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SECTION 1 - INTRODUCTION

1.01 Purpose and Scope

O’Brien & Gere Engineers, Inc. was retained to provide the hydrogeological
services necessary to investigate the hydrogeology and to evaluate the extent of
sludge disposal and petroleum loss from storage tanks at the Tow Way Fuel Farm,
(TWFF) U.S. Naval Station - Roosevelt Roads, Puerto Rico.

The purpose of this report is to present the background information that has
been collected regarding the history of fuel losses and to evaluate the hydrogeologic
conditions. In addition, the extent of free phased product and dissolved petroleum

hydrocarbons in the ground water in the vicinity Tow Way Fuel Farm was evaluated.

1.02 _Site Description

The U.S. Naval Station - Roosevelt Roads, 'Puerto Rico is located on the
eastern end of the island of Puerto Rico. The base is bordered by the Caribbean Sea
on three sides, and the Commonwealth of Puerto Rico borders the western edge of
the base (Figure 1).

The Tow Way Fuel Farm, the specific area of this investigation extends
approximately 2100 ft inland. The terrain of the lower fuel facility gently slopes
upward toward the upper Tow Way Fuel Facility, and rises only a few feet above sea
level. The fuels distribution system, fuels operations offices, and fuel laboratory are
located in the lower facility. Forrestal Drive serves as the approximate dividing line
between the lower and upper Tow Way Fuel Facility. The upper Tow Way Fuel
facility consists of terrain which exhibits moderate relief, it rises approximately 70 ft.

1



above sea level and extends from approximately 700 ft to 2100 ft inland. The upper

facility consists of seven fuel storage tanks containing primarily diesel and JP-5 fuels.

(Figure 2)

1,03 Fuel Loss History
Seven fuel storage tanks are located north of Tow Way Road on a hill
overlooking Ensenada Honda (Figure 2). As referenced from the NEESA report 12-

051, September 1984, spills, leaks, and sludge disposal have occurred here since 1957.

In 1957 or 1958 a fuel line to Tank 82 leaked, resulting in a spill of Bunker
C fuel. It is estimated that approximately 420,000 gallons of Bunker C fuel leaked
from the storage tank. The oil spill followed a path downhill toward the harbor in
a southwesterly direction towards Ensenada Honda, extending to the shoreline and
the Ensenada Honda mangrove swamp across the harbor.

It is also estimated that app‘ro:dmately 420,000 gallons of fuel spilled from
Tanks 56A and 56B, onto the surrounding soil over a 15- to 20-year period. The
tanks were removed in February 1984. A dark fuel-stained soil was present around
the old tanks. Isolated pools of oil from the spills and leaks were evident on the
ground water that seeped into the holes where the tanks had been removed.

Between 1971 and 1972, Tanks 83 and 1080 were cleaned and the Bunker C
fuel-sludge was emptied into two pits dug within a 100-foot radius of the tanks. One
pit was dug approximately 100 feet in circumference and 10 to 20 feet in depth near’

Tank 83; the second pit was 50 feet in circumference and 10 to 20 feet in depth near



Tank 1080. It is estimated that 3,900 to 7,500 cubic yards of Bunker C fuel-sludge
were cleaned from the tanks and disposed of at the site in these pits.

In 1978 a leak occurred a Tank 1080, resulting in the release of about 65,000
gallons of diesel fuel from the tank. It is estimated that about 10,000 gallons were
recovered during cleanup operations.

In November, 1986 Tank 85 leaked approximately 91,000 gallons of JP-5.
Approximately 12,000 gallons were recovered on land and 10,000 gallons were
recovered from water. Another 10,000 gallons were trapped in sand under the tank.
As a result approximately 59,000 gallons were unaccounted for during the spill
(NAVSTA, Roosevelt Roads 1992).

Contaminants could migrate from the site by surface and subsurface flow.
Oil-stained ground at the site clearly depicts the surface flow pattern from the
bermed fuel farm through culverts to an outlet into Ensenada Honda, where oil
booms are left in place to catch the oil that still emerges after rainfall. Diesel fuel
was observed on top of water in the holes where Tanks 56A and 56B were removed

(NEESA, September 1984).



