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1.0 INTRODUCTION

This report presents the findings of a geophysical investigation performed by
NORCAL Geophysical Consultants, Inc. at the Laboratory for Energy-Related Health
Research (LEHR) at the University of California (UC) Davis. The field survey was
conducted on November 7 through November 18, 1994 by Donald J. Kirker,
Geophysicist and Ted Heinse, Geophysical Technician. Both were under the
supervision of William E. Black, NORCAL Project Manager. The QA/QC manager for
this investigation was Kenneth Blom, Geophysicist. Logistical support was provided
by Mark Eisen and Dave Zuber of Dames & Moore. The investigation was conducted
under Dames & Moore Job No. 10805-720-044. All geophysical work performed at
LEHR was governed by the NORCAL Standard Operating Procedures (SOP), included
in Appendix A, and the Dames & Moore Quality Assurance Program Plan (QAPP)
prepared for Battelle Pacific Northwest Laboratories.

1.1 Site Description

The geophysical investigation was conducted on two sites at LEHR. These are
designated as Operable Unit One (OU-1) and Operable Unit Five (OU-5). Each of
these sites have specific survey areas or units all of which are described in the
following paragraphs. The distribution of these sites and survey areas are shown on

the Site Location Map, Plate 1.
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1.11 OU-1
OU-1 is separated into three areas, as indicated in the Dames & Moore RI/FS
Work Plan. These are referred to as the Southwest Disposal Area, the DOE Disposal
Box Area, and the UC Davis Disposal Trench Area, as shown on Plate 1.

1.111 Southwest Disposal Area

The Southwest Disposal Area occupies an area of approximately 120 by 160
feet in the southwest corner of the LEHR facility. This portion is bound by Buildings
H-215 and 216 to the north (not shown on Plate 1), dog pens to the east, and chain
link fences to the south and west. The northern portion is covered with asphalt and
is used as a parking lot. The remaining area is gravel covered and represents a
storage area. Several surface depressions are evident on this site.

1.112 DOE Disposal Box Area

The DOE Disposal Box Area measures approximately 40 by 200 feet. This
parcel trends north-south and is located between two sets of dog pens. It has been
reported that a steel dumpster-like container was buried in this area.

1.113 UC Davis Disposal Trench Area

The UC Davis Disposal Trench Area is located along the southern and eastern
portion of LEHR as shown on Plate 1. The east-west trending portion of the site
measures approximately 30 feet wide by 540 feet long and terminates at the west

border of one of the three sites included in OU-5 (Landfill Disposal Unit #1). It is
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bordered by a chain link fence to the south and two sets of dog pens to the north.
The north-south trending portion measures approximately 30 feet wide by 440 long.
It trends adjacent to the chain link fence that represents the west boundary of OU-5
Landfill Disposal Unit #1. This site is characterized by a level surface covered by
gravel and low grass.

Information, provided by Dames & Moore, indicates that waste was disposed
in 17 trenches and 49 pits. The trenches are reported to be approximately two feet
wide and from 33 to 270 feet long. The disposal pits were typically 4 by 4 feet.
1.12 OU-5

The area of investigation at OU-5 (UC Davis Landfill Disposal Units) represents
three separate sites. They are referred to as Landfill Units #1, #2, and #3. Plan view
diagrams of each of these landfill units are shown on Plates 2, 3, and 4..

1.121 Landfill Disposal Unit #1

The area of investigation at the Landfill Disposal Unit #1 measures
approximately 335 by 360 feet. It is referred to as the Cobalt-60 Field in the Dames
& Moore RI/FS Work Plan. The site is bound by a chain link fence on all sides as
shown on Plate 2. It is bordered on the west by the UC Davis Disposal Trench Area
(OU-1). Building H-229 is located in the northwest corner of the site. An
asphalt/reinforced concrete pad of approximately 30,000 square feet is located

adjacent to this building. The pad occupies approximately a quarter of the survey
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area. Pallets of 55 gallon drums are located on the southeast portion of this pad.
The remaining area is characterized by a soil field with low grasses.

1.122 Landfill Disposal Unit #2

The area of investigation at Landfill Disposal Unit #2 measures approximately
250 by 400 feet. A dog pen area covers the southern portion of this site. The pen
area is approximately 200 by 170 feet and surrounded by chain-link fence. The
ground surface of these pens consists of buried wire mesh covered with gravel. The
northern portion of the site includes Buildings H-292 and H-293, a metal storage bin,
and a small dog pen. The remaining area consists of open field and asphalt roads.
Information, provided by Dames & Moore, indicates that Landfill Unit #2 consists of
12 east-west trending disposal pits.

1.123 Landfill Disposal Unit #3

Landfill Disposal Unit #3 is located east of the LEHR Site on UC Davis property.
It measures approximately 250 by 260 feet and is bound by a chain link fence along
the southern and eastern borders. An asphalt road, four buildings, and a storage
shed occupy the northwest portion of the site. An east-west trending drainage ditch
(wash), approximately 4 feet deep, is located 87 feet north of the southern boundary
chain link fence. A chain-link fence bird cage is in the southeast corner. The
remaining area is characterized by gravel lots and open fields with low grass. It is

reported that waste was disposed of in two large pits and covered with soil during
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a 4 year period.

