4
90;-1_32 >
2] S d Int: |
SANDY GRAVEL WITH SILT (GW); brown; dense; [P ;g_j_ 40 g creened interva
14-BHI-103-GW 43 wet ).,B Q
: = b he B N
AR ]
',_.69 &
S
T .
ofN\L] 45

End of Boring: 45 feet bgs.




0_FIELD REPORTS\BORING LOGSWNIKISKLGPJ  Lbrary: MAAESY0 AK ENVIRGNMENTAL GROUPGINTWAES LIBRARY.GLE  Data Tamplate; AES DATA TEMPLATE.GOT

Baker 12

NIKISK|_TCOL_SHOPU

Project File: MMAES\PROJECT FILES - REORGANIZED\BAKER _HUGHES_20275\001

SB-05
Page 1
ﬂhtn 3 Boring Number: SB-05
Enginéering Project Number: 20275.002
Project Name _Nikiski Recovery Device _Macro Core X/Y Coordinates _2462034.85326/1407515.21258
Site _Completions Facility Device Diameter _N/A X/Y Datum _NADS3(2011) AK State Plane 4
Client _Baker Hughes Sample Method _Macro Core Ground Elevation _133.77
Field Scientist/Engineer _Tim Dobson # of Samples 5 Elevation Datum _NAVDES Geoid 124 US ft
Date _5/13/2014 Drilling Company _GeoTek Extra Field Notes:
Weather Rig Type _Geoprobe 8040
Total Depth _45 feet bgs Hammer Drop & Weight _N/A
Boring Size _2.25 -inch Associated Points _BHI-MW-02
[
— w — 8] - o
25 <33| 3% Il 3%
E& | ANALYTICAL ED|ZE SOIL DESCRIPTION < = 2| &
55 SAMPLES | 2 5213 55— AND NOTES & %E § | © | WELDESCRIPTION
om o=ze z20 = < o
e < =44 o w
& b - =
0
SANDY GRAVEL WITH SILT {GW); brown; i““é}-)g
i ; moist, Snn s
medium dense; moist. ?G DQ_ i
14-BHI-SB05-01-50 ND °st ‘
;’-' BQ- 7 Native Soil
oG I .
PO s
SANDY GRAVEL WITH SILT {GW); brown; dense; 1%&-3‘
moist, bt 3
0.0 | Bentanite
0.0 i
] —
0.0 14-BHI-SB05-04-S0 0.010
! 14-BHI-5B05-05-50 0.0071 ]
i i Native Soil
0.0 ’
00 1
FINE TO MEDIUM SAND WITH TRACE GRAVEL )
AND SILT {SP); brown to gray; dense; moist. T Bentonite
0.0 i ]
7 Sand
ol Scragnad interval |




Baker 12
SB-05

@!;:Inminag

Project Name _Nikiski

Site _Completions Facility
Client _Baker Hughes

Field Scientist/Engineer _Tim Dobson

Recovery Device Macro Core

Page 2

Boring Number: SB-05
Project Number: 20275.002

X/Y Coordinates _2462034.85326/1407515.21258

Device Diameter _N/A

X/Y Datum _NAD23(2011) AK State Plane 4

Sample Method _Macro Core

Ground Elevation _133.77

# of Samples 5

Elevation Daturn _NAVDSS Geoid 12A US ft

Date 5/13/2014 Drilling Company _GeoTek Extra Field Notes:
Weather Rig Type _Geoprobe 8040
Total Depth _45 feet bgs Hammer Drop & Welght _N/A
Boring Size _2.25 -inch Assoclated Points _BHI-MW-02
o
i [#] — o
_— == — = 1T 5
E g ANALYTICAL g 5‘5 = §% SOIL DESCRIPTION g E E E
[ =] = s o
g5 SAMPLES % 55’ 2 5—5— : AND NOTES & %E £ | © | WELLDESCRIPTION
ulR azZE E o 5 < o
- < =
g 7 = 2
35
GRAVELLY SAND WITH TRACE SILT {SWJ; brown; P o]
moist. DDDQ__ )
LOTY
0.0 '..Bo:g o ]
D TR
=X D . i SZ
14-BHI-106-GW 29 08 G 40 - Screened Interval
GRAVEL WITH SILT {GW); brown; wet. :‘B&J‘
Loy
14-BHI-5B05-10-50 0.024 e
,,_,Bu LR p
R
P 45

Project Flla: MAAESVPROJECT FILES - RECRGANIZEDBAKER_HUGHES_20276W01_NIKISKI_TOOL_SHOPA10_FIELD REPCRTS\BORING LOGSWNIKIEKI.GPJ  Lihrary: MAAES\D AK ENVIRONMENTAL GROUPGINT\AES LIBRARY.GLEB Data Template: AES DATA TEMPLATE.GDT

End of Boring: 45 feet bgs.




Baker 13

NIKISKI_TOOL_SHOP\10_FIELD REFORTS\BORING LOGSINIKISKLGPJ  Library: MAAESW AK ENVIRONMENTAL GROUPGINTIAES LIBRARY.GLB  Data Templats: AES DATA TEMPLATE.GDT

R_HUGHES_20276\001

Projact Fila: MAAES\PROJECT FILES - REORGANIZED\BAKE!

SB-06
Page 1
htn a Boring Number: SB-06
Engineering Project Number: 20275.002
Project Name _Nikiski Recovery Device _Macro Core X/Y Coordinates _2461873.92623/1407459.205
Site _Completions Facility Device Diameter _N/A X/Y Datum _NAD83(2011) AK State Plane 4
Client _Baker Hughes Sample Method _Macro Core Ground Elevation _134.66
Field Scientist/Engineer _Tim Dobson # of Samples _5 Elevation Datum _NAVDSS Geoid 12A US ft
Date _5/14/2014 Drilling Company _GeoTek Extra Field Notes:
Weather Rig Type _Geoprobe 8040
Total Depth _45 feet bgs Hammer Drop & Welght _N/A
Boring Size _2.25-inch Associated Points _BHI-MW-03
o=
_— [ = o ] =
g E g 5 % s%’ . z |z E é
-2 ANALYTICAL ¥ =E SOIL DESCRIPTION g E=| 2 P
53 SAMPLES %5: 2 5:5— AND NOTES G |ZE| @ | o | WELLDESCRIPTION
of o=z 20 = < o
— <L oL [e]
] N 2 =
0
GRAVELLY SAND {5W); brown; medium dense; P-\éy_‘;
. Q| P, -
moist, L]
o B | Pea Gravel
14-BHI-SB06-01-50 ND p BSJ‘
PYATIC S
390%3 4
p (Al 5
',.Bn -4 .
hat N Bentonite
SON TR ‘
SILT (MH}; brown; wet. [IU'. ]
0.0 LESd
GRAVELLY SAND WITH SILT (SW); brown; ‘:'Bq SF
dense; maist )'l' N
. ) (>3- i I
o[y
o B 1
°Q G" 4
0.0 ;B; Qs_ i
o B
A
SANDY GRAVEL WITH SILT {GW); brown; dense; :‘Bp‘
moist. .o BQ— T
0.0 | 14-BHI-SBO5-04-50 ND b B gj_.;_ ]
FTALES S
?DBQ— e Native Soil
p Q| 20
oB“Q
BN A
A
0.0 q'Bﬂ ~d
R
b3l
h-D‘Q" 25
P B
PO
of ey
0.0 ?o"-l;ii- o
207 ]
of W8
.0 30
2:69 4 i
HErR. Bentonite
0.0 "’9;'.6,"
Granite Boulder.
o : 1 Sand
fed 35




Baker 13
SB-06
Page 2
ﬂ tn 3 Boring Number: SB-06
Engineering Project Number: 20275.002
Project Name _Nikiski Recovery Device _Macro Core X/Y Coordinates _2461873.92623/1407499.205
Site _Completions Facility Device Diameter _N/A X/Y Datum _NAD83(2011) AK State Plane 4
Client _Baker Hughes Sample Method _Macro Core Ground Elevation 134.66
Field Scientist/Engineer _Tim Dobson # of Samples _5 Elevation Datum _NAVDS8 Geoid 12A US ft
Date _5/14/2014 Drilling Company _GecTek Extra Field Notes:
Weather Rig Type _Geoprobe 8040
Total Depth _45 fest bes Hammer Drop & Welght _N/A
Boring Size _2.25 -inch Assoclated Points _BHI-MW-03
[+
w [¥) - [
— == e = o =
E i ANALYTICAL § §E‘"" = §% SOIL DESCRIPTION z |z é E
S5 | SAMPLES | 2 E;:' 2 5 £ AND NOTES - %5 F | & | WeLLDESCRIPTION
°a 3z [ 28 = < 2
m £2 <= ) 3 | 2
35
SANDY GRAVEL WITH SILT (GW); brown; dense; ‘:‘,"}Jg
moist to wet. {continued) )o BQ— T
0.0 506_ T
q,Bn. P .
14-BHI-101-GW 0.67 MegS e AV
14-BHI-102-GW 069 O3 40 | 2
;:'.:BQ < 40 | Screened Interval
)_9 Q_ |
o0
00 | 14-BHK5B06-09-50 0.0056 o {37
o B -
P3O
Bl S -
o3y a5

Projact Flla: MAASE\PROJECT FILEE - REORGANIZED\BAKER_HUGHES_20275001_NIKISK]_TOOL_SHOM1G FIELD REPORTSBORING LOGSINIKISKL.GP)  Library: MAAESW AK ENVIRONMENTAL GROUFYSINTIAES LERARY.GLE  Data Template: AES DATA, TEMPLATE.GDT

End of Boring: 45 feet bgs.




BakerRd 1
WELTS 16845

WATER WELL DRILLERS LOG DO NOT FILL IN
FRANK KRAXBERGER DRILLING
DPrilling Co. STAR ROUTE USGS No.
e SR A e e

Driller Jﬁ,: 30 ZE& dik&zng:l Area
Well Owner il m Use of dell A0 -

Location (address of: Township, Range, & Section (if known); distance from road:

ok +

Size of Casing é Depth of Hole___ feet. Cased to j/ ? feet.

Static water level ZQ feet (ahewe) (below) land surface. Finish of well
(check one) Open end ( ): Screen (437 Perforated ( ).

Describe screen or perforations: _ /%, E‘cﬁg Y I
Well pumping test at gallons per min) for « hours with

feet of drawdown from static level.

Remarks
WELL LOG
De'pt!: in ;eet zrom Give details o? formations penetrated, size of material,
__ground surface color, and hardness.
Ot S8
S0 to 4O __AMSM
40 to 99

27 v Jo/ MMM@_
&LtoL _AMM -

ZZLW.ZL'Z _u;m:!i&_%a&&

to o I AL LD =S

to 5

to

to

to

to

to

to

to

S F0OF - P



BEAR PAW COFPEE SHOP & DELI
Nikiski) AK.

STRATA WELL LOG

2'to 90' - gravel
90'to 95’ - gravel with clay
96' to 100' - water vein with washed sand & gravel
100' to 117" - gravel & clay
117' to 124' - water strata
124' to 128' - red clay
128' to 134' - good sand, gravel & lots of water

BearPaw 1
No WELTS




Well No. 7-/2 - )~

Latitude-longitude éa 1 45, 2-3 65-//57:
d m s d

]

}7.03 -

HYDROGEOLOGIC CARD

Physiographic
I SAME AS ON MASTER cannl T Section:
1 [ T
rainage
| c | i | 80! B I Subbasin: @
72 23
(D) (©) (B} (P (H) (K) (L)
Topo of depression, stream channel, dunes, flat, hilltop, sink, swamp,
well site: ) . (P) (s) (T) ) )
offshore, pediment, hillside, terrace, undulating, valley flat 27
HAJOR
AQUIFER: . _ @Q O L
system series aquifer, formation, group 30
O Aquifer
Lithology: Origin: Thickness: fe
Length of rl—lvs-] Depth to i T
- ¥ -

- well open to: ft h | top of: fr ik ks
MLNOR | : |
AQUIFER: , L

system series aquifer, formation, group 6 47
. Aquifer
Lithology: agde 9 Origin: Thickness:

Depth t
[ II II | Length of : P o
| L well open to: ft L top of:
31 53

(2]
(ad

i

57

]
o

Intervals 7/ ”4 ! L4
Screened: A S =z w Jd/ ;ﬁn—» /Zé /3/ 6

epth t :

consolidated rock: fr L =t i _1 Source of data: “l l
Depth to I : T T I o
basenient: fr ) N 1 Source of data: [ ]
Surficial | Infil:rar.ion "[ I
material: 7Quam?1 . characteristics:

Coefficient | ' ' 2 | Coefficient 4 |
Trans: gpd/fe Storage L kv
Coefficient 2

Perm: gpd/ft ; Spec cap: gpm/ft; Number of geologic cards:

FL

o=/0/ ﬁﬂﬂ/{"/ffr)ﬂ# vel/- a&c/v
/0/- /02 jﬂ-'ﬂJf/fc?/f/ w/ff’/ng /x% ,,W
/02- /120 5-//; sand «/ bloe t// «f coal .
/20-/122 _S-/? Jﬂﬁq/ w/ coal - -

T U -

_'_.......'

122- 123 Sy sond 1 gravel o ;%:{fzo

123-125 Sd""‘/ f fd-f/(/ w/ Ha0 heaorir
125126 Sk SJ”J w/ aoaf w/ #s O conlda =
126- 13LS Sarnd rj,.‘,,,,./ ) JoO chinor
/31.5- /32 5/7-9:/ lve Ay

;/

GPQ 857-700

/

"ON T1°M

AS Lo/ MY

6843

Bernice 1

WELTS 16843

Ve uLes



MAR-1b-2006 WED 03:22 PM PETTRKIN DIST KENAI FAX NO. 807 283 3609 P 01/01

: Charlie 1
w S & & OO0, WELTS 34201
WATER SYSTEMS & SERVICE CO. ECOWATER
47360 EMERALD AVE. = !_,_....,.." ——
KENAT, ALASKA 95611
807-776-8066 orre 15,
Lot | Bleck | Subdivision Borough Section Qtrs. | Section | Township ' Range l Meridian
2 2 Nikishka Sub |
Well Owner: .
Steve & Jennifer Chamberlain Well Depth: Date Of Completion:
P.C. Box B186
Nikiski, Alaska 99635 Depthaf Hole __ 145 _ ft 10 /__05/ 05
dL flaska gdoob - Depthof Casing A i T
Well Data: Depths Measured From: X____ Casing Top
- Depth : Material, Type, Color __ Ground Sarface
From To ;
9 15 Bury Pit Dcpth to Static Water Level: i
18]~ 98 Sand / Gravel e fi %
98| 121, Clay Method of Drilling: !
129 136 Clay / Rocks X AlrRotary ___ Cabie Tool Other
135 145 Sand / Gravel
| Use of Well:
___Bomestic ___ Monitor _ X Public _ Otfher
Casing Size: 8 ite 140 ft
) in. to ft 1
g ésppHpm Iron Well Intake Opening Type:
6‘ Graine Hardness —OpenEnd X Sereened __ Open Hoie
Screen Type: 585 diam. _ 8 in.
Blot Size 12 Length 5 ft
Grout Type: _Envire Plug #8
Volume Used 100 ibs  Depth to Top 10
\
Development Method: Ajr, Pump, Bailing i
Draw Down Test & Yield: 8 ft af Draw
Down 20 gpm

Thank you for choosing Water Systems & Service for your water well needs,

. ~
lows g 10/05/05
Authorized Representative Date




f/%j ﬁﬁme«ﬂ L= CIP o

_p£7fgr(f§ é;’ (jtl xxgl$§j;100

WATER SYSTEMS & SERVICE

Rt. 1, Box 1517 Kenai, Alaska 9611
Aapril 4, 1984 #byﬁ well #1
J= cetec ! 4 r
COOX INLET PROCESSING Lot 2 Vi Kish kg
Fish aAvenue o d "
Nikishka, AK 99635 %)\ Suwot Ve T2

Attn: Carl Summers

Deaxr Carl:

Per your request last evening we are submitting the following
well log on Well #l1 on the cannery located on Fish:Avenue in
Nikishka, Alaska:

Q0 to 2 feet topsoil
2 to 90feet gravel

90 to 140 feet sand
135 to 140 feet screen set in sand formation

A submersaible pump with a rating of 5 h.p. was set as requesked
and the well yields 70 gpm.

We thank you for choosing our company to serve your water npedc
If you have any questions or problems please don't hesitute to
call.

Sincerely,
VTR P SV, P LAS 18787
Kenneth 1. Dyer /
Xenne o N51 W41
LY Ty
®d/ad - SE NE SE NW
v, . )
L LT w2 61 i~ v ﬁ{ /

W ORAC &

b, COMTLT Locatw
,"” -,3 L \ \\.}-:‘ ‘ DQ

Ces LA o0 refer to LAS 6640

06\

£=1 Y ~ti-19e



19770

CIP 10

]]715;'(Ea tsf (j?]; Well No. 2

: WELTS 19790
WATER SYSTEMS & SERVICE

Rt 1, Box 1517 Kenal, Alaska #9611.

Dated this _4th _ dayof _ Poril 39 8¢
| g2 69! N kiska Sub 2

COOK INLET PROCESSING
FISH AVENUE
NIKISHKA, AK

Dear Mr. Carl .Summers.:.

The following is & well log which is located on Well #2

158 to 168 fest screen set in sand formation

to oot » S
e ;
A sulmersible pump with a rating of 5 s -
as requestsd aud the well yislds 1_9_0_.-."?‘!"" vas et o o
o
o
VYo thank you for choosing cur company to serve e
needs, 1If bave eastions pTeblsms w
duﬂthuﬁdz:tocﬁzg' aad Efi
\
Sinceraly, o '{:_S;
i
P I
Zesmeth D, Dyer 0 N
k4/48 Nk 20
C""\C‘:C“\'@‘( Proceu. wIEAl Frudk e appevovedl “a_ AREC

ak CAaR B well, Resonacd Tom '\da_a D ,
t /&9

PDed 1/23/¢9



CIP 11
Well No. 3

WS &. S CO- WELTS 23912

WATER SYSI'EMS & SERVICFE

e\\2T

Ri. ), Bon 1317 Kenoi Alarko 99611
Dated this 23 —_.._ Uay of —eeMay ..._._.+1%gg
XK. Cook Inlet Processing
P. 0. Box 8163 3
Nikiski, Alaska 99635 BV

Dear K. Cook Inlet Processing

The {ollowine js a well lop which is Jocsted on Lot
Block Well_# 3 e e eem .
subdivision, locatred in the Kcnai R-cording District.

As you have reguestod sajd well to be drilled, we are
sulmitting the followinoe informaridn 1buartling your well:

Oio0v 95f vt Large Rock - CGravel & Sand
95 vo 126{ ¢cet Clay = Grey
126 L 132fe+2t Large Rock - Gravel & Sand
132 1 v 132 eret Clay
137 (v 153/ ¢2t Sand

Static Water - 105°
A submereibile pump with & tating of 15 h.p. was sel as

reguasted and the well yield has the capacity of_lﬂlfpusu 20' Drawv Dow
g.p.m. A screen was/KRKEXXE nct as requested or required.

15" of # 16 screen was set atr 138' to 153'.

We thank you lor choosing Water Bystems and Sorvice to sorvu
your wataer well needs. 1f you have any further questians
or problams, ploase don't hepitale (o coll.

Sincerely.

/é..,aa'/ & dg,w

Kenneth D bypr

cj/rd
Lo6 1 ME/ Wi segese

N Y skn ¢ | 7J Iz W, S/

vit UISry

Jaa A |-%1 23
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FORM NO 9-1904— A srenoSR=_1- 12~ 1 —4ABB/I-| )
U.S. DEPT. OF THE INTERIOR pv - 18533 Contro 1

ﬁ'lt_'_‘!“_‘_;un

>L m Lo, 129, , ¥ A et B T D M) umn

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION
GROUND WATER SITE INVENTORY

Recorded by £¢%r/ m

"“"MG WELTS 16848

SITE SCHEDULE

Check One W‘/m —— Matric Units

GENERAL SITE DATA (0)
[ — ll-lsy D L v |t!

