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1 INTRODUCTION

A geophysical survey, including electromagnetic survey (EM-31,
EM-34), magnetic survey and resistivity survey was conducted at the Fort
Richardson Landfill during July 1990. Thé field work was accomplished
in accordance with the work plan submitted to U.S5. Army Corps of
Engineers under Contract No. DA CAB85-88-D-0014 and Delivery Order No.
18.

The site is located within the greater Anchorage Area Borough.
Detailed histories of the landfills are provided in the work plan

pertaining to the subsurface investigation of the site.

1.1 BACKGROUND OF PROJECT

The geophysical investigation wvas completed as a component of a
site subsurface investigation being conducted by Ecology and
Environment, Inc. (E & E) for the Fort Richardson landfill in Anchorage,
Alaska. The work plan prepared for the site investigation was in
compliance with the requirements of the State of Alaska Solid Vaste
Management Regulation (18A AC60, 1987); 40 CFR Part 124, 257, and 258,
subtitle D26418 265 (Draft); and COE guidance for subsurface exploration
plan (see Appendix C, section 1.2, Delivery order 190.18, Scope of
Vork). E & E completed the field work pertinent to the proposed
geophysical survey in July 1990. Data reduction, interpretation, and
recommendations for the monitoring well locations were completed in
August 1990.

The geophysical survey conducted at Fort Richardson better
delineated the boundaries of the landfill and identified areas of
possible buried metal debris. Portions of the geophysical data wvere
affected by surface cultural features such as fences, railroad, and

unidentified buried construction debris. Data gathered from the
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geophysical survey may be used to plan additional characterization

studies and groundwater monitoring locations.

1.2 APPROACHES AND OBJECTIVES

The geophysical survey consisted of an EM-31 (terrain conductivity
survey),an EM-34 (terrain conductivity survey), a magnetic survey, and a
resistivity or electrical resistivity sounding survey.

The objectives of the geophysical surveys at Fort Richardson were

to:

o Locate the actual landfill boundaries through an EM-31
survey.

o Locate buried conductive vastes using an EM-31 survey in
three grids within landfills.

o Locate buried ferromagnetic materials within the three
grids and provide confirmation for an EM-31 survey, through
magnetic survey.

o Identify subsurface lithology to improve the efficiency of
future investigations, such as test pits, soil borings, and
groundvater monitoring.

o Identify possible plumes of contaminated groundwater
downgradient from the landfills through EM-34 and
resistivity surveys.

The folloving is a summary of geophysical survey areas and the

techniques conducted in each area.

Technique(s) Area(s)

EM-31 i landfill boundaries and grids

EM-34 .. iiiiiiiiiiaan mostly downgradient from landfills

Magnetic ... ... ..., landfill grids

Resistivity ............. downgradient and upgradient from
landfills

1-2
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1.3 REPORT ORGANIZATION

This document, entitled Geophysical Investigation Report, is
structured as follows:

The terrain conductivity surveys (both EM-31 and EM-34) are
discussed in section 2. Section 3 contains results of the magnetic
survey. Section 4 contains results of resistivity soundings. Section 5
contains conclusions of the geophysical survey and recommendations based
on geophysical survey results. Field data were presented on two
dimensional profiles and/or contour maps. The ravw field data and

interpreted profiles were attached as Appendices (vhere appropriate).
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2 TERRAIN CONDUCTIVITY SURVEY

2.1 EM-31 SURVEY

2.1.1 Theory

Terrain conductivity surveys utilize inductive electromagnetic
techniques for the measurement of apparent terrain conductivity. The
term “"apparent conductivity" is used because the measured value is an
average of conductivity beneath the measurement point. For convenience
throughout this report, apparent terrain conductivity is referred to
simply as terrain conductivity.

The EM-31 at the Fort Richardson Landfill was used in both
quadrature (operation) and in-phase modes. The magnetic field
(secondary magnetic field) produced through electromagnetic techniques
has two components. One component of this secondary magnetic field is
in quadrature with the primary earth magnetic field which is measured
utilizing the operation mode of the instrument. The other component is
in-phase with the earth's.magnetic field, wvhich can be measured by
setting the instrument switch to comp position rather than OPER
position. The in-phase component of the magnetic field is significantly
more sensitive to large metallic object than the quadrature phase

component.

2.1.2 Instrumentation

Portions of terrain conductivity surveying at the Fort Richardson
Landfill site were accomplished with an EM-31 terrain conductivity meter
manufactured by Geonies, Ltd. The EM-31 is a cne-person, portable unit
that has two coils separated by a fiberglass pole. The instrument is
calibrated by the manufacturer to provide a direct reading of terrain
conductivity in millimhos per meter (mmhos/m). The EM-31 is designed
for engineering geophysical applications and measures terrain

conductivity from the land surface to depths of approximately 20 feet.
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2.1.3 Survey Methodology

The EM-31 survey was conducted across the eastern and western
landfill boundaries and on 19 parallel traverse lines within 3 separate
grids. Traverse lines were located in the field by an E & E field crew.
Vithin grids 1, 2, and 3 traverse lines wvere oriented northsouth and
vere separated by 50 feet. Survey traverse lines vere perpendicular to
the landfill boundaries within the eastern and western landfill
boundaries.

