. APPENDIX A
GLOSSARY

Ambient Concentrations — concentrations in environmental media that include both naturally
occurring concentrations of chemicals, and anthropogenic concentrations of chemicals from
human-made, non-site sources.

Ambient Data Set — data that represent ambient conditions, and are used to calculate ambient
concentrations.

containing it.

Benicia Screening Levels (BSLs) - concentrations of organic and inorganic chemicals of interest
calculated using site-specific information and exposure scenarios, and intended to represent
those concentrations in soil that are protective given the exposure scenarios assumed. They
are used as screening levels for site investigation data, and for identification of locations at

_ the Benicia Arsenal where chemicals in soil do not present a human health concern giventhe |

assumed land use.

Q Blue Vitriol - A blue, crystalline hydrous solution of copper sulfate, CuSO4 5H2O, one of the most
important industrial copper salts, used in insecticides, germicides, and hair dyes and in the
processing of leather and textiles.

Bluing —Bluing is technically called black oxide and is a surface conversion formed when steel is
immersed in a caustic soda solution at about 285° F. The black oxide itself has almost no
cotrosion prevention qualities. It becomes a decent finish when a supplemental oil coating is

added to it.

DTSC Approach for Determining Ambient Conditions - a technique for extracting ambient data
sets from larger expanded data sets, and determining ambient concentrations from the

ambient data.

Ground Penetrating Radar (GPR) - produces an underground cross-sectional image of the soils and
subsurface features. The system sends radar pulses into the surface, then it receives and
processes the reflected energy.

Conceptual Site Model — links contaminant sources, release mechanisms, exposure pathways and
routes and receptors summarizing our understanding of the contamination problem. The
QAN eknuld answer:

N WJLVA OLavs ELLLT VY .
Are there are any ecological concerns? Is there potential for land use other than
residential/industrial? Are there secondary human exposure pathways (like local fish
. consumption, raising livestock)? Are there unusual site conditions (large areas of
contamination, high dust levels, indoor air contamination)?
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Data Quality Objectives - criteria that data collection should satisfy to achieve the project objectives

Expanded Data Set - site characterization data that are typically collected to assess the magnitude
and extent of possible contamination.

Homoscedasticity — the uncertainty associated with each measurement is the same.
Incremental — In this report, “incremental” is used for chemicals like arsenic that have a background

nsk. Total risk = background + incremental. VOCs in indoor air would not have an
incremental risk as there is no background risk.

Investigation Derived Waste — waste generated during field activities such as soil cuttings, water,
plastic bags, and nitrile gloves.

Method Detection Limit (MDL) — the minimum concentration of a substance that can be measured
and reported with 99 percent confidence that the analyte concentration is greater than zero.
It is determined from analysis of replicate samples of a given matrix containing low levels of

Method Quantitation Limit (MQL) — The lowest level that can be reliably achieved within specified
limits of precision and accuracy during routine laboratory operating conditions.

Normal Probability Plot - a plot used to determine how well data fit 2 normal distribution.
Quantiles of sample data are plotted against quantiles of the standardized normal
istribution.

‘Risk Based Screening Level — a risk-based target level for a chemical of concern developed under a
Tier 1 evaluauon. A Tier 1 evaluation is a risk-based analysis to develop non site-specific
values for direct and indirect exposure pathways utilizing conservative exposure factors and
fate and transport for potential pathways and various property use categories.

Volatilization — the transfer of a chemical substance from a liquid phase to a gaseous phase.
Outlier - an observation whose value is quite different than other observations in the data set.

Parkerization — Parkerize - "Parkerize" and "Parkerizing" are terms derived from the former Parker
Chemical Co., which was the inventor of the process. Parkerizing or Phosphating is a metal
finish that really gained in popularity during World War IT (WWII) when the US
Government was looking to replace the typical blued finish on most small arms with a rust
resistant and anti-reflecuve coating that would be both durable and abrasion resistant and
hold up in all weather extremes. The Parkerizing technique 1s a phosphate etching process
that produces a hard matte or dull finish. Today, the most common types used are the
original WW?2 type, known as grey oxide and the black manganese, still in use by many
Military and Civilian manufacturers in many countries on a wide variety of products.
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Today, there are commonly two types of parkerizing: 1) using manganese phosphate to turn
metal into a dark charcoal, almost black; and 2) using zinc phosphate to turn metal to a
lighter gray. These Parkerizing finishes offered much more protection from harsh weather
than the older process of bluing, and is very simple to apply and maintain. Parkerizing was
much easier to use than the older process of bluing because the parts you want to Parkerize
do not have to be polished, they can be acid dipped, sanded, bead blasted or sand blasted.
In fact a lot of nicks and scratches that would show up on a blued item would not even be
seen after Parkerizing. A green/gray color has also been associated with parkerizing, which
meant that something had to be done to contaminate the phosphate. This material was most
likely Cosmoline.

Patkerizing is an i
degrees and the depmg time can range from 5-45 minutes or so, dependmg on the hardness
of the metal and the desired thickness of the coating..

Preliminary Remediation Goals - risk based concentrations presented in a EPA Region IX document
that are derived from standardized equations combining exposure information assumptions
with EPA toxicity data, considered to be protective for humans over a lifetime.

pH - pH is defined as the negative logarithm of the hydrogen ion concentration. The pH scale goes
from 0 to 14 with pH 7 as the neutral point. As the amount of hydrogen ions in the soil
. increases, the soil pH decreases thus becoming more acidic.

Purge Water — water removed from monitoring wells prior to sample collection.

Ranked Data Plot - an X-Y plot of data that are ordered from smallest to largest.

sal ammoniac - NH4Cl, Ammonium Chloride, white or colotless, water-soluble, odorless, cubic
crystalline salt with a biting taste. Sal ammoniac is one of the most common and most well
known of the ammonium-bearing minerals. Sal ammoniac forms on volcanic rocks near
fume releasing vents. Sal ammoniac is very soluble in water. There is no liquid phase as the
mineral crystallizes from the gas phase in a process called sublimation. It is prepared
commercially by reacting ammonia, NH,, with hydrogen chlonide, HCI, and is used ch.ieﬂy n
the manufacture of electric dry-celi battenies, in soldering fluxes, in textile printing, and in
making other compounds. It is also used in certain medical treatments.

Serial Correlation — redundancy of information between observations that are adjacent to each other
either spatially or temporally.

Soil Gas - Soil is composed of particles ranging in size from as much as an inch in diameter (gravel)

own to less than o thos dih " irial"
down to less than a thousandth of an inch (clay). Between the parucles are "interstitial

spaces (pores) which can contain liquids (normally water) or air. The air in these spaces is
called "soil gas".

Forsgren Associates/Brown and Caldwell October 2004
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Specific Conductance (SC) — a numerical expression of the ability of the water to catry an electric
current. It can be used to assess the degree of mineralization, salinity, or estimate the total
dissolved solids concentration of a water sample.

Spirits of nitre - Spitits of nitre was ethyl nitrite and was supposed to quench thirst and promote
secretions including perspiration.

Stoddard solvent - Stoddard solvent (CAS # 8052-41-3) is a colotless, flammable liquid that smells
and tastes like kerosene. It will turn into a vapor at temperatures of 150-200 °C. Stoddard
solvent is a petroleum mixture that is also known as dry cleaning safety solvent, petroleum
solvent, and varnoline; its registered trade names are Texsolve S® and Varsol 1®, Itis a

chemical mixture that is similar to white spirits. Stoddard solvent is used as a paint thinner;
in some types of photocopier toners, printing inks, and adhesives; as a dry cleaning solvent;
and as a general cleaner and degreaser.

Tincture of Steel - In medicine, Tincture of steel is an alcoholic solution of the chlotide of iron.

Total Dissolved Solids (TDS) — the amount of solids that remain when a water sample is evaporated

to dryness.

Total Organic Carbon (TOC) — 2 measure of the total organic matter present. Organic matter is
naturally occurring in animals, plants, and man. Organic matter may also be man made and
in products such as pesticides, fuels, solvents, and paints. Too much organic matter could
place a significant oxygen demand and impact the soil/water quality. Synthetic organics
either do not biodegrade or biodegrade very slowly.

Total Suspended Solids (TSS) — a measure of the undissolved solids that are present. Sources of
TSS include sediment from erosion of exposed land and dirt from impervious areas.
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PVl al GEOPHYSICAL

T'OHKHLV CONSULTANTS, INC.

April 2, 1999

Mr. Dave Zuber

Brown and Caldwell

9616 Micron Avente, Suite 600
Sacramento, CA 95827-2627

Dear Mr. Zuber:

; Geophysical investigation
| Benicia Arsenal Environmental Restoration project in Benicia, California. These investigations
were conducted under the guidelines presented in Brown and Caldwell’s scope of work, Task
Order 1, Exhibit A, dated December 31, 1998, and the Revisions to Task Order 1, Exhibit A,
! dated February 22, 1999. As stated in Revisions to Task Order 1, Exhibit A, the scope of
work for this project will be conducted in two phases. Phase 1 consists of geophysical
surveys at Buildings 98 (former Bldg. 73), 63, 56A,103, end 154. Phase 2 will consist of

i at Buildings 55 through 59, 65, and 66. The Phase 2 work will also
include subsurface investigations at seven proposed soil boring locations.

This report presents the findings of the Phase 1 investigation. The field survey for Phase 1 was
performed on March 15 and 16, 1999 by NORCAL Geophysicist Donald J. Kirker and
Geophysical Technician Lee S. Hurvitz. Logistical support was provided by Brown and Caldwell
personnel Wendy Linck, and Paul E. Lopez. All geophysical work performed at the Benicia Arsenal
was governed by the Brown and Caldwell Quality Assurance Program Plan (QAPP) dated February

1999.

"MODIFICATION TO SCOPE OF WORK

The Brown and Caldwell scope of work for Phase 1 includes geophysical surveys at Buildings 98
(former Bidg. 73), 53, 56A,103, and 154. However, changes were made to this scope by Brown
and Caldwell regarding the investigations at Buildings 98 (former Bldg. 73), and 103. At Building
98, the survey area comprises both the exterior and interior portions of the southwest corner of
the building. Inside of the building, heavy equipment and machinery are located within the survey
area. This equipment precluded access to the interior portion of the site. As specified by Brown
and Caldwell, investigations within Building 98 were omitted from the scope. At Building 103,
large amounts of surface debris were scattered throughout the survey area. This debris precluded
access to the survey area. As specified by Brown and Caldwell, geophysical investigations. at
Building 103 will be conducted during the Phase 2 investigations. In addition, Brown and Caldwell
specified that we conduct surveys at three of the seven proposed boring locations originally

included in the Phase 2 investigations.

A summary of the revised Brown and Caldwell scope of work for the Phase 1 investigation is
presented below: '

. Conduct geophysical investigations outside of end adjacent to the southwest comer .
of Building 98 (former Bldg. 73).
REGIONAL OFFICE _ CORPORATE OFFICE
17151 NEWHOPE ST, SUITE 101+ FOUNTAIN VALLEY, CA 92708 1350 INDUSTRIAL AVENUE, SUITE A » PETALUMA, CA |

TELEPHONE (714) 708-7727+ FAX {714) 708-7720 : TELEPHONE (707) 763-1312 » FAX (707) 762-5687
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. Conduct geophysical investigations east and southeast of Building 154.
. Conduct investigations south of Building 56A. :
. Investigate the interior of the southeast corner of Building 56A, and the exterior
portion extending from Building 56A to Building 53.
. Investigate three proposed boring locations.
PURPOSE

Information, provided by Brown and Caldwell, indicates that underground storage tanks {UST's},
cisterns, and dip tanks were used for various industrial purposes at Buildings 88 (former Bldg.73),
53, 56A, and 154. However, records are incomplete regarding the existence or exact location of
these below ground features. Therefore, the purpose of the geophysical investigation is to obtain
subsurface information that will aid in determining the location and extent of these various

subsurface fe

For the proposed boring site surveys, the purpose is to locate detectable utilities and subsurface
features in the vicinity of each proposed drilling location to minimize the potential for encountering
utilities and other possible subsurface obstructions. :

'SITE DESCRIPTION

The area of investigations for the surveys at Buildings 98 {former Bidg.7 3), 53, 56A, and 1654are

shown on the Site Map, Former Building 73, and the Site Map, Buildings 53, 56A, and 154 Plates
1 and 2, respectively. The locations of the three proposed boring sites are also shown on Plate
2. A brief description of each site is presented below.