0 e 1ot o 4 WY mm-
- nid, deieve, modily, voritiod

Swlyml221€ O H 1 M _» r(u]tI"m[ -] ¢ Su] L w [*] " S6s, 17

mm--u- #-ﬂ—i-ﬂ Tield shoskod, wnshoskod, h-ﬁ-ut.-ll-d

}q} l---.-.--lnl'!mm- [2- 1G] _QMA.—
{8 oot (2G0T ISA]  (onpun T IS TEST] “""""-1- : w e
I luhlu Min

min  ms

Location

o' Losd iLang
iR w12 Eﬂﬂl?!f N, LY ST
I f\‘" - A AL - .y , : s 174 /e uﬂl-& u-nﬂu. rangs, L]

'.....;3 o

altimeter, level,

[ iy [m o c ¢ ¢r wxk L 8 @ s v (0) v wlef e (o[l *
deprossion, straam, dunes, Mat, hilitep, sink, swamp, offehors, pediment, hillide, terrees, undulating, velley, uplend
i ehannel flat drew
T - Dstaof Fim
| Construction/| 21 = / )/ * oi'lzs-].n O E G H ® M P. R 8 T u(n?: z 9]
1~ | Completion monih. Sy Yo hadn GTain, e i, Weat. Obvery e ol i reeharee, Toprem. Tt umused. N wacts, dnstroyed
..j_-l i resere ation, [ ] drawad,
ol et f24-] 4 8 c D & F M i [ N (r) R s T v v z |+
OO | air cond., botiling, commarcial, dewater, power, fire, P publis, ok, unused, dessl, sther
supply
Water Use - foruu\rlhch. I l‘]mﬂ{ﬂ" L 195-1 L | imdla'l L1 |gélol | E ! M;:ll a9
Water Lovel 3“'[1 B l-"._n 1 I‘i Date |”'[m|"k 'I"I l J\r:wl_l I Sum@- le 30, 3"’—5
laal . P = 2 ki = ia o iy i e
Mathod of LA < E G ] L L A 3 T v ‘l f _—
mmd timated, prewrs, celiated, geophveicsl, menomets, reporied, sesl, slesire, calibrated, other
; airlima e upe tape shestrie tape
soni B2[0_f @ " ] R T v X 2[4 - \{ #
Gy, Timing, remrby,  readby. comrucion, pumpng. reeanily, nmrby, nesrby; foregn  mriwe i otw 29—
Powing  recently pumpsd pumping recemily wbwancs  wifests
Towing pumgd
?‘"“9' o M® 3l'| ]‘ Pump Used 3s- e “x:?‘l m-_]—l L ouey oy | p.'.“ni.':l m"‘ ! / 1 'LI_! Lol I.l
g . mmonth ey -
OWNER IDENTIFICATION (1) _ /- .{’éﬂﬂy C‘aﬂvb'
[Aom]*] [r-](a) o w]e] kel [TTY ) ¥ / -
»dd ), mod manth [
nml ""‘iﬁpu(-e PR T A E‘! Initial m.n
OTHER SITE IDENTIFICATION NUMBERS (1) e Oy — %B——di le To
[notsofs] [r-[ajo wmis]l 10000 (, ) [ pigm =KD 1Y
434, delate, modity
W ETTY S e - ARRGT o, Y
90¢ los42 X Bl= L e
SITE VISIT DATA (1)
[r=vsel+] [7- Y‘ﬂ o wml*] Sutheny 7/ .
39, duimts, medily month  day Wear
FIELD WATER QUALITY ME 5 (1
[R=102[s] [ |E] o m |s] ml""l!lg Qll |9|ﬁ__|ﬂj ?mm[_‘"’[ e oo |

add, delate, modity month year

Bl fiseao ;00,707 o.,,...c[m-l 7000
P Elu'l°|.|.l.|l|'| "ml‘“ ‘I [ SO A TR D 1l—|_-l
ymmm Viu.["l‘-l Lo i 4 1 je} [']
i‘“mm E Jol i I.I Vlul‘"'l I W | l‘l—[T[ \

FOOT NOTES:
(D Soures of Data Codes:
[s o 8 & [
reporiing, drifler, owner, ather gav't, orher lags, geologist, ather
e— raparied,

7}“ 3’4’

/v st s &4 s




‘otz Kiww. g/ A OH X4

4

-ﬂ“ﬂ.ﬁﬂﬂ:ﬂ“ fao P a20 77277 2/ g mu\wm Wids, ww\w @%N%\ 428 S/ k

o015 IPL NooVIS 5SS LOTFTH [ X o7 N A
-7 G IHAY h\\\ﬁ\ ¢722YL ,\%\ - \ﬁ\\ 4 Y o7 swa V224

..U-m&\.nﬂhv

F S J4§\¢Jﬂ%§\w& % )%
&

L BYL A7proF 297 ~pogynd 3T PrO yvays

2 i LONV 29PF DY ffs somr TE AT N2213 DY bprpas 49N 1 paseas 2y \W\MN pt

Mo ?.\.u.%\u\.}wm \\..kﬁ

................... : ¥ ra QL L O A

Rt 7 G S A% 7 e e Woud

LA
i L i O 6 s WOHd

........................................ L O T WO

......................................... L g g N OH S

Opp /27 172 O AGA 2 0fty S92 b A1 VLN P792 20 :noravwaoant oSt

...................................... L O L WOM A

........ L OL "LA™ """ WOHd

................. L “OL L4 Wod4
e T A R e

PRSI S 0L T Woud s\&v\\\\.\h

S wous purspa yvos - gop o yormon LA L

£Ld
LA

omre P W Woad

........................................ L G T WO d

.................. DAY A GOk A 7T HOud %\w\ um.._; A4
x&uw}qm.ﬁ ........ N\\ ...... oL .zwmzﬁvﬁ .W\ .%‘_ Uf*..v \.\_\
.............. N)\w\ww.uh GO e WOu " k.\htuw Wt ap

O WOUS SO PET § 7600 @ B G Ok L WO i P pnor i

E E
[?.
¢
g

S1 37207 Sty
....... 9 \-ﬂvwahm—nwl\....ﬂhwt OL ‘L4 (7 WOoHA ) U‘@)

n\ZOF—..d.—zﬂO& 40 aNI¥

g D NISVD 40 GNIN
P

\*\%\&\YM\\Y\NE NMOT MVEQ

............................................ .\ 77"""Ld NALVM 40 TIATT OLLVLS

Mu\Nn.-auB 20 RLasd

wN aaaNa—aiva

JLIAVIS—ILVdA

\\\.W%va\\m\\qwk\ﬁ\\%\w&mwuzna gﬂ%
uu..ﬂﬁ%%&;%.?%&uﬂ&&\%é&._s " aNV1 20 ANMO

L1966 VHSVV IVNIY 22 X08 - | “1H
30IAH3S dANd ® DNITTIHA T13M
S3HIdS '8

680ST SLT13M
T puoweld

LRa¢ | D01 DNIT1IHa ATIva

S6FE Zlgy “APTE VST [ 407
%%W uojdussaq |eBeq




. /"" “ % g =L B [Ny

Diamond 2 ATZLICATION FOR ZVALUATICN CF. ON-SITE /PSER
WELTS 17552 azep ; '

e

E AND '-\',-".STEE'F.TE?. DISE0TAL: SUSTEMS

LSE 203" (K18 4200 20 sk g

1. Legal Czscriptica: £ 27 W8 3 ¥ q—@ HOBSoN 8' % [ Check 1ist

S=rest Locztion: WiK fﬁﬂ’h - N oTH Ké’ﬂ/ﬂ; (1-

2]
8]
i3
o
7.
i

[

2
{

my 1% *r

LA T S B I

B
. . i a) LeTi2 '::'_ﬂ o
2. Freperty Oumer: SARY + BETTY HOK.S_QI\/ ];}) :ank e B
. Agent iema 13
3. €

w
=]

sddress: 1".0.’305( 25/; KEMAI PZ‘:"ane: 283-3778 !

i

M =
(ad
Uy |
®
:
¢
n

o Ue o
[
ol K

3. Xazm2 of 3uyers: CAT/}M{I\/; S-E'gﬂl._b " Cus ?: ’ 5:&;‘_
; ample =

233ress: 0. Ro¥ 362/ AENRI  Froce: 776 - 5165 2 f”f;e.ﬁ w21
- 0. well lcg by

4. Lending Inscitution: /S"’ NATionAL BanK afnﬂ_’g/ | B
ssecs: 0 RoX 4070 KENA; _ where:_283- 3545

. Agents (for wuyer): RELVEA KEALTY — “KANDY €PNST

elier):_ FELVEA REALTY — RANDY ERNST

REQUESTED INFORMATION

-
)
cl
=
wn

Sirgle Family Residznce: (V73 Nusier of Sedrocms:

Meitiple Fecmily Residence: ( ) Yurmber of Zedrcoms:
wWLTER EYSTZM

water Source: individual

Single Family Well (v Other ( )

Well depth: 300 FT Feet  Depth to Static Water Level: SS FEET

Cased to: Spo F1 + feet Casing Size: __6” Inches,

Tate Drilled: UN KNo WN Artesizn? Scaztic lavel: W /h
Fiowing GPM: n//A
H

Horizontal distance frcm the well to thz ncares: septic’tank: !60 Feer

£

Herizontal ¢istence from the 11 to the nzzarest oil or fusl sterzre tznak: ﬂ//ﬁ_?-:.c‘::
| (Vo Fuel SToﬂﬁ—gE) AL E2ETRIC)
FoR HEAT oR AuTto

]I LL(18ITEEA O

g_( Ty -7 e



GEOHYDROLOGIC UMIT DESCRIPTIONS (1 30“ :W S

oo ] (10 o wlo] “wmall 7 ool . B8, T

add. delste, modily

T e
A4 1 3. 1%} 1

i 5 0 S T Y e L B O

AQUIFER DATA (2}

add, daleta, modily

[w-w [¢] [F-1A © ws] ermin-od T3 DY : FirstBaptist 1

Contributed
menth day your

B 151725 WA 3 1 OO - o 0 R oo 77, D R e

GEOHYDROLOGIC UNIT DESCRIPTIONS (1) ' B

I“"o_lil IT'E‘ B “:'l “ﬂ:‘l__l_.l_i_l_lu" b ml_"- l__L_l Lol ey ‘*Ib_wlhui 92- I.l_, AT 5 TR !"

sdd, delets, modily

mbﬂnl L& I_I_i. B SESIS T N | 1—'] Litholog: :_'_‘_:_I‘:_ _l Tm m:c[_'}_li_._l S S RN T S |

L lJ.__J.._llej

AQUIFER DATA (2)

[r-s¢ [¢] [7-]a 0o m [#] -u

»dd, delets, modily

M[“#[,_Im./ L /- Ll Iq anl.naligs'] T I S &N 1*{. . :o‘::r::ntdm

day o

PERTINENT REMARKS

wi‘r-[!—]‘lh.st‘l!i\||'_111Llll].llllli._1-lIll‘lJlIIl_LL]II LT'-_]

i1

[
[res="T T+
Illmcmis.nmeaa.'r I oLl LR N S CONY Y SRS EY O 1S DO ) Y [ A/ LI (S P (VRS N ST (SRR SR (R (R N (Y (RN (ST PR (Y (Y (Y (D L] VRN [ S U ¢

I

0-85  grwvth
85-87 M wf welir

MAP LocaTioN . PloTred BN BaTH Kenal €4 AND N, keNal 3 KEM.,

.11*'[
oo e PO LA GO R FRNN < I I NS S U CANOY AU O Ol T 1 N NI GO N/ N e AR TN ' O SN TN (I TG (L O il

U, S, GOVERNMENT PRINTING OFFICE ; 1876 O - 213-137

| waez-1y-L 95



LOCATION OF WELL

Al 4% s s asde o4 14 medtsdsasns iR
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KENAL ALASKA 99611
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Halco 1
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ﬂﬂ.lau lond surfoce

Il PUMPI

NG LEVEL balow lond surfcce ond YIELD

1, efter hra, pumpmeas:s
- 1. offer Afs. pumping ,E =y
I2.GROUTING  Well Grouted: [ ] v.- ™ §
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) Material Type " Top = Botfom . = = -ﬂéj
? s. [Jcevie oot  Rlfertary [Joriven [Joug
®. (4\_( D Auger DJ-I!“ U Bored D Other:
_(ujl 2] 7.usE. Bd oemestic [ Public Supply [ tndustry
) 90 9"! D Irrigation G Racharge D Commarisel
94/ 22 [ vestwent ] other:
. Caser ] Threode Walded
ti:-.ug in. te [Q.' I'2 ‘u.-‘gmn Weight é g s,/ 14,
dlom._____in. 1o, ft. Depth  Stickup .

9. FINISH OF WELL'

omm:-_é_

Type:
© Slot/Mesh Size: Length:
Set beiween ft. and ft.
- Backfilting . @reval psck

10. STATIC WATER LEVEL: i ! ftr.

[Javeve o ﬂnl.w lond surface

U uells

Il. PUMPING LEVEL balow iond surfoce end YIELD ‘e
1. after hrs. pumping 9.p.m.

Address:

¢ ft. after hrs. pumping 9-p.m.

12.GROUTING  weil Grovted: [ ves ST No %\ g‘

Materiol: D Neat Cument D Other: :Q P

I3, PUMP:  (If availabls) NP N S 0

b Length of Drop Pipe 1. capacity 9.p.m. a M

-

ﬂu. D dat D Centrifical D Other i .-I-

14. REMARKS: 4 ( E)a.: Q

‘ 7 S Y

B

| Q

!S. WATER WELL CONTRACTOR'S CERTIFICATION: I5. Water Temperature i Or Oc -T_
This well was driligd under my j igtion ond this report is frue 1o the best of my knowledge and beilef; E

‘ PALIo/
Hegistored Business Name a Contract Licenss Number ‘
M &t G (1

POBA):_ /AT

Signed

U-14-F3

Date:

Authorizdd Kapissentolive

‘orm Ol vW R {11781) Copy Oestribution.

WHITE - State DGGS, PINA = Driltar, CANARY " Customer




Byasan A LA VNS LAIN TRl NG

WATER WELL DRILLING
AND PUMP SUPPLY AND REPAIR

JIM HOOVER

(907) 776-8443
Owner

P. 0. BOX 1292
KENAI, ALASKA 99611

WATCR WELL RECORD

STATE OF ALASKA 18326 s

DEPARTMENT OF NATURAL RESOURES
Division of Geological & Geophysicol Surveys
Keller 1
WELTS 18326

Dritling Permit No.

LOCATION OF WELL (Plecse complete elther 1o, Ib or lc.) A.D.L. No.
[ 10.]| Boréugh Subdivision Lot | Dlock il YYaqlrs. Section No. Tovnsh!pND Range e0 Meridian
&G‘Er‘ '3.{ —0f e O e Of e sO w(]
’I DISTANCE AND DIRECTION FROM ROAD INTERSECTIONS 3. OWNER OF WELL: I !“ Eé‘ Eﬂ
@I.Ma_ﬁhsw Address: %9} ’)Da'}_b
1 Add ( jj . R
Stree tess end Areo of Woll Location ?7@_&7? lk% F}K ?9 R
2. .WELL LOG Feat Bolow 4. WELL DEPTH: (final) 5. DATE OF comnzni
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No. __
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Je ¥ S

Lol ol St

OtHER Nos. .
WELL LOG S5 7-12-1-BDDA)
State Alaska County Subarea — (’wai) =
0 McGrahan 1™ \2w -\
wner
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-------------------- 7 B - SR R W ?
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Boring Log and Construction Dala for Well  MW-1
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50 -0 33
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70 7| srown Sad SP, el o satected, o o L M
1| o deookraton v S5 56
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L
1 5 B
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] <loppb TCA eord 265 ppb PCE in
ne gandnater by EPA 5022 on
f1/84,
l 1)
an
NOES:
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Boring Log and Construction Data for Well
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1| erow Sy Grovel 6P, moist, ro ocor
p ] o dacokration

Broan Grovely Send SP, dy fo moist, troce
sit o 201. <

1 in loyer drk brown doyey sit of 205 it
11 2 oper ik brown coyey st ot 26 it

407 [ Trom Smy ol &7, most To we,
41 odor or discokraion

Brom Send SP, moist with some gravel,
o odr.

MCG 11
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WELTS 19105

HARTCROWSER
AGH3 iy 1989

5 s M )
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Boring Log and Construction Dala for Wel
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] nel, decoying wood, codl, e, damp -
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Boring Log  TH-1

=¥Es
=22 Approx. Siwrfoce Bev.— B4
0 Brown Sond SP, frozen Non, ro odor
o discoloration.
g ] Bromn Sondy Grovel GF, moist, no odor.
20_
1 [ Hrown Sendy 3¢ WL, wih e of
\{mmdulzn.a ft i
| orom Grovely Sond 5p, meit to
30- noocbre?dmb ralion. o
]
%
4| Brown Sond SP-SW, moist, some growel,
go o | troce sit, no odor o discoloration.
"] e
1 with fine i E
odor at 75 fi, no dscolorafion.
8 7]
fromn Smd SP, moist 1o damp, no odor
i or discokoration.
m_
11 Tola depth of hole S0 &, on
i 3/28/89 ot BOO. No woler ATD.
.
NOES:
Soll descriplions are aprektive ond actual
changes may be gradud.
Volar bvel s for ddte ndoated ond moy
wih fime of ye. (\TD — &L Teve

Totd PCE
& 2 pydoe
(pob)
P4 806
&
(ppb)

0
300/35
200

590 TRACE

600 40

HARTCROWSER

A-8143 Juy 1989
Figue A-1)
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TH-2

Boring Log and Construction Data for Well
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Boring Log  TH-3

Recovery
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HARTCROWSER

A-BU3 July 1989
Figure A-11




Boring Log  TH~4

Fest

=

0

4 -

Es

Approx. Surfoce: Blev.- Bi

Brown Sondy Sit ML, frozen Mbn, o
odor or dscoloration.

Brown Sad Grove P, frozen Non fo 7.5
ft. then moist to damp, mo odr o
dscoloration

Oecosiond cobbles and boulders, 12 fE
fo 20 f1,

Brom Grovely Sand SP, meist with
occasiond cobbles,

Bouder ot 30 fi, redil 5 fi, emt

6 i thick Brown Sondy Sit of 31 fi,
moist fo wet no odor or discoloration,

Brom Grovely Sand, S, wel, froce <.

Toldl depth of hole 60.0 IL on 471789
at 1140, Driling halled s hole oo
crooked to continue. No waler ATIL
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MCG 16
TH-4
WELTS 19106




MCG 17 e %

WELTS 19098 § 2 2
Page 1 o

J B g

0

0

0

< Depth (ft)

LLEJ1I]} Samples
LI
-

¢ ]

10

15

20

25

30

35

40

43

50

55

60

65

70

75

80

[TrT T EENERENSS) AN NN SN

HEEEEENEEENENE

had

L v hd
& &
v v

L
&
L

LOG OF BORING W-1

Cable Tool

Date Drilled 1031—-11&7@9‘

Equipment

Elevation -=

113 water level during drilling

BROWN SANDY GRAVEL (GP)
medium dense, rmoist, __-f
[P

BROWN SILT (ML)
medium stiff, moist, with troce sond

BROWN SILTY SANDY GRAVEL (CM)
medium dense to dense, moist

becoming dense at 9 feet

water production, possibly perched water
boulder encountered ot 20 feet

sands becoming coarse, gravel 1/2 to
1—1/2-inch

becoming very dense at 35 feet

casing driving more eosily below 43 feet

BROWN SILTY SAND (SM)
dense, wet, with gravels ond fine to medium
sands, sond heaving in casing

BROWN SANDY GRAVEL (GP)
dense, wet, with many cobbles to 4—inches

fine sonds heaving in casing

silt content increosing

BROWN SILTY SANDY GRAVEL (GM)
dense, wet, fine sand in cosing heaving

Harding Lawson Associates

Engineers, Geologists
H Ln & Geophysicists

Log of Boring W-—1

Nikiski Investigative Test Well
Nikiski, Alaska

JOB NUMBER
5535,018.08

APPROVED

A/

DATE DATE
1/90




MCG 17
WELTS 19098
Page 2

% Passing

#200
© OW (ppm)

NOTE: Below 117 feet, log completed NA
using Mark Jungmann’s daily

drilling report

B Depth (ft)
Samples

LOG OF BORING W-1(Cont)

85 A

90

125 ~

130 -

135 1

140

145 -

L

T R T I T I I T T I T I 1]

150

95
100
105
110
115
120 ::5555:5

-

BROWN SILTY SANDY GRAVEL (Cont)

GRAY SILTY CLAY (CL)
sliff, moist, with some grovels and fine sond

becoming very stiff, with some thin sand
lengses ot 97 feet

bottom of 10-inch diameter cosing at 102.5
feet

becoming very stiff, moist, with gray sond
(SP) medium dense, moist, lenses up to
3=-inches thick

becoming stiff

waler encountered during drilling ot 117 feetl
GRAY SILTY SAND (SM)

medium dense, wet )
GRAY SAND (SP)

medium dense, wet

GRAY SILTY CLAY (CL)
stiff, moist, with sand lenses

GRAY CLAY (CL)
stiff, moist

becoming very stiff at 140 feet

GRAY GRAVELLY CLAY (CL)
stiff, moist
GRAY CLAYEY SILT (ML)
stiff, moist, with trace sand
GRAY CLAYEY GRAVEL (GC)
dense, moist, with trace sill
water encountered during drilling ot 153 feet

LS GRAY-BROWN SILTY SAND (SP—SM)
dense, wet, with trace gravel
GRAY-BROWN SAND (SP)

3.7 NA 160 dense, wet

Harding Lawson Associates Log of Boring W=1(Cont) PLATE

HLEA Stngé’e‘i;’hs);sg?s‘:'s°g'5ts Nikiski Investigotive Test Well 3

Nikiski, Alaska
JOB NUMOER APPROVED DATE REWVISED DATE

5535,018.08 At 1/90




MCG 17
WELTS 19098
Page 3

NA = Not Analyzed
NOTE: % Passing #200 may not

via the sand pump.