The terrain conductivity survey was conducted during the wveek of
July 14, 1990. Conductivity measurements were obtained at stations
located on traverse lines. Measurements were conducted from south to

north in both quadrature and in-phase modes.

2.1.4 Data Reduction and Interpretation Methodology

Steps used in data reduction and interpretation of terrain

conductivity data are as follows:

o Data collected in the field are checked for correctness.

o Conductivity values for both guadrature and in-phase modes
are plotted and contoured on maps along each traverse line.

o The terrain conductivity contour map is examined for
elevated and/or lowered conductivity values which could not
be attributed to known naturally existing or manmade
subsurface conditions or cultural features.

2.1.5 Survey Results

The EM-31 survey was intended to define the landfill boundaries and
to identify possible buried conductive waste. The results of the EM-31

Survey are presented in the following sections.

2.1.5.1 Landfill Boundaries:

The eastern and western boundaries of the landfills were
identified through five traverse lines (W1 through W5; see
Figure 2-1) conducted across Landfill No. 6, and 17
traverse lines (El through E17) conducted across south and
east boundaries of Landfills No. 1 and 3. All traverse
lines were conducted perpendicular to the landfill
boundaries (where possible).
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Terrain conductivity data indicates that the landfill
boundaries are marked by a decrease of conductivity from
conductivity values greater than 5 to values ranging from
4 to 5 mmhos/m. An isoconductivity line of 4.5 mmhos/m
represents approximate landfill boundaries under actual
site conditions. The closer the traverse lines, the more
accurate the boundary delineation. For the purpose of
subsurface investigation of the site, this delineation is
sufficient. Hovever, additional data may be necessary for
further detailed study or future remediation.

2.1.5.2 Landfill Grid:

Terrain conductivity (EM-31) data collected on landfill
grids were incorporated into terrain conductivity contour
maps. Contour maps for Grids 1, 2, and 3 are found in
Figures 2-2, 2-3, and 2-4 respectively.

For each grid, both quadrature and in-phase data were contoured,

with the results described in the following sections:

Grid 1: Three north-south traverse lines vere conducted within
this grid. Data from both guadrature (operation mode) and in-phase
modes were contoured (see Figure 2-2).

Examination of grid 1 terrain conductivity contour map indicates

the following:

0 An elevated terrain conductivity zone, trending north-
northeast, south-southvest was identified within the
northern portion of Grid 1. This conductivity zone, marked
by a conductivity of 50 mmhos/m or higher, is an indication
of buried conductive vaste in this area. The main body of
the conductive materials causing the anomaly may likely be
located by conductivity values greater than 80 mmhos/m.

o Two potential areas of buried pipes and/or drums wvere
identified within this grid: (1) a zone of buried pipe in
the central portion of the surveyed area between 100N and
200N and QOE to 100E coordinates, and (2) a less important
buried pipe and/or drums zone detected within the northwest
portion of the surveyed grid.

o A zone of relatively elevated conductivity was detected in
the south and southwest of the grid. The main portion of
the conductive materials seems to be located at 8ON/25E
coordinates. The conductivity contour line of 40 mmhos/m
may indicate the areal extent of the identified anomaly.

2-3
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Grid 2: Five north-south traverse lines were established vithin
this grid. Data from both quadrature (operation mode) and in-phase
modes were contoured (see Figure 2-3).

Examination of Grid 2 terrain conductivity contour maps indicates

the following:

o An elevated conductivity zone was detected in the southvest
portion of the grid. The extent of this anomaly may be marked
by the conductivity contour 40 mmhos/m. This elevated
conductivity may be indicative of buried conductive wvaste,
metallic materials, and/or construction debris.

o Two zones with conductivity greater than 40 mmhos/m were
identified in south-southeast and north sections of the surveyed
grid. These anomalies may represent minor amounts of buried
conductive vaste or simply surface interferences from metallic
debris near the measurement points.

o A series of negative readings, indicative of buried pipes, were
detected throughout the survey grid. The major area of buried
pipe was identified vithin the north-northeast portion of the
grid.

0 Areas with terrain conductivity values ranging from 20 to 40
mmhos/m may also be indicative of a relatively conductive
shallow subsurface or minor, shallow, buried conductive wvaste.