Building :98 {former Bida. 73)

The survey area at Building 98 comprises approximately 1,250 square feet. It is located adjacent
1o the west and south sides of the building. The northwest portion of the survey area is covered
with reinforced concrete. The southern portion is covered by asphalt. East-west trending railroad

“tracks are located along the south boundary. The survey area is generally free of above ground
cultural objects. '

Building 53

The survey area at Building 53 measures approximately 50 by 125 feet. It is bound by Building
56A to the west, Building 53 to the east, and a planter and steep slope to the north. The survey
area is open to the south. An approximate 45 by 50 foot portion of the survey area is located
within the southeast corner of Building 56A. Access within this building is limited to areas free
of furniture, counters, and equipment. The interior floor is comprised of concrete and is
approximately 3.5 feet higher than ground surface. The planter and steep slope to the north
comprises the northern most 20 feet of the survey area between Buildings 56A and 53. Access




Brown and Caldwell
April 2, 1999
Page 3

to this portion of the survey area is limited to areas of the planter located adjacent to the asphalt

surface. With exception to a loading ramp along the south boundary of the survey area, the site
is generally free from above ground cultural objects. The Brown and Caldwell provided site map
indicates that three underground storage tanks (UST’s) may exist within this survey area. Two
of the suspected tanks have volumes of approximately 1,000 and 10,000 gallons, and may be

ildi r tank has a reported volume of 4,000 gallons and may

be located adjacent to Building 53 in the planter. This map also indicates that the UST associated
lines from Building 154 are connected to these tanks and trend to the northeast comer of Building

53.

" Building 56A

The survey area at Building 56A measures approximately 30 by 320 feet and is asphalt covered.

It is located adjacent to the loading dock along the south side of the building. East-west trending——————

railroad tracks are located within the survey area along its length. With exceptio'h to the railroad
tracks, the site is generally free of above ground cuitural objects and debris. The Brown and
Caldwell provided site map indicaies that UST associated lines may trend east-west through the
survey area from the suspected tanks at Building 154.

Building 154

The survey area at Building 154 is covered with asphalt and measures approximately 60 by 140
feet. it is bound by Building 154 to the west, a steep slope to the north, and Building 56A to the
east. The survey area is open to the south. Two large concrete/metal vault lids are located near
the west boundary. The site is generally free of above ground cultural objects. A site map,
provided by Brown and Caldwell, indicates that three underground storage tanks {UST’s) may exist
within this survey area. The suspected volumes of these tanks are 1,400, 7,000, and 10,000

gallons.

METHODOLOGY

For this investigation, we used the electromagnetic terrain conductivity (TC), ground penetrating
radar (GPR), and electromagnetic line locating (EMLL) methods. The TC method was used to
determine conductivity variations that may indicate the presence of UST’s, cistems, and other
buried debris and objects. The GPR method was used to aid in further characterizing the source
of any detected TC anomalies. Since the GPR methed is typically unaffected by above ground
metal objects, it was also used to obtain subsurface information inside of buildings, and in close
proximity to metal equipment and machinery. The EMLL method was used to aid in further
characterizing the source of any detected TC anomalies, as well as to scan each site for near
surface metal that may indicate the presence of a UST. This method was also used to locate UST
associated utility alignments. In addition, the EMLL and GPR methods were used to investigate
the boring locations for detectable utility alignments and drilling obstructions.
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Typically, the vertical magnetic gradient (VMG) method is used in conjunction with these
techniques to detect buried metal objects. However, magnetic interference caused by the nearby
structures and railroad tracks precluded the use of the VMG method in these areas. Descriptions
of the TC, GPR, and EMLL methods are provided in Appendix A, of this report. :

Use of TC, GPR, and EMLL methods were dete rmined by specific site conditions and access within

each survey area. At Building 98, we used the GPR methodto obtainthe subsurfaceinformations———————
Interference caused by the reinforced concrete slab and the railroad tracks precluded the use of |
the TC and EMLL methods in this area. For the geophysical survey at Building 53, we used the
GPR and EMLL methods. The GPR method was used. throughout the survey area, including
portions of the interior of Building 56A. The EMLL method could only be used to survey portions
of the planter, and the asphalt walkway. Interference caused by the buildings, loading ramp, and
railroad tracks precluded the use of the TC method in this area. At Building 56A, we used the

an : i recluded the use of the TC
method in this area. At Building 154, we used the TC, GPR, and EMLL methods to obtain the
subsurface information throughout the survey area. :

EQUIPMENT FUNCTIONAL CHECKS

At the beginning and end of each field day, we performed equipment functional checks, as
recommended by the instrument manufacturers to ensure proper equipment function. These _

functional checks included testing the power supply, as well as instrument tesponse.  The . |
equipment was operated over a selected test site near Building 56A to verify appropriate gain '
settings and instrument repeatability, Particular attention was paid 1o the GPR calibration, with
the same gain, filter, and time-depth scales chosen each time to check for repeatable results. This
~* ~alibration check was documented by printing the calibration plot on the chart recorder. 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.

DATA ACQUISITION AND ANALYSIS .

Descriptions of data acquisition and analysis procedures for the TC, GPR, and EMLL surveys are
provided in Appendices B and C, respectively.

SURVEY DOCUMENTATION

We used Daily Field Reports, Borehole Site Survey Log forms, and Draft Field Diagrams to
document our field work. The Daily Field Report summarizes each day’s activity. The Borehole
Site Survey Logs present the pertinent information associated with each proposed borehole
location. The Draft Field Diagrams were used to create the computer generated site maps shown
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on Plates 1 and 2. Copies of the Daily Field Reports and Borehole Site Survey Log forms are
provided in Appendix D. '

RESULTS

e resuits ical i igati n Plates 1 through 4. Plate 1'is the
Geophysical Survey Map for Building 98 (Former Bldg. 73). This plate shows the limits of the
survey area, the structures or above ground cultural features that may be in close proximity to the
site, the GPR traverses, and the locations of any detectable subsurface features. Plate 2 is the
Site Map for Buildings 53, 56A, and 154. This map shows the limits of each survey area, the
structures or above ground cultural features that may be in close proximity to the site, and the
locations of the GPR traverses. Plate 3 is the Geophysical Survey Map for Buildings 53, 56A, and
| 154, This plate shows the locations of detected subsurface features and undifferentiated utility
alignments. Since 2 utility search was not the primary objective of this survey, there may be ———
. additional utilities that are not shown. Plate 4 is the Terrain Conductivity Contour Map showing the
variations in the electromagnetic terrain conductivity within the survey area at Building 154. A

description of the results for the geophysical surveys al Buildings 98 (former Bldg.73), 63, 56A, .
and 154, are presented in the following paragraphs. "

- Building 98 (former Bldg.73)

The results of the GPR survey at Building 98 are shown on Plate 1. Our interpretation of the GPR
data defines reflection patierns characteristic of variable subsurface conditions in the upper 2 to
3 feet. These conditions include shallow fill horizons associated with the asphalt and concrete '
surfaces, and smell discrete reflection patterns associated with the rebar in the concrete. In the
south central portion of the survey area, the GPR data defines a zone of broad subtie reflection
patterns. We refer to this zone as a GPR anomaly on Plate 1. it has been our experience that
broad reflection patterns typically indicate metallic or nonmetallic subsurface features such as -
utility vaults, cisterns, brick septic tanks, or small UST’s. As mentioned above, the railroad tracks
preciuded the use of the EMLL method in this area. Therefore, we could not determine if the
source of the GPR anomaly is a metallic or nonmetallic object. The remainder of the GPR data

exhibits continuous reflecting horizons typical of undisturbed subsurface strata.

Building 53

o~

The results of the EMLL and GPR surveys at Building 53 are shown on the Geophysical Survey
Map, Plate 3. The EMLL survey defined the location of an anomalous zone of buried metal, as well
as undifferentiated and natural gas utility alignments. The zone of buried metal measures
approximately 10 by 13 feet and is located adjacent to Building 53 in the planter area. Upon
further inspection of this area, we uncovered a UST fill port approximately 6 inches beneath the
ground surface at its east end. The approximate dimension of this UST is consistent with the
4,000 gallon UST shown on the Brown and Caldwell provided site drawing. An undifferentiated




Brown and Caldwell
April 2, 1999

Page 6

utility was detected from this tank 1o Building 53, then south and west into the adjacent survey
area (Building 56A), as shown on Plate 3. Portions of this utility may also trend north, as shown
on the Brown and Caldwell provided site map, from the tank along the west and north sides of
Building 53. Howevelr, the steep terrain in the planter prohibited us from detecting this line any
further to the north. We believe that this undifferentiated utility or utilities (side by side) may be
associated wi 's-in-thi shown on the Brown and Caldwell provided site map.

We have labeled this utility as 'UST associated lines’ on Plate 3.

GPR data were obtained between Buildings 56A and 53, as well as inside of Building 56A at the
southeast corner. The GPR data obtained outside of the buildings defined reflection patterns
typical of utilities, as well as deeper reflecting horizons characteristic of uniform subsurface
conditions. Hyperbolic reflection patterns typical of a UST was not defined in this area. Therefore,
trace of the UST, es described above, could not be confirmed with the GPR. The lack
of definition may be due to limited GPR depth of investigation cau i i

fill materials associated with this area.

. The GPR data obtained inside of the building defined reflection patterns typical of shaliow fill
horizons associated with the floor, and deeper reflecting horizons characteristic of uniform
subsurface conditions. The GPR data did not define reflection patterns typical of a UST beneath
the floor of the building in this area. It should be noted, however, that the floor of the building is

approximately d.mmgheﬁhen%&glmm outside of the building. If UST's were in

place prior to the construction of this portion of the building, it is highly probable that they are
buried deeper than 7 to 8 feet below the surface of the floor. At these depths, UST's are very
difficult to detect using the GPR method, especially in conductive soils. Since GPRis not affected
by above ground metal objects, it is the only geophysical method that can be used to search for
a UST inside of this building. We are not aware of other geophysical methods available that can
be used to detect possible UST’s beneath this building, given the depth of investigation.

Building 56A

The results of the EMLL and GPR surveys at Building S6A are shown on Plate 3. The EMLL
investigation detected the surface trace of an undifferentiated utility and a natural gas line. Both
lines trend east-west through the site. Also shown on Plate 3 is a water line. The location of this
line was based on the location of valve boxes and asphalt patches. As mentioned above, we
believe that the undifferentiated utility represents UST associated lines that trend from the
suspected UST's at Building 53 to ihe Building 154 survey area. The GPR data obtained in this
area defined reflection patterns typical of shallow fil horizons associated with the pavement,
isolated reflections typical of the railroad tracks and utilities, and deeper reflecting horizons
characteristic of uniform subsurface conditions. The GPR data do not indicate hyperbolic
reflections within the upper two to four feet large enough to represent a UST or other large

subsurface features within the limits of the survey.
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Building 154

The results of the EMLL and GPR surveys at Building 154 are shown on the Geophysical Survey
Map, Plate 3. The EMLL survey defined the location of two anomalous zones of buried metal, as
well as numerous utility alignments. The zones of buried metal are located in the southwest

y area and trend east from the vault lids, as shown on Plate 3. One is
relatively small, measuring approximately 10 by 17 feet. The otheris significantly larger measuring
approximately 10 by 30 feet. The approximate dimensions of these zones are consistent with the
7,000 and 10,000 gallon UST's shown on the Brown and Caldwell provided site drawings. The
detected utilities shown on this map include electric, natural gas, storm drain, and several
undifferentiated utility alignments. Some of the undifferentiated utilities trend east, from the vaults
and suspected UST’s, to the adjacent survey area {Building 56A). We believe that these are the

same utilities that are associated with the detected UST at Building 53.