X Passing

#200

3.7
8.9

5.2
10.3

be

representative of actual conditions
becouse samples were collected

oW (ppm)

NA

NA

NA
NA

NA

NA

NA

S Depth (ft)
Samples

LOG OF BORING W-1({Cont)

1
f;f GRAY-BROWN SAND (Cont)
165
170 P4 77| GRAY-BROWN SILTY SAND (SP-SM)
e dense, wet, with trace gravel and coal
fragments
175 color change to brown, becoming finer
grained '
180 becoming finer grained at 180.0 feet
185 very fine grained at 185.0 feet
190
200

Harding Laowson Associates

Engineers, Geologists
& Geophysicists

Log of Boring W=1(Cont)
Nikiski Investigative Test Well

=~

Nikigki, Aloska
ORAWN JOB NUMBER APPROVED DATE REVISED DATE
¥ 5535,018.08 A 1/90




MCG 17

WELTS 19098

GROUND SURFACE —-\‘ /

1]
™

/—PHOTECTIVE LOCKING SECURITY CASING

-

7 3 REITT Ry

58" — =
44'—§
2

e—10" STEEL SURFACE CASING

6" STEEL PRODUCTION GCASING

CONFINING LAYER
/_(OLAY WITH SAND LENSES)

00’
102.5°
e K

174’
153’

Lo

BELF-SEALING K-PACKER

*&-ummm

T

10.5

10.5

j-8* TELESCOPE SIZE 80 SLOT SCREEN
6" TELESCOPE SIZE 10 SLOT SCREEN

hT

g APPROXIMATE WATER LEVEL IN UNCONFINED AQUIFER

DURING DRILLING ON 10/29/89

¥ MEASURED WATER LEVEL IN WELL ON 12/11/89

Harding Lawson Assoclates Well Completion Detail ' PLATE
HLA) Efg'e'g,‘;‘f,{jégggc’g's‘s Nikiski investigative Test Well 6
] Nikiski, Alaska

DRAWN JOB NUMBER AFPROVED DATE REVISED DATE

5535,018.08 A LA 1/90
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MCG 20 ]5}7‘?f

WELTS 19791

WS &S Co.

WATER SYSTEMS & SERVICE
R1 1, Box 1517 Kenai, Alaska 99611

Dated this P ,4(. day of 69.»;7/ ,19{_7

rr. NORYEN) CORPOSATION
.0. %0« 74859
NS k\{ Q4633

Dear Mr N

The following is a well log which is located on ¥es TRACY
Brssk. A" MCGQHAN TOACTY

Subdivision, located in the Kenai Recording District.
As you have requested said well to be drilled, we are
submitting the following information regarding your well:

2} to ¢{feeté’4”/
¥5 to SO feet (‘o.a./-/
5O to Lo, feetfc:._/«g/ vkl oul St
& O to PO feet ¢
Fo tc /5 feet 6404“4

A submersible pump with a rating of h.p. was set as
requested and the well yield has the capacity of /éQGﬂﬂ;ﬁ
g.-p.m. A screen was/wasa'i set as requested or required.

We thank you for choosing Water Systems and Service to serve
your water well needs. If you have any further questions

or problems, please don't hesitate to call.

Sincerely,

Y o7

Kenneth D. Dyer

cj/kd

ff T
- R

1




Nair 1

Nik-90-1

PHOTOVAC TIP Photoionization Detector

SOIL DESCRIPTION -‘-::_ 8 % o a-_'_
WELTS 19506 = g lafE E Headspace Reading (ppm) 4
Surface Elevation: Assumed 100 ft i Zles & L
' ! 6 |5 B 200 400 600
= 0 :
Loose, gray-brown, clean, sandy GRAVEL S == § i
Same 8-2 Ié *,
. _ 14 =
Medium dense, gray-brown, clean, slightly §-3 T 4- \
gravelly o gravelly SAND s4 —H 20* \
Same — { h
Same §-5 T + ﬁ\
= I 3
Same S-6 T &
{36 = T
Dense, gray-brown, clean, sandy GRAVEL 57 T ; 40 g =
Gray-brown, clean, sandy GRAVEL 58 TH ij
Gray-brown, clean, sandy GRAVEL s-9 —TH 60 & ,
Gray-brown, clean, sandy GRAVEL 510 E i\
Gray-brown, clean, sandy GRAVEL s-11 Tz 60 &
875 -
Medium dense to dense, gray, clean gravelly & & -1
SAND; wet at 88.5 feet S-121 @ =
97.0 5.13 = ® -t
. Bottom of Beoring %100
Compleled 5/19/90 = f
IS :
S
@
[+}]
= {
120 E
é
= LEGEND 0 20 40 60
B Bulk sample Standard Penetration Resistance
N . Frozen impervious seal 340 Ib. weight, 30" drop
T 3" 0O.D. split spoon sample < ® Blows per foot
TI 3" O.D.thin-wall sample ~_ Water lavel
Sample not recovered Slotted pipe

MONITORING WELL DETAILS

2-INCH PVC PIPE IN STEEL MONUMENT; TOTAL LENGTH: 96.34";
STICKUP: 2.7, MACHINE CUT, 0.020" SLOTS; SLOTTED PIPE: 83.79' TO
93.31"; #8-12 SAND: 80.5' TO 90.5'; BENTONITE: 76.5' TO 80.5'; VOLCLAY
GROUT: 1.5' TO 76.5'; NATURAL CAVE: NONE; CEMENT GROUT: 0.0-1.5"
PADLOCK: #2001
NOTE: The stratification lines represent the approximate boundaries .

beiween soil types and the transition may be gradual.

Nikiski Airstrip
Alaska Dept. of Environmental Consarvation
Anchorage, Alaska

LOG OF BORING NIK-90-1

September 1390 X-283
amm SHANNON & WILSON, INC. .
=II' Geotechnical Consultants Fig. 3




Nair 2
Nik-90-2 SOIL DESCRIPTION = 818 = PHOTOVAC TIP Photoionization Detector
No WELTS = L |2w £ Headspace Reading (ppm) A
o = 12 &
Surface Elevation: Not Surveyed ] €2
o s | Ao 200 400 600
Very soft, brown, slightly gravelly to gravelly [ !
SILT with organics; hydrocarbon stained soils S1 T ﬁ
and odor g w 1000
S2 I T
Same 5 i
Same ss x| 2 [
0 = 20 -
Very stiff, brown SILT with organics; 20 g4 2 ! 700
hydrocarbon stained soils and odor g
Same S5 I § -
36 ©
Medium dense, brown, clean, sandy GRAVEL; o 40 L1 o
hydrocarbon odor S6 L] Z A
44 b
3 A
Medium dense, gray-brown, silty SAND s7 | © y 3 b,
=
60 :
Same 58 @IC *: -
Y
Medium dense, gray-brown, silty SAND 8.9 @T r § iy
interlayered with gray, sandy SILT > A
Same 5-10 80 L)
X
Same S112= ML
95
Dense, gray, clean, sandy GRAVEL; trace
hydrocarbon odor S-120x 100 A ; =
7’ stiff, gray-brown, slightly gravelly, clayey SILT N 104 3
: 106 S-130T N
Bottom of Baring
Completed 5/20/90
120
— LEGEND 0 20 40 60
Standard Penetration Resistance
B Bulksample Impervious seal 340 Ib. weight, 30" d
— mpervious sea ) , 30" dro
T 3" O.D. split spoon sample Frozen P ® Blgv?;gper foot P
JI 3" Q.D. thin-wall sample 7 water level
* Sample not recovered ;
Slotted pipe Nikiski Airstrip
MONITORING WELL DETAILS Alaska Dept. of Environmental Conservation
2-INCH PVC PIPE IN STEEL MONUMENT; TOTAL LENGTH: Not Installed; Anchorage, Alaska
STICKUP: NA; MACHINE CUT, 0.020" SLOTS; SLOTTED PIPE: NA; #8-12
SAND: NA; BENTONITE: NA; VOLCLAY GROUT: 0.0 TO 106'; NATURAL CAVH: LOG OF BORING NIK-90-2
NONE; CEMENT GROUT: NA; PADLOCK: NA
NOTE: The stratification lines represent the approximate boundaries September 1990 X-283
between soll types and the transition may be gradual. A— SHANNON & WILSCN, INC.
_vlll Geotechnical Consultants Fig. 4




Nair 15
B-1

No WELTS

ENVIRONMENTAL LOG_16818.GP. S&W GEO1.GDT 7/7/04

Clsl & o, I Penetration Resistance
MATERIAL DESCRIPTION E 'é % £ % P (340 Ib. weight, 30" drop)
% 1 % EDQ = E. A Blows per foot
4]
% @ el 25 50 75 ____ 100
Very loose, brown, slightly gravelly, SAND; & T IR R
moist; frace of organics. : 15T INRERERE R R
, A 2 (A EEARRERIRRENY
Very loose, brown, slightly silty, sandy o TRE
GRAVEL; moist; trace of organics and slight TR
hydrocarbon odor. ;9 + ..............
o B L LLIIRRERAREARENEEE]
Soft, brown, slightly gravelly, sandy SILT; ' HT g
moist to wet; frace organics and slight : 2
hydrocarbon edor. i sa g
g
I 2
z
E
} g
w
5
T
o
e kil
£
2
1 P
MR U]
1185
Hyrdocarbon odor :
100 P4 il 10
Bottom of Boring
Boring Completed 5/10/04
LEGEND 0 100 200 300 400}
*  Sample Not Recovered 2 A Ground Water Level At Time Of Drilling @ PID Reading (ppm)
Ir 3" Q.D. Split Spoon Sample
NOTES Nikiski Airstrip
1. The stratification lines represent the approximate boundaries between soil types, Nikiski, Alaska
and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B1
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. June 2004 32.1-16819-004
4. USC letter symbol based on visual classification. o
SHANNON ILSON, INC.
=lll“ e “nlﬁlandza;‘u}.N t 'Eunsullan B-1
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No WELTS

ENVIRONMENTAL LOG 16819.GPJ S&W GEQ1.GDT 7/7/04

MATERIAL DESCRIPTION & 8 2y & (gfg?ﬁgg{'g r';\‘tegig.?adqgg)
Q, J = - ¥,
%_ E 8 g ﬁ_ A Blows per foot
= @ Ofo 25  s0 75 100}
Soft, brown, slightly sandy, gravelly SILT; R EE T EE T L R
moist to wet; trace of organics; slight R
hydrocarbon odor. T Y R R ) TR
1 = it
=] £ o8
B ERE
* § 5 TF =
o . %
_I,H_ f_’ Shesiasios .............
o s e *
3 L
£ ol
g L. ..............
o P 4 :
2 EE N
aiiN i;; 0 50 S0 T O (R
‘g ] B o
& ) i x
10.0 -u 10
Bottom of Boring i
Boring Completed 5/10/04 :
LEGEND 0 100 200 300 400
*  Sample Not Recovered v Ground Water Level At Time Of Drilling ® PID Reading (ppm)
- 3" O.D. Split Spoon Sample
NOTES Nikiski Airstrip
1. The stratification lines represent the approximate boundaries between soil types, Nikiski, Alaska
and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B2
the nature of subsurface materials.
3. Water leve), if indicated above, is for the date specified and may vary. June 2004 32-1-16819-004
4. USC letter symbol based an visual classification.
SHANNON & WILSON, INC.
E “I Gaotschnical and Emvironmental Consultants B-2
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No WELTS

ENVIRONMENTAL LOG 16819.GPJ S&W GEOQ1.GDT 7/7/04

T |sl 2 o, T Penetration Resistance
MATERIAL DESCRIPTION pe _E = = 5 - (340 Ib. welght. 30" drop)
‘g_ & £ (% é’ *% A Blows per foot
~ - = ©lo 5 50 75 100|
Very loose, brown, silty, sandy GRAVEL,; ‘. : : A iEEEE
moist. W
.-
3 O
&
. . 20 Bel
Soft to medium stiff, brown, sandy, gravelly i
SILT; moist. b
L M |52
Loose, brown to gray, silty, sandy GRAVEL; . ad HiiB 2
moist. B =
- 5
3 915, 5
“ g
Medium dense, brown to gray, slightly silty, i s a
gravelly SAND; moist; sfight hydrocarbon e g
odor. c' = 3
2 &
2
B0 el £
Medium dense, brown to gray, slightly siity, A 3
sandy GRAVEL; moist; slight hydrocarbon Y 3
odor. j-’dss °
4
.
Bottom of Boring
Boring Completed 5/10/04
LEGEND 0 100 200 300 4001
*  Sample Not Recovered ¥ Ground Water Level At Time Of Drilling @ PID Reading (ppm)

IC 3" O.D. Split Spoon Sample

NOTES

1. The stratification lines represent the approximate boundaries between soil types,

and the transition may be gradual.

2. The discussion in the text of this report Is necessary for a proper understanding of

the nature of subsurface materials.

3, Water level, if indicated above, is for the date specified and may vary.

4, USC |stter symbol based on visual classification.

Nikiski Airstrip
Nikiski, Alaska

LOG OF BORING B3

June 2004 32-1-16819-004

] SHANNON & WILSON, INC.
= II' Beotachnlcal and Enviranmental Cu'nsullanti

B-3
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No WELTS

ENVIRONMENTAL LOG 16819.GPJ S&W GEQ1.GDT 7/7/04

sl @ o, T Penetration Resistance
MATERIAL DESCRIPTION = 38 2 X % (340 b, welght. 30" drop)
B E E 8%’ 2 A Blows per foot
[5)
al]l @ =N 550 75 100
Loose, brown, sandy, silty GRAVEL; moist; : EEEEEEE Qﬁr
trace of organics. B
o 51 5 i
q 11
: i
- 20 B -
Soft to medium stiff, brown, sandy, gravelly i .
SILT; trace of organics. 11
: i
> g i
i 3 P
s g —
r|s [
il
S 3
b 54 § it
& i
2 3
_ so PO i 5 o
Loose, brown, slightly sandy, silty GRAVEL; 1 z &
moist; slight hydrocarbon odor. D 3 1
+] 55 = y
q :
10.0 E iR 10
Bottom of Boring L
Boring Completed 5/10/04 P
LEGEND 0 100 200 300 40

* Sample Not Recovered
IC 3" O.D. Split Spoon Sample

¥

NOTES

1. The stratification lines represent the approximate boundaries between soil types,
and the transition may ba gradual.

2. The discussion in the text of this report is necessary for a proper understanding of
the nature of subsurface materlals.

3. Water leve), if indicated above, is for the date specified and may vary.
4. USC letter symbol based on visual classification.

Ground Water Level At Time Of Drilling

® PID Reading (ppm)

Nikiski Airstrip
Nikiski, Alaska
LOG OF BORING B4
s 32-1-16819-004
== JR ) SHANNON “INE.
=ll Gwlm:huit:ﬂlarn:lEa;r.d:‘,’v'“-so-!'-d |NC B-4
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B-5

No WELTS

ENVIRONMENTAL LOG 16819.GPJ S&W GEQ1.GDT 7/7/04

MATERIAL DESCRIPTION |3 8 Ty (gfgfga‘ﬂg% ﬁegig}%r}gg )
= = . 3
%. UE), E 8 ‘3“ %_ A Blows per foot
a1 ® Clo 25 50 75 100}
Soft, brown, slightly gravelly, sandy SILT; i EERE R RN R
molst; trace of organics; slight hydrocarbon |1 RN
Ddor. :-_'_-51 .........
Hiai * e
|
[|{}s2 5 5 —
3
a
B
2
L * 5
. g
L
2
H
i g
(6]
B y ’ 55 *
10,0 L -L 10
Bottom of Boring
Boring Completed 5/10/04
LEGEND 0 100 200 300 401
*  Sample Not Recovered v Ground Water Level At Time OFf Drilling @ PID Reading (ppm)
IC 3" 0.D. Split Spoon Sample
NOTES Nikiski Airstrip
1, The stratification lines represent the approximate boundaries between soll types, Nikiski, Alaska
and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B5
the nature of subsurface rmaterials.
3. Water level, if indicated above, is for the date specified and may vary. June 2004 32.1-16819-004
4. USC letter symbol based on visual classification.
SHANNON & WILSON, INC.
Ell' Gaotachnical and Envirenmental Consultants B-5
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B-6
Page 1

ENVIRONMENTAL LOG 16810.GPJ) 5&W GEOY.GDT 7/7/04

783

B
-
K]

k1

NOTES

1. The stratification lines represent the approximate boundaries between soll types,

and the transition may be gradual.

2. The discusgion in the text of this report is necessary for a proper understanding of

the nature of subsurface materials.

|3 T o . L Penetration Resistance
MATERIAL DESCRIPTION < |2 £ £ B o (340 Ib, weight, 30" drop)
‘% s 5 2 P "% A Blows per foot
a? @ ©o~ 8
Soft, brown, slightly gravelly, sandy SILT; 1 ! ;
trace of organics.
Slight hydrocarbon odor. 5
Medium dense, brown, silty, gravelly SAND; i
moist; slight hydrocarbon odor. )
Medium dense, brown {o gray, silty, sandy 95 10
GRAVEL; moist; slight hydrocarbon odor. ' §
e 15.0 : 415 :
Dense, brown to gray, silty, sandy GRAVEL, . o
trace of cobbles; moist; slight hydrocarbon -
odor.
20|
25
4130
| 1e5
[ Medium dense, brown fo gray, sighly sity | "*° 11 Rl
SAND; moist. 1 T
[ ‘Dense, brown to gray, siightly sity, sandy |0 % ol
GRAVEL, trace of cobbles; moist.
CONTINUED NEXT PAGE L 5 : oo Do : Do
LEGEND 0 100 200 300 400§
*  Sample Not Recovered EEY Surface Seal ® FID Reading (ppm)
IL 3"0.D. Spiit Spoon Sample [0 Solid Casing and Annular Seal
Well Casing and Filter Sand

Cuttings Backfil)
Ground Water Level At Time Of Drilling
Static Water Level

Nikiski Airstrip
Nikiski, Alaska

3. Water level, if indicated above, is for the date specified and may vary. June 2004

4. USC letter symbo! based on visual classification.

LOG OF BORING Bé&

32-1-16818-004

— SHANNON & WILSON, INC, u
=|I'Gammn|caland= 1 tal Consul B-6

Sheet 1 of 3
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Page 2

ENVIRONMENTAL LOG 16819.GP.J S&W GEO1.GDT 7/7/04

MATERIAL DESCRIPTION

Depth, Ft.
Symbol

Peneiration Resistance
(340 Ib. weight, 30" drop)
A Blows per foot

Medium dense, brown to gray, slighily silty,
gravelly SAND: moist.

-

———————————————————————— 55.0 ke

Medium dense, brown to gray, slightly silty,
sandy GRAVEL; moist.

———————————————————————— 60.0 P

Medium dense, brown fo gray, silty, gravelly
SAND; moist.

________________________ 65.0 ey

Dense fo very dense, brawn to gray, silty,
sandy GRAVEL; moist.

Trace of cobbles

Slight hydrocarbon and solvent odor.

[5
Lo
f=
(7]
&
== Samples

25 S0 75 100

-
'
]

=

=

=

=

=

1 514872004

CONTINUED NEXT PAGE : T ’ Do oo
LEGEND 0 100 200 300 4001
*  Sample Not Recovered SR Surface Seal ® PID Reading {(ppm)
IL 3" O.D. Spiit Spoon Sample Solid Casing and Annular Seal

X4 [ ]
=1
3

K

NOTES

1. The stratification lines represent the approximate boundaries between soil types,

and the transition may be gradual,

2. The discussion in the text of this report is necessary for a proper understanding of

the nature of subsurface materials.

Well Casing and Filter Sand

Cuttings Backfill

Ground Water Level At Time Of Drilling
Static Water Level

Nikiski Airstrip
Nikiski, Alaska

3. Waler leval, if indicated above, is for the date specified and may vary. June 2004

4. USC letter symbol based on visual classification.

LOG OF BORING B6

32-1-16819-004

Geotachnical and Enviranmental Consuitan

E={IJsHANNON & wiLsON, :Nc4 B-6

Sheet 2 of 3
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B-6
Page 3

ENVIRONMENTAL LOG 16819.GPJ S&W GEO1.GDT 7/7/04

D vl 0 8 o, i Penetration Resistance
% > g 83 *% A Blows per foot
- - > "l 25 .90 75 100
Hydrocarbon and solvent odor !':ﬂmm vl : : TR e E
&
L SN
o i
o}y
-
>
———————————————————————— 10800 =h
. L9 524]:[[
Slight hydrocarbon and solvent odor 110.00= a4 110 =
Botiom of Boring
Boring Compieted 5/8-9/04
115 :
120}
126 |t

135 |

140 |———

145

Py

oW

LEGEND

Sample Not Recoverad
3" 0.D, Spiit Spoon Sample

95 %
«w GHEE
B [ 7%

NOTES

- The stratificalion lines represent the approximate boundaries between soil types,

and the transition may be gradual.

. The discussion in the text of this report is necessary for a proper understanding of

the nature of subsurface materials.

. Water level, if indicated above, is for the date specified and may vary.

USC letter symbol based on visual classiication.