Grid 3: Four north-south traverse lines were conducted within this

grid. Data from both operation and in-phase modes were contoured (see
Figures 2-4).
Examination of Grid 3 conductivity contour map indicates the

following:

o Two local elevated conductivity values were recorded in the
northeast and southwest corners of the surveyed grid. These
elevated conductivities indicate that small, buried, conductive
objects may exist at very shallow depths.

o Tvo locations vere marked by negative readings which may
indicate buried pipes and/or drums. The zone with significant
buried pipes was located in the southeast portion of the grid.
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2.2 EM-34 SURVEY

2.2.1 Instrumentation

Portions of the Fort Richardson landfill site were surveyed with an
EM-34DLXL, which consists of transmitter and receiver coils and meters
connected by several cables. This instrument has a larger transmitter
coil in comparison to the standard EM-34-3. The larger transmitter
reduces noises and provides better transmission of current. Two persons
are required to carry the instrument and record the data. The
instrument was used with all available coil spacings and with both
vertical (coils parallel to the ground) and horizontal (coils vertical

to the ground) dipoles.

2.2.2 Survey Methodology

The EM-34 survey vas conducted at preselected locations
downgradient from the landfills. The EM-34 measurement points were
designated ER-1 through ER-20 (see Figure 2-5). At each measurement
point, conductivity was measured vith both vertical and horizontal
dipoles for 10, 20 and 40 meter coil spacings. In total, from each

location, six conductivity measurements were taken.

2.2.3 Data Reduction and Interpretation Methodology

Data collected in the field were subject to the following

processing steps:

o Collected data were plotted in individual vertical plots.

o All the vertical plots, or profiles, vere assembled on a site
profile to allow correlation between the individual measurement
points.

o The correlation profiles (see Figure 2-6) were examined for
elevated or lovered conductivity, dovngradient from the
landfills, which could not be attributed to known naturally

. existing surface conditions or cultural features.
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o For better correlation to the resistivity sounding data and
profiles, the conductivity data were also converted to
resistivity, using the following conversion factor:

&,
1000 = mmhostm - -
_{G~0hm x m e

or Ohm x feet = 3281
mmhos/m

2.2.4 Survey Results

Data collected in the field vere used to produce the conductivity
profile (see Figure 2-6). Examination of the conductivity profile

indicates:

o Areas downgradient from the eastern portion of the landfills,
measurement point ER-1 through ER-7, indicate a homogeneous
lithology, possibly gravel and sandy gravel from surface to a
depth of approximately 200 feet below ground surface.

o Approaching the human waste dump, conductivity increases which
may be indicative of conductive waste from the shallox
subsurface migrating downwards. This zone is marked by
conductivity ranging from 3 to 10 mmhos/m. The conductivity
measurement taken at ER-9, ER-10, ER-11, and ER-12 mav be
affected by the presence of a metallic fence along the southern
boundary of the landfill.

o An area of elevated conductivity, identified from locztions
ER-13 to ER-16 measurement locations. This elevated
conductivity may indicate buried conductive wastes, and
construction materials such as steel pipes and concrete debris.

The highest conductivity values (113 mmhos/m) were recorded at a
depth greater than 50 feet at station ER-15. Any buried object
beneath the transmitter or receiver coils may also affect the
conductivity measurements; therefore, this elevated conductivity
value may be associated with some interferences to the
measurements.

o The western portion of the landfill, like the eastern portion,
is characterized by a conductivity value smaller than 3 mmhos/m
(see ER17 and ER18 locations), vhich represents the background
conductivity of gravel-type lithology-
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3 MAGNETIC SURVEY

3.1 THEORY

The objective of a magnetic survey is to identify anomalies in the
earth’s magnetic field. These variations are caused by the presence of
magnetic minerals or manmade objects containing iron or steel in
proximity to the magnetometer.

The earth’s magnetic field resembles that of a uniformly polarized
sphere. The two poles of the sphere are located near the geographical
north and south poles. The unit commonly used in magnetic field

-9 webers/mz). The intensity of

measurements is the gamma (1 gamma = 10
this magnetic field varies, being twice as large at the poles as at the
equator (60,000 and 30,000 gammas, respectively). The intensity of the
magnetic field in the vicinity of the Fort Richardson study area is
approximately 55,000 gammas.

A magnetic survey entails conducting a series of measurenents of
the magnetic field. Measurements are taken at regular intervals along
successive, parallel, traverse lines that collectively form a grid.
Spatial changes in the magnetic field are identified by two methods:
examination of two-dimensional graphs of the magnetic field generated
from data obtained along the traverse lines; and examination of a
contour map of the magnetic field data produced for the survey grid.

The tvo-dimensional graphs of total magnetic field intensity
disturbances (anomalies) are generally varied in shape and amplitude,
and are almost always asymmetrical due to the dipolar nature of the
field. Anomaly shape and amplitude may also be affected by the shape of
the source and by the orientation of the source in the earth’'s magnetic
field. As a result, anomalies sometimes appear complex, even from
simple dipolar sources.