1.2 Purpose

Sites OU-1 and OU-5 represent areas used for the disposal of various waste
materials during the 1940's to the 1970's. These waste materials were disposed of
in trenches and pits, however, the exact locations are not known. Therefore, the
purpose of this geophysical investigation is to obtain subsurface information that will
aid in locating the burial areas. This information will be used to help in planning

subsequent investigations.
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2.0 METHODOLOGY

For this investigation, we used the magnetic, electromagnetic, and ground
penetrating radar methods. Magnetometer (MAG) surveys provide both total field
magnetic (TFM) and vertical magnetic gradient (VMG) information. TFM surveys are
used to determine the presence of buried ferrous objects and to define the general
limits of fill containing metallic debris. VMG surveys are commonly used to provide
further definition of closely spaced buried metal objects.

Electromagnetic (EM) surveys are used to determine shallow conductivity
variations that may be due to buried foreign debris, chemical differences, etc. This
is done by obtaining both terrain conductivity (TC) and in-phase (IP) information. TC
surveys determine the electrical conductivity of the subsurface materials to a depth
of approximately 15 feet. IP surveys also measure the electrical conductivity of the
subsurface, however, it is especially sensitive to both ferrous and non-ferrous debris.

The ground penetrating radar is used to map shallow subsurface structures and
features. Itis also used to obtain subsurface data in those areas where magnetic and
electromagnetic data can not be collected due to interferences from above ground
metal sources.

A detailed description of these methods is provided in Appendix B.
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3.0 EQUIPMENT FUNCTIONAL CHECKS

We performed both internal and external system function tests prior to the use
of the equipment each day as defined in the QAPP and SOP. We initiated the internal
functional checks in the magnetometer, electromagnetic conductivity meter, and
ground penetrating radar to verify that they are operating properly. Following the
internal test procedures, we conducted external tests by taking measurements under
controlled conditions at a predetermined test site. We reviewed the data and
compared them with previous test results to check equipment accuracy and
repeatability. Proper functioning of the equipment was verified by determining that
the trends observed in the data were repeatable. The results of these tests indicated
that our equipment was functioning properly and accurately throughout the duration
of the survey. A detailed description of the equipment function checks is included
in the NORCAL Standard Operating Procedures, Appendix A. The daily raw MAG and

EM data collected at the test site are provided in Appendix C.
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4.0 DATA ACAQUISITION

4.1 OU-1

OU-1 includes three survey areas referred to as the Southwest Disposal Area,
DOE Disposal Box Area, and the UC Davis Disposal Trench Area (See Section 1.11).
Within these areas GPR data were obtained along traverses spaced 5 feet apart
oriented both north-south and east-west. The OU-1 index map, Plate 5 shows the
limits of this survey coverage as well as the boundaries of the respective maps
presenting the results.

MAG and EM surveys were also conducted within this site, however the survey
coverage was limited to areas where metal objects such as fences, buildings, etc. did
not interfere with the data quality. The limits of the MAG and EM survey coverage
are shown on Plates 6 and 9. Within these areas measurements were taken on a 5
foot grid corresponding to the GPR traverses.

4.2 OU-5

4.21 Landfill Disposal Unit #1

At the Landfill Disposal Unit #1 we collected MAG and EM data at 10 foot
intervals along north-south trending traverses spaced 10 feet apart. Sorne of the 55
gallon drums stored in this area could not be moved because of their contents.

Therefore, we obtained GPR data around the drum storage area, where interferences
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precluded MAG and EM coverage. In addition, we obtained GPR profiles near Building
H-229 and on the asphalt/reinforced concrete surface. Typically the GPR traverses
ranged in length from 18 to 200 feet long. The limits of the MAG, EM, and GPR

surveys are shown on Plate 2.

4.22 Landfill Disposal Unit #2
At the Landfill Disposal Unit #2 we collected MAG and EM data between the

dog pens and Buildings H-292 and H-293. This data was collected at 10 foot
intervals along north-south trending traverses spaced 10 feet apart. MAG and EM
data could not be collected in close proximity to the metal dog pens. Therefore, we
obtained GPR data around the perimeter of the pens. In addition, we obtained GPR
profiles near Buildings H-292 and H-293. The GPR traverses ranged in length from 40
to 200 feet long. The limits of the MAG, EM, and GPR surveys are illustrated on
Plate 3.

4.23 Landfill Disposal Unit #3

We collected MAG and EM data at 10 foot intervals north of the surface drain
(wash). The north-south trending traverses were spaced 10 feet apart. In addition,
we obtained north-south trending GPR profiles spaced 10 feet apart next to the
buildings located in the northwest corner of the site. The limits of the MAG, EM, and

GPR surveys are illustrated on Plate 4.
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5.0 DATA ANALYSIS

Preliminary data analysis was performed in the field to monitor data quality and
field survey parameters. Final analysis and data presentation were completed in our
Petaluma, California office.

5.1 Computer Data Processing

We down-loaded the MAG and EM data to a micro-computer. We then
generated a uniform grid and contoured the data sets using the software package
SURFER by Golden Software. This resulted in vertical magnetic gradient, total field,
terrain conductivity, and in-phase contour maps. The raw magnetic and
electromagnetic data are provided in Appendices D and E respectively.

5.2 Contour Map Interpretation

Generally, terrain conductivity and magnetic values vary smoothly throughout
a given region. Areas where variations are strong are defined by closely spaced
contours and are typically considered anomalous. If the source of a particular
anomaly is an isolated object or a group of closely spaced objects, the contours may
form circular or elliptical closures. A large accumulation of buried objects may appear
as a group of closely spaced anomalies or one large anomaly.

Actual anomaly magnitude and shape are dependent on the relative position

and size of the buried objects with respect to the observed data points. In general

10
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anomaly magnitude will decrease and anomaly width will increase as depth to the

source increases.