ECTION 2 - SITE INVESTIGATIONS

2.01 Soil Boring Completion and Sampling

All site investigations were conducted in accordance with procedures, U.S>
Navy Specifications, and protocols outlined in the O’Brien & Gere Engineers, Inc.
Preliminary Report, Underground Fuel Investigation, January 1991. This réport was
approved by the Commonwealth of Puerto Rico Environmental Quality Board (EQB)
in a letter dated January 28, 1991. In addition, an EQB representative conducted a
site visit on Friday, March 8, 1991. The EQB representative approved the
investigative approach and methods.

Ten test soil borings were completed to an average depth of 15 ft. Soil boring
locations were selected to evaluate the extent of soil contamination associated with
the petroleum product loss. The soil borings were completed using hollow-stem
auger drilling methods with continuous split spoon sampling techniques per ASTM-
D-1586-84. Locations of soil borings are illustrated in Figure 2

Samples of subsurface materials were collected continuously in 2 ft intervals
at each boring. Upon retrieval of the sampling spoon, the sample was screened using
a photoionization detector (PID) and visually described by the on-site hydrogeologist.
One sample was collected from each split spoon and placed in a precleaned 4 oz
sediment jar and stored in a cooler on-site. In soil borings located in the lower fuel
facility (B-1 and B-2), soil from the water table to 5 feet above the water table was
composited into one sample for laboratory analysis. In the upper fuel facility, where
depth to the water table exceeded 20 ft, soil from a depth of 10 to 16 ft in soil
borings B-3 to B-10, was composited into one sample for laboratory analysis. Based
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on photoionization detector data, two additional samples exhibiting the highest PID
reading per soil boring were submitted for laboratory analysis. All soil samples were
analyzed for E.P. Toxicity Metals (EPA Method 6010-700 Series, tofal Halogens
(EPA Method 9020), flash point, and total petroleumn hydrocarbons (EPA Method
418.1) by Quantum Laboratories of San Juan, Puerto Rico. All soil borings were
backfilled with a mixture of auger cuttings and bentonite pellets. The upper six
inches was capped with a portland cement/bentonite grout. Soil test boring logs are

provided in Appendix A.

2.02 Ground Water Monitoring Well Installations

A total of eighteen ground water monitoring wells were installed throughout
the TWFF facility. The wells were installed from February 25 to April 4, 1991 by
Jaca & Sierra Testing Laboratories of San Juan, Puerto Rico, under the supervision
of an O’Brien & Gere Engineers, Inc. hydrogeologist. The well locations were based
upon a preliminary evaluation of the hydrogeologic conditions, location of utility lines
in the area, and all newly installed monitoring well results. The placement of the
wells, as illustrated on Figure 2, has been selected to provide an assessment of the
extent of any product pool floating in the ground water, the extent of dissolved
petroleum hydrocarbons in the study area, and an evaluation of the hydrogeologic
conditions.

Ground water monitoring wells were installed using conventional hollow stem
auger drilling methods. A minimum of 3-3/4-inch ID augers were utilized for drilling
of all monitoring wells. During drilling, subsurface samples were obtained in
accordance with techniques outlined in ASTM-D-1586-84. Two foot samples were
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collected continuously from the upper six feet, and at 5 foot intervals from the
remainder of the boring. All soil samples were visually described by the supervising
hydrogeologist and screened in the field for volatile compounds using a photo-
ionization detector (PID). Borings were advanced 7 ft to 8 ft below first encountered
ground water so as to provide a 2 ft to 3 ft section of screen extending above the
ground water. Monitoring well soil boring logs and well specification diagrams are
included in Appendix A.

Ground water monitoring wells were constructed W'ith 2-inch ID, flush joint,
schedule 40 PVC slotted well screens and riser casing. Screens were 10 ft in length
with .010 inch slots, with the exception of monitoring wells UGW-5 and UGW-17
which were constructed with 20 and 15 foot long well screens, respectively. A silica
sand filter pack was installed into the annular space surrounding the well screen
extending to approximately 2 ft above the top of screen. A bentonite pellet seal, at
least 1 ft thick, was installed above the filter pack and hydrated if necessary. Finally,
a grout mixture of two parts sand and one part cement was thoroughly mixed with
the specified amount of potable water and installed above the bentonite seal to the
ground surface. To complete each moin’toring well, a non-traffic area wellhead was
constructed in accordance with Naval UST monitoring well specifications.
Monitoring well, UGW-9, was completed with a traffic area type wellhead.
Monitoring well specifications are summarized in Table 1.