Another significant characteristic of the profile of a magnetic

anomaly is the anomaly’s variation with depth: the deeper the source,

3-1
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the larger the period (or the broader the anomaly). This property
allows the determination, from interpretation of the profiles, of the
approximate depth to the magnetic source.

Methods used for interpretation of magnetic survey data include a
qualitative determination of the regions of potential burial of
ferromagnetic material and a semi-quantitative determination of the
depth of burial of magnetic source objects.

Several interpretation techniques based on curve matching,
deconvolution, and other modeling have been developed. These
interpretation techniques require rigorous mathematical computation. A
graphic interpretation technique described by Vacquier, Steenland, and
Henderson (1951) was used in this survey. This method is called "slope
estimate” and is based on the fact that the distance from magnetic
source to the sensor is proportionally related to the horizontal extent
of a straight line drawn parallel to the "straight" portion of the
maximum gradient of the anomaly.

The slope estimate technique was applied to each smoothed profile.
Estimated depths were correlated wvith adjacent profiles to ascertain
vhether a reinterpretation is reguired, or if the depth to the
ferromagnetic material did indeed vary. The depths from the surface to
the source were obtained by subtracting the sensor height from the

estimated depths.

3.2 INSTRUMENTATION

Magnetic surveying at the Fort Richardson landfill site was
accomplished through the use of a proton precession magnetometer (a
portable model G-856 magnetometer manufactured by EG&G Geometrics). The
mode, in which the magnetometer was used, had a sensitivity capable of
measuring the absolute value of the earth’s magnetic field to within 0.1
gamma.

This instrument is battery operated, ané has a digital LED display
and an electronic memory capable of storing 1,000 readings. The memory

vas transferred electronically to a computer for data processing.

3-2
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3.3 SURVEY METHODOLOGY

The magnetic survey was only conducted in selected areas of the
landfills to provide complementary data for the terrain conductivity
survey. The main purpose of the magnetic survey vas to identify buried
ferromagnetic material,

Magnetic survey traverse lines vere assigned unique line numbers.
Measurements of the magnetic field were conducted at 10-foot intervals
on the traverse lines. To minimize interference caused by surficial
maghnetic objects, the magnetometer was mounted on an 8-foot staff so
that, in effect, measurements vere made 8 feet above the ground surface.
In addition, the person holding the polarizing coil was free of any
ferromagnetic material. This eliminated possible interferences from

small ferromagnetic objects in proximity to the polarizing coil.

3.4 DATA REDUCTION AND INTERPRETATION METHODOLOGY
Steps taken in the reduction and interpretation of the data are

summarized as follows:

o Data taken in the field were transferred electronically
from the magnetometer memory into a microcomputer. As a
result, the possibility of transcription errors was
eliminated.

o Data from traverse lines were plotted by computer as
magnetic field profile lines, with the magnetic field as
the y-axis and the distance in feet as the x-axis. Data
vere also plotted by computer to produce magnetic field
contour maps for each grid.

o Anomalies that represented magnetic objects were identified
on profiles and the contour map.

0 Anomalies caused by surficial objects (such as pipe racks,
steel bpildings, and iron or steel materials) wvere
identified by reference to the site map and field notes
taken during the survey.

0 Areas where the magnetic field was disturbed by buried
magnetic objects were identified.

3.5 MAGNETIC SURVEY RESULTS
Magnetic surveys were conducted in all three landfill grids.

Although the magnetic survey vas suggested as optional by the site work

3-3
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plan, the results of the terrain conductivity survey recommend the use
of magnetic survey in all three grids. All three grids were surveyed
with north-south traverse lines at 50 feet spacing between traverse
lines. Based on the results of the EM-31, a 10-foot interval was
selected for measurement points along each traverse line. The
interpreted magnetic anomalies were plotted on contour maps. The
results or findings of the survey are described below.

Diurnal data for both survey days (August 17 and 18, 1990) vere
depicted on Figures 3-1 and 3-2. Grid 1: The maximum daily variation
being less than 40 gammas; therefore, no diurnal correction were
applied.

Grid 1: Examination of magnetic profiles and magnetic contour maps

(Figure 3-3) produced for this grid indicated:

o A zone of possible buried ferromagnetic material wvas
identified within three other portions of the survey grid
along east-west line E-70. The intensity of the identified
magnetic ancomaly is approximately 1,300 gammas with an
estimated depth of burial of 10 to 33 feet below ground
surface.

o A small zone of buried metallic materials was detected in
the middle portion of the study area. The depth of burial
of metallic objects is estimated at 10 to 12 feet below
ground surface. The intensity of this anomaly and the
depth of source object suggest that a large amount of
metallic objects or ferromagnetic material, may be buried
in this area.

o Twvo, east-west trending, magnetic anomalies or anomalous
zones vere defined within the northern portion of this
grid. The estimated depth of burial is 2 to 22 feet. The
intensity of magnetic anomalies decreases from east to
vest. The higher intensity of magnetic fields at depths
greater than 10 feet belov ground surface, within the
eastern portion of the identified zone, is indicative of
significant amounts of buried ferromagnetic materials in
this area.