5.3 Ground Penetrating Radar Profiles

For data analysis, we examined the GPR records for reflection patterns
characteristic of buried debris and/or the possible limits of burial sites. These patterns
include discontinuous (truncated) reflections, small localized hyperbolic reflections, and
continuous (uniform) reflections. Discontinuous reflection patterns typically indicate
disturbed subsurface conditions or a change in fill material. These disturbed conditions
are often associated with former excavations or trenching. Localized hyperbolic reflections
typically indicate discrete or isolated buried objects. Continuous (uniform) patterns
typically indicate undisturbed or homogeneous subsurface materials.

We determined that the depth of detection of the GPR is approximately 2 to 5

feet throughout the LEHR facility.

11
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6.0 RESULTS

The results of the geophysical investigation for the Laboratory for Energy-
Related Health Research are presented on Plates 6 through 22. The specific results
at each site are described in the following paragraphs.

6.1 OU-1

6.11 Southwest Disposal Area

The results of the GPR survey are shown on the Site Location Map, Plate 6.
The GPR data resolved numerous reflection patterns that we interpret as representing
buried debris, backfill material, and former trenching. Several strong truncated
reflection patterns are evident on the profiles. We interpret these patterns as
representing zones of dense accumulations of buried debris. These zones are referred
to as "Distinct GPR Fill Reflection Patterns” on Plate 6. The depth to this possible
debris is estimated at approximately 1.0 to 2.0 feet. The locations of the interpreted
trenches correspond with the surface depressions mentioned above. Numerous less-
distinct reflection patterns, also truncated, are resolved on the profiles. We believe
that these patterns may represent former trenching because they also correspond to
surface depressions. These patterns are referred to as "Subtle GPR Fill Reflection
Patterns" on Plate 6.

The results of the MAG survey are presented on the VMG and TFM Contour

12
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Maps, Plate 7. The magnetic contour maps represents the variations in the VMG and
TFM throughout the site. The closely spaced contours along the north and east
boundaries represent effects caused by the chain link fence, building and dog pens.
The circular contours located at 80E 20N represent effects caused by the metal
casings of three monitoring wells. Additional anomalies that may represent buried
metallic debris are not apparent on these maps. Therefore, we do not believe that
significant metal (ferrous) objects are buried within the limits of this survey.

The results of the EM survey are presented on the TC and IP Contour Maps,
Plate 8. These contour maps represent the variations in the subsurface electrical
properties throughout the site. These maps indicate a steep gradient around the
perimeter of the site. We believe that this gradient represents the effects from the
chain link fence and dog pens. Additional anomalies are not apparent on this map.
Since the interpreted trenches were not detected by the EM method, we believe that
the interferences caused by the surrounding chain link fences masked the subtle
conductivity changes these trenches may exhibit.

6.12 DOE Disposal Box Area

The results of the GPR survey are shown on Plate 9. The data resolves
reflection patterns that we interpret as representing buried debris, backfilled material
and former trenching. As previously described, these reflection patterns have been

characterized as "Subtle GPR Fill Reflection Patterns" and "Distinct GPR Fill Reflection

13
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Patterns". Zones of the "subtle reflection patterns" are evident in the area where the
DOE box is believed to be buried, as well as adjacent to the west dog pens. The
reflection patterns apparent in the data are typical of disturbed soils and differential
fill. There are not any reflection patterns indicative of a buried box or similar
structures. Therefore, if the box exists it is buried deeper than the detection limits
of the GPR. The patterns apparent in the data obtained adjacent to the west dog
pens may represent portions of north-south trending trenches.

Two large zones of "distinct reflection patterns" are evident in the data
obtained adjacent to the east dog pens. These zones may represent two trenches
that extend beneath the dog pens. Subsidence of some of the dog pens in this area
may also provide additional evidence for possible debris trenches.

The results of the MAG survey are presented on the VMG and TFM Contour
Maps, Plate 10. The closely spaced contours shown on both maps along the borders
represent effects caused by the dog pens. However, there is a relatively high
magnitude anomaly near the northwest corner of the survey area (355E 160N). We
believe that this anomaly may represent significant buried metal debris such as the
possible DOE Box. Additional significant anomalies are not apparent on these map.

The results of the EM survey are presented on the TC and IP Contour Maps,
Plate 11. These maps indicate similar anomalous features in the northwest portion

(suspect box area) as do the MAG maps. A noticeable TC anomaly extends along the

14
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eastern portion and corresponds to the possible trenches as defined by the GPR data.
It is uncertain whether this anomaly could also be due to interference from the nearby
metal fence. However fences did not affect the data in the same way elsewhere.
There are not any additional anomalies that may represent buried debris.

6.13 UC Davis Disposal Trench Area

The results of the GPR survey are shown on the Anomaly Maps, Plates 6, 9,
12, 13, and 14. These results are similar to the Southwest Disposal Area. The GPR
data resolved reflection patterns that are indicative of buried debris and backfill
material. These patterns are characterized as "Distinct GPR Fill Reflection Patterns"
and "Subtle GPR Fill Reflection Patterns" and represent interpreted burial sites. Most
of the reflection patterns exhibit linear zones characteristic of former trenches.
However, as shown on Plate 12 several small localized zones were resolved in the
data obtained in the southeast corner of the site that may indicate isolated burial pits.
As previously indicated, the MAG and EM methods could not be used in this area
because of interferences caused by the metal chain link fence and dog pens.
6.2 OU-5

6.21 Landfill Disposal Unit #1

The results of the MAG survey are presented on the VMG and TFM Contour
Maps, and the Anomaly Map, Plates 15, 16, and 19 respectively. The blank portion

located in the northwest corner represents the location of the stored metal drums.