Surface Seal

Solid Casing and Annular Seal
Well Caslng and Filter Sand
Cuttings Backfift

Ground Water Level At Time Of Drilling

Static Water Lavel

100 200 300 4004
@ PID Reading {ppm)

Nikiski Airsirip
Nikiski, Alaska

June 2004

LOG OF BORING B6

32-1-16819-004

=IIISHANNON & WILSON, INC.| B-6
— Gaotechnical and Environmeantal Consultants Sheet 3 0f3

78
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ENVIRONMENTAL LOG 18819.GPJ S&W GEO1.GDT 7/7/04

L |5 @ o . i Penetration Resistance
MATERIAL DESCRIPTION p ] % Eg - (340 Ib, weight, 30" drop)
B E E 8 g B A Blows per foot
)
- @ O 25 s 75 ___100)
Stiff, brown, slightly gravelly, sandy SILT; i et B N
moist.
I I[[
- = —— —— — e e 10.0 —
Medium dense, brown, gravelly, silty SAND; 11 sz ]I[
moist. 14
:ﬁ §3 :H
Trace of cobbles o4 ﬂ
- —— o — — — e — — — — — — {950 a'\T T
Dense, brown, sandy, silty GRAVEL; moist. NES I
P —
LD
4
)z) Tm
LD Jss
i
P,
LD
————————— e —— e — o — — —— — 350 P
Dense, brown, silty, graveily SAND; moist. iSg
N I
o
e
T e 40,0 g -
Very dense, brown, silty, sandy GRAVEL, -
trace of cobbles; moist. L
- —— —— — — e — 45.0 Mo -
Medium dense, brown, gravelly, silty SAND; 1
moist. L
CONTINUED NEXT PAGE 5 88 & A Dol ool
LEGEND 0 100 200 300 400}
*  Sample Not Recovered Surface Seal ® PID Reading (ppm)

ITC 3" O.D. Split Spoon Sample

A [ (4
(1 [ ]

Cuttings Backfill
Ground Water Level At Time Of Drilling
Static Water Level
NOTES Nikiski Airstrip
1. The stratification lines represent the approximate boundaries between soil types, Nikiski, Alaska
and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper undarstanding of LOG OF BORING B15
the nature of subsurface materials.
3. Waler level, if indicated abova, is for the date specified and may vary. June 2004 32-1-16819-004
4. USC letter symbol based on visual classification. — SHANNON & WILSON. INC B-8
='I Geolechnical and Environmantal Co,nsultanis Sheet 1 of 3

Solid Casing and Annular Seal
Well Casing and Filter Sand




Nair 22
B-15
Page 2

Medium dense, brown to gray, slightly silty,
gravelly SAND; moist.

sandy GRAVEL; moist.

———————————————————————— 55.0

——165.0

Medium dense to dense, brown, slightly silty,

gl @ 9. ir Penetration Resistance
MATERIAL DESCRIPTION = _é L g % - (340 Ib, weight, 30" drop)
§ s g 8 = ‘% A Blows per foot
)
O w Q
0 25 50 75 1004
Medium dense, brown to gray, slighfly silty, EERY A SWJJI caiaN s T
sandy GRAVEL, trace of cobbles; moist. )

N1

et
=

g
ote e Pt .
BSOSO LN
ofu e % %e .

A

maoist.

Slightly gravelly.

Very dense, brown to gray, silty, sandy

Very stiff, brown, slightly sandy, gravelly SILT;

S
, 3 I[[
76.0 Prvor1St5

ENVIRONMENTAL LOG 16819,GP.}) S4W GEO1.GDT 7/7/04

GRAVEL, frace of cobbles; moist. |; .
@
CONTINUED NEXT PAGE _.‘ﬁ B R N
LEGEND 100 200 300 400]
*  Sample Not Recovered Surface Seal ® FID Reading (ppm)
IL 3" Q.D. Spiit Spoon Sample [TTD Solid Casing and Annular Seal
Well Casing and Filter Sand
B Cuttings Backiil
v Ground Water Level At Time Of Drilling
b 4 Static Water Level

NOTES

1. The stratification lines represent the approximate boundaries between soil types,

and tha transition may be gradual.

2. The discussion in the text of this report is necessary for & proper understanding of

the nature of subsurface materials.

Nikiski Airstrip
Nikiski, Alaska

3. Water level, If indicated above, is for the date specified and may vary. June 2004

4, USC letter symbal based on visual classification.

LOG OF BORING B15

32-1-16819-004

=ll SHANNON & WILSON, INC. B-8
[~ Geotechnical and Environmentat Cansullants Sheet 2 of 3
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ENVIRONMENTAL LOG 16819.GPS S&W GEQ1.GRT 717104

MATERIAL DESCRIPTION

Depth, Fi.
Symboi

Penetration Resistance
(340 Ib. weight, 30" drop)
A Blows per foot

e
0
E== Samples

po
[
—

xl
A

Wet b 5231”:
115.0}-

Bottom of Boring
Boring Completed 5/16/04

srarzoosl® K spem004

280 75 100

=

120

125

130 |—

135

140

145

LEGEND

*  Sample Not Recovered Surface Seal

Ir 3" Q.D. Split Spoon Sample

Cuttings Backfill

Static Water Level

NOTES

1. The stratification lines represent the approximate houndaries between soil types,
and the transition may be gradual.

2. The discussion in thea text of this report is necessary for a proper understanding of
the nature of subsurface materials.

3. Water level, If indicated above, is for the date specified and may vary.
4. USC letter symbol based on visual classification.

Solid Casing and Annular Seal
Well Casing and Filter Sand

Ground Water Level At Time Of Drilling

0 100 200 300 00|
® PID Reading {ppm)

Nikiski Airstrip
Nikiski, Alaska

LOG OF BORING B15

June 2004 32-1-16819-004

=“'SHANNON & WILSON, INC. B-8
—4 Geolechnical and Environmental Consultants Sheet 3 of 3
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ENVIRONMENTAL LOG 16815.GPJ S&W GEQ1.GDT 7/7/04

vl K51 ] o iC Penetration Resistance
MATERIAL DESCRIPTION = 'E 2 EE = (340 b, weight, 30" drop)
B3 E 8 ‘;" 3 A Blows per foot
& .
_ o @ il 1 25 50 75 100|
Medium dense, brown, silty, sandy GRAVEL, "' R
trace of cobbles; moist; trace of organics. X

oo
]
—

bi.l
8
=

™ Stiff fo very stiff, brown, siightly gravelly, "> |

sandy SILT; moist.

™ Medium dense, brown, siightly silty, sandy |- %,

GRAVEL; moist.

Trace of cobbles.

CONTINUED NEXT PAGE I N Dol Do
LEGEND 100 200 300 4004
*  Sample Not Recovered Surface Seal ® PID Reading (ppm)
I 3" O.D. Split Spoon Sample EIT]  Solid Casing and Annular Seal
Well Casing and Filter Sand
Cuttings Backfill
hvd Ground Water Level At Time Of Drilling
h 4 Static Water Level

NOTES

1. The stratification lines represent the approximate boundaries batween soll types,

Nikiski Airstrip
Nikiski, Alaska

and the transition may be gradual.

2. Tha discussion in the text of this report is necessary for a proper understanding of
the nature of subsurface materials.

3. Water level, if indicated above, is for the date specified and may vary, June 2004

LOG OF BORING B16

32-1-16819-004

4. USC letter symbol based on visual classification.

=lll SHANNON & WILSON, INC. B-9
——4 Gaatechnicat and Environmental Consuitant Sheet 1 of 3




Nair 23 ; ;
i o . L Penetration Resistance
Page 2 % (% = § A Blows per foot
a ]

0 25 . 80 75 100

Trace of cobbles.

Soadaa

ﬁ.‘ ;' & Symbol
(5]
lé Samples

Trace of cobbles.

-
pe’
@

T T,

-
- F

Medium dense, brown, gravelly, silty SAND;

. :. "_. | 512:[”:
moist. L

Trace of cobbles. -

=

Trace of cobbles. 515]1_

Dense, brown to gray, slightly silty, sandy
GRAVEL, trace of cobbles; moist.

Very dense, brown to gray, slightly silty, sandy
GRAVEL, trace of cobbles; moist to wet.

T T TILOT

CONTINUED NEXT PAGE
LEGEND

sihrz004K44 51812004

0 100 200 300 400K
Surface Seal @ PID Reading {ppm)
Solid Casing and Annular Seal
Well Casing and Filter Sand

*  Sample Not Recovered
IC 3"0.D. Spiit Spoon Sample

g

3

[

[=]

&

2] =

o Cuttings Backfill

ES ¥ Ground Water Level At Time Of Drilling

= h 4 Static Water Level

o

z NOTES Nikiski Airstrip

= 1. Tha stratification lines represent the approximate boundaries between soil types, Nikiski, Alaska

o and the fransition may be gradual.

o 2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B16

2 the nature of subsurface materials.

g 3. Waler leve!, if indicated above, is for the date specified and may vary. June 2004 32-1-16819-004
4. USC letter symbol based on visual classification.

g Y ER[JJSHANNON B wiLsON, INC.|  B-9

2 [— Geotechnleal and Environmantal Consuttanis Sheet 2 of 3




Nair 23 -
MATERIAL DESCRIPTION iLls|l & T L Penetration Resistance
B-16 £ |2 E_ g g = (34(1b.B\;velght, 30" drop)
Page 3 a | = =4 ows per foot
g glal ¢ [0 &
ad N=p
+- p=k
h* H-
103.0]-=] =
Bottom of Boring o
Boring Completed 5/14/04 1051
110
115|—
120 =
125
130
135 |
140 |———
145 [~
. LEGEND 0 100 200 300 4004
s :
S *  Sample Not Recovered MY Surface Seal ® PID Reading (ppm)
5 IC 3" O.D. Split Spoon Sample (113 Solid Casing and Annular Seal
s Well Casing and Filter Sand
u S Cuttings Backfil
z ¥ Ground Water Level At Time Of Drilling
= h 4 Static Water Level
a
<
2 NOTES Nikiski Airstrip
e 1. The stratification lines represent the approximate boundaries batween soil types, Nikiski, Alaska
o and the transition may be gradual.
o 2. The discussion jn the text of this report is necessary for a proper understanding of LOG OF BORING B16
E the nature of subsurface materials.
g 3. Water leve!, if indicated above, is for the date specified and may vary. June 2004 32-1-16819-004
] 4, USC letter symbol based on visual classification.
== f— SHANNON & WILSON, INC. B-9
= — Gaotachnlcel and Envl fpathy
z -— and Emv Sheet 3 of 3
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ENVIRONMENTAL LOG 16819.GPJ S&W GEC1.GDT 7/7/04

ol @ - . L Penetration Resistance

MATERIAL DESCRIPTION = _é % 2 % - (340 b, welght, 30" drop)
';6,_ = % 2 = Ei;_ A Blows per foot
al®?l o o= 8 0

Very loose, brown, sandy, silty GRAVEL;
moist.

————————————————————————— 100

Stiff, brown, slightly gravelly, sandy SILT;
moist; frace of crganics.

———————————————————————— 15.0

———————————————————————— 200 M

Stiff, brown, slightly gravelly, sandy SILT,;
moist.

———————————————————————— 250 i

Medium dense, brown, gravelly, silty SAND;
maoist.

________________________ 20.0 E

Medium dense, brown to gray, slightly silty,
sandy GRAVEL; moist.

———————————————————————— 35.0

Loose, brown to gray, silty, gravelly SAND;
moist.

———————————————————————— 40.0 |

Medium dense, brown to gray, slightly silty,
sandy GRAVEL; moist to wef,

S50 75 1004

CONTINUED NEXT PAGE i B I I
LEGEND 100 200 300 400
*  Sample Not Recovered KB Surface Seal ® PID Reading {ppm)
AL 3"0.D. Split Spoon Sample Solld Casing and Annular Seal

7
s
e [

4

K

NOTES

1. The stratification lines represent the approximate boundaries between soil types,

and the transition may be gradual.

2. The discussion in the text of this report is necessary for a proper understanding of

the nature of subsurface materials.

Well Casing and Filter Sand

Cuttings Bacldfill

Ground Water Level At Time Of Drilling
Static Water Level

Nikiski Airstrip
Nikiski, Alaska

3. Water lavel, if indicated above, is for the date specified and may vary. June 2004

4. USC letter symbol based on visual classification.

LOG OF BORING B17

32-1-16819-004

=l|lSHANNON & WILSON, INC.| B-10
—— Geotechnical and Ervironmental Consull Sheet 1 of 3
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ENVIRONMENTAL LG 16819.GPJ S&8W GEOH.GDT 7/7/04

MATERIAL DESCRIFTION i @ o, I Penetration Resistance
= 2 5 ¢ (340 Ib. weight, 30" drop)
-'g g 8 = "g A Blows per foot
- ° o 25 50 75 100

Trace of cobbles to bottom of boring.

e ¥ "_.-v v.'.-

2

w0
7
=

. _

'. . !‘ e’ !. ! '. _'1 Symbol
w
=

w
@
E=

pe'p
=

P

[
i
i

i!.
&
L]
=
Mo

TR

Ve

‘pe
o
=

817

pe'
=

‘oot pe
=

. 5
b,
o 519:[[[ 8
.. K
Y
CONTINUED NEXT PAGE A Sl-H s e 8 ei[aee e e |[EEFE
a
LEGEND s 0 100 200 300 400
*  Sample Not Recovered Surface Seal @ PID Reading (ppm)
IC 3" 0.D. Split Spoon Sample EIT3  solid Casing and Annular Seal
Well Casing and Filter Sand
B B Cuitings Backfill
v Ground Water Level At Time Of Drilling
b 4 Static Water Level
NOTES Nikiski Airstrip
1. The stratification lines represent the approximate boundaries between soll typss, Nikiski, Alaska
and the transition may be gradual,
2. The discussion in the text of this report is necessary for a proper undsrstanding of LOG OF BORING B17
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. June 2004 32-1-16819-004
4. USC letter symbol based on visual classification.
=ll SHANNON & WILSON, INC. B-10
— Geotechnical and Environmental Consultants Sheet 2 of 3
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ENVIRONMENTAL LOG 16818,GPJ S&W GED1.GDT 7/7/04

Clsl @ o, I Penetration Resistance
MATERIAL DESCRIPTION |2 8 25 = (B0 W S e
§ & g 83 § A Blows per foot
Q @ D 5 50 . 75 100]
Wet. p ST B - g == % 3§ A

. .'.
. "H.105—
X 52{”[ Z__

Bottom of Boring
Bering Completed 5/13/04

110 =

115

120[———

125

130 |————

140

135 ——

145

LEGEND

Surface Seal

Solid Casing and Annular Seal
Well Casing and Filter Sand
Cuttings Backfill

*  Bample Not Recoverad
IC 3" O.D. Split Spoon Sample

[F7 FA
<« B
B [ A

Static Water Level

NOTES

1. The stratification tines represent the approximate boundaries between soil types,
. and the transition may be gradual.

2. The discussion in the text of this report is necessary for a proper understanding of
the nature of subsurface materats.

3. Water level, if indicated above, is for the date specified and may vary.
4. USC letter symbol based on visual classification.

Ground Water Level At Time Of Drilling

100 200 300 4001
@ PID Reading (ppm)

Nikiski Airstrip
Nikiski, Alaska

June 2004

LOG OF BORING B17

32-1-16815-004
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ENVIRONMENTAL LOG 16819.GPJ) S&W GEQ1.GDT 7/7/04

Tls o o . i Peneiration Resistance
MATERIAL DESCRIPTION = 'é % €5 = (340 o, weight. 30" drop)
518l E 2] § = A Blows per foot
@ | @ (5] @
o @ e 75
Loose to very dense, brown, silty, sandy ."i ]
GRAVEL; moist; trace of organics. |_
p Y
2’

Intermittent cobbles to 122 fi. bgs.

CONTINUER NEXT PAGE

Groundwater Not Encountered During Drilling on 5/10-12/04

LEGEND

*  Sample Not Recovered ¥ Ground Water Level At Time Of Drilling

JC 3" O.D. Split Spoon Sample

NOTES

1. The strafification lines represent the approximate boundaries between soil types,
and the transition may be gradual,

2. The discussion in the text of this report is necessary for a proper understanding of
tha nature of subsurface materials.

3. Water level, if indicated above, is for the date specified and may vary.
4. USC letter symbol based on visual classification.
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300 400§

Nikiski Airstrip
Nikiski, Alaska

LOG OF BORING B18

June 2004 32-1-16819-004
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ENVIRONMENTAL LOG 18819.GPJ S&8W GEO1.GDT 71704

Medium dense, brown, slightly sitty, sandy
GRAVEL; moist.

Groundwater Not Encountered During Driling on 5/10-12/04

T|lsl @ ° . iC Penetration Resistance
MATERIAL DESCRIPTION = é % 25 = (340 Ib. weight 30" drop)
5|5l E Eg = A Blows per foot
[ T3 T ] (U] [7]
0 w (]
75
o T8 G
G swm
e
@
.q
o]
-

CONTINUED NEXT PAGE : oo DN oo
LEGEND 100 200 300 400
*  Bample Not Recovered h7A Ground Water Lovel At Time Of Drilling ® PID Reading (ppm)
dC 3" O.D. Split Spoon Sample
NOTES Nikiski Airstrip
1. The stratificatlon Jines reprasent the approximate boundaries between soil types, Nikiski, Alaska
and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B18
the naturs of subsurface materials.
3. Water lavel, if indicated above, is for the date specified and may vary. June 2004 32.1-16819-004
4. USC letter symbol based on visual classHication. = SHANNON & WILSON. ING B-11
= ll' Geotechnlcal and Envronmental Co;:sultant‘s Sh ee; 20f3
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ENVIRONMENTAL LOG 16819.GPJ S&W GEQ1.GDT 7/7/04

iT e 2 . iC Penetration Resistance
MATERIAL DESCRIPTION = %— £ 85 = (340 Ib, weight, 30" drop)

B E 8 ‘g" B A Blows per foot

o o D0....25...,50....75,‘_1901

=
(=]
[$1]

- 110
|
g L
- 3 115[=
L o
2
E
- £ 120
sz{ﬂ a 9
— g
T
=
E
of: - 3 125f— :
Very dense, brown to gray, slightly silty, oY stﬂ % W R
gravelly SAND; moist. Laref L *§
s
e @ Lo} 2 o o o 5
130.0p" 130 f———

Bottom of Boring
Boring Completed 5/10-12/04

186 e

140

145

0 100 200 300 4008

LEGEND
*  Sample Not Recovered ¥ Ground Water Level At Time Of Drilling ® FID Reading (ppm)
IC 3" 0.D. Split Spoon Sample
NOTES Nikiski Airstrip
1. The stratification lines represent the approximate boundaries between soil types, - Nikiski, Afaska
and the transition may be gradual.
2, The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B18
the nature of subsurface materials.
3. Water lavel, if indicated above, is for the date specified and may vary. June 2004 32-1-16819-004
4. USC letter symbol based on visual classification. a— SHANNON & WILSON. ING B-11
= lll Gootechnical and Environmental Gohsullania Sh ee; 30f3




Nair 26 MATERIAL DESCRIP T lsl & o T Penetration Resistance
B-19 ERIAL TION 218 = 58 o (340 Ib, weight, 30" drop)
- 215 E g = a A Blows per foot
Page 1 s81® & o= 8
9 0 25 50 75 100
Medium stiff, brown, slightly gravelly, sandy ‘L o e R R e
SILT; moist; trace organies. oo (i Al
Laose, brown, slightly gravelly, silty SAND; il B
moist; trace organics. i Riie
«"H4 53
l.oose to medium dense, brown, slightly 8.0 i .
‘gravelly, silty SAND; moist. o b
BN ES J
e [l
- 37]1

ENVIRONMENTAL LOG 16819.GPJ S&W GEOQ1.GDT 7/7/04

Medium dense to dense, brown, silty, sandy
GRAVEL; moist to wet.

Trace of cobbles between 20 and 35 ft.

CONTINUED NEXT PAGE

—125.0 B

LEGEND
*  Sample Not Recovered
IC 3" O.D. Split Spocn Sample oL

Static Water Level
Nikiski Airstrip
1. The stratification lines represent the approximate boundarfes between soil types, Nikiski, Alaska
and the transition may be gradual.
2, The discussion in the text of this report is necassary for a proper understanding of LOG OF BORING B19
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. June 2004 32.1-16819-004
4, USC letter symbol based on visual classification.
=“' SHANNON & WILSON, INC. B-12
—— Geotechnical and Envirenmental Conaultants Sheet 1 of 3
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Surface Seal @ FPID Reading (ppm)

Solid Casing and Annular Seal

Well Casing and Fifter Sand

Cuttings Backfill

Ground Water Level At Time Of Drilling




Nair 26
B-19
Page 2

Penetration Resistance
{340 Ib. weight, 30" drop)
A Blows per foot

MATERIAL DESCRIPTION

Depth, Ft.
Ground
Water
Depth, Ft

Trace of cobbles between 60 and 65 ft.

Trace of cobbles between 90 and 125 ft.

CONTINUED NEXT PAGE oL Lol 8 8 o a a8 5 &
LEGEND 0 100 200 300 400
S .
5 *  Sample Not Recovered N T4 Surface Seal @ PID Reading (ppm)
5 IL 3" 0.D. Spiit Spoon Sample ETL]  Solid Casing and Annular Seal
= Well Casing and Filter Sand
o Cuttings Backiill
gi hvd Ground Water Level At Time Of Drilling
= ¥  Static Water Level
[=
Q
2 NOTES Nikiski Airstrip
= 1. The stratification lines represent the approximate boundaries between soll types, Nikiski, Alaska
o and the transition may be gradual.
= 2. The discussion in the text of this report Is necessary for a proper understanding of LOG OF BORING B19
E the nature of subsurface materials.
% 3. Water level, if indicated above, is for the date specified and may vary. June 2004 32-1-16816-004
4. USC letter symbo! based on visual Classification.
5 y ifica =III§”£E‘.“=.°’§ S‘ WILSON, lNuSLI B-12
sotachnlc: i ntal C
2 — and Environnental Consutantd oot 2 of 3
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ENVIRONMENTAL LOG 16B19.GP) S&W GEMH.GDT 7/7/04

i i @ el o Penetration Resistance
MATERIAL DESCRIPTION = g % £ % (340 Ib. welght, 30" drop)
alsl E [ 2 A Blows per foot
8 () g 0]
25 50 75 1008
d 5% e i N
'ﬁ 523 M '.1: N :

Hanen

AT

pe’
4
=

Wi

e
(4]
N
=

o
[v2l
n
=

=

=

:
N E
ol szsﬂ[ ) 4
2
;@ =
A s
@ sanﬂ[
137.0 A
Bottom of Boring
Boring Completed 5/6-7/04
LEGE_ND 0 100 200 300 400
*  Sample Not Recovered Surface Seal ® PID Reading (ppm)
IC 3" 0.D. Spiit Spoon Sample Solid Casing and Annular Seal
Well Casing and Filter Sand
S B cuttings Backfill
hvd Ground Water Level At Time Of Drilling
h 4 Static Water Level
NOTES Nikiski Airstrip
1. The stratification lines represent the approximate boundaries betwaen soil types, Nikiski, Alaska
and the fransition may be gradual.
2. The discussion in the text of this report is necessary for a proper understanding of I.LOG OF BORING 819
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. June 2004 32.1-16819-004
4, USC fetter symbeol based on visual classification. — SHANNON & WILSON. ING B-12
=|I' Geotechnical and Enviranmental Ca’nsulhnis sh ee; 30f3
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ENVIRONMENTAL LOG 16819.GPJ S&W GEOQ1.GDT 7/7/04

Soft, brown, slightly gravelly SILT; moist; trace
of organics. 50
Medium dense to dense, brown, slightly silty,
sandy GRAVEL; moist.

l
1

©
[—_—
|

™ Medium dense, brown, slightly sitty, gravely ~ [

SAND; moist.