The results of the TC Survey are shown on the Terrain Conductivity Contour Map, Plate 4. Also
shown are the two EMLL anomalies representing the suspect 7,000 and 10,000 gallon UST'’s, as
described above. The contour map indicates a highly variable TC gradient throughout most of the
site. These variations are manifested by numerous circular closures that occur mainly in the
ceniral and northern portions of the survey area. The southern portion of the survey area is
. characterized by widely distributed contours. Closely spaced contours typically indicate effects
. $rom above and below ground sources. Whereas, widely distributed contours typically represent
background conductivity values that are not influenced by above and below gro :
of the closely spaced contours on this map represent effects from above ground metal objects,
such as the nearby buildings. However, most of the TC variations are associated with below
ground metal objects, including the two EMLL anomalies {suspected UST's) and the detected

utilities.

As shown on Plate 4, the locations of the EMLL defined UST'’s correspond with two significant TC
anomalies. These anomaiies are cheracterized by closely spaced circular closures that exhibit a
decrease in TC values. In addition to these anomalies, there is a third TC anomaly that exhibits
the same characteristics, indicating that there may be a metallic source buried deeper than the
detected utilities in this area. Itis located in the center of the survey area northwest of the
suspected UST’s and is referred to as a TC anomaly on Plate 4. The areal extent of this anomaly
is significantly smaller than the others, measuring approximately 5 by 11 feet. These dimensions
are consistent with a 1,400 galion UST and may represent the third tank shown on the Brown and
Caldwell provided site drawings. The other TC variations appear to be due to the various utilities
that trend through the area. .

The GPR data obtained in this area define reflection patterns typical of small isolated objects and
utilities, as well as deeper reflecting horizons characteristic of uniform or undisturbed subsurface
conditions. The GPR data obtained over the suspected UST's indicated an absence of reflection
patterns. Therefore, we could not confirm the surface trace of each UST with the GPR. As
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mentioned above, this lack of definition is probably due to limited GPR depth of investigation
caused by conductive subsurface materials. ' '

Borehole Site Surveys

The results of the borehole site surveys are shown on the en

urvey Logs (AF ix D} As specified-by Brown-and Laldwe | boring
designated as #004, #005, and #006. Proposed boring #004 is located within the Building 154
survey area. Proposed borings #0085 and #006 are located within the Building 56A survey area.
As described above, EMLL and GPR were systematically used over each location. During the
course of this investigation, we identified several undifferentiated utility alignments. The surface
trace of these utilities, as well as the proposed boring locations, were marked with spray paint on

the ground surface.. -

closed cbpies of the Bérehole Site

STANDARD CARE AND WARRANTY

The scope of NORCAL's services for this project consisted of using geophysical methods to
characterize the shallow subsurface. The accuracy of our findings is subject to specific site
conditions and limitations inherent to the techniques used. We performed our services in a manner
consistent with the level of skill ordinarily exercised by members of the profession currently
employing similar methods. No warranty, with respect to the performance of services or products

delivered under ; .
We appreciate having the oppom.mity to provide you with this information.
Respectfully, _
NORCAL Geophysical Consultaﬁts, Inc.
Mq,{ A g L, 1

Donald J. Kirker .
Geophysicist, GP-997

DUKjh

Enclosure:  Plates 1 through 4
Appendix A, METHODOLOGY
Appendix B, DATA ACQUISITION
Appendix C, DATA ANALYSIS
Appendix D, DAILY FIELD REPORTS AND BOREHOLE SITE SURVEY LOGS
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_ \vhichinduces current flow in the earth. This in'turn creates a secondary magnetic field which

Appendix A

GEOPHYSICAL METHODS

Electromagnetic Terrain Conductivity (TC})

The electromagnetic method is used to measure variations in subsurface electrical
_conductivity. The electromagnetic system utilizes two coils separated by 8 specified distance.
One of these coils transmits a time-varying electromagnetic signal {primary magnetic field)

is detected by the receiver coil. The secondary signal is complex and has both quadratureand
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 electrical properties associated with metal objects.
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).

We performed the electromagnetic survey using a Geonics EM31-DL ground conductivity
meter connected 1o an Omnidata data recorder. The data recorder sutomatically stores TC
values as well as station locations and annotations regarding cultural features. '

Ground Penetrating Radar

ris a method that provides a continuous, high resolution cross-section
depicting variations in the electrical properties of the shallow subsurface. The method is |

perticularly sensitive 1o 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 UST's, sumps, buried debris, underground utilities, and
variations in the shallow site materials. Generally, electrically conductive materials, such as
clay, saturated silt, and rebar can reduce the penetration capability. and limit radar

performance.

For this investigation, we used a Geophysical Survey Systems, Inc. SIR-2 Subsurface Interface
Radar System equipped with a 500 megahertz (MHz) transducer. This transducer is near the
center of the available frequency range and is used to provide high resolution at the desired

depths.
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Eleciromagnetic Line Location (EMLL)

Electromagnetic line location technigues are used to locate the magnetic field resulting from
an electric current flowing on a line. These magnetic fields can arise from currents already’
on the line (passive) or currents, applied to a line with a transmitter (active). The most
common passive signals are generated by live electric lines and re-radiated radio signals.
Active signals can be introduced by connecting the transmitter to the line at accessible
locations or by induction. o :

' The detection of underground utilities is determined by the composition and construction of
inei jon-—Utiliti i ine location techniques include any
continuously connected metal pipes, cables/wires or utilities with tracer wireés. Unless
carrying a passive current these utilities must be exposed at the surface or in accessible utility
vaults. These generally include water, electric, natural gas, telephone, and other conduits
related to facility operations. Utilities that are not detectable using standard electromagnetic

line location techniques include those made of non-electrically conductive materials such as
PVC, fiberglass, vitrified clay, and pipes with insulated connections. :

The induction mode is also used to detect buried near surface metal objects suchas rebar,
manhole covers, and various metallic debris. This is done by holding the transmitter-receiver
unit above the ground and continuously sca nning the surface. The unit utilizes two orthogonal
coils that are separated by a specified distance. One of the coils transmits an electromagnetic ‘
signal (primary magnetic field) which in turn produces a secondary magnetic field about the
subsurface metal object. Since the receiver coil is orthogonal to the transmitter coil, it is
unaffected by the primary field. Therefore, secondary magnetic fields produced by buried

i i unit. The peak of this response indicates

when the unit is directly over the metal object.

Our instrumentation for this investigation consisted of a Radiodetection RD-400 line locator
and a Fisher TW-6 inductive pipe and cable locator.




Appendix B

DATA ACQUISITION

-Horizontal Control

Site definition and data acquisition were based on a horizontal control grid. The grid nodes
were marked using marking paint on 10 by 10 foot centers at every survey area. Survey
points between these markers were paced during data acquisition. The locations of each

_ surveyarea, as well as the respective TC survey boundary, and the GPR traverses are shown

on Plates 1 and 2. The specific locations of the marked grid nodes are not shown on these
plates. '

Geophysical Surve

At Building 98 (Former Bldg. 73), GPR data. were obtained along south-north trending traverses
spaced 2.5 to 5 feet apart. The length of these traverses ranged from 15 to 50 feet, as

shown on Pilate 1.

At Building 53, GPR data were obtained along west-east and south-north trending traverses.
From Building 56A to Building 53, these traverses were spaced 5 feet apart. Inside Building
56A, the GPR data were obtained in areas free of furniture and equipment. This resulted in
" traverses that were spaced 4 to 20 feet apart. The GPR traverses over the entire site ranged
in length from 7 to 82 feet, as chown on Plate 2. The EMLL technique was scanned over

es outside of the buildings.

At Buﬂding 56A, GPR data were obtained along south-north trending traverses spaced 10 feet
apart. The length of these traverses range from 18 to 28 feet. The location of the GPR
traverses are shown on Plate 2. The EMLL technique was scanned over these same

traverses.

At Building 154, TC data were collected at 5 foot intervals (stations) along south-north
trending traverses spaced feet apart. Following data acquisition, we downloaded the data
to a portable laptop computer and produced a preliminary contour map in the field. We
reviewed the map for locations of TC anomalies that may represent buried metal objects and
debris. The GPR and EMLL techniques were then systematically used over the detected TC
anomalies. GPR data were obtained along south-north trending traverses that ranged in length
from 90 to 130 feet. The EMLL technique was scanned over these same traverses. The
location of the TC survey boundary and the GPR traverses are shown on Plate 2.

For the boring site surveys, the investigation at each of the three proposed boring locations
included the use of both GPR and EMLL. GPR profiles were obtained along both north-south
and east-west trending traverses with- the boring positioned at their .intersection. Each
traverse was approximately 20 feet long. The EMLL system was operated within the same
ten foot radius of the boring as the GPR. Detected utilities within these areas were identified
and marked with spray paint on the ground surface.




Appendix C

DATA ANALYSIS

Computer Processing

The down loaded TC data were converted into a format for contouring. The contouring
program calculated an evenly spaced array of values (gridded} based on the observed field
data. Finally, these gridded vajues were contoured to produce the TC Contour Map.

Contour Map Interpretation

Generally, TC values vary smoothly throughout a given region with uniform conditions. Areas
where variations are strong are defined by closely spaced contours and are typically
considered anomalous when there are no possible above ground sources. 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 jarge anomaly. .

Actual anomaly magnitude and shape are dependent on the relative position and size of the
buried objects with respect to the location of the data points. In general, anomaly magnitude
will decrease and anomaly width will increase as distance {depth) to the source increases.
Anomalies may or may not have paired high and low values creating what are known as

magnetic dipoles.

GPR Analysis

We examined the GPR records for reflection patterns characteristic of UST's, cisterns, vaults,
and buried debris. We also reviewed the records for changes in reflection character that could
indicate variations in fill material associated with an excavation. For this survey, we estimate
ihe depth of detection to average approximately three feet, with a maximum penetration of
up to five feet in localized areas. :
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REF: ~ Geophysical Survey
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‘ NORCHL GEOPHYSICAL —_—
| CONSULTANTS, INC. —

June 7, 1999

Mr. Dave Zuber

Brown and Caldwell _
9616 Micron Avenue, Suite 600
Sacramento, CA 95827-2627 -

Dear Mr. Zuber:

Geophysical investigations were performed by NORCAL Geophysical Consultants, Inc. at the

Benicia Arsenal Environmental Restoration projectin’ P .
were conducted in two phases under the guidelines presented in Brown and Caldwell's scope

of work, Task Order 1, Exhibit A, dated December 31, 1998, and the Revisions to Task Order
1, Exhibit A, dated February 22, 1999, We performed the Phase 1 investigations on March
15 and 16, and May 6, 1999 and presented the findings in our reports dated April 2 and May
21, 1999, respectively. This report presents the findings of the Phase 2 investigations.

4 through 27, 1999 by NORCAL

-y

T
Geophysicist Donsid J. Kirker and Geophysical Technician Lee S. Hurvitz. Logistical support

was provided by Brown and Caldwell personnel Wendy Linck. All geophysical work performed
. at the Benicia Arsenal was governed by the Brown and Caldwell Quality Assurance Program Plan

(QAPP) dated February 1999.
SCOPE OF WORK

The Brown and Caldwell scope of work jor

50 Series Complex, and Building 120. The Building 50 Series Complex is comprised of several

buildings located adjacent to one another. The geophysical surveys were conducted along the

exterior perimeters of these buildings, as well as over portions of the interiors of three of the

buildings. The geophysical investigation at Building 120 was conducted over both exterior and

interior portions of the northwest comer of the building. The Brown and Caldwell scope of work
~ for Phase 2 also includes conducting geophysical surveys over 23 proposed boring locations.