15
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Both maps indicate magnetic variations around this area. These gradients are
probably due to the above-ground drums. The MAG maps also indicate steep
gradients along the west and south borders. These gradients are caused by
obtaining data in close proximity to the metal chain link fence. Additional anomalies
that are not associated with above ground sources are evident in the southeast
corner. They exhibit relatively high intensities and indicate several north-south
trending zones. These zones are located along lines 140E, 190E, 260E, and from
300E to the east beyond the boundary of the survey area.

The results of the EM survey are presented on the TC and IP Contour Maps,
and the Anomaly Map, Plates 17 through 19 respectively. Both maps also indicate
strong gradients around the concrete pads. These gradients are typical where the
concrete contains wire reinforcement. The TC and IP map also exhibit subtle
variations of the terrain conductivity in the southeast portion of the site. These
variations exhibit linear trends, as did the MAG data. There are not any additional
anomalies that may represent buried nonmetallic debris.

We obtained GPR profiles adjacent to the storage drums, building, and
reinforced concrete slabs, as shown on Plate 2. The resulting GPR data did not
resolve reflection patterns typical of disturbed soils or buried debris. However, the
data do resolve reflections characteristic of shallow fill horizons beneath the asphalt

surface. In addition to these near surface reflections, the data also resolved deeper
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reflecting horizons characteristic of uniform subsurface conditions.

6.22 landfill Disposal Unit #2

The results of the MAG survey are presented on the VMG and TFM Contour
Maps, and the Anomaly Map, Plates 20 and 22, respectively. Two noticeable east-
west trending bipolar anomalous zones are located in the center of the survey area.
These bipolar zones are typical of significant debris in a localized area. The shape of
the anomalies suggest the locations of at least two trenches approximately 150 feet
long. The gradients in the northern portion are probably caused by the buildings and
a storage bin.

The results of the EM survey are presented on the TC and IP Contour Maps,
and the Anomaly Map, Plates 21 and 22, respectively. The TC map shows three
anomalous areas located at 480E 220N, 480E 280N, and 570E 310N. The two areas
located in the center of the site generally correspond to the linear anomalies shown
on the MAG maps. The high magnitude anomaly located at 570E 310N is typical of
shallow buried debris. The IP contour map shows subtle anomalies that exhibit the
same linear trends as the MAG maps. Because of their small magnitudes, the debris
may be buried at the detection limits of the IP survey. There are no additional
anomalies that may represent buried nonmetallic debris in this survey area.

GPR profiles were obtained adjacent to Buildings H-292 and H-293, and the

dog pens. The resulting GPR data resolved reflection patterns typical of disturbed

17
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soils or buried debris. The locations of the interpreted trenches detected between the
buildings are shown on Plate 22. The results of the data obtained adjacent to the dog
pens have been previously discussed with the Site OU-1 results and are shown on

Plates 9 and 12.

6.23 Landfill Disposal Unit #3

The results of the MAG survey are presented on the VMG and TFM Contour
Maps, and the Anomaly Map, Plates 23 and 25, respectively. The blank rectangle
areas on these maps represent the locations of the buildings on site. Both contour
maps indicate steep gradients associated with the locations of the buildings.
Additional anomalies that are not associated with above ground features are evident
in the east portion of the survey area. The large magnitude anomaly in the northeast
corner of the site extends from 170N to 250N and 170E to the eastern limit of the
survey area. lIts broad shape suggests a large area of possible metal debris. The
southeast corner of the site exhibits an area of decreasing magnetic values. This may
represent effects caused by a source that is located south and/or east of the survey
area.

The results of the EM survey are presented on the TC and IP Contour Maps,
and the Anomaly Map, Plate 24 and 25, respectively. These maps indicate similar
features as those on the MAG maps. The TC map shows a conductivity high in the

northeast corner of the survey area. This high corresponds with the MAG anomaly

18
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previously described and is confined to the same lateral extent. The high conductivity
values along the eastern boundary are due to the metal fence. The IP contour map
shows slight variations in these areas. This suggests that buried metal objects may
be buried deeper than the IP detection limits.

GPR profiles were obtained adjacent to the buildings. The resulting data did
not resolve reflection patterns typical of disturbed soils or buried debris. However,
the data did resolve isolated hyperbolic reflections. We believe that these isolated

reflection patterns are produced by existing utility alignments.
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STANDARD OPERATING PROCEDURES

These standard operating procedures are for geophysical surveys to be performed at
the Laboratory for Energy-Related Health Research (LEHR) at the University of
California (UC) Davis. This work is in support of the Dames and Moore RI/FS Work
Plan September 1994. The following information describes Technical Approach
(Section 1.0), Equipment Functional Checks (Section 1.5), Software Function (Section
1.6), and Reporting (Section 1.7).

1.0 Technical Approach

We will obtain magnetic (MAG), electromagnetic (EM), and ground penetrating radar
(GPR) data at evenly distributed points or along parallel traverses within the proposed
areas to be investigated. We will interpret these data to aid in determining the
locations and/or boundaries of disposal pits, septic systems, disposal cells within
landfill areas, and other foreign debris.

1.1 Horizontal Control

To guide data acquisition, we establish a survey grid over each specific area to be
investigated. The grid is referenced to local survey monuments and/or landmarks.
A fiberglas measuring tape will be used to determine distances, and a right angle
prism will be used to square the grid. The grid nodes are marked using stakes, pin
flags, or marking paint depending upon specific site conditions. Separation of grid
nodes will be 20 feet. Designation of the nodes will be a coordinate system of
northing and easting from an arbitrary origin that will be referenced to the overall site
coordinate system.