Grid 2: Data from all nine -traverse lines vere used to produce a
contour map (Figure 3-4) of the total magnetic field for the Grid 2

survey area. An analysis of this map indicated the following:

o Two major, east-west trending, magnetic anomalies wvere
identified with the southern portion of the Grid 2 survey.

3-4
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An east-wvest trend of a magnetic anomaly along the line N60
or N70, with an intensity of greater than 2,000 gammas and
burial depth of 2 to 22 feet indicating presence of
significant amount of conductive and/or metallic debris,
particularly in the eastern section of the identified
trend. Two zones of magnetic anomaly with east-west trend
along the line N150. The zone located at 150N/QOE and
150N/50E may contain a significant amount of metallic
debris and/or objects. The magnetic zone east of the above
mentioned magnetic anomaly may indicate lesser amounts of
buried metallic objects at shallower depth.

o The northern portion of this grid is characterized by an
east-vest trend of magnetic zone indicating the presence of
buried ferromagnetic materials within this section.
Detected magnetic anomalies indicate an intensity of a few
hundred to greater than 2,000 gammas vith an estimated
depth of burial of 2 to 30 feet BGS. The western trend of
the identified magnetic anomaly is marked by a shallow, low
intensity anomaly which may indicate the presence of minor
amounts of buried metallic debris at shallow depth in this
ared.

o In general, this grid is predominantly characterized by a
series of east-west trenches that may contain metallic
debris, possibly metallic drums and other types of
containers. The maximum amount of burial of ferromagnetic
materials was found within the south, southeastern, and
southwestern areas of the survey grid.

Grid 3: Field data from all seven traverse lines were incorporated
into a magnetic contour map (Figure 3-5) established for this grid.

Examination of the Grid 3 magnetic contour indicated:

o Two zones of magnetic anomaly identified within the western
portion of this grid survey. A magnetic anomaly detected
in the southwest corner of the grid vith an intensity
greater than 1,000 gammas and an estimated depth of burial
of 2 to 22 feet. This anomaly may indicate significant
amounts of buried ferromagnetic materials in this area of
the survey grid. A second zone of magnetic anomaly wvas
detected at 190N/0E and 190N/50E with an estimated depth of
burial of 2 to 22 feet and an intensity of 150 to 1,500
gammas. The main portion of buried metallic debris may be
at 190N/OQE, with some minor extension to the east.

o The central portion of this survey grid is defined as free

of magnetic anomalies. Therefore, it likely does not
contain buried iron-rich materials.
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Two magnetic zones identified within the eastern portion of
the grid. A local magnetic anomaly indicative of
significant amounts of buried iron-rich materials was
detected on traverse line 016 at approximately 70N.

The estimated depth of burial for this anomaly was 12 feet.
The intensity of this anomaly is approximately 1,200
gammas. A second zone of magnetic anomaly was identified
further north along the line 270 and 280N. The intensity
of the identified anomalies range from 200 to 800 gammas
with the estimated depth of burial varying from 8 to 22
feet. This zone may contain construction debris with
concrete and rebarr and/or other iron-rich materials buried
in a trench extending from E200 to E300 feet coordinates.
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4 RESISTIVITY SURVEY

4,1 THEORY

Resistivity (P) is a fundamental property of materials, i.e., the
resistance per unit volume. The resistivity of a material depends only
on the type of the material, while resistance (R) depends on the
material’s size and shape. Electrical resistivity surveys for
subsurface investigations are useful because various materials differ in
their capacity to conduct electricity. Physical properties that affect
electrical conductivity include variations in moisture content, density,
and chemical composition.

Subsurface resistivity is determined by placing four electrodes
along the ground in a straight line. An electrical current is then,
introduced into the ground by two outer (current) electrodes, and the
potential difference between the two inner (potential) electrodes is
recorded. There are a number of different electrode arrangements. The
Venner arrangement consists of placing all four electrodes at an egual
distance. In the Schlumberger arrangement, which was used at Fort
Richardson, the spacing between the potential electrode is much smaller
than that of the current electrode; only current electrodes are moved,
and potential electrode spacing is changed only at selected exploration
depths and/or when large potential is needed.

Resistivity is calculated using the current, potential differences,
-and the geometry of the electrode arrangement. Since subsurface
materials are not made up of homogenous and isotropic materials, the
resistivity calculated is referred to as the apparent resistivity.
Apparent resistivity is a complex function of the geologic materials
present, and their structure, geometry, moisture content, and thickness.