PURPOSE

ded by Brown and Caldwell, indicates that underground storage tanks (UST's),
tanks were used for various industrial purposes at these buildings. However,
records are incomplete regarding the existence or exact location of these below ground features.
Therefore, the purpose of the geophysical investigation is to obtain subsurface information that will

aid in determining the location and extent of these various subsurface features-within the
e oroposed boring site surveys, the purpose is to locate detectable

-

Information, provi
cisterns, and dip

designated survey ereas. For the proposec boring
utilities and subsurface features in the vicinity of each proposed drilling location to minimize the

potenitial for encountering utilities and other possible subsurface obstructions.
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SITE DESCRIPTION

The area of investigations, as designated by Brown and Caldwell, for the surveys at the Building
50 Series Complex {exterior), Building 50 Series Complex (interior), and Building 120 are shown
on Plates 1, 2, and 3, respectively. A brief description of each site is presented below.

Building 50 Series Complex (exterior)

The survey area at the Building 50 Series Complex (exterior) site comprises approximately 22,000
square feet. Itis located adjacent to Buildings 55, 55A, 56, 56A, 568, 56C, 57, 57A, 57C, and
658, as shown on Plate 1. The survey area is primarily covered with asphalt. Several reinforced
concrete pads and ramps, as.well as various fencing, utility vaults, and an electrical transformer,

are located throughout the survey ares. A septic tank and oil/water separator are located adjacent
o Buildi ively. With exception to the above mentioned features, the

survey area is generally free of above ground cultural objects and debris.

Building 50 Complex vSeries (interior} -

The survey area at the Building 50 Series Complex (interior) site comprises portions of Building:
57A, 65B, and the hallway to Building 56A,.as shown on Plate 2. The survey area within Building
57A measures approximately 50 by 75 feet. However, the eastern most 15 feet could not be

‘accessed because of stored equipment and v — ;
Caldwell, only the western most 35 feet were surveyed. The interior floor is comprised of

reinforced concrete. Two large dip tanks, filled with gravel, are evident in the center of the survey
area. A large diameter vertical pipe protrudes from the southwest corner of the east tank. itis
not known if this pipe is associated with the dip tanks or if it was placed in the tank when they
were being filled with gravel. Two smeall pickup truck beds are Jocated in the northwest corner.
With exception to the ‘stored equipment to the east and in the northwest comer, the site is
generally free from above ground objects. |

The survey area within Building 65B measures approximately 36 by 30 feet. The interior flooris
commprised of reinforced concrete and is approximately 3.5 feet higher than ground surface. The
site is generally free from above ground objects and debris. The Brown and Caldwell provided site
map indicates that one or more underground storage tanks (UST's) may exist within this survey

area. However, their volumes and dimensions are unknown,

The survey area within Building 5BA consists of the haliway that ieads from the east entrance of
the building to the south entrance. It comprises approximately 1,960 square feet and is covered
with reinforced concrete. The floor of this building is approximately 3.5 feet higher than ground

surface. The site is generally free from above ground objects and debris.
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Building 120

The survey area at Building 120 comprises both exterior and interior portions of the northwest
corner of the building. The exterior portion measures approximately 20 by 100 feet, as shown on
Plate 3. It is covered with asphalt and is free from above ground objects. The interior portion
fneasures approximately 20 by 60 feet. However, stored equipment and boxes precluded access

to most of the survey area. The int
approximately 3.5 feet higher than groun
indicates that one or more underground storage tanks (UST’
However, their volumes and dimensions are unknown.

d surface. The Brown and Caldwell provided site map
s) may exist within this survey area.

METHODOLOGY

ground penetrating radar {GPR), and electromagnetic line

locating (EMLL) methods. The GPR method was used to obtain subsurface information that may
indicate the presence of UST’s, cisterns, and other buried debris and objects. Since the GPR
method is typically unaffected by above ground metal objects, it can be used inside of buildings,
and in close proximity to metal equipment and machinery. The EMLL method was used to aid in
further characterizing the source of any detected GPR anomalies, as well as to scan each site for
near surface metal that may indicate the presence of a UST. It should be noted, however, that
magnetic interference caused by the metal rebar in the concrete floor of the building interiors

precluded the use of the E me _ :
were used to investigate the boring locations for detectable utility alignrents and drilling

obstructions.

~ Typically, the vertical magnetic gradient (VMG) and electromagnetic terrain conductivity (TC)

methods are used in conjunction with these techniques to detect buried metal objects. However,
interference caused by the nearby structures precluded the use of the VMG and TC methods at
this site. Descriptions of the GPR and EMLL methods were provided in our report dated April

LIIO Sty Wwwwisi:

2,1999.
EQUIPMENT FUNCTIONAL CHECKS

At the beginning and end of each field day, we performed equipment functional checks, as
recommended by the instrument manufacturers to ensure proper equipment function. These
functional checks included testing the power supply, as well as instrument response. The
equipment was operated over 8 selected test site near Building 56A to verify appropriate gain
settings and instrument repeatability. Particular attention was paid to the GPR calibration, with
the same gain, filter, and time-depth scales chosen each time to check for repeatable results. This
calibration check was documented by printing the calibration, plot on the chart recorder. Proper
functioning of the equipment was verified by determining that the trends observed in the data were
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f these tests indicated that our equipment was f unctioning properly and

déa

repeatable. The resuits O
accurately throughout the duration of the survey.

DATA ACQUISITION AND ANALYSIS

Data Acquisition

obtained GPR data along both south-north and/or west-east trending
traverses spaced 5 feet apart. The G
EMLL technique was then systematically scanned over these same traverses. For the interior
surveys, we obtained GPR data along both south-north and/or west-east trending traverses that
ranged in length from 12 to over 190 feet. These traverses were spaced from 3 to 20 feet apart,
depending on site conditions and access. As mentioned above, the EMLL technique could not be
used within the buildings. The limits of the respective survey areas and the location of the GPR

traverses are shown on Plate 1 through 3.

GPR_and EMLL Analysis

We examined the GPR records for hyperbolic ref lection patterns characteristic of UST’s, cisterns,
and underground utilities. We also reviewed the records for changes in reflection character that

could indicate the presence of fill material associated with an excavation.

tes the_ presence of buried metal by emitting an audible tone.

PR traverses ranged in length from 10 to 160 feet. The

There are no recorded data to analyze. The locations of buried objects detected with the EMLL
method were marked on the ground surface with white marking paint. '

SURVEY DOCUMENTATION

We used Daily Field Réports, Borehole Site Survey Log forms, and Draft Field Diagrams to

* document our field work. The Daily Field Report summarizes each day’s activity. The Borehole

Site Survey Logs present the pertinent information associated with each proposed borehole

location. The Draft Field Diagrams were used to create the computer generated site maps shown
on Plates 1 through 5. Copies of the Daily Field Reports and Borehole Site Survey Log forms are

provided in Appendix A.
RESULTS

The resuits of the geophysical investigation are presented on Plates 3 through 6. These plates are

the respective Geophysical Survey Maps for Building 120, the Building 50 Series Complex
{exterior) site, and the Building 50 Series Complex (interior) site. Each plate shows the limits of

the survey area, the structures or above ground cultural features that may be in close proximity
to the site, and the locations of detected subsurface features and undifferentiated utility
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alignments. Since a utility search was not the primary objective of this surve'y,‘ there may be -
additional utilities that are not shown. A description of the results for the respective geophysical

surveys. are presented in the following paragraphs.

Building 120
GPR surveys at Building 120 are shown on the Geophysical Survey

Map, Plate 3. The EMLL survey defined the location of a large uti ;

alignments. The utility vault measures approximately 8 by 17 feet and is located in the northwest
comer of the survey area. The detected utilities shown on this map include storm drain, sanitary
sewer, and two undifferentiated utility alignments. The EMLL technique did not detect any
additional zones of buried metal that may indicate a UST or cistern within the limits of the survey

area.
or a small area inside of the building.

GPR data were obtained outside of Buildi

The GPR data obtained outside defined reflection patterns typical of shallow fill horizons associated
with the pavernent and deeper reflecting horizons characteristic of uniform subsurface conditions.
The GPR data do not indicate hyperbolic reflections within the upper two to three feet large enough
to represent a UST or other large subsurface features within the limits of the survey.

ned inside of the building defined reflection patterns typical of shallow fill

The GPR data obtai
i i with the floor, and deeper reflecting horizons characteristic of uniform

subsurface conditions. The GPR data did not define reflecti th
the floor of the building in this area. It should be noted, however, that the floor of the building is

approximately 3.5 feet higher than the ground surface outside of the building. If UST’s were in
~ place prior to the construction of this portion of the building, it is highly probable that they are
buried deeper than 7 to 8 feet below the surface of the floor. At these depths, UST’s are very
difficult to detect using the GPR method, especially in conductive soils. Since GPR is not affected

by above ground metal objects, it is the only geophysical method that can be used to search for

a UST inside of this building. We are not aware of other geophysical methods available that can

be used to detect possible UST's beneath this building, given the possible depth of investigation.

Building 50 Series Complex {exterior)

The results of the EMLL and GPR surveys at the Building 50 Series Complex (exterior) are shown
on the Geophysical Survey Map, Plate 4. The EMLL survey defined the location of three

anomelous zones of buried metal, as well as numerous utility alignments. The zones of buried
com talaalad A

metal are Jocated north of Building 57C and 56, and south of Building 55. They are labeied A
through C on Plate 4, an
metal are consistent with reinforced concrete slabs,
detected utilities shown on this map include electric, natural gas,
several undifferentiated utility alignments.

d are referred to as EMLL anomalies. These anomalous zones of buried
utility vaults, and/or small UST’s. The
storm drain, sanitary sewer, and




Brown and Caldwell
June 7, 1999
Page 6

GPR data were obtained over the E
EMLL Anomaly A, the GPR define
subsurface slab, as well as isolated

feet north of the reinforced concrete ramp,

with the location of the EMLL anom

abe o assemrn

MLL anomalies, as well as throughout the survey area. ‘Over
d a large zone of reflection patterns typical of an additional
buried debris or utilities. The slab extends approximately 20
as shown on Plate 4. The isolated debris corresponds
alies and may represent vault lids, abandoned utilities, or rebar

in the subsurface slab. GPR data obtained over EMLL Anomaly B defines reflection patterns typical

of a reinforced concrete slab buried
10 feet north of the building. Over

reinforced concrete slab, and two vault lids. The reinforced concrete (RC) slab extends

approximately 10 feet south of the

beneath the asphalt surface. This slab extends approximately .

Aromaity 2{T] LVIGCE -

Building 55 ramp. The apparent utility vaults are located east

of the RC slab and may be associated with the undifferentiated utilities in this area. The GPR data
did not define reflection patterns typical of a UST at these Jocations.

The GPR data, obtained throughout
— may indi i I

the remaining survey area, defined three anomalous areas that

\rface features. They are labeled GPR Anomalies D through F

on Plate 4. GPR Anomaly D is defined by broad near surface reflections that are typical of an
additional slab or a possible cistern below the gravel. GPR Anomaly E is defined by hyperbolic

reflections that are typical 0
characteristic of a change in
shown on the Brown and Caldwell

hyperbolic patterns typical of the detected utility alignments s

reflecting herizons typical of undist

f a large utility or a small UST oriented south-north, Anomaly F is
fill material that may represent the location of the former incinerator

provided site map. The remainder of the GPR' data exhibits
hown on Plate 4, and continuous

urbed subsurface strata.