1.2 Magnetometer Survey

1.2.1 Methodology

The intensity of the earths magnetic field can be measured at predetermined points
distributed along a traverse or in a grid pattern using a proton precession magnetome-
ter. Local variations in the measured values can be attributed to geologic variations
and/or the presence of buried ferrous material. Typical proton precession
magnetometers have a single sensor and measure the total intensity of the earth'’s
magnetic field in gammas. Some magnetometers have two sensors and can measure
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not only the total intensity of the earths magnetic field (total field), but also its vertical
gradient (gradiometer). These values are displayed in units of gammas/meter (g/m).
Among the advantages of using a gradiometer are; higher sensitivity and better
resolution of near surface sources, and measurements that are immune to temporal
fluctuations.

Areas with significant amounts of buried metal typically produce anomalously steep
vertical magnetic gradient values. These values can be both positive and negative
depending on the shape and orientation of the source, and the location of the magne-
tometer relative to the source. Typically, the measured values will be positive directly
above the source and negative to the side. This results in what is termed a bi-polar

anomaly.

1.2.2 Instrumentation

We will use an EDA Omni IV magnetic gradiometer to obtain both total field and
vertical magnetic gradient data. This instrument has a absolute accuracy of 1 gamma
(g) and a processing sensitivity of 0.02 g. It contains two sensors mounted 0.5
meters apart at the top of an 8 ft. staff. The reading obtained from the top sensor
represents the total intensity of the earths magnetic field in gammas (g). In the
gradient mode, the difference between the top and bottom sensors represents the
vertical gradient in gammas per meter (g/m). The Omni IV has built-in software and
a non-volatile memory. It automatically computes the total field and vertical gradient
values in real time. These data are stored in memory along with the time and date
of the reading, as well as the corresponding line number and station position. The
EDA offers the following advantages over other magnetometers (i.e. Geometrics G-
816 and G-856):

a) It is a true gradiometer in that it energizes both sensors simultaneously.
Other instruments energize their sensors consecutively. This makes the
readings subject to error introduced by slight movements of the staff during the
reading process.

b) Its high sensitivity, noise rejection, and signal discrimination enable a small
(0.5 meter) sensor separation (other instruments use a separation of several
feet). In the gradient mode, this allows optimum rejection of temporal
fluctuations and regional effects. It also provides maximum sensitivity to near
surface (upper 10 - 20 ft.) sources, and optimum spatial resolution.



1.2.3 Data Acquisition

Prior to data acquisition, the magnetometer will undergo our standard functional
check procedures to ensure that the instrument is operating correctly (see Section
1.5). Our data acquisition procedure will be to simultaneously obtain both total field
and vertical gradient magnetic data at predetermined intervals over the areas of
interest. These intervals will be 5 to 10 feet. The magnetometer will be programmed
with the necessary horizontal control information so that data points will be
referenced to the correct northing and easting coordinates, At each measurement
point, the magnetometer sensor will be oriented to the appropriate northing direction
as specified by the manufacturer. During data acquisition, measures will be taken to
mitigate excessive interference by avoiding possible sources such as fences, power
lines, vehicles, etc. The locations of sources that cannot be avoided will be
documented in a field notebook for subsequent reference. Their impace on data
quality and representativeness will be evaluated by our registered geophysicist.

1.2.4 Data Analysis

At the end of each field-day, we will download the MAG data to a portable computer.
The data will be backed up on a floppy disk and printed out in hard copy form. Upon
completion of the survey, we will collate and contour the data using commercially
available computer contouring software. The entire set of MAG data will be collated
and contoured to produce both total field and vertical gradient contour maps. We will
then interpret these maps to determine the locations of significant quantities of buried
metal such as tanks, pipelines, and the lateral extent of debris areas.

At the completion of the field work, the entire set of MAG data will be collated and
contoured to produce both total field and vertical gradient contour maps. We will
then interpret these maps to determine the locations of significant quantities of buried
metal such as tanks, pipelines, and debris.

1.3 Electromagnetic Survey

Electrical conductivity is the ease with which electrical current flows through a
volume of material. The electrical conductivity of the earth is governed by physical
properties such as porosity, texture, mineralogy, and moisture content. It is also
affected by the presence of buried metal. Coarse grained materials such as sands,
gravels and fill are typically less conductive than clays. Metal typically increases the
overall conductivity of the material that it is buried within.

3
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1.3.1 Methodology

The electrical conductivity of the earth can be measured without direct ground
contact through electromagnetic induction (EM). When a transmitting coil placed
above the surface is energized with an alternating current at an audio frequency, it
gives rise to a time varying (primary) magnetic field. This primary field induces very
small electrical currents in the earth. These currents create a secondary magnetic
field which, together with the primary field, is sensed by a receiving coil placed above
the surface a short distance from the transmitting coil. The ratio of the secondary to
the primary magnetic field is linearly proportional to the electrical conductivity of the
subsurface.

The received signal is complex and has two components. One is the quadrature
component which is directly proportional to conductivity. The other is the in-phase
component which is also proportional to conductivity but is more sensitive to buried
metal. The instrumentation analyzes the received signal and provides a direct read-
out of the quadrature and in-phase values. The quadrature component is displayed
in conductivity units of milliSiemans/meter (Ms/m). Since this value represents the
conductivity of the volume of earth sampled, rather than the conductivity of a single
layer, it is an apparent value and is referred to as terrain conductivity (TC). The in-
phase (IP) value indicates the amount of in-phase component in the induced
(secondary) magnetic field and is presented in parts per thousand (ppt).