[ Very dense, brown, slightly silty, sandy . 2 i :|I[
GRAVEL, trace of cobbles; moist. s

Groundwater Not Encountered During Driling on 5/4-6/04

Tlsl @ o, T Penatration Resistance
MATERIAL DESCRIPTION 3| & By = s e acel

‘g & g (.39 = ‘8‘_ A Blows per foot

o @ 2o 25 50 75 100

CONTINUED NEXT PAGE _ : Dol Lol Dol
LEGEND 100 200 300 400]
*  Sample Not Recovered Av4 Ground Water Level At Time Of Driliing ® PID Reading (ppm)
IT 3" 0.D. Split Spoon Sample
NOTES Nikiski Airstrip
1. The stratification lines represent the approximate boundaries between soil types, Nikiski, Alaska
and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B20
the nature of subsurface materials.
3. Water level, if indicated above, is for the date specified and may vary. Jurie 2004 32-1-16819-004
4. USC letter symbol based on visual classification.
=ll' SHANNON & WILSON, INC. B-13
——3 Geotachnical and Envirenmantai Consultants Sheet 1 of 3
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ENVIRONMENTAL LOG 16819.GPJ S8W GEQ1.GDT 7/7/04

MATERIAL DESCRIPTION Elg| 4 T o i Penetration Resistance
- la = L - 340 ib. weight, 30" dro
£ = = ( weight, p)
B “E>J, E 5 g B A Blows per foot
w
= 2o 25 50 75 100]
T SERENEIN RENENENEIN NI WAc |
"Sﬁ . N RERAT
T ppuuu— -y ) .
Medium dense to very dense, brown, slightly o
silty, sandy GRAVEL; moist,
:
F
§
Sample number S17 not collected. 2
=1
[a]
g
£
:
b=
2
B
2
&
GCONTINUED NEXT PAGE 288 & S DN S
LEGEND 0 100 200 300 4008
*  Sample Not Recovered ¥ Ground Water Level At Time Of Drilling ® PID Reading (ppm)
IC 3" O.D. Split Spoon Sample
NOTES Nikiski Airstrip
1. The stratification lines repressnt the approximate boundaries between soil types, Nikiski, Alaska
and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B20
the nature of subsurface materials.
3. W:;el}' !Zvel. if ir;dilc:t:d above, Is for the date specified and may vary. June 2004 32.1-16810-004
4, USC letter symbol based on visual classification.
—] SHANNON & WILSON, INC. -
=|Il Gaotechnical and Environmental Consultantd Sh:f1230f 3
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ENVIRONMENTAL LOG 16819.GPJ S&W GEQ1.GDT 7/7/04

v - i Penetration Resistance
MATERIAL DESCRIPTION = EE = (340 b, weight, 30" drop)
a 2 g B A Blows per foot
5 °= &
O 25 80 75 ,“?OL

Bottom of Boring
Boring Completed 5/4-6/04

Groundwater Not Encountered During Drilling on 5/4-6/04

105 {—

110 —=

sl

120

125 |—

130
135 |——
140 |
145 —
LEGEND 0 100 200 300 4001
*  Sample Not Recovered ¥  Ground Water Level At Time Of Drilling ® PID Reading (ppm)
IC 3" O.D. Split Spoon Sample
NOTES Nikiski Alrstrip
1. The stralification lines represent the approximate boundaries between soil types, Nikiski, Alaska
and the transition may ba gradual. o
2. The discussion in the text of this report is necessary for a proper understanding of LOG OF BORING B20
the nature of subsurface materials,
3. Water level, if indicated above, is for the date specified and may vary. June 2004 32_1-16819-004
4. USC letter symbel based on visual classification. e SHANNON & WILSON. ING B13
= 'I Gootachnical and Environmental Cn’nsulhn4 She e; 30f3
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Porter 1
WELTS 14658

- WELL CONSTRUCTION LOG

Jeilting ¢ MM"} USES no. '
nrillcr%lﬂ_l_‘ﬁm;np- of rig @‘JW‘& Date well completed 5"4“7-)
fell ow "—@Zg__&bﬁt\ Nearest community I/f/

Well location: (address & fegal description) L .
/ 5 .
Lo, 215 : — Wi < % Uy S S/
Depth of "Il_’_QB__H. Casing: ﬁaplh_M:.ﬁ_tl. diam._Lin. /? f;# = T-;A/ﬁ /;’-f
Static water Iauan. (al:ova land surface. nalo_éll;‘t)‘) ‘ /J 7 2

ST
Finish of nllurun. perforated, open-hole, other)

! NV o¥
‘Describe intervals and size: I/JZ"}

Location sketch or remarks

feil yiold tested by (pumping, bailing, air) st oAD gal/min,

ar_#_hnurs with_______ ft. of drawdown from static level,

DRILLER'S MATERIAL LOG

Depth below land

Bive description of strats penstrated
surface in feet

(slize of material, color, hardness of drilling, and water content)

D o L

/OPH Y [/ 5¥ SIESOP
=/ k> -6/t oS
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RY759

Rector 1

WS&S 00. WELTS 22459 f

WATER SYSTEMS & SERVICE o
Rt 1, Box 1517 Kenai, Alaska 99611

WLt // Y -5 - 50
ftee/ fecHrs

/-2 Top S/

* 39 6//"0%/«2,/’/ |

Y-53'C oo/ a//mz/ .

@wﬂ (b / 72 MM 3°CAT

7 %// baayo- - o a;//f/’

% /’;4;;/ i
4>

Qr aLs

1%
{SEE 9-))-L- > N T3

-
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School 1
Well No. 1
WELTS 1335
Kranberger Brilling Cs. Well Brilling Leg
Well owner: Nikiski High Schogl Driller: ARK Completion: 4/16/86
Builder: Kenai Pensuila Boro City: Nth Kenel
Road/Area: Nth Road
Legal 1: Legal2: #1
Depth: 197 Casing length: 199  Diameter: § Rig type: AR
Static level: 105 Yield/6PM 300, Finish of well: JS screen 173-197 1t
[020Js screen 173-187 040 187-192/,060 192-197
0-3 tonsoil @ clay 3-9 sand & grapel
9-11 cemented sand & gruy 11-91 sand @ grave|
21-94 grey clay 94-98 wet sand
96-111 sandy clay 111-117 wet sans 4]
112-132 wet silt.sand.coal.clay 132-136 wet sand @ grayel 4
136-170 sond.gru.conl & wood 120-165 cloan water sand  gru &
185-197 water gravel 19 dirty water sandgrv.conl ®
lle cut off 42.4' 0f 6" casing & S
ML TTF frans Sotiem o

AMikes ¥, Higlh Celoo( Well Bl WJetl Lo .
J &
\/€<
POt /273 /8



)9 7‘}’_}'—

School 2
Well No. 2
WELTS 19795

Krenberger Brilling Cs. iBell Brilling Leg

Well owner: NHS Briller: ARK Completion: 5/2/88
Builder: Boro City: Niskiski

Road/Ares: Nth Road
Legal 1: Legal2:

L Depth: 169 Casing length: 172 Diameter: § Rig type: AR

Static level: 80 Vield/6PM 200, Finish of well: 25'JS screen 144-169

63-67 grey clay

62-70 wet sand 70-84 sandy clay

94-104 wet sond.silt.coal.clay 104-142wet sond.grv.coal.wood
142-120 clean woter sond @ gry 120 water sond.grv.coal.wood

=7 5807 9e- 2895 ON 1v201

N Kis K H»rat.\ Cebiosl

el 2 wetl l‘;a_‘

' /2 NK 18

potA /2379



ij ~ School 3
— — TB-1
- v r
= S o = o Page 1
[ 4] 1T Lt L
2. E. ¥ L8 TEST BORING 1
oo — L o = —
~E 22 b =9 2 LOCATION=SEE TEST BORING LOCATION MAP
o & £3 =) e £ ELEVATION= DEPTH
i \\PEAT. SURFACE ORGANICS 0.3
i F4, BROWN SANDY SILT. PLASTIC. WET. STIFF
7 T=51 2.0
s NFS. BROWN GRAVELLY SAND WITH ABOUT 40% GRAVEL TO
i 1" AND GENERALLY LESS THAN 5% SILT. DAMP. MEDIUM
. DENSE
6 T=47
! 2" STRATUM OF PLASTIC BROWN SILT .
- NFS. BROWN SANDY GRAVEL TO 1.5". ABOUT 55-60%
! CRAVEL AND GENERALLY LESS THAN 5% SILT BUT THERE
i ARE SOME THIN STRATUM OF MORE SILTY GRAVEL. LOOSE.
o L DAMP
6 T=46
! 12.0
i NFS. BROWN GRAVELLY SAND WITH GENERALLY LESS THAN
5% SILT. DAMP. MEDiUM DENSE 4.0
s L o NFS. BROWN SANDY GRAVEL TO 2". ABOUT 557 CRAVEL
6 °, AND GENERALLY LESS THAN 5% SILT. DAMP. MEDIUM
I S DENSE
i RS
w i
wi
w ]
20 |-
= 3 T=47
a i
[
25 L
4
i 28.5
- NFS. BROWN POORLY GRADED CGRAVELLY SAND WITH ABOUT
30 L 35% CRAVEL TO 1" AND GENERALLY LESS THAN S% SILT.
I 3 T=48 DAMP. DENSE
35 L 5.
RN\ 35.0
KEY
MA = MECHANICAL ANALYSIS
LL = LIOUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
[ = GRAB SAMPLE
D1 - eor sampLE DOWL ENGINEERS
= SHELBY TUBE-PUSHED
X = 2.5* 1.D. SPOON SAMPLE LOG OF BORING
340% WEIGHT. 30" FALL LOGCED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.g. 05192t
AFFECTED BY SAMPLING PROCEDURE : FIGURE 3

TS




School 3

& | - TB-1

(FEET)

DEPTH

35

40

45

50

60

65

70

T

CEE _ =z - Page 2
— o™ —_ '
2. & ¢ LB TEST BORING 1 (CONT'D)
a0 —w o = -
=5 9 u =0 a LOCATION=SEE TEST BORING LOCATION MAP
& £8 5 e ELEVATION= DEPTH
I 2 1=30 NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
357 CRAVEL TO 1" AND GENERALLY LESS THAN 5% SILT.
- DAMP. DENSE
| : ___38.0
i NFS. BROWN SANDY CRAVEL WITH ABOUT S0% GRAVEL TO
2"+, CENERALLY LESS THAN 5% SILT. DAMP. MEDIUM
— 5 DENSE
! . 44.0
B NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
4 80% SAND AND LESS THAN 5% SILT. DAMP. MEDIUM
[ \\PENSE 455
NFS. BROWN SANDY GRAVEL WITH ABOUT 40% SAND AND
- LESS THAN 5% SiLT. GRAVEL TO 2*. DAMP. VERY DENSE
B 2
[~ 4
i N 60.8
TEST BORING COMPLETED 6/13/85
- NO CROUNDWATER OBSERVED WHILE DRILLING
. PYC STANDPIPE INSTALLED
N NO GROUNDWATER OBSERVED ON 6/24/85
|
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LiMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
[J = GRAB SAMPLE
i DOWL ENGINEERS
= SHELBY TUBE-PUSHED
B4 = 2.5" i.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL "LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1321
AFFECTED BY SAMPLING PROCEDURE ' FIGURE 4

MTE BRI




— School 4
;‘ =) TB-2
= vl sy
= ] @ ol Page 1
w i~ Lt w i
2o g- ¥ s & TEST BORING 2
oo — o = L
& 2z e z9 9 LOCATION=SEE TEST BORING LOCATION MAP
o s g8 S e ELEVATION= DEPTH
fiTviTs
! T\ SURFACE ORGANICS 0.3
i \F4. REDDISH BROWN SANDY SILT. NONPLASTIC. WET.
7 T=42
i FIRM s
i NFS. BROWN GRAVELLY SAND WITH ABOUT 25% GRAVEL TO
s 6 T=50 1.3" AND GENERALLY LESS THAN 5% SILT. SOME THIN
B LAYERS OF SILTY SAND UP TO 1". DAMP. MEDIUM DENSE
i 7.0
| % NFS. BROWN SANDY GRAVEL WITH ABOUT 35% SAND AND
e GENERALLY LESS THAN 5% SILT. SUBROUNDED GRAVEL T0
- by O "
4 1=51 E’% 3", DAMP. MEDIUM DENSE
10 L ot
%+ aq
5 51 t".‘-
T
- ?°.|
uu‘
! o0
i 0
8 T=56 o
15 L b % 1/8-1/4" REDDISH BROWN PEAT LENSE. WET
i P8 Pl '
o0
—~ i o0
" o8
B ]
u 1!
-0 a =51 oo
20 | E;,:‘.
Wb 537 {6
(=] .
L 0vg
\oh
L ch‘o
.\‘h'ﬁ
- _ n.,ug
s | 3 T=62 |Z"°°
S
- 45 ?o:
- ::‘o
! S
BC.B.
o 00 |
4 T= ‘e
50 | >0 E&.‘J
.b.
L 26 ',°:§
- ML
ﬂ‘g.
i :.:.
i 3 T=4 IZN“
=49 a®
35 L 5o\ O 35.0
.
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
Pl = PLASTIC I[NDEX
PP = POCKET PENETROMETER (TSF)
H = TORVANE (TSF)
= GRAB SAMPLE
L = orns sop DOWL ENGINEERS
= SHELBY TUBE-PUSHED
(K = 2.5* {.0. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL LOGCED BY T BARBER
T = SAMPLE TEMPERATURE (’F) PROBABLY W.0. DS1821 :
AFFECTED BY SAMPLING PROCEDURE FIGJRE 5

WM 11




- School 4
= TB-2
- < = - E Page 2
= S o .
2. & ¢ L8 TEST BORING 2 (CONT ' Dy
[N &) —_ L (vl = [
% 2 e =9 8 LOCATION=SEE TEST BORING LOCATION MAP
55 & E0 5 S ELEVATION= DEPTH
| NFS. BROWN SANDY GRAVEL WITH ABOUT 35% SAND AND
GENERALLY LESS THAN 5% SILT. SUBROUNDED GRAVEL TD
- 3". DAMP. MEDIUM DENSE
w0 L 9 T=49
i 43.0
i NFS. BROWN GRAVELLY SAND WITH ABOUT 35% CRAVEL TO
45 4 T=56 3". OCCASIONAL COBBLES TO 8". CENERALLY LESS THAN
B 5% SILT. DAMP. VERY DENSE
so | 3 T=51
o i
i
w i
—ss | 6 T=53
x
0.
& i
! __57.9
] NFS. BROWN SANDY GRAVEL WITH ABOUT 45% SAND AND
GENERALLY LESS THAN 5% SILT. SUBROUNDED GRAVEL TO
- 4 =50 1.5%. DAMP. VERY DENSE
60 |
__________________________ 60.5
- TEST BORING COMPLETED 6/13/85
L NO GROUNDWATER OBSERVED WHILE DRILLING
i PYC STANDPIPE INSTALLED
|~ NO GROUNDWATER OBSERVED ON 6/24/85
65 |
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
D) - ouas swreLe DOWL ENGINEERS
[1 = sPT SAMPLE
= SHELBY TUBE-PUSHED
] = 2.5 [.D. SPOON SAMPLE LUG OF BORING
340# WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. D31921
AFFECTED BY SAMPLING PROCEDURE FIGURE 6

TE TLEl




i School 5
é,_‘ —] TB-3
>~ ; T ] T
p < = - Page 1
2o Eo & Y 3 TEST BORING 3
(=g — L [V’ = —
~E 2 ¥ =9 g LOCATION=SEE TEST BORING LOCATION MAP
o a €3 s 2 £ ELEVATION= DEPTH
| SURFACE ORGANICS 0.3
i F4, BROWN SANDY SILT. NONPLASTIC. TRACE OF
i > f=44 ORGANICS. WET. FIRM o
I NFS. BROWN GRAVELLY SAND. POORLY GRADED. ABOUT 25%
s 8 T=48 CRAVEL TO 1.5". CENERALLY LESS THAN 5% SILT. DAMP.
~ MED1UM DENSE
3 _ 7.0
! S e NFS. BROWN SANDY GRAVEL. POORLY GRADED. SUBROUNDED
E-;" GRAVEL TO 2". DAMP. MEDIUM DENSE TO DENSE.
- - Ny OCCASIONAL COBBLES DETECTED BY DRILL ACTION
o 3 T=43 Lo 0 §
B nﬂ.l:
N P8 P o514
0..0
L L
Y
D40
B .Qo
+ 0%
= l‘u..ﬂ
s P
i 57 e ]
.qnﬂ
— i *e
— LY
LL:_.IJ i u"'.
L L)
= i T= —°°“
=20 | 3 45 % 0
— A
e B4 |op
= By &
- - b ol
O
L 6o 9
_ ik
3 %
25 | |Z...
o8
i 55 e ]
- .6“‘.
° g
I s o0
B _ '.E:.}
s0 | 4 =43 :o._.
LT
L P8 (29 ¢
e
- o'c;
LR}
L ..I:
°Q
- ||‘u
2 T=48 N
. 35.9
35 L N\
39
KEY
MA = MECHANICAL ANALYSIS
LL = LI1QUID LIMIT
P1 = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
[] = GRAB SAMPLE S
L - crae surrt DOWL ENGINEER
= SHELBY TUBE-PUSHED
X = 2.5" i.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT., 30" FALL LOGCED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. D51892i
AFFECTED BY SAMPLING PROCEDURE FIGURE 7

T




D

(FEET)

DEPTH

(]
w

40

45

50

60

65

70

School 5

[ TB-3

e T1E

= ﬂ 2 = ) Page 2
g -~ [ a.
w [T R wi 1
2. go  © L8 TEST BORING 3 (CONT'D)
[ RS — [+ = —
~L 2z Y =9 3 LOCATiON=SEE TEST BORING LOCATION MAP
& 28 5 e £ ELEVATION= DEPTH
| NES., BROWN SANDY GRAVEL. POORLY GRADED. SUBROUNDED
GRAVEL TO 2". DAMP., MEDIUM DENSE TO DENSE.
i OCCASIONAL COBBLES DETECTED BY DRILL ACTION
i 3 T=44
i __ 43.0
i NFS. BROWN GRAVELLY SAND. POORLY GRADED. ABOUT 25%
4 CRAVEL TO 1.3". GENERALLY LESS THAN 5% SILT. DAMP.
- VERY DENSE
i __46.0
i NFS. BROWN SANDY GRAVEL WITH SUBROUNDED GRAVEL TO
2" AND ABOUT 40% SAND. CENERALLY LESS THAN 5% SILT
i DAMP. MEDIUM DENSE TO VERY DENSE
i 4 T=47 , )
n ABOUT 3/4" STRATUM OF VOLCANIC ASH
i St
3 T=57 o 9,
. ® o
ﬁ'ni
i P2 5
- 5o
R ‘;oo:
.0.‘I
5 u°.
2 T=50 o
- 94
Sl o e 60.5
- 19 TEST BORING COMPLETED 6/14/85
L NO CROUNDWATER OBSERVED WHILE DRILLING
i PVC STANDPIPE INSTALLED
NO GROUNDWATER OBSERVED ON 6/24/85
KEY
- MECHANICAL ANALYSIS
= L10UID LIMIT
= PLASTIC INDEX
= POCKET PENETROMETER (TSF)
= TORVANE (TSF)
[J = cRAB SAMPLE
S DOWL ENGINEERS
= SHELBY TUBE-PUSHED
Xl = 2.5* |.D. SPOON SAMPLE LOG OF BORING
3404 WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE ('F) PROBABLY W.0. D592
AFFECTED BY SAMPLING PROCEDURE . FIGURE 8




School 6
= TB-4

(FEET)