Building 50 Series Complex (interior}

The results of the EMLL and GPR s
on the Geophysical Survey Map,
57A, 658, and portions of 66A.
pipe in the east dip tenk. The re

extending from this pipe. Therefore

filled with gravel. Measurements inside of the pipe indicate tha
feet deep. This is based on the assumption that the pipe exten

obtained GPR data throughout the

The GPR data defined ref lection patterns typical of shallow fill b
floor, and deeper reflecting horizons characteristic of uniformsu

did not define reflection pattems typica

L AN

urveys at the Building 50 Series Complex {interior) are shown

Plate 5. Geophysical surveys were performed inside of Buildings
in Building 57A, we used the EMLL to investigate the vertical

sults of this survey did not indicate any detectable laterals
, we believe that this pipe was placed in the tank when.it was
t the tank is approximately 7 to 8
ds to the bottom of the tank. We
survey area.

orizons associated with the building
bsurface conditions. The GPR data
| of a UST or additions! dip tanks beneath the floor of the

building within the limits of the survey.

In Building 65B, the GPR data defined large subtle Hyperbolic reflections typical of two UST’s. The

apparent tanks are oriented east-west, as shown on Plate

&, and positioned side by side. Each
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h 15,000 to 25,000 galion UST’s. The remainder

tank exhibits dimensions that are consistent wit )
horizons typical of undisturbed subsurface strata.

of the GPR data exhibits continuous reflecting

In Building 56A, The GPR data defined reflection patterns typical of shallow fill horizons associated
with the concrete floor, and deeper reflecting horizons characteristic of uniform subsurface
iti i i flection patterns within the upper 2 to 4 feet typical.of

a UST or cistern within the limits of the survey.

Borehole Site Surveys

“The resuits of the borehole site surveys are shown on the enclosed copies of the Borehole Site
Survey Logs (Appendix A). As specified by Brown and Caldwell, these proposed borings are
designated as IBO120SB001&2, |BOS3SBO01&2, IBO55SBO01&2, 1BO56SB001-4,
1 e ) A 1ale

IBOS6AHA002&3, IBOS6BSBO01-3, iBO &8,180OE BOO1, :
IBO66ASBOO1. As described above, EMLL and GPR were systematically used over each location.
During the course of this investigation, we identified several undifferentiated utifity alignments.

The surface trace of these utilities, as well as the proposed boring locations, were marked with
spray paint on the ground surface. ' .

STANDARD CARE AND WARRANTY

The scope of NORCAL's services. for this project consisted of using geophysical methods to
characterize the shallow subsurface. The accuracy of our findings is subject to specific site
conditions and limitations inherent to the techniques used. We performed our services in a manner

. consistent with the level of skill ordinarily exercised by members of the profession currently
employing similar methods. No warranty, with respect to the performance of services or products
delivered under this agreement, expressed or implied, is made by NORCAL.

We appreciate having the opporiunity to provide you with this information.

Respectfully,
NORCAL Geophysical Consultants, inc.

hovadd - Kikan

Donaid J. Kirker
Geophysicist,; GP-897

DJK/jh

Enclosure:  Plates 1 through 5
Appendix A, DAILY FIELD REPORTS AND BOREHOLE SITE SURVEY LOGS




(23]

T ey T MMewar
(AC)
()

8 j—
S—"—SEPTIC. TANK

(AC)

(1 inch = 30 feet)

LEGEND

— ——— | LMITS OF SURVEY AREA
— GPR TRAVERSE
YD Y //// /,7//,7’/1
o CONCRETE / @& MANWAY
DRAIN INVERT SLAB Vi
(FILLED WITH A = STORM DRAIN
) “ /
= 7L % /] (AC)
ya v S CHAIN LINK FENCE
! (AC) /1 i
i. i % 1% SOiL /] Lo <—e—o—— | GUARD RAIL
C L T eV T8 i |
OIL/WATER .
T SEPARATOR % y 7T ;' WOODEN FENCE
éi;i (RE) 1 ' L — = (AC) ASPHALT
o ramP] 1/ 7 p=
P e g T g o) (RO) . (©) CONCRETE (UNREINFORCED)
% BUILDING 57C BUILDING 56 ; | SHED (AC) (RC) x '
RAMP __ RAMP | RAMP (RC) REINFORCED CONCRETE
ﬁi (RC A7 i e p T I R
¢ _
L/
“ /]
gl
4 A
s A
7F
e i
e A
e |
; (RC)lL
i /]
L BUILDING 57 BUILDING 568 BUILDING 55 BUILDING | RtM
,// 55A
L/ 3
L/ A
: A
! A
B _
] ;STNRS' BUILDING 56C ;
[/ A
I | UTILITY VAULT /]
[ ; g /////////////_l g LA_ /A/__{////_
a [+ / (RC)
pECK (GRAVEL/BRICK) (© AN ] (aC)
% = .
(fq) j 5 {RC) (AC) (RC)
y A { (Ac] | pap | | (solL) RAMP (RC)
\ T IS A S S .
. \ _ 5
ING 56A i : _
R D ’ \R (©) L~ pepression
E £l
5 1
DOWN
g SLOPE SITE MAP
- 1 BUILDING 50 SERIES COMPLEX
o | (EXTERIOR)
0 15 30 60 LOCATION: BENICIA ARSENAL, BENICIA, CALIFORNIA

NORCAL

CUENT: BROWN & CALDWELL

JOB #: 95.141.24

NORCAL GEOPHYSICAL CONSULTANTS INC,

DATE: May 1999

DRAWN BY: G.RANDALL

| APPROVED BY: DUK

PLATE

1




ph v/
2 4
4
/1
: /
/
/]
FIL TP LR R AL AT T? ﬁ
/ BULDING 57C B BUILDING 56
L 7
i Tl PP R RT T ITET FTTELLT I, T
Y RC :
] |/
ANV
g 1| | g& [BUILDING 57A
% /-/ gi / /]
2
g 1 "8
4 % 4
BUILDING 57 A A 4
Al BUILDING 568 BUILDING 55 BUILDING /]
# N1 15 55A
14.. /
L /!
ramvapd g
4 = = 7
L
w y
/ BUILDING 578 BUILDING 56C g
1 1 L L L LSS L Ll L L L
e Y 1 RC) [| / P EFTTT, Ve L LLLLL
I i L /1
| ] /
. ; A
.] 4
j /
| 4
g = '3 rey |l 7]
i i T TR R 77 P PRl T e e e P ——
1BUILDING 65B A
BUILDING 56A =
g 12
N T e 1E e — /E
: : e ARE] — 4"
T 1= BUILDING 56A A
(INTERIOR HALLWAY)
SN L LA S,

LEGEND

LIMITS OF SURVEY AREA

GPR TRAVERSE

GRAVEL FILLED DIP TANKS

/A

REINFORCED CONCRETE

(RC)

NOTE: LOCATIONS OF INTERIOR SURVEY AREAS ARE
BASED ON SITE MAP PROVIDED BY BROWN
& CALDWELL

SCALE

(o] 15 30 60

(1 inch = 30 feet)

SITE MAP
BUILDING 50 SERIES COMPLEX
(INTERIOR)

LOCATION: BENICIA ARSENAL, BENICIA, CAUFORNIA

CLIENT: BROWN & CALDWELL

e s

OB #: gg.141.24

NORCAL GEOPHYSICAL CONSULTANTS INC.

DATE: May 1999

DRAWN BY: G.RANDALL | APPROVED BY: DJK



UTIUTY VAULT

‘Www-w—-ﬂh—
‘__‘”__._4”‘—__“.-._._@_—_“_——4”—_'—q»——_.”_-—_‘”——_u’_—_w——.qn___“,_..,’

0) {//////////// ///:w///%'(ﬂ{é F77TT7T7TATT/ 77
e
; b - I
A
# g STORED |— STORED
g 1 ES | EouPMENT
: . 1 _ !
. WEST EAST
INTERIOR INTERIOR
BUILDING 120
[E: SNOT ‘AL UTILITIES ARE SHOWN ON THIS MAP* SCALE
LEGEND o g 20 %0
. (1 inch = 20 feet)

— ~—— | UMITS OF SURVEY AREA

——— | GPR TRAVERSE
GEOPHYSICAL SURVEY MAP
.—-w—- UNDIFFERENTIATED UTIUTY LINE BUILDING 120
® MANWAY : LOCATION: BENICW ARSENAL, BENICIA, CALIFORNIA
NORCAL [Ser srom & ouower : PLATE

\™d ki JOB §: 99~141.24 | NORCAL GEOPHYSICAL CONSULTANTS INC. ' —3
DATE: MAY 1999 | DRAWN BY: GRANDALL | APPROVED BY: DI
1




4213 B
T o Mo w =
ey~ = 225500,
: /y——T\—uu—.ﬁ-—-—uu———uu—-__w__' :
o | | = — —— | LIMTS OF SURVEY AREA
2 B\
L ; %@ EMLL ANOMALY REPRESENTING
L f’ Prays s / Ve Vi g \
N e
DRAN INVERT. | b CONCRETE /] i\ : V) | cPr anowmaLy
(FLLED wTH| L § SLAB j l \4‘.\
) A SOIL) " ol | —E—— | ELECTRIC LINE
— — —T R /IR AN
; /\!\,/’,' l L § @ A4 | % . (ac) —ne—— | NATURAL GAS LINE
(ac) I'f / S
i/\)“// 5 |V soL  / { | L&
—— — i — 1 e —x T
| -7 (AC) & ’ AUED 4 | | \"t\ ’ o— STORM DRAN
)@ [ OIL/WATER ZI VAULT 4 | \"\
b o 3 SEPARATOR | [ / Ii o L —ss—— | SANITARY SEWER
| iRo), 1 0] M _
!T 5 j _ ; /‘T Ty /‘—r—' : /-m_%_w = = it UNDIFFERENTIATED UTILITY LINE
L 7 7d 4 RERLLLETLA ¢ % R WATER LINE
L —Hg- — e
o F o‘, ’ L BUILDING 57C BUILDING 56 ; Il (rRC) SHED ;7 (RC) (AC) (RC) . _4
e 7 J[ RAMP RAMP RAMP e MANWAY
% t{ : P VS R TR A s B i
7 g i B STORM DRAIN
y LLiE /
: R 4 x CHAIN LINK FENCE
[ sl i/ -
1| o 1 l;,’ A \‘\ GUARD RAIL
T N7 4 N o
, ; /1 \(,(\ e——e—— | WOODEN FENCE
-
% /] \
AC ASPHALT
\fhf% 4 Y oo -
| e BUI . g (RC) % (o)) CONCRETE (UNREINFORCED)
- LDING 57
i__f__w_ [ . BUILDING 56B BUILDING 55 BUILDING ] RAMP
7 e , 55A : (RC) REINFORCED CONCRETE
L
j ' %‘ s ; NOTE: *NOT ALL UTILITIES ARE SHOWN ON THIS MAP*
7 E’ y
Ll A\ /
T [ PINRS BUILDING 56C /1
7 e —JU—
L ([T Acsvrrvrrrrrrr , UTLTY vaULT < T
=0V g D 2 PR PY ’T
A (RC) i S I
[ DECK |~ 7] (GRAVEL/BRICK) | © J{"% | G m
L ) /1 i ‘{ C — = = — i
(AC) i (sow) [/ g gt —EE ke—\..\.._ { T
L Y = ) (AC) (RC) J
—x —s /] | (AC) | pAD gl (solL RAMP T (RC)
PO T T T = !
BUILDING 56A = (C)T ?F
it J ™~ DEPRESSION
AE T
AE y A
ﬂ DOWN
g SLOPE e GEOPHYSICAL SURVEY MAP
j ==/ | BULDING 50 SERIES COMPLEX
SCALE = (EXTERIOR)
e L LOCATION: BENICIA ARSENAL, BENICIA, CALIFORNIA
0 15 - 30 i :
(1 inch = 30 feet) 60 NOH(AL CLENT: BROWN & CALDWELL - PLATE
JOB §: 99-—1471-24 NORCAL GEOPHYSICAL CONSULTANTS INC, 4.
DATE: MAY 1999 |DRAWN BY: G.RANDALL | APPROVED BY: DJK




= ;
/‘
z ' /
2 ]
) A
/]
/]
/]
/]
Vg
T P . j
/ BUILDING 57C A BUILDING 56
3 7
é ] i/““‘_‘ A7 LAl B LSS AS TS /A
| (RC) /]
: N7 ?
- / / 4]
% o5 |BUILDING 57A
gz
N V& L
g [ | #] =
BUILDING 57 vd ,
’ BUILDING 56B BUILDING 55 BUILDING /1
: 55A /]
/ \ _ /
# N A
% 7
/]
% o
# BUILDING 578 BUILDING 56C
- b 7 i VA G0 1 B & A /]
1 /] vl ol LA i
L] /]
| g
g |
e 1 ] ;
Ve
/
7/ '| e i
7 S ST Vv —
P
BUILDING 56A =
. _ . 1z
! (RS) e
() opm " BUILDING 56A #
(INTERIOR HALLWAY)
9 T
LAV L A} .