1.3.2 Instrumentation

We will gather EM data using a Geonics Ltd. EM-31DL ground conductivity meter.
The transmitting and receiving coils on this instrument are mounted at the ends of 4
ft. long tubes that project horizontally from either end of the instrumentation console.
The 8 ft. coil separation results in a depth of penetration of approximately 15 to 18
feet.

We will use an OMNIDATA data logger to record both quadrature and in-phase data
at each measurement station. We will also record the station coordinates, and field
notes regarding pertinent surface features and points of reference.

1.3.3 Data Acquisition

Prior to data acquisition, the electromagnetic conductivity meter will undergo our
standard functional check procedures to ensure that the instrument is operating
correctly (see Section 1.5). Our data acquisition procedure will be to obtain terrain

4
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conductivity data at predetermined intervals over the areas of interest. These
intervals will be 5 to 10 feet. The instrument will be programmed with the necessary
horizontal control information so that data points will be referenced to the correct
northing and easting coordinates. During data acquisition, measures will be taken to
mitigate excessive interference by avoiding possible sources such as fences, power
lines, vehicles, etc. The locations of sources that cannot be avoided will be
documented in a field notebook for subsequent reference. Their impact on data
quality and representativeness will be evaluated by our registered geophysicist.

1.3.4 Data Analysis

At the end of each field-day, we will download the TC data to a portable computer.
Software contained in the data logger automatically reduces the instrument response
to units of conductivity in milliSiemans per meter (quadrature) and parts per thousand
(in-phase). It also corrects the values for variations in sensitivity that occur in areas
of high conductivity. The data will be backed up on a floppy disk and will be printed
out in hard copy form. Upon completion of the survey, we will collate and contour
the data using commercially available computer contouring software to produce both
quadrature and in-phase contour maps. We will then interpret these maps to
determine the boundaries of buried trenches or other disposal areas. The in-phase
contours will be compared with the MAG contours (see above) to determine the most
likely locations of significant quantities of buried metal such as tanks, pipelines, and

debris.

At the completion of the field work, the total set of EM data will be collated and
contoured to produce terrain conductivity contour maps. We will then interpret these
maps to determine the boundaries of buried debris and other foreign materials.

1.4 Ground Penetrating Radar

Ground penetrating radar (GPR) is a method that provides a continuous, high
resolution cross-section depicting variations in the electrical properties of the shallow
subsurface. It is particularly sensitive to variations in electrical conductivity and
electrical permittivity (the ability of a material to hold a charge when an electrical field
is applied). GPR is useful for locating buried objects, determining the sources of MAG
and EM anomalies, and delineating the boundaries between fill and native soil.
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1.4.1 Methodology

In operation, GPR systems continuously radiate an electromagnetic pulse into the
ground from a transducer {(antenna) as it is moved along a traverse. Since most earth
materials are transparent to electromagnetic energy, only a portion of the radar signal
is reflected back to the surface from interfaces representing variations in electrical
properties. The reflected signals are received by the same transducer and are printed
by a graphical recorder in real time. Generally, relatively high electrical conductivities
reduce the penetration capability and limit radar performance.

1.4.2 Instrumentation

For this investigation we will use a GSSI SIR-3 ground penetrating radar system
equipped with a 500 MHz and a 120 MHz antenna. In most areas, we will rely on the
500 MHz antenna because of its high resolution capabilities. The 120 MHz antenna
will be reserved for applications requiring the maximum depth of penetration. The
instrumental operating parameters will be selected to suit the specific site conditions
and data requirements. The parameters will be documented in a field notebook.

1.4.3 Data Acquisition

Prior to data acquisition, the ground penetrating radar system will undergo our
standard functional checks to ensure that the system is operating properly (see
Section 1.5). For data acquisition, the GPR system will be operated continuously
along predetermined traverses at each site of investigation. Separation of the
traverses will be 5 to 10 feet or as access allows. We record the data in real time on
hard copy charts (profiles). The GPR antenna will be manually towed along each
traverse at a slow walking speed for optimum resolution. Each profile will be
annotated with necessary information such as line designation, line direction
instrument settings, and horizontal control information. Marks annotated on the
profiles with an electronic fiducial marker indicate distances along each profile. Notes
will be taken regarding the location of each profile and any nearby cultural features.

1.4.4 Data Analysis

The GPR profiles will be examined for reflection patterns characteristic of buried
objects or changes in subsurface conditions. The lateral extent and depth of these
features will be determined by scaling off of the profiles and plotted at the appropriate
scale on a site plan.
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1.5 Equipment Functional Checks

All geophysical equipment will be maintained and operated in accordance with the
instrument manufacturers guidelines. We will perform both lateral and external system
function tests prior to start of daily field activities. Each instrument includes internal
functional checks to evaluate equipment performance. The external tests will involve
taking measurements under controlled conditions at a test site where objects of
known composition and dimensions are buried at known depths. These tests are
described in the following paragraphs.

1.5.1 Internal Function Tests

Internal function tests will be performed on each instrument at the beginning of each
field day. The internal function tests for the magnetometer, electromagnetic
conductivity meter, and ground penetrating radar systems are described below:
1.5.1.1 EDA Omni IV Tie-line Magnetometer

The internal function test for the EDA OMNI IV consists of three separate tests.
These are the Total Field Test, the Error Calculation Test, and the Software

Diagnostics test.
a) Total Field Test:
1) Set the mode selector to TEST and press READ key.