Following well installations, all wells were developed to clear the well of fine
grained materials introduced into the well during installation. Well development also
ensures that representative ground water samples and elevations are being
transmitted by the well screen. The well development was accomplished by hand

6



bailing with a bottom-loading stainless steel bailer until discharged ground water

became relatively sediment free.

2.03 Insitu Hydraulic Conductivity Tests

Insitu hydraulic conductivity tests (k-tests) were performed on the monitoring
wells to obtain estimates of the aquifer hydraulic conductivity in the vicinity of the
wells. This data is useful in evaluating the horizontal ground water flow velocity.

To complete the k-tests, a potential hydraulic difference was created between
the well being monitored and the surrounding aquifer. The k-tests were performed
using a rising head test in which, a volume of water was removed from the well,
creating a measurable decrease in the water level in the well. The rate of recovery
was tilen measured for an appropriate amount of time until the water level in the
well approached equilibrium with the water in the surrounding aquifer. K-tests were
not performed on wells that contained a significant amount of product.

The field data was reduced using the Bouwer & Rice Method to estimate the
hydraulic conductivity at the screened portion of each well. Table 1 provides a
summary of the calculated hydraulic conductivities, and the field test analysis data

is included in Appendix B.

2.04 Ground Water Elevation and Product Thickness Monitoring

After completing monitoring well installation efforts, a field instrument survey
was performed to determine the horizontal locations and vertical elevations of the

monitoring wells. The field instrument survey was performed to provide datum



control and ground water elevation data necessary to evaluate on-site ground water
flow conditions. All elevations were tied into the U.S. Geological Survey datum.
A complete round of ground water elevations and product thickness
measurements was collected on March 29 and April 4, 1991. Ground water elevation
and product thickness data is included in Table 1 and Table 2, respectively. The
ground water elevations from the wells that contained free product were corrected
for the product thickness. Free product floating on the ground water surface
depresses the water table by an amount proportional to the specific gravity of the
particular product. The correction calculation typical for a petroleum product is
noted on Table 3. Corrected ground water elevations were not used to develop
ground water elevation maps due to inaccuracies in the correction factor (i.e., fuel

type, degree of fuel degradation, quantity of fuel, etc.).

2.05 Ground Water Sampling

Ground water samples were collected from the newly installed monitoring
wells on one occasion, in accordance with the procedures included in Appendix C.
The ground water samples were analyzed for Volatile Aromatic and Unsaturated
Organic Compounds (EPA Method 503.1) to evaluate the extent of dissolved
petroleum hydrocarbons as a result of the free-phased existence of the petroleum
product detected on the ground water surface. The analytical parameters and results
are summarized on Table 5.

Prior to sampling, three to five well volumes were purged from each well.
Ground water samples were collected from each well using a bottom loading stainless
steel bailer. Subsequent to collection, custody of the samples were transferred to a
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representative of Quantum Laboratories, Inc. in San Juan, Puerto Rico for analysis.
Quality assurance/quality control (QA/QC) samples were also submitted for the
same analysis, including an equipment blank, trip blanks, and a duplicate sample for
the purpose of evaluating the sampling and analytical methods. Ground water
sampling field logs are included in Appendix C. Analytical results and chain of

cuétody forms are included in Appendix D.



SECTION 3 - INVESTIGATION RESULT

3.01 Soil Sampling Results

A subsurface soil sampling program was initiated to evaluate the extent of any
soil contamination associated with historic product loss. Soil borings locations were
selected based on areas where petroleum product loss and sludge disposal was
suspected to have occurred. Tables 3 and 4 summarize organic and inorganic
analytical results respectively. Laboratory soils data are included in Appendix D.