The unit of resistivity used in this report is the Ohm-meter (Chm-m).

4-1
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4,2 TINSTRUMENTATION

The resistivity survey at the Fort Richardson Landfill site was
conducted using an ABEM-300C resistivity meter manufactured by Atlas
Copco ABEM. The ABEM-300C is a portable unit that provides resistance
(in Ohms or kilo Ohms) of subsurface materials. The instrument is
capable of measuring resistance to a depth of greater than 1,000 feet,.
The terrameter SAS-300C is a complete transmitter/receiver system

combined with a measuring voltage of 160 volts.

4.3 SURVEY METHODOLOGY

Deep vertical electrical soundings (VES) in the Schlumberger set up
vere used at the Fort Richardson site to define the vertical
distribution of the electrical characteristics at selected locations.
The overall objective of the resistivity survey at Fort Richardson was
to provide further information on the vertical distribution of
resistivities which could also assist in the interpretation of lateral
changes in conductivity identified by the terrain conductivity survey.
In the VES method, a series of measurements, centered on a single
location, are made. The depth of penetration of a VES is a function of
the spacing between the electrodes. Generally, the wider the spacing
between the electrodes, the greater the depth of investigation.
Electrode spacings were selected based on the type of strata expected at
the Fort Richardson site and the compatibility of data with resistivity

modeling programs used for data reduction.

4.4 DATA REDUCTION AND INTERPRETATION

A computer program was used to calculate the average soil
resistivity at each sounding location. Program outputs are included in
Appendix C.

Steps used in data reduction and interpretation of resistivity data

are summarized as follovs:

o Data collected in the field were entered into a
microcomputer for resistivity computation.

o Data vere interpreted and printed using an inverse-forvard
program vwritten by Interplex Limited. This program

4-2
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tabulates the actual resistivity of a series of horizontal
layers from measurements of apparent resistivity.

0 Interpreted resistivities from the inverse program were
correlated with the terrain conductivity and assumed
lithological units at each sounding location.

o Interpreted resistivities and depths were then correlated
to each other at each area, and the resulting average
resistivity of each layer was attributed to a given
lithological unit and/or to a conductive or possibly
contaminated layer.

4.5 RESISTIVITY SURVEY RESULTS
Data from sensitivity soundings were incorporated into tvo profiles

or geoelectric cross sections. Examination of these sections indicates:

o The geoelectric cross section (Figure 4-2) established
across the background of the site through soundings R6, R7,
R8, R10, RI11, R12 and R13 (Figure 4-2) shows a very
heterogeneous lithology with significant discontinuities
and interfingering of lithologic units. This is common to
glacial deposits. However, the top portion of each
sounding is marked by a resistive geoelectrical layer vith
resistivity value greater than 1,000 ohm x feet reflecting
a dry or semidry gravelous lithologic unit. The depth of
this layer ranges from 140 to greater than 400 feet bgs. A
conductive geoelectric layer with resistivity lowver than
500 ohm feet was detected in R6, R7, R10 and R11 at various
depths. This low resistivity layer may indicate the
presence of a clayey layer and/or conductive groundvater
beneath these sounding location. Major lithologic changes
vere inferred from R8 and R10, which shoved a geoelectric
layer with resistivity values ranging from 500 to 1,000 Chm
x feet. This layer may indicate a sandy gravel with some
minor amounts of silt and clay. A marshy type of surface
s0il existed at R10. A very conductive layer was detescted
at a depth greater than 345 feet.

o The geoelectric cross (Figure 4-3) section established
downgradient from the landfill, through R1, R2, R14, R4M,
R3, R4NM and R5, indicates variable lithology acroess the
profile. The eastern section of the profile is
characterized by predominantly gravel type lithologic unit
vith resistivity value greater than 1,000 ohm feet (R1, RZ,
R14, and R4M). The western portion of the profile (R3,
R4NM and R3) shovs some conductive layers at shallow depth.
It should be noted that R1 and R2 are the most
representative sounding vith little or no interferences.
Other soundings vere subject of various degrees of
interferences from fences, landfills, roads, overhead powver
lines. The depth to the groundwater varies from 90 to 150

4-3
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feet. The wvater level is generally indicated by a slight
decrease in resistivity values from the top gravel and dry
soil. A conductive layer, that could represent the
confining clay layer beneath the first vater table, wvas
identified at 350 to 400 feet in both Rl and R2.
Conductive layers with resistivity values less than 500
Ohm-feet, identified at R&M, R3, and R5, at shallowv depth
vere associated with buried conductive materials and some
surface interferences.
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5 CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

Shallow and deep geophysical surveys were conducted at Fort
Richardson Landfill. The investigation used three different geophysical
techniques: EM-31 and EM-34 terrain conductivity, magnetometry, and
deep vertical electrical sounding (VES).