2) The OMNI IV will take a synthetic reading and complete a total field test; the
display should read 5636.7

b) Error Calculation Test:
1) Set MODE selector to TEST
2) Press ERROR key once, the display must read .00 GAMMA

3) Press the GRAD key once, press ERROR key once, display must read .00
GAMMA GRAD
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c) Software Diagnostics Test:
1) Set MODE selector to DUMP

2) Press the READ key, the display should read 065nnn, where nnn is the serial
number of the instrument.

1.5.1.2 Geonics EM-31 Ground Conductivity Meter

The internal function tests for the EM-31 check the phase and sensitivity of the
instrument.

a) Phase Check
1) Set the RANGE switch to the 30 milliSiemans/meter (mS/m) positions.

2) Set the MODE switch to the COMP position, and adjust meter reading to
zero using the COARSE and FINE COMPENSATION controls.

3) Set the MODE switch to the PHASE position, note the meter reading, rotate
the COARSE control one step clockwise, the meter reading should remain the

same.
d) Sensitivity Check

1) Set the MODE switch to the COMP position and rotate the COARSE control
clockwise one step.

2) The meter should read between 75% and 85% of full scale.
1.5.1.3 GSSI SIR-3 Ground Penetrating Radar

The internal function test for the SIR-3 checks the timing circuitry by printing
calibration pulses at 25 nanosecond intervals.

a) Set the calibrate switch to the forward position (towards the paper);

b) set the time adjust knob to 25 and the range switch to X1;
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c) set the "print/stdby/off" switch to the print position and allow the instrument to
print for five seconds;

d) rotate the time adjust knob to 50 for five seconds, to 75 for five seconds, and
finally to 100 for five seconds;

e) check that the distance between timing bands on the printed chart decrease
proportionally to the time difference for each setting of the time adjust knob.

1.5.2 External Function Tests

A geophysical test site will be established at a location where object(s) of known
composition and dimensions are buried at known location and depth. At this site, we
will establish a measurement grid over the object(s) location. The measurement
stations will be monumented so that data can be collected at the same stations. Prior
to initiating each day's survey, we will obtain measurements using each of the
instruments to be used in the field survey. Our procedures, measurement parameters,
and results will be documented in a field logbook. The measurements will be
reviewed to verify the proper functioning of the equipment.

1.6 Software Function

NORCAL will grid and contour the magnetometer and ground conductivity data using
the software package SURFER by Golden Software. This package contains a
demonstration data set that will be used to verify the operating function of the
software. Our procedure will be to grid and contour the demonstration data set and
compare the results to those published in the operating manual. If the data sets
compare favorably, the software is functioning properly.

1.7 Reports

1.7.1 Field Logbook

During data acquisition, we will maintain a detailed log of our geophysical activities.
The log will include the type of geophysical survey, the date and time of data
acquisition, the weather conditions, and equipment test calibration information. Any
deviation from the planned survey will be recorded. This may include relocation of
traverses due to cultural interference, or suspension of activities due to inclement
weather, electrical interference, or magnetic storms.
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1.7.2 Summary Report

We will submit our final results in a summary report. The summary report will include
the following items:

a) a narrative description of the methodology for data analysis and processing
equipment operation and survey results,

b) contour maps showing the distribution of MAG and EM values within the
areas surveyed,

c) GPR anomaly maps showing the interpreted locations of fill boundaries and
buried objects,

d) appendices containing tabulated lists of the MAG and EM data.

The GPR records will be kept on file in our Petaluma office and will be made available
upon request. The summary report will be reviewed and approved by a registered

geophysicist before submission.
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Magnetic (MAG)

Magnetometers measure variations in the earth's magnetic field. These may
include the total intensity of the field and/or its vertical or horizontal gradient.
Measurements of the vertical magnetic gradient (VMG) are commonly used in
environmental surveys because they provide better discrimination of closely spaced
buried objects than total field measurements.

A magnetic gradiometer measures the vertical gradient of the earth's magnetic
field. It consists of two total field magnetic sensors separated vertically by one-half
meter. The magnetic field strength is measured simultaneously at both of these
sensors. The difference in magnetic intensity between these measurements is
proportional to the vertical gradient of the earth's magnetic field. Because the vertical
gradient is constant with respect to time, it is immune to diurnal variations. Because
the sensors are closely spaced, the gradient is affected primarily by near-field
sources. Therefore, gradiometers provide better resolution of buried objects than
magnetometers that measure only the total field.

Areas with significant amounts of buried metal typically produce anomalously
steep magnetic gradients. These gradients can be positive or negative depending on
the size, shape, distance to sensor, or magnetization of the source. Objects that form
magnetic dipoles can produce both positive and negative values. Since all
magnetometers are sensitive to ferrous metal sources both above and below ground,

site and vicinity surface conditions can effect survey results.
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We used an EDA OMNI 1V tie-line magnetometer to obtain both the vertical

magnetic gradient and total field (TFM) data. This instrument features a built-in

memory that stores the vertical magnetic gradient data (in gammas/meter), total field

magnetic data (in gammas), and survey grid information. The information can be
down loaded to a computer for further processing.

Electromagnetic Induction (EM)

The electromagnetic method is used to measure variations in subsurface
electrical conductivity. The electromagnetic system utilizes two coils separated by
a specified distance. One of these coils transmits a time-varying electromagnetic
signal {primary magnetic field) which induces current flow in the earth. This in turn
creates a secondary magnetic field which is detected by the receiver coil. The
secondary signal is complex and has both quadrature and in-phase components. The
amplitude of the quadrature component is proportional to the electrical conductivity
of the subsurface materials. The in-phase component is proportional to conductivity,
but is also affected by magnetic properties. The instrument displays the quadrature
component in units of milliSiemens/meter (mS/m). Since this measurement represents
the conductivity of the volume of material sampled, rather than individual layers, it
is an apparent value and is referred to as terrain conductivity (TC). The instrument
displays the in-phase (IP) value, which is a ratio, in units of parts per thousand

(ppt).