A review of these data indicate detectable concentrations of total petroleum
hydrocarbons (TPH) exist in all soil borings. Soil borings B-1 through B-5 exhibited
elevated concentrations of total petroleum hydrocarbons with respect to the EQB
cleanup guideline of 100 ppm (EQB May, 199'1). Soil borings B-1 and B-2, which are
located in the vicinity of Tanks S6A and 56B exhibit TPH concentrations ranging
from 270 parts per million (ppm) in B-1 at 6-8 ft to 2,087 ppm in B-1 at 4-6 ft.
Concentrations in boring B-2 ranged from 422 ppm at 4-6 ft to 1816 ppm at 6-10 ft.
Soil borings B-3 to B-5 were located adjacent to Tank 83. Soil boring B-3 exhibited
the highest levels of TPH concentrations, ranging from 2900 ppm at 12-16 ft to
22,850 ppm at 4-6 ft. The soil boring log for B-3 indicates that a black "tar-like"
substance was encountered at a depth of 4-6 ft. TPH levels in boring B-4 were 54
ppm at 6-8 ft tn 3,019 ppm at 10-14 ft. Boring B-5 exhibited TPH levels ranging
from 6.2 ppm at 2-4 ft to 166.6 ppm at 4-6 ft. TPH concentration in borings B-6 to
B-10 were noted in the 2 to 6 foot intervals and ranged from 3.5 ppm in B-7 (2-4 ft)

to 54.5 ppm in B-6 (4-6 ft).
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The Total Organic Halogen (TOX) analysis results revealed that no detectable
concentrations of TOX constituents were observed in the soil samples.

The soils were analyzed for E.P. Toxicity Metals to evaluate if the soil could
be characterized as hazardous. The results, summarized in Table 4, reveal that in
general no the metal concentrations do not exceed the U.S. EPA maximum
concentration of contaminants for the toxicity characteristic (40 CFR 261.4).
However, one sample from test boring B-2 detected a cadmium level of 1.7 ppm
which is slightly above the EPA maximum level of 1.0 ppm.

Results of the flashpoint analysis indicated that the flashpoint for all soil
samples is greater than 140°F. This indicates that the soils do not present an

ignitability or explosive hazard.

3,02 Hydrogeologic Conditions

3.02.1 Regional Geology

Puerto Rico is the smallest and easternmost of a group of volcanic
islands (Cuba, Jamaica, Hispaniola, and Puerto Rico) called the Greater
AntillesV. In general, the island is divided into seven physiographic units®®,
Monadnock, peneplains, foothills, interior lowlands, playas and alluvial plains,
and finally a belted, north-south coast zone, which runs parallel to the north
coast and primarily consists of several distinct limestone groups. Outside this
northern belted limestone zone, the island geology is predominantly a

combination of intrusive and extrusive igneous formations (4).
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3.02.2 Site Geolo

The geology in the vicinity of the Tow Way Fuel Farm (TWFF)
consists of a playa, or a flat, gently sloping alluvial plain, which is located
along the coast and rises only a few feet above seal level. This playa appears
to consist of marine deposits (i.e. silty sand, seashells, seaweed) ranging in
thickness from 15 feet in monitoring well UGW-10, to greater than 22 feet in
monitoring well UGW-6 . The playa extends approximately 100 feet inland
at monitoring wells UGW-10 and UGW-11, and up to 500 feet inland to
monitoring well UGW-6. This playa interfingers with and overlies a highly
weathered, predominantly igneous bedrock. The overburden consists of a
weathered, poorly sorted, very dense silty, fine to coarse sand and gravel
matrix. This weathered overburden extends from between 100 to 500 feet
inland to the upper boundaries of the TWFF, and exhibits moderate relief,

rising to 70 feet above sea level at soil boring B-9.

3.02.3 _Ground Water Flow Conditions

Ground water elevations were collected on two separate occasions
March 29 and April 4, 1991 and is summarized on Table 1. A complete set
of elevations was collected on April 4, 1991, subsequent to the completion of
all monitoring well installations. A ground water elevation map, illustrating
representative site ground water elevation and flow conditions has been
prepared from both sets of data, and are included as Figures 3 and 4,

respectively.
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A comparison of the ground water elevation data and the test boring
logs reveals that the ground water elevations within the monitoring wells have
risen above the zone where saturated soil conditions were encountered. This
data is summarized on Table 1. The condition is indicative of a semi-confined
aquifer where the static ground water elevation within the wells occur above
the top of the aquifer. Under semi-confined aquifer conditions encountered
at the site the ground water and any immiscible product layer enters the
screened interval of most of the monitoring wells and rises to a static level
above the top of the well screen.