The principal conclusions of the geophysical surveys, with respect

to the potential environmental impacts are:

0 The eastern and western boundaries of the landfills were
identified through EM-31 survey. The actual boundaries of
the landfill are marked by the isoconductivity line 4.5
mmhos/m.

o Selected areas of landfill (Grid 1, 2, and 3) surveyed
through EM-31 and magnetometry indicated the presence of a
significant amount of buried waste. Grids 1 and 2 contain
significant amounts of buried metallic materials (metallic
objects, construction debris with rebarr, metal wires. and
possibly metallic containers such as steel drums and/or
buckets). In each grid area, the EM-31 delineated several
zones of buried conductive waste and magnetometry provided
confirmation of the EM-31 results and detected areas of
buried metals within the E¥-31 anomalous zones. Grid 3 did
not indicate a significant amount of buried waste, with the
exception of minor burial of conductive waste and
ferromagnetic materials along the eastern and western
boundaries of this grid.

o The EM-34 survey results did not identify any major
conductivity contrast within the subsurface in the surveyed
area, that may be associated with a possible groundwater
contaminant leachate. The EM-34 data suggests homogeneous
lithology from surface to the maximum depth of exploration.
An area of potential deep and shallow buried conductive
vaste was identified at ER14, ER15, and ER16 locations.
This area may contain various types of wastes such as
construction debris and possibly metallic containers. The
subsurface conductivity increased near the human waste
area.

5-1
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0 The electrical soundings, while providing detailed
information on subsurface lithology dovngradient and
upgradient from the landfill, did not identify evidence of
groundwater leachate. The most abundant lithology
underlying the site is resistive gravel units with some
underlying layers of increased conductivity (sandy and
clayey) at depths 250 to 400 feet below the ground surface.
Variations from this general lithology were observed on
some soundings displaying lithological units with
intermediate resistivity values (e.g., sand and gravel).

5.2 RECOMMENDATIONS
Based on the results of geophysical investigation conducted at Fort

Richardson Landfill, E & E recommends the following:

o The findings of the terrain conductivity survey on the’
eastern and western boundaries of the landfill may be
conducted should the need for remediation be identified
through a test pit excavation program. If a clean up is
required for the site, this test may become mandatory and
very cost efficient for remediaticn.

o Similar to the findings of EM-31 on landfill boundaries,
the grids surveyed with both EM-31 and magnetometry
detected numerous areas of buried conductive wastes that
need to be further studied through test pit and soil
borings. If these results need to be field proved, a
comprehensive exploration program through excavaticn and
soil boring will be proposed. However, this should not be
performed prior to groundwater testing.

o The principal goal of deep geophysical surveys (EM-34 and
deep resistivity) was to provide the best suited and most
cost efficient monitoring well locations to promptly
monitor the groundwater beneath the landfill. Due to the
lack of clear evidence for groundwater contamination and/or
highly contrasted plume of leachate, E & E proposes four
monitoring vells instead of the initial six wells, in the
downgradient area from the landfill and one, instead of
tvo, monitoring wells in the area upgradient from the
landfill. The proposed locations of monitoring wells
(figure 5-1) vere based on the results of geophysical
surveys conducted at the site. To verify the depth of the
clay confining unit, at least one boring should be drilled
to deeper than 200 feet below the ground surface.
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The proposed monitoring wells will provide the confirmation of the
potential groundwater contamination from the landfill. 1If approved,

additional monitoring well and aquifer testing may be recommended.
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APPENDIX A
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APPENDIX B

MAGNETIC DATA
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CLIENTZ COE

DATA SET:

LOCATION: ET.RICHARDSOHN

COURTY: ALASKA

PROJECT: KN1080

ELEVATICN:

B

Bl es BN I8 By o)

0.00

ALR]

DATE: JULY 1993
SOUNDING: Rl
AZIMUTH: Unknown

EQUIPKERT: ABEM300C

Schlunberger Configuration

EITTING EREOR:

RESISTIVITY THICKNESS

(oha-ft)

25487.7
2093.8
1176.1

85,19

ALL PARKAMETEES AKE FXEE

o,

OSN3 O LN e L) B

B B b et et et e et gt p
O WD DU e WO = O WO

SPACING
(ft)

4,00
6.00
10.00
14,00
10.00
14.00
30.00
40.00
30.0¢
40.00
80.00
100.0
1400
200.0
300.0
400.0
300.0
400,0
500.0
600.0
700.0