DEPTH

15

25

30

35

= wy . el .
= ] o c & : Page 1
wy w - [F¥) (' Lt
z ¢ & £ B TEST BORING 4
(=g S — Ll [ p= 3 —_
»& 22 ¥ 9 4 LOCATION=SEE TEST BORING LOCATION MAP
& 28 = e £ ELEVATION= DEPTH
i SURFACE ORGANICS 0.4
i F4. BROWN SANDY SILT. WET. FIRM
6 T=40 1.3
X E NEFS. BROWN GRAVELLY SAND WITH ABOUT 20% GRAVEL TO
i — 1.2" AND GENERALLY LESS THAN SZ SILT. DAMP. MEDIUM
10 T=48 DENSE
I b | N\___ 3" OF SANDY SILT. NONPLASTIC
i 11 T=43
B 4" OF F4 BROWN SANDY SILT
i __12.0
i NFS. BROWN SANDY GRAVEL TO 1.2". ABOUT 40% SAND
AND GENERALLY LESS THAN 5% SILT. DAMP. DENSE
i 4
B 2 T=46
i 2 T=57
I 3" OF F2 BROWN SILTY SAND
4 T=47
N __31.0
I NFS. BROWN GRAVELLY SAND WITH GRAVEL TO 1". DAMP.
DENSE
] 4 1=53
35.0
L N
32
KEY
MA = MECHANICAL ANALYSIS
LL = LIOUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
[0 = cRAB SAMPLE W GINEERS
= SPT SAMPLE DO L EN
= SHELBY TUBE-PUSHED
X] = 2.5% 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT, 30" FALL ‘LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (’F) PROBABLY W.0. D51921
AFFECTED BY SAMPLING PROCEDURE FIGURE 9




School 6

- TB-4
= - 2 -~ = Page 2
— N - '
2o g - L 4 TEST BORING 4 (CONT Dy
oo o~ o = —
~& 2z 4 =9 g LOCATION=SEE TEST BORING LOCATION MAP
35 a 28 b= e fF ELEVATION= DEPTH
NFS. BROWN GRAVELLY SAND WITH GRAVEL TO 1". DAMP,
| DENSE s
NFS. BROWN SANDY GRAVEL. POORLY GRADED. ABOUT 357
i SAND AND GENERALLY LESS THAN 5% SILT. SUBROUNDED
- 3 T=47 CRAVEL TO 2". DAMP. DENSE TO VERY DENSE
40 |
i 4 =5
45 | =52
so L 2 T=54
o i
(TH)
e i
_ss | 2 1=53
x
.
o i
[}
| S I <« < [ 59.5
60 TEST BORING COMPLETED 6/14/85
L NO GROUNDWATER OBSERVED WHILE DRILLING
i PYC STANDPIPE INSTALLED
NO GROUMNDWATER OBSERVED ON 6/24/85
65 |
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
Pl = PLASTIC [NDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
0l = cras surne OWL ENGINEERS
= SPT SAMPLE D
= SHELBY TUBE-PUSHED
XI = 2.5" 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1%21
AFFECTED 8Y SAMPLING PROCEDURE FIGURE 10




' School 7
- [ )
= - — - — TB-5
— — —
—_ ~ 7 - 'S Page 1
wy Lt~ L [T Wi
2o g ¥ $ & TEST BORING 5
[=N &) — i = —
-5 2% ¥ z9 2 LOCATION=SEE TEST BORING LOCATION MAP
o & 28 5 e £ ELEVATION= DEPTH
e
i ——\SURFACE ORGANICS o.s
| F4. BROWN SANDY SILT. TRACE OF ORGANICS. WET. FIRM
6 T=43 .
- F2. BROWN SILTY SAND. ABOUT 20% SUBROUNDED GRAVEL
i TO 1/2" AND ABOUT 15% SILT. DAMP. DENSE .
4 T=52 o
s L NFS. BROWN GRAVELLY SAND WiTH ABOUT 30% SUBROUNDED
I GRAVEL TO 1" AND GENERALLY LESS THAN 5% SILT.
DAMP, DENSE
A 8.0
i NFS. BROWN SANDY GRAVEL WITH ABOUT 30% SAND AND
. 3 T=46 5-10% SILT. SUBROUNDED GRAVEL TO 2"+. DAMP TO WET.
—- MEDI1UM DENSE TO DENSE
i 4
5 |
o
e 5
wi
w L
3 T=4
20 | 9
x
a.
a A
=
| 4 T=
25 | 52
i 4 T=
s0 L 48
i vy _ __31.0
e NFS. BROWN SANDY GRAVEL WITH ABOUT 45% SUBROUNDED
B ) .
NG CRAVEL TO 2"+ AND OCCASIONAL COBBLES. CENERALLY
I cpP LESS THAN S% SILT. DAMP. DENSE ’
- ‘.Q
35 L 3 oA O\ 35.
y N
. 32
KEY
MA = MECHANICAL ANALYSIS
LL = LIOUID LIMIT
Pl = PLASTIC [NDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
[J = GRAB SAMPLE
D - emr enmie DOWL ENGINEERS
= SHELBY TUBE-PUSHED
>X] = 2.5* |.D. SPOON SAMPLE LOG OF BORING
340% WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. D51921
AFFECTED BY SAMPLING PROCEDURE FIGURE 11




Sc'hool 7

(] TB-5

D

(FEET)

DEPTH

35

40

45

50

60

65

70

= _ 7 _ % Page 2
= A |
2o Es E L8 TEST BORING 5 (CONT 'Oy
[N &) =l [+ = -
== 22 ¥ =9 a LOCATION=SEE TEST BORING LOCATION MAP
s £8 P e ELEVATION= DEPTH
! %] NFS. BROWN SANDY GRAVEL WITH ABOUT 45% SUBROUNDED
oo GRAVEL TO 2"+ AND OCCASIONAL COBBLES. GENERALLY
- 100 LESS THAN S% SILT. DAMP. DENSE
L ‘:a‘
i ,‘.*::
5 T=50 DR
- 3_\_3 6% 0
3 " ?I"
i b i’
.h'
A 5
i GP’
s 0, 9
L h o O
3 E::Q:
L 45 ':o:
‘00.
L b %
8 50
N e®
L .02.0
B 6 T=59 R::,:
. 50.5
- 4 TEST BORING COMPLETED 6/14/85 .
i NO GROUNDWATER OBSERVED WHILE DRILLING
PVC STANDPIPE INSTALLED
i NO GROUNDWATER OBSERVED ON 6/24/85
r_
L
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
(0 = GRAB SAMPLE . ) ’
Dl - eor samoLe DOWL ENGINEERS
= SHELBY TUBE-PUSHED
X = 2.5" [.D. SPOON SAMPLE LOG OF BORING
340% WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1921
AFFECTED BY SAMPLING PROCEDURE FIGURE 12

T




School 8
=) — TB-6
- [ — E —_—
- S @ S o Page 1
w w~ w
T S 8 TEST BORING 6
(=N &) —_ ® = -
& 2z e =9 g LOCATION=SEE TEST BORING LOCATION MAP
0 & 23 s £ ELEVATION= DEPTH
I =3  BROWN PEAT. WET. SOFT
] R
s i ‘__:§_ . 4.5
- 4 NFS, BROWN POORLY GRADED GRAVELLY SAND. ABOUT 357
5 SUBROUNDED GRAVEL TO 1.5". CENERALLY LESS THAN 5%
i b3 STLT. DAMP., MEDIUM DENSE
10 L SP
4 T=49 ; :
A - 1/2" BROWN TO PINK VOLCANIC ASH OR PEAT. PLASTIC
A 12§
15 | _ 15.0
|4 | T=%0 |Z ; NFS. BROWN POORLY GRADED SANDY GRAVEL TO 1.5°.
d s WITH ABOUT 5-10% SILT AND 35% SAND. WET. MEDIUM
- - : DENSE
o
Lt -
i
w B
520 -
= | 5 T=46 gi“n“
I=} ..°°
i D6 o
B b o ° — 23.0
! AN NFS, BROWN POORLY GRADED SANDY GRAVEL., SUBROUNDED
55 o GRAVEL TO 2. ABOUT 40Z SAND AND GENERALLY LESS
— 3 E.-g-_ THAN 5% SILT. DAMP. MEDIUM DENSE
. 9
! D7 |y o
AN
B e ® o
a0 O
- P
30 e
4 T=42 K,-. 8" GREY FINE POORLY GRADED SAND. WET. LOOSE
| THAN
| Q..ﬂl
- L
&
35 L A AN 35.0
\\\
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
P1 = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
H = TORVANE (TSF)
= GRAB SAMPLE
aRe DOWL ENGINEERS
= SHELBY TUBE-PUSHED -
X = 2.5" [.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL LOGGED BY T BARBER

—

SAMPLE TEMPERATURE (°F) PROBABLY
AFFECTED BY SAMPLING PROCEDURE

W.0. D31921
- FIGURE 13




School 8
) - TB-6
= < 2 . E : Page 2
— [ [+
v -~ A ]
2. g ¢ s 3 TEST BORING 6 (CONT'D)
[= &) =l [+ = —
=% 2% W =9 i LOCAT10ON=SEE TEST BORING LOCATION MAP
- & 28 a e £ ELEVATION= DEPTH
i 5 ° o NFS. BROWN POORLY GRADED SANDY GRAVEL. SUBROUNDED
: §§ GRAVEL TO 2°. ABOUT 40%Z SAND AND GENERALLY LESS
- CRNIS THAN S% SILT. DAMP, MEDIUM DENSE
i N 38.0
i NFS. GREY POORLY GRADED SAND WITH SOME GRAVELLY
40 : ZONES. GENERALLY ABOUT 10% GRAVEL TO 1" AND LESS
- 9 T=45 @K ‘——\\_1ﬁan 5% SILT. DAMP, MEDIUM DENSE
] ﬂé FIG.70 . /4" GREY TO BROWN PLASTIC SILT. WET. STIFF
45 |
6 1=50
:
L
i 48.0
L SANDY GRAVEL WITH OCCASIONAL COBBLES, DENSE
so L | | kM 50.0
| TEST BORING COMPLETED 6/17/85
NO GROUNDWATER OBSERVED WHILE DRILLING
- - PVC STANDPIPE INSTALLED
:] B NO GROUNDWATER OBSERVED ON 6/24/85
|
=35 |
—
(418
@ !
[}
-
60 L
65 |
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
PI = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬁ = TORVANE (TSF)
= GRAB SAMPLE
% i DOWL ENGINEERS
] = SHELBY TUBE-PUSHED
X = 2.5" 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT., 30" FALL 'LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W-0. DSi921
AFFECTED BY SAMPLING PROCEDURE FIGURE 14

o




School 9

- TB-7

(FEET)

DEPTH

25

30

35

= S = - & o Page 1
w w o] w
Zo g2 - S a TEST BORING 7
oo — [+ = —
5 2z ¥ =9 3 LOCATION=SEE TEST BORING LOCATION MAP
-3 28 ) e ELEVATION= DEPTH
I M\ SURFACE ORGANICS os
i fill F4, LIGHT BROWN SANDY SILT
8 T=37 : ™~ 2.0
X ; NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
! ; 20% SUBROUNDED GRAVEL TO 1". DAMP. MEDIUM DENSE
7 T=52 :
I . 8.0
i NFS, BROWN SANDY GRAVEL. POORLY GRADED. SUBROUNDED
6 T=44 GRAVEL TO 3“ WITH OCCASIONAL COBBLES. ABOUT 457
- SAND AND GENERALLY LESS THAN 5% SILT. WET. MEDIUM
L DENSE
| _ __12.0
i NFS., BROWN SANDY GRAVEL WITH SUBROUNDED GRAVEL TO
3" AND OCCASIONAL COBBLES. GENERALLY ABOUT 30%
- - SAND AND ABOUT 5% SILT. WET. DENSE
5 T=46
] 2 T=49
i __27.0
i NFS. BROWN SANDY GRAVEL. POORLY GRADED SUBROUNDED
"GRAVEL TO 2" WITH ABOUT 35%Z SAND AND GENERALLY
- 4 T=49 LESS THAN S% SILT. WET. DENSE
i __33.0
i 4 T=51
. N .
R 35.0
KEY
MA = MECHANICAL ANALYSIS
LL = LIOUID LIMIT
P1 = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
E% = TORVANE (TSF)
= GRAB SAMPLE
E, el E DOWL ENGINEERS
= SHELBY TUBE-PUSHED
B = 2.5" 1.D0. SPOON SAMPLE LOG OF BORING
3408 WEIGHT, 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DSI821
AFFECTED BY SAMPLING PROCEDURE FIGURE 15




School 9
— — TB-7
= s o - - , [Page 2
b S
2. & X L4 TEST BORING 7 (CONT'D)
ao — o = —
~% 8g b =9 g LOCATION=SEE TEST BORING LOCATION MAP
55 o 28 S e E ELEVATION= DEPTH
i NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
35% SUBROUNDED GRAVEL TO 2", OCCASIONAL COBBLES
- AND GENERALLY LESS THAN 5% SILT. DAMP. DENSE TO
5 VERY DENSE
] 3 T=45
40 L MA FIG.71
s | 4 T=59
i 8 T=50
S0 - MA Fre.72| WWNeEEL o ___ 50.5
- TEST BORING COMPLETED 6/18/85
R . NO GROUNDWATER OBSERVED WHILE DRILLING
= i PVC STANDPIPE INSTALLED
E NO GROUNDWATER OBSERVED ON 6/24/85
=55 |
—
a
o i
(=]
60 L
65 L
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = L1QUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬁ = TORVANE (TSF)
= GRAB SAMPLE
% C er samLe DOWL ENGINEERS
S] = SHELBY TUBE-PUSHED
X = 2.5" 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1921
AFFECTED BY SAMPLING PROCEDURE FIGURE 16




School 10

[ A TB-8
= s @ s = Page 1
wy bl [F1)
2. #- ¥ L8 TEST BORING 8
ao —_ o = —_
& BE u =9 4 LOCATION=SEE TEST BORING LOCATION MAP
o & 28 S e £ ELEVATION= DEPTH
i <=|  BROWN PEAT. WET. SOFT
P1]
i = 3.0
ML F4, LIGHT BROWN SANDY SILT. NONPLASTIC. DAMP. FIR
| 1 | T1=52 0
s L - NFS. REDDISH BROWN POORLY GRADED SAND WITH ABOUT
207 GRAVEL TO 1/2* AND ABOUT 10% SILT. DAMP. LOOSE
__6.5
- NFS. BROWN SANDY GRAVEL TO 2". SUBROUNDED. WITH
! ABOUT 35% SAND AND ABOUT 2%SILT. WET. MEDIUM
] DENSE
5 T=47
10 MA FIG.73
i __12.0
i NFS. BROWN SANDY GRAVEL TO 2*, SUBROUNDED. WITH
ABOUT 407 SAND AND GENERALLY LESS THAN 5%
- 3 =40 SILT. WET. MEDIUM DENSE TO DENSE
15 L
o
w .
L
woo |
220 L 4 T=51
—
[+ 18
o |
[}
s | 2 T=52
I 3 T=49
30+ MA FIG.74
] 4
“\ 5.
35 L N 35.0
64
KEY
MA = MECHANICAL ANALYSIS
LL = L1QUID LIMIT
P1 = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬁ = TORVANE (TSF)
= GRAB SAMPLE
DOl DOWL ENGINEERS
= SHELBY TUBE-PUSHED
X = 2.5 1.D. SPOON SAMPLE LOG OF BORING

—

340# WEIGHT. 30" FALL

SAMPLE TEMPERATURE (°F) PROBABLY
AFFECTED BY SAMPLING PROCEDURE

LOGGED BY T BARBER
W.0. DS5i921

FIGURE 17

Tell |

151




School 10

= =

—— (=) TB-8
» = v
2. & ® L8 TEST BORING 8 (CONT'D)
ao =l o = —
-5 A8 4 =9 2 LOCATION=SEE TEST BORING LOCATION MAP
35 & €3 s g K ELEVATION= DEPTH
i __37.0
i NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
357 GRAVEL TO 2" AND GENERALLY LESS THAN 5% SILT.
- . FINE SAND. DAMP. DENSE
4 T=51
40 L
s L 7 T=55 45.0
i NFS. BROWN SANDY GRAVEL TO 3" WITH OCCASIONAL
COBBLES. DAMP. DENSE
I e e 49.1
s0 L TEST BORING COMPLETED 6/18/85
NO GROUNDWATER OBSERVED WHILE DRILLING
i PVC STANDPIPE INSTALLED
— B NO GROUNDWATER OBSERVED ON 6/24/85
W i
i
o !
55 |
(.
o
o !
(=]
60 L
65 L
L
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
[ = GRAB SAMPLE
O - oo aambLe DOWL ENGINEERS
= SHELBY TUBE-PUSHED
BJ = 2.5" 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT., 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. D51921
AFFECTED BY SAMPLING PROCEDURE . FIGURE 18

Wa ILE




School 11

(FEET)

DEPTH

25

30

35

£ [ TB-9

> %] T o
= s B o & ‘ Page 1
wr w - w w
2. o ¢ L8 TEST BORING 9
ao — [s = —_
& 22 W =9 2 LOCATION=SEE TEST BORING LOCATION MAP
& 28 & @ ¢ ELEVATION= DEPTH
PT
i m— SURFACE ORGANICS 0.7
i 10 T=35 g F4. LIGHT BROWN SANDY SILT. NONPLASTIC. WET. FIRM, o
. M NFS/F2, BROWN GRAVELLY SAND WiTH ABOUT 25% GRAVEL
i TO 1.5" AND ABOUT 10% SILT. DAMP. MEDIUM DENSE
6 T=50 3.5
5 NFS. BROWN POORLY GRADED GRAVELLY SAND. ABOUT 20%
i " SUBROUNDED GRAVEL TO 1.5" AND GENERALLY LESS THAN
5% SILT. DAMP. MEDIUM DENSE
L
I 7 T=45
i 36 __11.0
I NES/F1. BROWN SANDY GRAVEL, POORLY GRADED. SUB-
ROUNDED GRAVEL TO 2“+. ABOUT 35% SAND AND GENERAL-
- LY ABOUT 10% SILT. DAMP. DENSE
i 6 T=48
i 39
i __17.0
| F1. BROWN SILTY GRAVEL WITH ABOUT 30%Z SAND AND 15Z
SILT. SUBROUNDED GRAVEL TO 3“. WET. DENSE
i 4 GM
B 42
g‘u
i 21.5
- NFS. BROWN GRAVELLY SAND WITH ABOUT 40% SUBROUNDED
i GRAVEL TO 2“ AND ABOUT 5% SILT. DAMP. DENSE
i 3 T=59
i __26.0"
] NFS. BROWN SANDY GRAVEL WITH ABOUT 45Z SAND AND
: ABOUT 5% SILT. SUBROUNDED GRAVEL TO 2"+. DAMP,
- s 0 DENSE
i cp
3 GM
— l:l'°|
i 42 :?5'
! e __32.0
.0-‘
LEY"
B ﬂ:.ﬂ
X
- IZ:°°
50
L 22, O\ 35.0
KEY
MA = MECHANICAL ANALYSIS
LL = L1QUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬁ = TORVANE (TSF)
= GRAB SAMPLE
% ek DOWL ENGINEERS
Bl = SHELBY TUBE-PUSHED
X = 2.5 1.D0. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL ‘LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1921
AFFECTED BY SAMPLING PROCEDURE FIGURE 19




=) =

Schooill
TB-9

- < b - £ ' Page 2
» w= i v
2o B ° s 48 TEST BORING 9 (CONT'D)
oo — o = — .
~E 2% T =8 3 LOCATION=SEE TEST BORING LOCATION MAP _
55 o 28 = SR ELEVATION= DEPTH
i ﬁf NFS. BROWN SANDY GRAVEL. POORLY GRADED. SUBROUNDED
o8] GRAVEL TO 2"+. ABOUT 45Z SAND AND GENERALLY LESS
i THAN 5% SILT. ACCASIONAL COBBLES. DAMP. DENSE 36.0
I NFS. BROWN GRAVELLY SAND WITH ABOUT 35Z SUBROUNDED
- 3 [=53 GRAVEL TO 2" AND GENERALLY LESS THAN 5% SILT.
40 L DAMP, DENSE
__________________________ 40.5
- TEST BORING COMPLETED 6/17/85
s NO GROUNDWATER OBSERVED WHILE DRILLING
i PVC STANDPIPE INSTALLED
NO GROUNDWATER OBSERVED ON 6/24/85
45 |
s0 L
~
w 3
Ll
oL
35 |
—
.
&5 L
[m]
60 |
65 |
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = LI1QUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬁ = TORVANE (TSF)
= GRAB SAMPLE
E s DOWL ENGINEERS
= SHELBY TUBE-PUSHED
& = 2.5" 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT, 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY D192t
FIGURE 20

AFFECTED BY SAMPLING PROCEDURE

Pl




=) ——]
> w F o
pan & o 2 =
wr - wi
20 2o ¢ 3 TEST BORING 10
oo = [+ = —
~E 2% ¥ =9 3 LOCATION=SEE TEST BORING LOCATION MAP
s & 83 & e £ ELEVATION= DEPTH
i = FILL. BROWN PEAT. WET. SOFT
—
i =
- =z
s == PIECES OF WOOD
B =
- — __ 6.5
- Sl NEFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
5 30% GRAVEL TO 1.7" AND 5-10% SILT. DAMP. DENSE
5 1 T=49
10 L
m
5 8 T=45 K
15 L
14
- A
w L
(78]
(0 5 13 T=51 IZ
=20 [
=~ 46
a ] 2.
- NFS, BROWN SANDY GRAVEL WITH ABOUT 40% SAND AND
X 5% SILT. SUBROUNDED GRAVEL TO 3" AND OCCASIONAL
i 7 =48 R COBBLES. WET. DENSE
25 |
45
L 3 T=54 lZ
30 L
83 |2
i 31.
- NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
i 35% SUBROUNDED GRAVEL TO 1" AND GENERALLY LESS
| 4 =48 R THAN 5% SILT. WET. DENSE
| N 35.
35 : N