LEGEND

LIMITS OF SURVEY AREA

GPR ANOMALY REPRESENTING
POSSIBLE UST

CRAVEL FILLED DIP TANKS

UNDIFFERENTIATED UTILITY LINE

(RC)

REINFORCED CONCRETE

NOTES: LOCATIONS OF INTERIOR SURVEY AREAS
ARE BASED ON SITE MAP PROVIDED BY
BROWN & CALDWELL

*NOT ALL UTILITIES ARE SHOWN ON THIS MAP*

0 15

SCALE

30

(1 inch = 30 feet)

o
NORCAL

GEOPHYSICAL SURVEY MAP
BUILDING 50 SERIES COMPLEX

(INTERIOR)

LOCATION: BENICIA ARSENAL, BENICIA, CALIFORNIA

CLIENT: BROWN & CALDWELL

JOB §: fg—141.24

NORCAL GEOPHYSICAL CONSULTANTS INC.

DATE: Ay 1999

DRAWN BY: G.RANDALL

| ApPROVED BY: DK

PLATE

S




NORCAL

CNUACAL e

DAILY FIELD REPORT

Date: S-24-99 Client/Location: RRown) T (ALAWELL / BoviciA _ MRSEVAL
Personnel: NI / iLH Equipment:__ GPR Emii
WVESTIGATE  FOR SURSURFACE .C'@A"m,.gg-s_

MP TAMKS |, ETC..

Project Description:

weLobing USTS | CISTERAS ,
NOTES

TIME

P mA oﬁrzuc«: , moB ol Renwic R

130! ARRIVE
'q:00: a0 vE BouiciA_ ARSENAL

T Wi waoby Linek oF BEC | coVbUCT SITE WAL
S ‘

9:25. CALIBRATE _EDPMENT AT AOLCAL csTAReisHED TEST SITE
40! IVESTICATE  BLDG StA o2 mol, T RpRINGS ISoS’&AHAOOZ{S

s _nvestieATE  Bde 656 TERIoL._AREA T 16065 RHACO]
~FLooR OF BLDE 1S APPROXIMATELY 2Z- <
(DROUo\Jb SU@CDA‘-E “ﬂ-lE‘QCFJEC R \F UST E)us-r.s RT _‘_.H_‘s SQTE' l-f'

._—_ 1S5 PROGABLY  BURIED veEPER THAN  F-8 FEET. W CSTImATE  GPR
Tion)  To BE APPROXIMATERY  2-H FeCT,

_ HePTH oF  DET
1273 IWVESTIGATE RoRINGS (PQOFDSC‘E) |BOSSSB00) , 1BOSSSBOOT

1Bosedsbeo! 1BOSLRSB OO, usos"besaoo%‘r%@g,gggeqfi

1 B0SHIREOON 1ROSLSROOZ. | 180SLSROOS |

LOTE,  EXTROME _CHuTiea) steuvch BE vt WwHENV  DRILLIVG
IBOSSSROO N, BoRING  SHOVED RE woveED 2”7 WwesT,

glic <SPATED THAT _THIS wAS ACT POSSIRLE

: RE ,,e"' oF_ Umi
WVESTIGATE  BLMG £3A INTERIOR ¢ BORINGS 1R0SFAH FoCR

. Al |ROSTFASROO|
328 4rAlT b TFC  EXTERIOL IOVESTIGATION (ovae)

D DAY SUMMARY mok: 2.5 HOURS £l EL,I; IS HOURS

Mh W Signature | Signature

. _NORCAL Representative CLIENT Representative

1350 INDUSTRIAL AVENUE SUITE A « PETALUMA, CA 84852
TELEPHONE [707) 763-131%2 « FAX {707) 762-5587




CNORCAL i A

NORCAL

DAILY FIELD REPORT

Date: S-2S-99 Client/Location: ISRD\«JI\J{ AW ELL / g i ARSENAL

Personnel: . DIX / H Equips 1ent: 6P el
Project Description: INVESTICATE ok DRWRFACE  FOATUREDS

weubiuG UST'S | GSTERAS | NP TTRARS | ETC..
TIME NOTES

X-00" ARRIVE  RENICA ALsEvAC
- CALIRRATE EDU}PM’EZ’UT AT PORCAL EXTABUSHED .‘(._), <,
%28 INVESTIGATE Ruilbine $3  EXTERICE PREA
Q47 _CONTIAIVE  INVESTI GATION) AT BUILAING S$FC  EXTERIOR
04O INVESTICATE  AREA MORTH OF RIDNG S
N6 VESTIGATE AREA _pogTH OF BLMG S5 {_ ©AST _OF RN 5%
'00; IWVESTICATE AREA ©AST Of BuitDIANG <S4
MOTE © 1A ADDITION To THE INVESTIGATIOUS AT BUILYINGS
S, §6,55-586, AND §5A, WE IMVEST (GATED
PEOLOSEYY RO (AIGS (BOSFHAHFOOF, 1RO FAH P02
AMD (RosFAHPOOR 04 POSSIBLE  DRILLIMVNG '
OBSTRLUCTIONS  AVD JICITIES .
'35 <TALT  (MVESTICATION SOUTH OF B DING_SS
1% omPErE BoILhinG 5§ {SOLTH)
- (MOVESTIGATE 2 PRoPOSEN RoRINGS
( 1RocTARPooz) (1806EASEOO!)
Ui PAERT AT AORCAC ESTARLISHEN TEST SITE

oy~
LA~

3.4S: RECAL IBRATE
400, LEVWE RASE

m bLJ&L Signature Signature

NORCAL Representative CLIENT Representative .

INDUSTRIAL AVENUE SUITE A » PETALUMA, CA 94852 '
ELEPHONE (707) 763-1312 ¢« FAX (707) 762-5587




NQHLAL fﬁg’smnms

® - DAILY FIELD REPORT
Date: 5-26-949 Client/Location:_§£0wn) f CALDWIELL /SE?Nnc,u-‘l ALBSENAL
Personnel: . haw / LH Equipment: PR oML

VESTIEATE ol CLBSLREACE FOATORES  INCLUDING

Project Description:
usTs GsTerass | bBif TANKS | ETC..,
NOTES

2 ARRIWVE _PETALUMA OFFICE Mol FoR._BOVICIA

R0 _ARZIVE REMICIA ARSEIVAL
- CAUEEATE  ERUIPMOVT AT ORCAL ESTABUISHED TEesST SITe

0<: Arewe AT puILDIG 120
- < TALDRY | FOR Owirai ¥, TO ARCvE  To  oPen  BLDG.

v eeTICATE  PEOPOSED  @DRINGS (1803 SEOO))

D
)

ilvvb_a

ZHO.
(\%05’546002_\
._ AOTE.  (oweh AST ACCESS  BUILDINCG 120 RETAVUS €

- : oA el bbb ACT <HOWw VP .
-28° CETALVRELTE couI PmENT AT AOECH L

CTTYRUSHED “TEST

._0,.

ot ris
ST -

LEAVE ~ SITE

O ‘

T

FIELD DAY SUMMARY Mmo&. 2.5 HoULS Frerd: 1S HOUKS

__}ZOV\ bJU'\ Signature - Signature

. NORCAL Repsesentative CLIENT Representative

1350 INDUSTRIAL AVENUE SUITE A » PETALUMA,C 84
TELEPHONE (707) 763- 1312 » FAX (707]) 762-5587




NORCAL sz

DAILY FIELD REPORT
BEOwL 1 caLdwert /SE?UICJH KAESENK

Date: S-27%-99 Client/Location:

Personnel: B MIK - Equipment: GPE. e

Project Description: \nyvesTieATE ) BRSUREACE FEMATURETS jOCL U

USTS | QSTERMS, MP TAMKS | ETC.
TIME NOTES

U200  ARRIVE  PETALUumA OFFICE |, vmoR FoR  BOUCIA

K00 AQCIVE R G ARSENVAC
- (ALIRRATE COUIPMEST AT AoLAL EXTRRLISHED

TER T SITE :
Q08 oveETIeATE  EST PCRTION OF INTEROR |
of BuLLDING 20 (LoHeERE  ACCESS ALLocuc"Q)
900! IMNVESTIOGRATE XTEC0R  PORTION OF RLDE _120:
Q4o moveE RAack  1aJT0 BurliIvG, IVVESTIGHATE
EAST  PopTion OF INTER©OL (WHERE ACCESS .

WwAS PoS<IBLE , AUMEROVS SIFRASK < TOLREN
ROX £, PQ_EZL;JBCK ACCERS To MosST  oF SUBVEY

' AREA.
j0.05. _INVESTICATE TWO PrOPSEDN  RoRINGS
(B2 gool ) (1B1Z0SROO2Z)
- cohLeT  SITE  WALK  wiTH WETOAY LiveK  TTo

o> ProfosEd  TTeencH K 2EYs,
14O PECALIRRATE cRUVIPMENT AT oA ERTARUIHET

TEST S)TE
11:55. _ LERVE BNsSE

Y SUMMAR wmoi. 2.5 HeouksS  Ererd 4 HOULsS

,3(7\1 b«)ﬂﬂ'\ Signature Signature=

CLIENT Representative .

UE SUITE A » PETALUMA, CA 94852
3-1312 ¢ FAX (707) 762-558B7

o Z




o}
N

PH
sy

o 5 e i A LoCA‘nON: &D\”C—IA MSQ’UHL'

YSICAL
5

27t | eori: (| 0012058001 )((AD120 SBeo2Y)

>l

EXPLANATION
'O ) 'Origincl Boring Lbc;olicn
® . Finol Boring Localion
-—.———-4 GPR Troverse
Jor — Locolized GPR Anomaly
— e —  Ulility Aignmenl
hilities

1 (Tel:pﬁonc. Comm.)
€ (Eiectric)

NG (Motura! Gos)

CA (Compressed Air)
STM (Sieam) -

4 SS (Sonitory Scwer)

4

S0 (Storm Drain)

. W (Woter)

FS (Fire Supresaion) °

A WU (Unditfercntioted Ulility)

.Jrface
RC (Reinforced Concrele)

AC (Aspholl)
C {(Concrete)

Soil
Grovel
other

NOTES
Equipment: Procedgre: Surfoce Condilions:
£ GPR (Rodor) _ EMC (Conduclion) . Wel
A RD 400 £ W {induction) <« Dry
A M Scope £ Ambient o~ other
. olher LGPR
REMARKS .

G2 N¥TH 0F DEECTION. Lirn TED
To (€3S. THAN 2° AT THIS
LoLATioN.  THE LocATIon of  THE
<h €SS wWERE BASEL oA LinE
of SIGHT GETLIEEN WARF WAY
coversS. EXTEEME CAUTION

<poulD BE REEN  WHEN
DEILLING - THEDE doRiNGS . HAND

AVGEE CesT FivE FECT,

AN




JuvO.