31.717 PERCENT

ELEVATION CONDUCTAMCE RESISTANCE

(teet) (feet) (Siemens) (Ohas)
0.0
10.01 -10.01 3.930E-04 255329.3
16.72 -25.74 0.007%9  35030.1
472.9 -499.% 0.402  3536226.3
KHC-A (ohe-fi [ITFFERENCE
DATA SYNTHEZIC {percent)
16390,0 251580.7 -142.0
30089.0 24515.1 18,52
307210 22083.9 28.13
23737.¢ 18370.0 22.61
24846.0 22083.9 11.11
19742.0 18370.0 £.94
5709.0 £344.4 -11.13
2970.0 2460.9 -16.,53
6790.0 £344.4 £.36
3430.0 3460.9 -0.902
1214,0 1432.2 -17.97
1327.0 1345.3 -1.38
1386.0 1262.4 8.91
1462.0 1196.2 18.17
1116.0 1147.7 -2.84
1207.0 1100.1 B.85
1599.0 1147.7 28.21
1236.0 1100,1 10.99
*e2.0 1031.3 -£0.63
853.0 944.6 -10.74
581.0 p48.9 -46.12

€499100 HI1d

ALR1
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FTR 0018676

......

i DATE: JULY 1950
LICATIGN: FT.RICKARUSTDN SOUNLING: K2
COUNTY: ALASHA AZTHUTH: Unkrown
PRDJECT: KN10BO EGUIPMENT: ABEM300C
SLEVATION: 0.00
' Schlumberger Configuration

EITTING ERROR: 62.892 FERCENT

L ¢  RESISTIVIIY THICKNZSS ELSVATION COMDUCIANIE EEZISTANCE

{oha-ft) (feet) (feet) {Cienens:? (Dhms}
AN Al '
Al

. £.ED G20 .
% nal c F4

- Lt '3

z Bel.:t MR

4

ALL FARRAFITERT #FC LT
_ pmpangn

£ EPACIE:

e =N

i VAL

- ch e

- i TR

z TR A

4 40,07

T of oAn

- -

£ 1ot

7 .G

g o

1 .

- .

< b

‘A .

-
1 408,60

12 500.0
13 600.0
14 700.0
13 600.0
16 800.9
17 1000.0 7116.0 |

PARAMETER RESOLUTION MAIRIX:
"F* INDICATES FIXED' PARAHEIER
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FTR 0018679

ALR3

DATA SET: ALR3

CLIENT: COE DATE} JULY 1990
LOCATION: FI.RICHARDSON SOUNLING: R3

COUMTY: ALASKA AZTMUTH: Unknown
PROJECT: KN10BO EQUIPKENI: ABEM300C

ELEVATION: 0.00
Schlumberger Confiquration

EITTING ERROR: 50,479 FERCENT

Lt RESISTIVITY ~THICKNESS ELEVATION COMDUCTANCE RESISTANCE
(oha-f1) (teat) (feet) (Siemens) {Ohws)

0.0

1 318.3 2.36 ~5.26 0.0165  1674.8

2 315.6 92.29 -97.%3 0.292  29128.4

3 11828.4 1913.4 -1610.¢ 0.127 1,790E+07

4 74,19

ALL PARANETERS AXE FYEE
No. SPACING kD=4 (ohu-ft) DIEFEEENCE

(ft) DATA SYNIHETIC {percent)

1 6.00 382.0 318,% 16.60

2 10.00 307.¢ 319.3 -4.(02

3 14.90 257.0 320.0 -24,52

4 10.00 325.0 319.3 1.73

9 14,00 266.0 320.0 ~20.31

b 30.00 296.0 324.3 ~9.99

7 40.00 353.0 329.3 £.59

8 30.00 380,0 34.3 14,63

9 40.00 336.0 329.3 7.48
10 80.00 339.¢0 367.5 -2.37
11 100.0 313.0 398.8 -26.50
12 140.0 607.0 481.0 20.73
13 100.0 482.0 398.8 17.25
14 140.0 527.0 481.0 .72
15 200.0 _ be4.0 629.3 3.2}
16 300.0 ~ 995.0 892.2 10.33
17 400.0 - 569.0 1154.8 ~102.9

18 300.0 924.0 892.2 3.44
19 400.0 515.0 1154.8 -124.2

20 500.0 - 710 1411.9 -B2.18 v

21 00,0 - 2823.0 1660.]1 41.19%



No. SPACING RHO-A (oha-ft)
(1) DATA SYNTHETIC
22 700.0 6581.0 1897.0

PARANETER RESOLUTION MAIRIX:

"F' INDICATES EIXED PARAMETER

F1 0.79

0.05 0.89

0.00 0.01 0.03

0.00 0.00 0.00 0

0.04 0.01 -0.01 0.

0.04 -0.11 -0.1¢ 0

0.00 0.00 0.00 0
F1 P2 FP3

i - - o o o
GBI e LD B

0

0 0.06 0.80

0 0,00 -0.01 0.00
4§ T1 12 I3

=" ALR3

DIEFERENCE
{percent)

71.17

FTR 0018680