School 12
TB-10
Page 1

KEY
MECHANICAL ANALYSIS
LI0OUID LIMIT
PLASTIC INDEX
POCKET PENETROMETER
TORVANE (TSF)
GRAB SAMPLE
SPT SAMPLE
SHELBY TUBE-PUSHED
2.5" 1.D. SPOON SAMPLE
340# WEIGHT., 30" FALL
SAMPLE TEMPERATURE (°F) PROBABLY
AFFECTED BY SAMPLING PROCEDURE

(TSF)

DOWL ENGINEERS
LOG OF BORING

LOGGED BY T BARBER
W.0. D51921

FIGURE 21




. — School 12
=) =) TB-10
= s b o5 ' Page 2
— ¥ wr —_ 0.
2. g. ¥ L8 TEST BORING 10 (CONT o7
[= R — w [+ = —_
ST 2B u z9 g LOCATION=SEE TEST BORING LOCATION MAP
;s 6 8 5 e & ELEVATION= DEPTH
I NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
35% SUBROUNDED GRAVEL TO 1" AND GENERALLY LESS
i THAN 5% SILT. WET. DENSE
i 6
T P A . 40.0
i TEST BORING COMPLETED 6/17/85
NO GROUNDWATER OBSERVED WHILE DRILLING
- PVC STANDPIPE INSTALLED
- NO GROUNDWATER OBSERVED ON 6/24/85
45 |
50 |
- i
w L
w
W i
55 L
—_
a.
o i
[
60 L
65 |
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = LIOUID LIMIT
PI = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
TV = TORVANE (TSF)
[0 = GRAB SAMPLE ' GINEERS
[/ = SPT SAMPLE DOWL EN R
= SHELBY TUBE-PUSHED
X = 2.5 1.D. SPOON SAMPLE LOG OF BORI NG
340# WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1921
AFFECTED BY SAMPLING PROCEDURE FIGURE 22

W Ll




) School 13
= = TB-11
= wy e o
= s P & Page 1
w [V R {51 (' Ll
2o E- - L8 TEST BORING 11
ao iy o = —
5 28 = =9 b2} LOCATION=SEE TEST BORING LOCATION MAP
o & 28 5 e £ ELEVATION= DEPTH
i \(BROWN PEAT. WET. SOFT 0.4
i 4. LIGHT BROWN SANDY SILT. NONPLASTIC. WET. FIRM,
8 1=37 .
s NFS. BROWN POORLY GRADED GRAVELLY SAND WITH ABOUT
i 307 SUBROUNDED GRAVEL TO 1.5" AND GENERALLY LESS
s THAN 5% SILT. DAMP. DENSE
5 T=45
0o L
4 T=50
i MA FIG.75
s i 14.5
S 4 T=45 NFS. BROWN SANDY GRAVEL WITH ABOUT 3S5% SAND AND
s ABOUT 5% SILT. SUBROUNDED GRAVEL TO 2" AND
i OCCASTONAL COBBLES. DAMP. DENSE
o
wi -
(18]
W B
20 |
= 5 T=43
n I
[}
25 |
] T=46 .
B %,
! 52 0%
90,
i b
_ 5 _33
30 L e
7 T=45 ﬁif;;
: 56 %% __.32.0
n“
i L7,
A os
o al
35 L ° NN 35.0
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
P1 = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬁ = TORVANE (TSF) _
3 o one saeLe DOWL ENGINEERS
= SHELBY TUBE-PUSHED
X] = 2.5" 1.0. SPOON SAMPLE LOG UF BORING
340# WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. D31921

AFFECTED BY SAMPLING PROCEDURE

. FIGURE 23




o ] = E : A
P E w : . A |
g g & ¢ & TEST BORING 11 (CONT' D7
oo — L i = —
& 2z ¥ =9 g LOCATION=SEE TEST BORING LOCATION MAP
35 & 8 =Y e £ ELEVATION= DEPTH
| 2 LS %}: NFS. BROWN SANDY GRAVEL WITH ABOUT 40% SAND AND
L7 LESS THAN 5% SILT. SUBROUNDED GRAVEL TO 1.5". WET.
- ho. o ;
5o \VERY DENSE 37.0
i X NFS. BROWN SANDY GRAVEL WITH ABOUT 35X SAND AND
- ge 5% SILT. SUBROUNDED GRAVEL TO 2“ AND OCCASIONAL
10 | ot s COBBLES. WET. DENSE
3 ?.‘
i 8% e e e Y Y 41.5
- o TEST BORING COMPLETED 6/19/85
5 NO GROUNDWATER OBSERVED WHILE DRILLING
I PVC STANDPIPE INSTALLED
45 NO GROUNDWATER OBSERVED ON 6/24/85
50 |-
o i
Wi
w i
35 |
—
o
o N
[
60 |
3
65 |
70 L
KEY
MA = MECHANICAL ANALYSIS
LL = LIQUID LIMIT
PI = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬁ = TORVANE (TSF)
= GRAB SAMPLE GI EERS
% = SPT SAMPLE DOWL EN N
= SHELBY TUBE-PUSHED
X = 2.5" 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL ‘LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. D51921

School 13
TB-11
Page 2

AFFECTED BY SAMPLING PROCEDURE

FIGURE 2%

Tl Fi |
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School 14
TB-12
Page 1

. w) . . T X
o < @ S &
uy [0 R w |’ w
2o 2o ° L 4 TEST BORING 12
oo = [+ = . -
»T ag e =9 s LOCATION=SEE TEST BORING LOCATION MAP
0 & €3 = 2 £ ELEVATION= DEPTH
L \(BROWN PEAT. WET. SOFT 0.3
L F4, BROWN SANDY SILT WITH FINE SAND. WET. STIFF
10 | T=39 ~ _ 2.0
s NFS., BROWN POORLY GRADED GRAVELLY SAND. WITH ABOUT
! 25% SUBROUNDED GRAVEL TO 1" AND 5% SILT. DAMP,
5 MEDI1UM DENSE
'_
6 T=47
-
L
__ 7.5
- NFS. BROWN GRAVELLY SAND WITH ABOUT 45Z GRAVEL 1O
i 2" AND GENERALLY LESS THAN 5% SILT. OCCASIONAL
o | COBBLES. DAMP. DENSE
3 T=46
L
! __12.0
i NFS. BROWN POORLY GRADED SANDY GRAVEL WITH ABOUT
407 SAND AND GENERALLY LESS THAN 5% SILT.
- OCCASIONAL COBBLES. DAMP. DENSE
15 L
4 T=50
o i __18.90
i
w - NFS, BROWN WELL GRADED SANDY GRAVEL WITH ABOUT
20 70% SAND AND GENERALLY LESS THAN 5% SILT, SUB-
= —~ 4 T=52 ROUNDED GRAVEL TO 2"+, WET, MEDIUM DENSE
o
g ~ MA FIG.76
i FC
i __23.9
i NFS. BROWN POORLY GRADED SAND WITH UP T0O 207
. CRAVEL TO 2" AND GENERALLY LESS THAN SZ SILT.
- 9 T=46 DAMP. MEDI1UM DENSE
30 L
4 T=52
B LARGE COBBLE OR BOULDER BY DRILL ACTION
i __33.0
35 L \ 35.
N 0
KEY
MA = MECHANICAL ANALYSIS
LL = LIOUID LIMIT
Pl = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
Eﬂ = TORVANE (TSF)
= GRAB SAMPLE
% s DOWL ENGINEERS
S| = SHELBY TUBE-PUSHED
<1 = 2.5* [.D. SPOON SAMPLE LOG OF BORING
340% WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1921

AFFECTED BY SAMPLING PROCEDURE

FIGURE 25




— — School 14
= —] TB-12
— . T
o S = Y Page 2
2. g ¢ LB TEST BORING 12 (CONT "D)
ao = ['e = —_
& 2=z ¥ =9 g LOCATION=SEE TEST BORING LOCATION MAP
55 &6 E0 s e £ ELEVATION= DEPTH
i 3 ';'; NFS. BROWN POORLY GRADED SANDY GRAVEL WITH ABOUT
N 407 SAND AND GENERALLY LESS THAN 5% SILT. GRAVEL
i 37 ‘.-; TO 2"+, WET. DENSE
- (;:P:
[ W
40 L oo
3 T=51 <. Y
i D 41.5
- 50 TEST BORING COMPLETED 6/18/85
X NO CROUNDWATER OBSERVED WHILE DRILLING
! PVC STANDPIPE INSTALLED
45 NO GROUNDWATER OBSERVED ON 6/24/85
50 L
- !
Ll L
Led
T !
a.
1 -
=
L
60 |
65 L
70 L
KEY
MA-= MECHANICAL ANALYSIS
LL = LIOUID LIMIT
P1 = PLASTIC INDEX
PP = POCKET PENETROMETER (TSF)
H = TORVANE (TSF)
= GRAB SAMPLE
O - o sambLe DOWL ENGINEERS
= SHELBY TUBE-PUSHED
B = 2.5" 1.D. SPOON SAMPLE LOG OF BORING
340# WEIGHT. 30" FALL LOGGED BY T BARBER
T = SAMPLE TEMPERATURE (°F) PROBABLY W.0. DS1921
AFFECTED BY SAMPLING PROCEDURE - FIGURE 26

T
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Summary of Primary DEC Contaminated Sites in Study Area

Arness Disposal Site

The Arness Disposal Site was identified by the Alaska Department of Environmental
Conservation (DEC) in 1985. The property located at the north end of Halliburton Drive/Bakers
Road was leased to an operator who ran the site as a septage disposal site from 1979 to 1984.
Bilge water, oily waste water, and septage were processed at the location. Alaska Environmental
Industries (AEI) operated the site beginning in 1982 and offered service to oil exploration,
production, and development companies. AEI is believed to have disposed of a variety of
chemical and oil field waste products at the Arness site, including a variety of hydrocarbons and
solvents. The site was shut down following the discovery by DEC and an initial cleanup effort
was undertaken which included removal of containers, burning of drum contents, excavation and
removal of some contaminated soils to an off-site location, and the excavation and spreading
(land farming) of other contaminated soils on site. Additionally, one monitoring well was

installed for groundwater testing purposes in 1988.

The site has been the subject of intermittent DEC review, testing, and directives for further
clean-up efforts. A second monitoring well was installed in 2013. Since the discovery of the
extensive waste dumping at the site, several investigative reports and studies have been
conducted on the property, including efforts conducted by the property owner (Peggy Arness) in

recent years to complete remediation of the site as desired by DEC.
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Some of the reports generated about this site include:

e CERCLA! Preliminary Assessment Arness Property, by Tryck, Nyman and Hayes,
November 1987;

e Site Assessment Arness Disposal Site, by HartCrowser, October 1988 (Revised January
1989);

e Waste Handling and Disposal Case Study, by Doreen Sullivan-Garcia, December 1990;
e Groundwater Sampling and Monitoring Well Survey, by HartCrowser, November 1992;

e Arness Disposal Site, Limited Additional Site Investigation Report of Findings, by
Alaska Consulting and Environmental Engineering, October 2013;

e DEC Spill Response and Prevention:
http://www.dec.alaska.gov/spar/csp/sites/arness.htm; and

e DEC Contaminated Sites Program:
http://dec.alaska.gov/Applications/SPAR/PublicMVC/CSP/SiteReport/176.

Nikiski Airstrip

The old Nikiski Airstrip is an abandoned airstrip located at the northwest end of Nikishka Beach
Road, immediately adjacent to the Offshore Systems Kenai (OSK) heliport. The site was used as
airstrip from the 1960’s through the 1980’s. Two separate areas adjacent to the airstrip have
been identified as having been used as an un-permitted solid waste disposal sites for many years,
with wastes such as crushed rums and oily rags being prevalent. One of the pits was used to
dispose of bunker C fuel (or other weathered petroleum products), believed to be the primary

source of site contamination. The property is now owned by the KPB.

This contaminated site has been the subject of cleanup and monitoring efforts for more than two
decades. Initial efforts focused on the removal of solid waste and the free standing petroleum
products in 1985 (BGES, 2006). A portion of the oil and contaminated soil was removed from
the pit and spread on site in a process known as “land-farming”. (Shannon & Wilson 1990)
Later efforts consisted of identifying the extent of the contamination, the installation of

monitoring wells, and soils and groundwater testing for contaminants.

! Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA); also frequently referred to as
“Superfund”
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In 1986, OSK constructed a heliport facility over the northern disposal pit. Since this time, the
focus on monitoring efforts has been on the southern disposal pit, located approximately 650 feet

southwest of the gated access to the OSK property.

Some of the reports generated for this site include:

e Soil and Groundwater Assessment Nikiski Airstrip, by Shannon & Wilson, September
1990;

e Additional Site Characterization Nikiski Airstrip, by Shannon & Wilson, June 2004;
e Former Nikiski Airstrip Groundwater Sampling, by BGES, Inc., June 2006; and

e DEC Contaminated Sites Program:
http://dec.alaska.gov/Applications/SPAR/PublicMVC/CSP/SiteReport/669.

McGahan Utilities

In September of 1988, contaminants were discovered in water produced by the McGahan Public
Utility water system which served approximately 150 residences and businesses in the area at the
time. The DEC initiated testing and assessment of the water system and immediate surrounding
area to identify the extent of the contamination. In 1989, the DEC contracted with HartCrowser
for additional investigation and analysis, including soil and water sampling, the installation of
monitoring wells, and a workover of the existing well Number One (video logging and cleaning
of the casing and well screen). (HartCrowser, 1989) HartCrowser concluded the source of
contamination was the former laundromat and dry cleaner located at the northwest corner of

Kenai Spur Highway and Nikishka Beach Road, behind Steve’s Chevron.

The laundry facility was believed to have initially processed general laundry generated by
oilfield activities and eventually added dry cleaning services (HartCrowser, 1989). Wastewater
generated by the facility was pumped to an on-site disposal facility to the north of the building,
with overflow being discharged to the drainage ditch located along the west side of Nikishka
Beach Road. Eventually, wastewater overflow was directed to the bluff along the north side of

the property and discharged into the wooded area and down slope.

An exploratory well was drilled in 1989 to assess whether a different water source (aquifer)
could provide production water for the utility. A deeper aquifer was tapped and deemed suitable

as a source for the utility, but due to high naturally occurring concentrations of iron, the utility
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decided against using the deeper aquifer and instead chose to treat the existing water source in

the shallower aquifer.

Site remediation and cleanup activities have not occurred to date due to the complexity and
difficulty associated with in-situ actions. Monitoring of the site continues.

Some of the reports generated about this site include:
e Groundwater Quality Evaluation McGahan Water System Service Area, by HartCrowser,
July 1989;

e Groundwater Investigation Nikiski Investigative Test Well, by Harding Lawson
Associates, March 1990; and

e DEC Contaminated Sites Program:
http://dec.alaska.gov/Applications/SPAR/PublicMVC/CSP/SiteReport/478.
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NIKISKI ENVIRONMENTAL STUDY PROJECT

SURVEY SUMMARY

1.0 INTRODUCTION

This project consisted of locating monitoring wells and drinking water wells in Nikiski, Alaska.

2.0 HORIZONTAL CONTROL SUMMARY

A field survey was performed by DOWL HKM between November 15", 2014 and November 17",
2014 by of A. Willie Stoll, PLS. Static Global Positioning System (GPS) observations were taken
on a new control point to position this project. Static GPS measurements were submitted to the NGS
OPUS utility for processing, producing a NAD83 (2011) (EPOCH 2010.0000) position to locate the
site features from.

Positions for all of the site features were performed using Real Time Kinematic (RTK) GPS.
Relative positions for all features located have location accuracy better than 0.1-feet.

3.0 VERTICAL CONTROL SUMMARY
Elevations are NAVD88 as determined by Geoid 12A. Elevations were determined using RTK GPS.
Relative elevations for all features located have location accuracy better than 0.1-feet.

4.0 SURVEYOR’S CERTIFICATION
I, A. William Stoll, Alaska Land Surveyor #12041, do hereby certify that the information contained

herein is the result of work performed by me or by others working under our direct supervision.

.

~

z . 2
. A William Stoll -

’/;3&} . lsa - C%;-_‘-"

) 0rg NP
ITRRS

Page 2



Field Survey Results
Corrected - April 2015
Appendix C - Pg 3

Nikiski Groundwater Modeling 32.61736

waio [ waisio [ ooy [ caing [ Srond Tosmarmer [ ool T ot Toueand T
AIMM 1 N/A 2461025.95 1404521.22 147.48 149.98 56.8 93.18 11/17/2014 13:41
AIMM 2 N/A 2461634.29 1404544.20 135.31 137.94 44.8 93.14 11/17/2014 14:03
AIMM 3 N/A 2461646.31 1403957.93 168.66 171.80 79.0 92.80 11/17/2014 13:58
AIMM 4 N/A 2461027.09 1404022.24 158.86 161.44 68.6 92.84 11/17/2014 13:50
AIMM 5 N/A 2461025.49 1404124.49 158.87 161.35 60.4 100.95 11/17/2014 13:47
AIMM 6 N/A 2461347.40 1404063.88 152.60 154.76 57.8 96.96 11/17/2014 13:55
Arness 1 19818 2462328.21 1405138.43 188.29 191.44 109.2 82.24 11/17/2014 14:52
Arness 2 N/A 2462198.60 1405161.00 183.16 185.51 107.2 78.31 11/17/2014 14:49
ArnDock 4 21647 2464611.33 1406491.12 141.75 144.38 98.5 45.88 11/17/2014 11:01
ArnDock 1 19292 2464443.54 1406379.64 141.86 144.15 45.4 98.75 11/17/2014 10:50
Baker 1 N/A 2462035.06 1407515.07 132.59 132.07 35.2 96.87 11/15/2014 11:33
Baker 2 N/A 2461917.82 1407701.51 134.22 133.74 35.3 98.44 11/15/2014 11:44
Baker 3 N/A 2461873.91 1407499.57 133.42 132.89 35.6 97.29 11/15/2014 11:36
Baker 4 N/A 2461885.75 1407610.40 134.27 136.63 42.3 94.33 11/15/2014 11:08
BearPaw 1 N/A 2459410.07 1404937.88 185.51 187.31 100.5 86.81 11/17/2014 11:24
CIP9 14100 2460335.26 1406698.37 182.01 184.67 11.4 173.27 11/16/2014 10:00
CIP 20 N/A 2459661.09 1406808.96 177.39 179.73 93.0 86.73 11/16/2014 10:27
CiP 11 23912 2459880.71 1406362.00 181.31 183.59 97.8 85.79 11/16/2014 10:36
Darcy 1 N/A 2460509.57 1408744.81 190.60 192.78 106.5 86.28 11/16/2014 12:12
Diamond 2 17552 2461314.03 1401833.39 212.62 214.44 144.6 69.84 11/15/2014 13:27
DOT 1 N/A 2457927.37 1404084.67 187.23 187.78 94.8 92.98 11/17/2014 11:48
FirstBaptist 1 16382 2458025.19 1403578.90 178.09 181.76 91.7 90.06 11/17/2014 12:37
FirstBaptist 2 N/A 2458347.83 1403462.39 178.42 180.99 94.1 86.89 11/17/2014 12:47
Hardware 1 N/A 2460961.31 1407647.69 174.06 176.39 91.7 84.69 11/16/2014 13:24
Lake 1 N/A 2462324.77 1406156.64 98.07 N/A N/A 98.07 11/15/2014 15:14
Lake 2 N/A 2463456.62 1408482.71 96.48 N/A N/A 96.48 11/15/2014 14:52
Lake 3 N/A 2463823.63 1408753.42 97.80 N/A N/A 97.80 11/15/2014 15:00
Lake 4 N/A 2463659.89 1404704.71 192.66 N/A N/A 192.66 11/16/2014 16:09
Larry 1 N/A 2459051.55 1407973.03 188.89 190.94 95.1 95.84 11/15/2014 18:00
Alvin 1 N/A 2459839.07 1409260.15 153.36 155.84 66.0 89.84 11/16/2014 12:48
Teddy 1 N/A 2460504.19 1409163.93 172.89 174.78 85.9 88.88 11/16/2014 13:02
Marlene 2 N/A 2460542.83 1408483.23 189.92 191.86 105.5 86.36 11/16/2014 12:26
Mack 1 N/A 2458285.25 1409083.44 144.99 147.18 38.3 108.88 11/15/2014 18:15
MCG 17 19098 2461777.99 1407416.88 134.30 138.03 55.3 82.73 11/15/2014 12:18
MCG 19 N/A 2461527.29 1407633.38 139.37 138.62 44.9 93.72 11/15/2014 12:31
Nair 1 19506 2463604.70 1405200.08 191.76 193.89 89.4 104.49 11/17/2014 16:28
Nair 3 N/A 2463513.13 1405198.10 193.65 195.55 95.5 100.05 11/17/2014 16:44
Nair 4 N/A 2463419.26 1405192.06 211.05 213.06 121.0 92.06 11/17/2014 16:47
Nair 5 N/A 2463655.29 1405097.86 192.02 194.43 95.8 98.63 11/17/2014 16:32
Nair 6 N/A 2463613.37 1405288.15 202.77 204.51 111.7 92.81 11/17/2014 16:21
Nair 7 N/A 2463677.63 1405264.37 194.14 195.28 N/A N/A 11/17/2014 16:39
Nair 8 N/A 2463473.78 1405141.50 213.71 215.75 N/A N/A 11/17/2014 16:53
Nair 9 N/A 2463611.53 1405377.42 213.15 215.97 120.5 95.47 11/17/2014 17:06
Nair 13 N/A 2463292.55 1405062.54 218.36 220.20 124.5 95.70 11/17/2014 17:00
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NorthBaptist 1 N/A 2457081.75 1400831.52 168.09 170.02 87.5 82.52 11/16/2014 17:07
Oilsal 1 19793 2461980.90 1406638.33 129.48 130.23 36.3 93.93 11/17/2014 11:13
Oliva 2 N/A 2457740.95 1403463.61 171.53 174.18 84.4 89.78 11/17/2014 12:12
Peak 1 N/A 2459876.41 1405665.72 185.80 185.66 100.1 85.56 11/17/2014 13:08
Peak 2 N/A 2459860.67 1405821.98 184.23 186.20 100.4 85.80 11/17/2014 13:20
Peak 3 N/A 2459410.88 1405555.48 185.22 188.70 101.5 87.20 11/17/2014 13:25
JWJohns 2 17419 2457704.48 1406352.98 185.01 187.02 88.9 98.12 11/16/2014 13:49
Admirality 1 16842 2457118.31 1406147.87 186.04 186.36 87.2 99.16 11/16/2014 14:08
Porter 1 14658 2457473.25 1405091.23 183.85 185.44 86.8 98.64 11/16/2014 16:49
Post 1 N/A 2460589.60 1406829.91 185.20 187.32 102.2 85.12 11/15/2014 13:10
Rediske 1 N/A 2458193.84 1404398.07 181.41 183.63 92.5 91.13 11/15/2014 17:33
School 1 1335 2462443.41 1408054.85 155.21 158.52 77.5 81.02 11/17/2014 9:48
School 2 i%gg 2462446.83 1408027.09 156.85 159.94 77.8 82.14 11/17/2014 9:51
Tubo 1 N/A 2460834.05 1406324.02 174.69 176.26 92.9 83.36 11/17/2014 17:31
Tubo 2 N/A 2461770.75 1406501.36 127.65 128.81 34.9 93.91 11/17/2014 17:41
Village 1 27711 2456257.14 1402004.05 175.87 176.74 90.1 86.64 11/15/2014 14:31
Village 2 27712 2457035.59 1401479.14 146.66 147.94 63.8 84.14 11/15/2014 14:04
Village 3 N/A 2457045.00 1401810.48 153.59 155.98 54.7 101.28 11/15/2014 14:17
Village 4 N/A 2457056.08 1401210.16 153.78 156.02 71.8 84.22 11/15/2014 13:53
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1.0 INTRODUCTION

This technical appendix is intended to supplement the information presented in the body of the
report and provides additional discussion, figures, and data; it is presented to help illustrate

methods and interpretations use, and conclusions reached in the study.