YNt 3/dS/99

] NORCAL

NORCAL

LOCATION: giie cia Arscmal -

BORING:

£v053¢ B ool

EXPLANATION

—
or—

UYlilities

Original Bering Locolion
..Finol Boring Locotion

GPR Troverse

Locaolized GPR Anomaly

Utility Alignment

_ T (Telephone, Co
— E (Electric)

M rm fraa ot AN\
NG (Nowrgy LGSy

_ CA (Compressed
_ ST (Steam) -

Svurfoce

_ SS {Somitory Sewer)
— SD (Storm Drein)
_ W {Woler)

_ FS (Fire Supression)

mm.)

Air)

_AU (Undiffercntioted Utility)

£ RC (Reinforced Concrele) —

£ A (Aspholt)
— € (Concrele)

Soil
— Gravel
other

-

" NOTES
Equipment: Procedure: Surfoce Conditions:
~GPR (Rodar) . EMC (Conduclion) _ Wet
ZRD 400 _ EMI (Induction) < Dry
M Scope _~Ambient — other
— other _~GPR
REMARKS
N 6P BEPTH OF DETELTION

wAS whivtiTEN  To LESS

o 3T e TS AEQA,

CAN NOT NETELT ST~
hNedhiny  Avd sSAM TR
SEW/ K,

\




[

IR Sy~ VA _LOCAﬂQN:%éhuJa drsens]

GEOPHYSICAL
: CONSULJYANTS
- INC,

BORING: T_Ros3Spo0 A

EXPLANATION
O Originol Boring Locolion
@ . Finol Boring Locolion
F————;l GPR Troverse
C)oe— Locolized GPR Anomoly
—_——-—— Utility Alignmen!
Ulilities

Surface

_ STM (Steom) - -

I | (1¢Iepf;one. Comm.} _ SS (Sonilary Sewer)
— E (Electric)

SO (Sterm Droin)

Z WG {Neture! Gos) Z W (Woter)
_ CA (Compressed Air) _ FS (Fire Supresaion)

UU (Undiffcrentioted Utility)

RC (Reinforced Concrete) — Soil
.’Ac (Asphalt)
_ C (Concretce)

Grovel
other

NOTES
Equipment: Procedure: Surfoce Conditions:
_)PR (Rodor) . EMC {Conduction) 7Wel
= 400 -~ EMi (Induclion) Z Dry

< % Scope

other

REMARKS

_ other




bk ' |une Ty

GEOPHYSICAL
"CONSULTANTS
. : 1HC.

LOCAT]ON bel’\tf_(.ﬂ\ Arsenal tn‘-ﬁr\ar B(dﬁ:SC

— | BORING:—¢— -,\::C oo |
& WS U). w0

e

EXPLANATION
@) Originol Boring Locotion
® Finol Boring Localion
p— GPR Troverse
[ or~— Localized GPR Anomoly
——— Utility Alignment
Ulilities
_ T (Yelephone, Comm.) _ SS (Sénitery Sewer)
_E (Elcctr_ic) _ SD (Storm Droin}
_ NG (Neturo} Gas) _ W (Woter)
_ CA (Compressed Air) _ FS (Fire Supression)
_ STM (Sleam) _ UU (Undifferentioted Ulility)
Surfoce
-_/RC {Reinforced Concrete) — Soil
_ AC (Asphall) _ Grovel

_C (ancrele) . _ other

"NOTES

Equipmenl: - Procedure: Surfoce Condilions:
_ﬁR (Rador) _ EMC (Condgciiun) Wet
. 400 -~ EM (Induction) ‘.. Dry
— M Scope ="Ambient — other
_ other +/GPR
REMARKS
USE EXTEEME o0AUTION

WHEN)  DEILLIOG THRS  WCAT
PEOPOSED RoKING SHoL LD
oE wiovEd 37 To THE WES

HowevEe, BIC wncATEN  THAT

THIS WwhAS AT FosSIBLE  RZHAVS
OF ACLETSS fog. THE ML £i¢




ORCAL &

t 'LUUA”UN: Cenecio. ATS€na - 1 fet 1o (Y

BORING: —_[_“3055 S®oea

-t

o

EXPLANATION
@) Originol Boring Locolion
L J Finol Boring Loculir.;n
—_— GPR Traverse
“Jor— Locofized GPR Anomoly
_——— .Ulility Alignment
lilities

T (Telephone, Comm.)
€ (Electric)

NG {Noturol Gos)

CA (Compressed Air)

STM (Steom)

wfoce

_ 85 (Soniary Sewer)

SD (Storm Droin)

_ W {woter)
_ FS (Fire Supresaion)
_ UV (Unditferentioted Utility)

RC (Reinforced Concrele)

AC (Asphalt)
c (Cyncrele}

Soil

_ other

J

NOTES

761’

E}fpmenh
PR (Rador)

Surfoce Condilions:

2

Procedqre:
— EMC (Cond\_lclion)

. Z RD 400 _ Eml (induction)
— M Scope ,./A,“mbiznl — other
_ other ~GPR
REMARKS
note 7 Yue do r'g.|,a-r0"t.¢f concrete in

no'k:

\

..H\ig atte 1—1\& m- gCapd. Wt et
ved,

po}tk ?tt;v-c'i\lrs are liod width
verkicd Sicel




DATE: S /2y /24

GEOPHYSICAL
CONSULTANTS .
PNA AT TN ML INC.

NORCAL BORING: 1ToB9sBoo [/jfo BSLS FeeZ

LOCATION: Qenecio Nrsensd gu 2o mdert

" EXPLANATION NOTES
0 Original Boring Locotion I-\Z?uipment: Procedure:’ Surface Conditions:
o e . :/GPR (Rodor) _ EMC (Cenduction) et
L 4 ' Finol UoNngG Locotion - RD 400 _ EMI (lnduction) b Df'_y
— GPR Troverse — M Scope -/ Ambient — other
_ other o/GPR
Clor— Locolized GPR Anomaly
—_——— Utility Alignment REMARKS _
Utilities MBGAETIC  (INTEEFORERCE
_ T (Telephone, Comm.) _ SS (Sonitory Sewer) FeomMm CERRE  IN coroCe T
_ E (Electric) ' _ SD (Storm Drain) '\ . — : -<C
_ NG (Notural Gos) _ W (woter) ‘-P&t("LU HED vsE of M S
_ CA (Compressed Air) _ FS (fire Supression) | A TS I yt’t;_'\l‘q .
_ ST™M (Steom) ~ _ UU (Undifferentioted Utility)
Surface ' v
- _/ RC (Reinforced Concrete) _ Soil . . .
i ~ AC (Asphalt) - Grovel : .
_ € (Concrete) — other '

L———



— LULA TIVING

NORCAL

vewnecra, Hrseaaf

Scole: V" ‘= 10

EXPLANATION * NOTES
O Originol B;:Aring Locolion Equipment: Procedure: Surface Conditions:
. % < GPR {Rodor) _ EMC (Conduclion) _ Wet
L Finol Boring Localion . RO 400 M (lnduction) ':'Dry
p— GPR Troverse — M Scope £ Ambient ~ other
— other Z GPR
Clowe-— Locolized GPR Anomaly
—_——— _ Utility Alignment REMARKS
Utilities N MAGOCTIC  (AITER FORCACE
_ T (Telephone, Comm.) _ S5 (Sonilory Sewer) Feom Eﬁ'_\gﬂ.Q 'ML)D N
_ E (Elcctric) ’ _ SD (Storm Drain) cONCEETE reecCl c
_ NG (Noturol Ges) _ W (woter) UsE oF VWA - < COFfE
_ CA (Compressed Air) _ FS (Fire Supression) \
(a2 TS BRECA.

STM (Steom)

Surfoce

© UU (Undifferenlioted Utility)

_ 7 RC (Reinforced Concrete]
AC (Asphatt)
' C (Concrete) -

Soil
Gravel
other




JOB: | DATE: 5 /¢ /49

NORCAL #47 g

.
NORCAL

LOCAT|ON_3 Penecia Arsenal

NOTES

_ C (Concrete) _ other

" EXPLANATION |
‘0 ~ Original Bér‘nng Location jdnpmenl Procedure: Surfoce Condilions:
- ’ . . . jPR (Rodar) — EMC {(Conduction)” - Wei
¢ Finol Boring Localion RD 400 ., EMI (induclion) — Ory
p———q GPR Traverse _ M Scope </ Ambient — oiner
_ other © L GPR
Cloe— Locolized GPR Anomoly )
—_—— Utility Alignment REMARKS
Yhiilies — N TER FOZOVCE  FROM
_ T (Telephone, Comm.) _ SS (Sonitary Sewer) . s oAt =
- E (Electric) _ SD (Storm Drain) '\ pEEAK WV CONCEETE
_ NG (Noturol Ges) . _ W (Woter) PE E—CLL"EE—!} usSt OC
_ CA (Compressed Air) _ FS (Firc Supression) o _
_ STM (Steom) _uw (Undv"ercnlunted Ullhly) M*‘)COP | s T-H‘s
Surfoce Aﬁtﬁ '
/ RC (Reinforced Concrctc) — Soil
_ AC (Asphalt) _ Grovei




BORlNG

LOCAT]ON: @or\éaf 24+ bld =T=T6

NS NG
#5Sona |
B

B@S@A Hmcs;z

-1

EXPLANATION
C Original Boring Locolion
® Final Bor'ipg Locoli;n
P GPR Troverse
CJoe— Locolized GPR Anomaly
—_—— Utility Nignm:nt
Jtilities

7 (Telephone, Comm.)

E (Electric) -
NG {Noturol Gos)
CA (Compressed
STM (Steam)

_ SS (Sonitary Sewer)
SO (Storm Droin)

W (Woter)

Air) _ FS (fire Supresaion)
_ DU, (Unditterentiated Utility)

.’Un’bce .
RC (Reinforced Concrete) — Soil

AC (Asphatt)
C (Concrete)

Grovel
other

NOTES
E pment Procedure: Surfoce Conditions:
GPR (Rodor) _ EMC (Conduction) _ Wet
RD 400 Ml {Induction) — Dry
-. M Scope : b'g_n( — other
_ other GPR
REMARKS
INTEE F ERENVCE £ EOA
J ¢ERAR N CONCRETE
A preeuned  UstE of M-scorfe
(A~ T < S OA.




JOB:

jDATE ¢-74-99

—

| NORCAL S

LOCATION:

RULDG Sb

AU TEENOE, -

_ NG (Noturol Gos)
_ CA (Compressed Air)
_ STM (Sleam)

Scale: 17 = 10’
EXPLANATION
O Original Boring Location
e finot Bo,r-ing l.ocolio.n
— _ GPR Troverse
C)or— Locolized GPR Anomaly
—_——— Ulility N.ignrnent
Utilitres
_ T {Telephone, Comm.) _ S (Sonitary Sewer)
€ (Electric) _ SD (Storm Drain)

W (Water)
FS (Fire Supression)
UU (Unditferentioled Utility)

Surfoce

‘ZRC (Reinforced Concrete) — Seil
_ AC (Asphalt} _ Grovel
_ € (Concrele) _ other

NOTES
Equipment: Procedure: Surfoce Conditions:
¥ GPR (Roder) _ EMC (Condu:lnon) Wel
. V'RD 400 EMI (induction) . Dry
_ M Scope / Ambient ' — other
— olher _‘_/GPR
REMARKS
N, INTee_FERENCE FROM
)\ PERAE [N (DNCRETE
ppcrLubel WKE  OF
M-SCOFE A0 THIS
FAEEOA.




LYAVI W . ju"‘“-""\-’/o"ll [
CEOPHYSICAL
“CONSULTANTS
. INC:
#£__ | B0

\

OCATION: : : = |
L_ . Benetia Ar-sc'\-’v( A",\..‘(e;{c,r\ 6[&5&&

EXPLANATION
O Originol Boring Locotion
[ ] fino! Boring !.e:e!?c;n
p— GPR Troverse
CJo— Locokized GPR Anomoly
—-—— Utility N.ignmeni
Utilities

_ T (Telephone, Comm.)