Our instrumentation consisted of a Geonics EM31-DL ground conductivity
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meter connected to an Omnidata data recorder. The EM31 has a fixed coil separation
of 12 feet. This results in a total depth of investigation of approximately 15 feet,
depending upon local site conditions. The data recorder automatically stores terrain
conductivity values in memory at preselected intervals. The data recorder also stores
station locations and annotations regarding cultural features.

Ground Penetrating Radar (GPR)

Ground penetrating radar is a method that provides a continuous, high
resolution cross-section depicting variations in the electrical properties of the shallow
subsurface. The method is particularly sensitive to variations in electrical conductivity
and electrical permittivity (the ability of a material to hold a charge when an electrical
field is applied).

The system operates by continuously radiating an electromagnetic pulse into
the ground from a transducer (antenna) as it is moved along a traverse. Since most
earth materials are transparent to electromagnetic energy, only a portion of the radar
signal is reflected back to the surface from interfaces representing variations in
electrical properties. When the signal encounters a metal object, however, all of the
incident energy is reflected. The reflected signals are received by the same
transducer and are printed in cross-section form on a graphical recorder. Depending
upon depth and/or thickness the resulting records can provide information regarding
the location of disposal trenches and buried debris. Generally, reinforcing steel (rebar)

and electrically conductive materials such as saturated clay can reduce the
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penetration capability and limit radar performance.
For this investigation we used a Geophysical Survey Systems, Inc. SIR-3
Subsurface Interface Radar System equipped with a 300 and 500 megahertz (MHz)
antenna. These antennae are near the center of the available frequency range and

provide high resolution at shallow depths.
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Appendix C

RAW MAG AND EM TEST DATA



OMNI-—-IY  Tie-line MAG
TOVAL FIELD DATA (uncorrected)
. GRADIENT
ate: 7 NOV 94
(perator: S

Reference field: S0000.0

Datum subtracted Q.0

Records: 135

EBat: 1&£.1 Volt Lithium: Z.52 Volt
L.ast time update: 5710 17:26:00

Start of prints: 11/07 15:48:04

i Date: 7 NIV %4 H1

DRIFT TIME




1i
DATA

Eld OMNIL-- 1Y
TOTAL FIELD
o GRADIENT
Date: 10 NOV 24
{Iperator: H444
Xeterence
Datum
Records:
Hat: 15.9
-ast time
Start of

13
Valt

vl ane

field:
subtracteds

update:
print:

{uncorrected)

50000 ,0
Q0.0

Lithium: AHaan
/1O 17836000
11710 10201




DA OMNI-~IV Tie-line

TOTAL FIELD DATA (uncorrected)

& GRADIENT

Jate: 14 NOV %4

Operator: 44

Jeference field: S0000.0
Datum subtracted: (Y
Records:

Bat: 1&.6 Volt Lithiams

_ast Lime update: L£/10 17«2

Start of print: 11/14

Line:
FOSITION
)

(1. id
[
40 i = R R L0
(=il
LT w
(R
=50
'
a4
&l S

EGF

-
e

L}

H

]
Sl

&0

-
)
4

235150

Volt

Az

ac

V2o B

LW I
(I e
oy
L f

Iy




DA (MNI~TY
TOTALL FIELD DATA
L GRADIENT

Jate: 1& NOV 94
(lperators L2E2
leterence

Jatum
Records: 13
Hat: 1.2 Volt

cast time update:s
print:

Start of

Tie~laine

field:
subtracted:

MAGE

{uncorracted)

SO000, O
0.0
Lithiums:
L0 17:2
117164

A Y

—

—tn

54 Volt

2

:86:12




line MAG
(uncorrected?

EDé OMNL--TV T
TOTAL FIELD DATA
4 GRADIENT
Jate: 17 NOV 94
Uperator: 5444
Reference  field: S0000.,0
Jdatum subtracted: Q.0
13

Lithium: .52 YVolt
17 :26:00
G044

records:
Bat: 16.2
_,ast time update

print

start aof

Voit
. &/10
11/17

Jines Date: 17 NOV
FOSTT IO ERE DRIFT
LT 0.0

)
“
10 B 0,0
1 1.0
20 e 0.0 9
« OO <
S0 L0 .o
. L0
40 L0 G0
O,




EDA OMNI-TY  Tie-—-line MAG Ser #7280
TOTAL FIELD DATA (uncorrected)

& BRADIENT

Date: 18 NOV 94

Operator: D222

Reference field: SOQO0.0

Datum subtracted: QL0

Records: 12

Bat: 1&£.1 Volt Lithium: .52 Volt
lLagst time update: H/1O 1 7:26:00

Start of print: 11/18 12:49:30

18 NOV 54
ET TIME

DL 140

Ca 1204458

0,0 144
G0 O, O
45 Oy, 0

[ IS

E O



—

o e I o e e e

b

oo B88.&
5 88.4
87.4

15 84.4¢
20 g0.8

25 78.4

IO 74,8
5 70.9

£ 0
Ly
4% & ER9Y

o0 &5.8

=

<Z
S
I

DATA



S el =

[ T ety

o

Lt e b

T

e

s

i

[ AT T G

et e

50

(WX

[y
wtid

&0

&1,
5
a7

4
20001

&

2000l

&




NORCAL

Appendix D

RAW MAG DATA
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