User note: The headings and associated section numbers here are not presented in numerical
order, but instead correspond to the relevant headings and section numbers used within the body

of the report. Sections numbers with an “X”* are original to this appendix.

1.2 General Setting

1.2.1 Geologic Setting

The overall geologic setting of the site is discussed within the main body of text. Here, further
geologic information relevant to the interpretation of the subsurface is presented. Figure 1 shows
the Freethey and Scully, 1980, geological map (the approximate study area is shown in red). The
accompanying geologic unit descriptions of the two units comprising the study area follow the

figure.
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Figure 1: Geological Map of the North Kenai/Nikiski Area
A) Qmd - Moraines and other unsorted glacial drift

Lithology: Heterogeneous blend of gravel, sand, silt, and clay, with discontinuous lenses

consisting of largely well-sorted material.

Landforms and Occurrence: Forms hummocky terrain with muskeg- and marsh-filled

depressions; in places, these are extensively dissected by post-glacial erosional processes.

Surface Drainage, Infiltration, and Permeability: Surface drainage is moderate to good

on slopes and poor in depressions. Infiltration is poor to good depending on soil texture
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B)

1.2.X

and grain size. Permeability is poor to good depending on the concentration of fine-

grained materials.

Potential for Groundwater Use: Groundwater potential ranges from poor to moderate
depending on grain size of underlying material, saturated thickness, and the availability
of groundwater recharge. Typical domestic wells are finished in relatively shallow lenses
of coarse-grained material which yields enough water for the average required household

supply. Few large yield wells have been drilled in areas underlain by this material type.
QIf — Proglacial lake and associated fluvial deposits

Lithology: Heterogeneous mixtures of silt, sand, and gravel, interlayered with more
homogeneous deposits of silt and clay (lake deposition) and sand and gravel (fluvial

deposition).

Landforms and Occurrence: Forms channeled and terraced high grounds, and marsh-

and muskeg-covered flat areas, typically in the lowest parts of the basin.

Surface Drainage, Infiltration, and Permeability: Surface drainage is poor due to low
relief; numerous lakes, marshes, and swamps are typical. Infiltration is poor to good
depending on soil texture and type of surficial deposits present. Permeability is good in

coarse-grained strata and poor in fine-grained strata.

Potential for Groundwater Use: Groundwater potential is moderate to good where
surficial materials are coarse grained and thick. Many domestic wells are less than 100
feet in depth. Confined aquifers at greater depths have a potential to yield volumes large

enough to be suitable for use as public supplies.

Climate and Long Term Groundwater Elevation Variations

Frequently, long-term trends in absolute groundwater elevations can be correlated to

precipitation and climatic trends in a region. Absolute groundwater elevations generally do not

alter the hydraulic gradients observed. However, examination of regional climate is often useful

in understanding groundwater observations.
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Nikiski is located in a transitional climate zone between the relatively mild maritime climate of
Gulf of Alaska, and the dry, cold, and continental climate of interior Alaska. Kenai is the nearest
community to Nikiski where historical climate data is available. The climatological data
presented in Tables 1 and 2 for Kenai and the immediate vicinity (from 1981 to 2010) were taken
from a range of sources including the Department of Commerce, Community, and Economic
Development Community Database, the National Weather Service, and the Kenai Peninsula

Borough.

Table 1: General Climate Data for Kenai and Surrounding Areas

Measurement Type Value
Mean Annual Precipitation 20in
Mean Annual Snowfall 60 in
Mean Maximum Temperature (July) 60°F
Mean Maximum Temperature (January) 25°F
Mean Minimum Temperature (July) 47°F
Mean Minimum Temperature (January) 8°F

Average Summer Temperature 51°F
Average Winter Temperature 17°F

Table 2: Average Monthly Temperatures and Precipitation in the Project Study Area.

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec

Temperature
°F)
Precipitation

(in)

13 17 24 35 45 51 55 54 47 34 22 17

1.07 | 091 | 081 | 0.64 | 0.95 | 1.09 | 1.75 | 2.62 | 3.31 | 2.66 | 1.69 | 1.45

Natural variability in groundwater elevations is likely for the given study area, but the extent of
seasonal and annual variations is not known. Commonly, groundwater levels are lower during
period of February through April than during May through August period; however, high and
low water levels can occur in any month. Some wells in the region show medium-term trends of
approximately five years in length generally following trends in precipitation, while others
indicate no correlation between precipitation and groundwater levels. Few wells show long-term

(greater than 10 years) trends in water levels (Glass, 1996). The cause of long-term groundwater

4
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fluctuations is not understood for wells not following trends in precipitation, but the effects of
these variations reinforce the importance of conducting groundwater measurements over a brief
time period for the production of a groundwater model. This information was used to confirm
historical groundwater measurements would be inadequate for the scope of this project in

determining groundwater flow directions.

20 DATA SOURCES AND METHODS
2.3 Mapping and Modeling

2.3.1 Lithology Model

Much of the methods used to create the RockWorks lithology model are discussed in the main

body of the text but, additional information concerning the model is presented here.

The lithology model was created using the Universal Transverse Mercator (UTM) Projection
WGS-84 (NAD-83) in UTM Zone 5 (Northern Hemisphere). The UTM provides a two
dimensional Cartesian coordinate system for locations, independent of vertical position. Table 3

presents the three-dimensional grid constraints assigned to the model.

Table 3: UTM Grid Constraints Used in the RockWorks Model

Minimum Maximum Grid Size (ft) | Nodes
Easting (ft) | 1,940,708.72 | 1,946,141.79 50.0 110
Northing (ft) | 22,090,095.85 | 22,098,133.91 50.0 162
Elevation (ft) -150.0 263.0 1.0 414

Each sediment division within the well log was classified into a common Unified Soil
Classification System (USCS) lithology groups. These classifications were then grouped into
The four
classifications used in the lithology model and their associated USCS classes are presented in
Table 4.

four sediment classes based on the general permeability of the sediments.



Nikiski Groundwater Study March 2015
Appendix D — Technical Discussion 33.61736.01

Table 4: Lithology Classifications and their Associated Sediment Classes.

Asso_czlated l.JSCS Sediment Classes
Lithologies
GW. GP, SW. SP Clean Sands and
Gravels

GM, GC, SM, SC Silty Sands and Gravels
ML, MH Silt
CL,CH Clay

23.1.2 Subsurface Solid Model

In order to create the subsurface model, interpolation between well log lithologies was necessary.
The interpolation function used for the RockWorks subsurface solid model was Horizontal
Lithoblending. It assigns the solid model voxel nodes (grid spaces) by looking outward,
horizontally from each borehole in search circles of ever-increasing diameter. It first assigns the
voxels immediately surrounding each borehole the closest lithology value. (Lithology "G"
values are declared in the active Lithology table. Each Lithology “G” value corresponds to each
one of the lithology classification groups.) It then moves out by a voxel, and assigns the next
"circle” of voxels the closest lithology value. It continues in this manner until the program
encounters a voxel already assigned (presumably from another borehole), in which case it skips
the node assignment step. Once all nodes are assigned, the searching and assigning is terminated.
This method results in "lithozones" around each borehole which can end abruptly when the zone
from a neighboring borehole is encountered. To generate a more realistic representation where
lithology zones tend to blend together with neighboring zones, randomized blending was applied.

An example a subsurface model with and without randomized blending is shown in Figure 2.
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A A
[7] Randomize Blending

1

= a2 k. 2 [ 2 o - - 4] s

Figure 2: Subsurface Model Example Portraying the Difference between Randomized and Non-
randomized Blending.

2.3.1.3 Solid Model Filtering

Glacial deposits are highly variable (often over short geographic distances). The interpolation
of the model lithology data continues outward horizontally until it encounters a grid space or
voxel which has already been assigned. In some instances, this means the model will continue to
project a lithology layer indefinitely if another borehole is not present in the direction of the
projection. As a result of this, in deeper wells, the deepest lithologies may be projected across
the entire study area since there are no other wells containing lithologies at this depth. This is
highly unlikely to be realistic in the geologic setting of the study area and would present false
data. To limit the presence of these false projections, a filtering surface was created to remove

this data. This surface was created by calculating the elevation of the base of the well (the

7
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elevation of the well minus the total depth of the well) and then applying an inverse distance
weighted function. Figure 3 shows the resulting surface which defines the elevations of the base

of the model.

Elevation

Figure 3: The Resulting Base Surface Elevation Created by Applying Filters

2.3.1.4 Geologic Cross-sections

Within elevations where lithology data is available, lithologies can still vary over horizontal
distances. The average minimum distance between wells is 434 feet, meaning our high
confidence zone is within approximately 430 feet of each boring, since this is the average
distance between control points, and confidence decreases with increasing distance from each
well. A visualization showing the approximate high confidence zone (within 500 feet of well

logs) is shown below in Figure 4.
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Figure 4: The Approximate Confidence Zone Based on 500-Foot Projections from Well Logs

The locations of cross-sections were selected within these high confidence areas and where: a)
there is a high density of well logs; b) cross-sections pass through and illustrate the subsurface
near areas of interest (contaminated sites); and, c) differences in aquifer water elevations are
illustrated.

The cross-section location map (Figure 5) and individual cross-sections are presented below.
The cross-section figures (Figures 6 through 8) show model lithology (lithology classification
groups) based on well log records, measured water elevations (when collected during field
survey efforts), surface elevations, and model base elevations. Discussion of each cross-section

follows after the cross-section figure.
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Figure 5: Cross-section Location Map




Elevation (FT)

Elevation (FT)

Figure 6: Cross-sections A-A'and B-B'
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Cross-section A-A’: Cross-section A-A’ (Figure 6) displays approximately 4,500 linear feet of

the subsurface model between the BearPaw 1 and Nairl0 wells. Additionally, the lithology logs
of Charlie 1, Norfab 1, BakerRd 1, Arness 1, Arness 2, and Nair 25 are shown.

Besides Nair 25 and Nair 10, all of the wells are screened below a significant clay and/or silt
layer and are interpreted to be accessing the lower confined aquifer. Nair 25 and Nair 20 are
located in the glacial moraine material. This material can be identified by the blue/purple color
in the cross-section coinciding with the highest surface elevation shown. These wells are
interpreted to be accessing the upper unconfined aquifer or perched/isolated aquifers.

Cross-section B-B’: Cross-section B-B’ (Figure 6) displays approximately 4,250 linear feet of
the subsurface model between the AIMM 3 and ArnDock 2 wells. Additionally, the lithology

logs of Nair 3, Nair 14, Nair 10, Nair 11, and ArnDock 5 are also shown.

The AIMM 3 well is screened in clean gravels and sands and is interpreted to be utilizing the
upper unconfined aquifer. All of the Nair wells are located in the silt rich sediments within the
glacial moraine material and are interpreted to be using the upper unconfined aquifer or
perched/isolated aquifers. ArnDock 5 is screened very deep relative to other wells in the study
area. The well is drilled through a cleaner portion of the glacial moraine material and through
several significant clay and silt layers. This well appears to be screened within the lower

confining aquifer.

12
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Cross-section C-C’: Cross-section C-C’ (Figure 7) displays approximately 4,300 linear feet of

the subsurface model between the BearPawl and School 02 wells. Additionally, the lithology
logs of Charlie 1, Halco, Mazie 1, MCG 11, MCG 17, MCG 10, Baker 03, Baker 09, and Baker
01 are shown.

The BearPaw 1, Charlie 1, Halco, MCG 17, and the School 02 wells are screened below a
significant clay and/or silt layer and are interpreted to be accessing the lower confined aquifer.
The MCG 10, Baker 03, Baker 09, and Baker 01 wells are screened within clean gravels and
sands are interpreted to be using the upper aquifer. It is unclear which aquifer the Maziel and
MCG 11 wells are accessing since they appear to be screened in thin lenses of sand, silt and

gravel contained within clay layers.

Cross-section D-D’: Cross-section D-D’ (Figure 7) displays approximately 1,300 linear feet of

the subsurface model between the Norfab 1 and CIP 11 wells. Additionally, the lithology log of

Halco is shown.

The Norfab 1, Halco, and CIP 11 wells are all screened below a significant clay and/or silt layer
and are interpreted to be accessing the lower confined aquifer. The Peak 1 and Peak 2 wells (not
shown in cross section due to lack of lithology logs) have been assumed to be screened below the

clay layer and accessing the same aquifer based on measured water levels.

Cross-section E-E’: Cross-section E-E’ (Figure 7) displays approximately 1,700 linear fear of

the subsurface model between the AIMM 4 and Arness 2 wells. Additionally, the lithology logs
of AIMM 2 and Arness 1 are shown.

The AIMM 4 and AIMM 2 logs are screened at an elevation of approximately 75 to 65 feet in
clean gravels and sands and the lithology logs do not show the presence of the significant clay or
silt layer commonly observed between 50 and 75 feet elevation. Had these wells been drilled
deeper, the clay layer may have been encountered. These wells are interpreted to be accessing
the upper unconfined aquifer. The Arness wells are screened below a significant clay and silt

layer and are interpreted to be to be accessing the lower confined aquifer.

14
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Cross-section F-F’: Cross-section F-F” (Figure 8) displays approximately 1,000 linear feet of the

subsurface model between the OilSal 1 and MCG 19 wells. Additionally, the lithology logs of
MCG 12 and MCG 18 are shown.

All of the wells shown are screened in clean gravels and sands and do not show the silt and clay
layer commonly observed at approximately 50 to 75 feet elevation. Significant clay layers are
present in the OilSal 1 lithology logs but they are at a higher elevation and are interpreted to be
isolated lenses of clay not connected to the area wide clay layer interpreted to be separating the
upper and lower aquifers. All of the wells in this cross-section are interpreted to be accessing the

upper unconfined aquifer.

Cross-section G-G’: Cross-section G-G’ (Figure 8) displays approximately 1,250 linear feet of

the subsurface model between the MCG 15 and MBC 1 wells. Additionally, the lithology logs of
MCG 09, MCG 13, MCG 16, and MCG 14 are shown.

None of the logs displayed in this cross-section had groundwater measurements taken during the
field survey. This cross-section does illustrate the deepest well encounters a significant clay
layer at an elevation of roughly 50 to 75 feet, while the rest of the wells are not drilled deep
enough to encounter the clay layer. Also of note, is the MBC 1 well log shows during the time
of drilling, all of the sand beneath the clay layer is “quicksand”, indicating complete saturation of

the soils.

Cross-section H-H’: Cross-section H-H’ (Figure 8) displays approximately 1,000 linear feet of
the subsurface model between MCG 15 and MCG 19. Additionally, the lithology logs of MCG
10, MCG 17, and MCG 18 are shown.

All of the wells shown in this cross-section, besides MCG 17, are screened in the upper,
unconfined aquifer. MCG 17 is screened below significant clay layers. There is an approximate
10 foot elevation difference between the groundwater measurement in MCG 17 and MCG 109.

This is due to the wells accessing different aquifers.

16
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3.0 RESULTS

3.1.1 Groundwater Models

Creation of the groundwater models required identifying which aquifer each well is accessing.
This was done by examining the subsurface model and the lithology well data available, as
previously discussed in the cross-section narrative. However, there are wells in which no
lithology data is available. To determine which aquifer these well are accessing, alternative

methods were used.

In the event a surveyed and measured well did not have accompanying lithology data, the
interpretation of which aquifer each well was accessing was accomplished by examining nearby
well groundwater elevations. For example, in the Nikiski Village Trailer Court area, two of the
surveyed wells had lithology logs suggesting they are accessing the lower aquifer. A third well
had no lithology data but similar groundwater elevation, so it was assumed to be accessing the
lower aquifer as well. A fourth well had no lithology data but had a drastic difference in
groundwater elevation (greater than 12 feet), so it was assumed this well was accessing a

separate perched aquifer.

In the event a surveyed and measured well did not have accompanying lithology data and no
nearby comparable wells, the interpretation was based on projected groundwater gradients of the
modeled aquifers. For example, the Diamond 2 well has no nearby comparable wells. A lower
aquifer model was created without its groundwater elevation included and the modeled projected
surface was compared to the measured level. If the projection was close to the measured value
(within 2 feet), the well was interpreted to be part of the modeled aquifer and included in future

renditions of the model.

To illustrate this process, a groundwater model generated without the Diamond 2 well included
is shown below in Figure 9. Where the Diamond 2 well is located, the model predicts the
measured groundwater elevation to be approximately 70 to71 feet and within the lower, confined
aquifer, based on the projected groundwater surface gradient. The measured groundwater level

within the Diamond 2 well was 69.8 feet.
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Figure 6: Groundwater Contour Model Predicting the Groundwater Elevation of the Diamond 2
Well

This supports the Diamond 2 well is indeed accessing the lower aquifer, even without available
lithology data to draw the conclusion. The Diamond 2 well was included in future revisions of
the lower aquifer model. This iterative process was repeated for other wells for which lithology
data was not available. In other words, wells were subtracted and added to the model in different

revisions to see how the model behaved and predicted groundwater elevations at the well
18
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revisions to see how the model behaved and predicted groundwater elevations at the well
locations without lithology data; where the aquifer models accurately predicted a groundwater

elevation of a well, it was inferred to be accessing the modeled aquifer.

The interpolation of measured groundwater elevations is the mathematical process of predicting
unknown values from a limited number of sample data points. There are many different
mathematical methods to interpolate surfaces. The assumption making interpolation a viable
option is spatially distributed objects are spatially correlated; in other words, things close
together tend to have similar characteristics. Common interpolation methods used for modeling
groundwater are Inverse Distance Weighted (IDW), Kriging, Natural Neighbor, and Spline.
Each method has different advantages in different situations and applications.

Some of the variables which influence which method is most appropriate are the distribution of
data points (clumped together or evenly spread out), the need or desire for the calculated surface
to perfectly go through measured data points, or the need to project a surface beyond the
geographic distribution of data points. It is often up the project geologist or hydrologist to
choose the appropriate method believed to most accurately represent the realistic scenario of the
modeled aquifer. For this project, natural neighbor (sometimes called nearest neighbor) methods
and Kriging methods generated the most realistic representation of the study area aquifers.
Discussion of the various interpolation methods is available in most groundwater texts and many
professional papers. A visualization of how the different surfaces generated through Kriging,
Natural Neighbor, and IDW (those used within this study) interpolation methods vary is shown
in Figure 10.
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Kriging Natural Neighbor

Figure 7: A Visualization of Different Interpolation Methods employed in the Study

Creating aquifer models using varying interpolation methods is a way to test the reliability of the
model. Confidence increases if an aquifer is modeled using multiple interpolation methods and
all interpolation methods generate similar trends. An example of this is shown below, where the
same aquifer data input was used in a Kriging (Figure 11) and natural neighbor (Figure 12)
interpolation method. While the details of the aquifer contours vary slightly, the overall trend is

present in both resultant models.
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%

Figure 9: Natural Neighbor Interpolation ethod Contours
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