_. E (Eleciric)
_ NG (Noturol Gos)
CA (Compressed Air)

STM (Steam)

—

Syrface

s$ (Sonitary Scwer)

SO (Storm Droin)

W (Water)

FS (Fire Supression)

VU (Undiffercntioted Utility)

RC {Reinforced Conerete)

AC (Aspholt)
-C (C9ncrelc)

Soil
Grovel
other

NOTES
E}uipment: Procedure: Surfoce Condilions:
jPR (Rodor) .~ EMC (Conduction) _ Wel
+'RD 400 —~ EMI (Inductian) - Dry
_ M Scope ~ Arnbient slher
_ olher ~GPR
REMARKS
nle. ! IhﬂlﬁigENZCﬁJLE' (o] VN
RER AR 1D COrRCEETE

PrETILUDEDN  USE o
M-SCOPE N THIS
ALEA.




JOB: - DATE: S /Q_q'/qg

NOR(AL GEOPHYSICAL
cCONSULITANTS

| REHIT
i P
NORCAL

—
ol ) LJood
EXPLANATION / L g NOTES
0O ’ Originel Béring Locotion Equipmeni: - Procedu're{ Surfoce Conditions:
R e N Y oPR (Rador) . EMC (Conduction) _ Wel . |
b Finai Boring Locotion A A f_\;z 400 _ EMI (induction) ._)
e GPR Troverse : — M Scope 7 Ambient — other
' _ other A APR
: [Jor— Locolized GPR Anomoly
' ——— — : Utility Alignment REMARKS
Ulilities : roete: | U‘I’EKF'Q&@UC.E ~E£oNn-
. T (Telephone, Comm.) _ S5 (Sonitary Sewer) ,J QE‘SAE- 1~ COMC,&CTE-
_ € (Electric) _ 5D (Storm Droin) A ppczLubEh UsE  OF
: CA {Compressed Air) _ FS (Fire Supression)

_ S5TM (Sleam) _ UU (Undifferentioted Utility)

Sudfoce .
_,/ Sail : .

RC (Reinforced Concrete) —
_ AC {Asphalt) - Grovel
_ C (Concrete) — other

|
|
e
NG (Noturol Gos) — W (Woter) X : -
M- SCOPE 1 THIS Akt




LOCAT‘ON: Benc RS

ﬂ‘(Se.r\a\J {'\‘LU‘!'GF &‘l’! S74

BORING: T= BoS7 A  P00F

EXPLANATION , NOTES
o Originol B;)ring Locotion ipment: Procedqr.e: Surfoce Conditions:
. }PR (Rodor) _ EMC (Conduclion) _ Wet
® Final Boring Locolien RD 400 _ EM} (Induclion) = Dry
p— GPR Troverse ~ M Scope Ambient — olher
— other _¥GPR
Cloer— Locolized GPR Anomaly
—_——— Utility Alignment REMARKS
Ulilities M WWAGAIETIC INTEX FE\EENC_E'
_ T (Telephone, Comm.) _ SS (Sonitary Sewer) /\ F O Kaﬂ‘i 1AJ
_ E {Electric) _ SD (Sterm Droin) e
_ NG (Noturol Gas) _ W {woter) COMCEETE PRELLLVBED
_ CA (Compressed Air) (Fire Supression) W\'—SCOFt 1A
_ STM (Slcom) /:‘J%J (Undifferentioted Utility) vs€ oF
—“HIS AREM
Syrfoce
/ RC (Reinforced Concrete) oil
AC (AsphoR) Z Gravel
other

— € (Concrele)




!

v

a8

GECPHYSICAL
CONSULTANTS
INC.

A .

LOCATION %QHEC| Q_ A“gf’k&l gunfcxlag‘ SS/S&C

BOS?A

At Xy

H\w_-)_

Ol

EXPLANATION
O ‘ . Original Boring Locotion
. [ . Fingl 8oring Locelien
f—— GPR Traverse
CJor— Locolized GPR Anomaly

Utility Alignmenl

— — —

Utilities _

— T (Tclephone, Comm.}
_ E {Electric)

__/ NG {Noturel Gos)

_ CA (Compressed Air) -
_ STM (Steom) -

_ S5 (Sonitary Scwer)

_75D (Storm Droin)

W (Waler)

FS {Fire Suprecssion)

_ UU (Unditfercntioted ULility)

_ C (Concreic)

Surfoce
}C (Reinforced Concrete) — Soil
AC (Asphati) . Grovel

— other

NOTES
Equipment: Procedure: Surfoce Conditions:
PR (Rodor) _ EMC {Conduction) 7Wel
/" BD 400 _ EMl (!nduclion) Z Ory
- M Scope < Ambient . - other
.. other Y GPR
REMARKS

A




JUD

; [WF o) § B D/d\b['l"f

NORCAL a—“

LOCATION: Beicesa Ars<cihol @derer {59;[;,;} -

BORING:

DG"?‘H’
HP097

Scole: 17 = 10

NOTES

EXPLANATION
O J Originol Boring Locolion
o . Finol Boring Locolio-r; ‘
— GPR Troverse
) or— Locolized GPR “Anomaly
—_———— Ulility Alignment
Ulilities

_ SS (Sonilary Sewer)
_ SO (Slorm Drain)
_ NG {Naturcl Gos) “w (Woler)

_ FS (Fire Supression)

_ CA (Compressed Air)
STM (Sicom) - - VU (Undilferentioted Utility)

- T (Telepr‘\onc. Comm.)
Z € (Electric)

Surface
{Reinforced Concrete) — Soil
AC (Aspholt) _ Grovel

_ € (Concrele) — other

pmenl, Procedure Surfoce Conditions:

jPR (Rodor) ENC “(Conduction) _)ﬂ
D 400 -)H (Induchcn) =DOry .
v M b:opc Aml\n.n! - D."\el'

oiher ;/fa( PR
REMARKS

A




JOB:~ . | DATE: 5 /5 e /99

< :
CEOPHYSICAL
. CONSULIANTS ,
/ - INC.

LOCATION: Genecia Arsenal Ui tiing 7 e

Scole: 17 = 10

EXPLANATION
o .Originol Boring Localion
e . Finel Boring Locolion )
i GPR Troverse
CJor~— Locofized GPR Anomoly
_— " Uitity AI!ignrnenl
Ultilities

_ S5 (Sonitory Sewer)

_ 1 (Tzlcpl;onc, Comm.)
S0 (Storm Drain)

— E (Elcetric)
NG (Noturo! Gas) _ W (woter)

_ CA (Compressed Air) _ FS (Fire Supression)

— STM (Sleom) - _“UU {Undifferentioted Utility)

Surfdce
< RC {Reinforced Concrete) _ Soil
~/ AC (Asphott) _ Grovel

_ C (Concrete) _ olher

NOTES

Ey&pment: Procedure: Surfoce Conditions:
~GPR (Radaer) . EMC (Conduction) _ Wel

-:l RD 400 - EM'I (Induction) < Ory
;/M Scope ./’Ambfenl _ olher |
— oiher .,/ GPR i
REMARKS
fote: vovlle arte S‘ucr"{q,_d ol water
N Seposad e

A\




{ LA o Sl A N | LOCATION: Bg\’ec[c\_A r5<?\0\_,

BORING: Tty 057 A Moo

EXPLANATION
b ' Original Boring Locotion
® . Finol Boring f.;:colion )
— GPR Troverse
COowe— . Locofized GPR Anomoly
—_——— Utility Alignment
Jlililies

_ SS {(Sanilory Scwer)

1 (Telepf\onc. Comm.}
_ S0 (Storm Droin)

€ {Electric)

NG {Naturol Gos) _ W {woter)
CA (Compressed Air) _/$5 (Fire Supresaion)
STM (Steom) - 2 UU (Undifferentioted Utility)
vrfoce
. RC (Reinforced Concrete) — Soil
“AC (Asphalt) _ Grovel

C (Concrete) _ other

NOTES
Equpmenl: Procedure: . Surfoce Conditions:
:,/cpn (Roder) _ EMC (Conduction) .. Wet
““RD 400 " Mt (nduction) = Bry
=M Scope _Arabient — ofher
_ other _-GPR
. REMARKS
~ (~P€ DEFTH OF DETELCTIoM

AS LI TED TO CESS
HAA THEEE FEET

\ v THIS ARER . (AN
AIT  NETELT  STORwW~

A TARY  3EWER

Y, ANk S




|DA1I:.: S /a4 /49

—— - LOCATION: Semecra Arsendif intericr B4 <sva.

EXPLANATION NOTES

e} Originel Boring Locolion E}p-pmenl: Procedure: Surfoce Condilions:

_ . K _}PR {Rodor) _ EMC (Conduclion) _ Wel

L Finc! Boring Leocolien ~RD 400 " EMi (induction) Oy
p—— GPR Troverse - M Scope = Ambient ~ other

. other 2" GPR

“lor— Locolized GPR Anomaly
—_—— Utitity Alignment REMARKS
Hilities MAGIETIC  INTERFEXERCE

(Telcphone, Comm.) _ SS (Sonitary Sewer) ‘\] ceom r'(‘E“f‘-’r\'E Ay COk ECTE
€ (Electric) " _ SD (Storm Orain) A -
NG (Naturol Gos) — W (Woter) PEETL-UDEND usE  oF
CA (Compressed Air) _ FS (Fire Supression) _ :
STM (Steam) . _ WU (Unditfcrentioted Utility) Wl - SCOPE  1As THIS
sfoce 1416634
"é (Reinforced Concrele) :_/Soil .
AC (Asphatt) ~ Grovel .
C (Concrete) — other
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LOCATION: Penecio Brseant Dld SO

EXPLANATION - NOTES
O Originol Boring. Location ipment: Procedure: Surfoce Conditions:
. . A/GPR {Rodor) _ EMC (Conduchon) — Wet
L J finoi Boring locslien RO 400 _EM (Inducllon) . )
—_ GPR Traverse — M Scope bient ’ — olher
-~ other ~ GPR
“Jore— Locokzed GPR Ancmoly
_——— Utility Alignment REMARKS
Itilities N | MFE\EE')\ e - £0n~
T (Telephone, Comm.) _ SS (Sonitary Scwer) —
£ {Electric) _ SD {Storm Drain) '\ RERVR,  IN COMNCE t €
NG (Natural Ges) w (Woler) PZE‘ LU N ); usEe OF
CA (Compressed Air) (Fire Supression)
__/:ng.l (Undifferentioted Utility) Y- SCO FE 1A . S

STK (Stcom)
.unfoce
/RC (Reinforced Concrete) — Soll
AC (Aspholt) — Grovel
other

C (Concrete) -

AL OA.
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| DATE: £ /25/%9.

"NORCAL fesurs
NORCAL Hitse -

LOCATION: zc.;\ic_f.c\& Arsenal.

E)EPLANATION '

NOTES

b Co Origino! Boring Lbcélion
® . Finol Boring Location
I—-—-—;l GPR. Troverse
- of — Localized GPR Anomoly
——— Utility Alignment
Utilities
_ T (Telephone, Comm.) - éS {Sanitary Scwer)
E (Electric) 2750 (Storm Drain)

L \CLusuy
NG (Nolural Gos)
CA (Compressed Air)
STM (Steam) -

_ W (Woter) .
_ FS (Fire Supression):

-

-—

Syrfoce
_./ RC (Reinforced Concrete) -~ Soit
ZAC (Asphatt) _. Gravel

_ € (Concrete) _ other

Egquipmentl: Procedure: Surfoce Condilions:

/" GPR (Rodor) _ EMC (Conduction) _ Wet
7 RD' 400 _ EMI (Induclion) Aw

UU (Undifferentiated Utility)

M Scope _~Embient . oiher
_ olher _/GPR
- REMARKS
 GPR DEPTH of bETECTIOA
IJ W\Ag LIM!‘T—(—:D --D LESS
I\ HAA 3 7 o THAHS e
AN NOT NCTELT STOR
Re dins  Fb sAmN TRy
- SEweE, .
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