The semi-confined aquifer conditions can be demonstrated through the

review of the well data for monitoring wells UGW-4 and UGW-14, At these

locations saturated soil conditions and petroleum product within the aquifer

were encountered within ten feet of the bottom of the borehole, below the top
of the well screen. However, a review of the well data reveals that following
well installation the static level of the product layer and the corrected ground
water elevation is at least ten feet above the well screen. The top of the well
screen at each of these wells was set at a minimum of one foot above the top
of the aquifer (as indicated on Table 1 as the first encountered saturated
condition). This data confirms that the ground water and product are
entering the wells below the top of the well screens and rising inside the well.
Semi-confined aquifer conditions were also encountered at monitoring wells
UGW-1, 3, 4, 8, 9, and 10. At each of these locations the top of the aquifer

(first encountered saturated conditions) occurs below the top of the well
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screen, however, the water level and/or product layer occurs above the well
screen.,

As Figures 3 and 4 illustrate, the TWFF ground water flows predomi-
nantly southwest towards Ensenada Honda. A slight deflection of ground
water flowing towards the south is noted in the southeast cormer of the
TWFF. This deflection is most likely attributed to topographic effects
presented by a bedrock controlled hill bordering the eastern edge of the
TWFF. Figure 3, depicting ground water flow derived from the set of data
available from March 29, 1991, is consistent with the data and flow conditions
present on Ap;il 4, 1991.

A hydraulic gradient of .004 ft/ft to .006 ft/ft exists in the vicinity of
the TWFF. Review of the insitu hydraulic conductivity data summarized in
Table 1 indicates a range of hydraulic conductivities of 6.1 x 10° cm/sec (.017
ft/day) to 1.4 x 10™ cm/sec (.4 ft/day).

An estimate of the water transmitting capacity of a geologic formation
can be estimated from hydraulic conductivities and gradients at the site. The
average linear ground water flow velocity can be approximated using the
following equation:

Darcy’s Law

V = Ki/n

Where

V = velocity (ft/day)

K = hydraulic conductivity (.017 ft/day to .4 ft/day)
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i = hydraulic gradient (.004 ft/ft to .006 ft/ft)
n = average porosity (20-45 percent, based on typical values for silty sand and
gravel mixtures)

Using Darcy’s Equation, it is estimated that the average linear ground
water flow velocity in the vicinity of the TWFF is in the range of .0015 to .053

ft/day.

3.03 Ground Water Quality

3.03.1 Free Product Assessment

Product thickness measurements were collected from the monitoring
wells on March 29 and April 4, 1991. The product thickness data is
summarized on Table 2. This product thickness data was used to develop
Free Product Plume Maps (Figures 5 & 6). As depicted on Figures 5 and 6,
an extensive free product pool exists, with the center located in the vicinity of
monitoring well UGW-1, which contained 14.21 feet of product on March 29,
1991. The major plume axis trends from well UGW-14 downgradient to the
southeast approximately 600 ft. Monitoring wells UGW-14 and UGW-17
identifies the approximate edges of the plume axis, and contain 1.11 feet and
2.98 feet of free product, respectively. The plume width is approximately 250
feet, with a bedrock controlled hill controlling the northeastern edge of the
plume. Previously installed monitoring well GW-04 identifies the approximate
southwestern border of the plume, and contains 2.94 feet of free product.

Free product thickness data collected on March 29, 1991 (Figure 5) is
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consistent with the data and plume evaluation observed on April 4, 1991

(Figure 6).

3.03.2 Ground Water Analytical Results

A single round of ground water samples were collected from March 28
to April 4, 1991 in accordance with procedures outlined in Appendix C. Field
sampling logs are also included in Appendix C. The ground water samples
were analyzed for volatile aromatic and unsaturated organic compounds using
EPA Method 503.1, and for lead by atomic absorption. Ground water
laboratory analytical results are included in Appendix D and summarized in
Table 5. Figure 7 illustrates the distribution of total benzene, toluene,
ethylbenzene, and xylenes (BT’EX) across the TWFF site. Monitoring well
UGW-1, which exhibits 283,149 ppb total BTEX, contains free phase product
only. Monitoring wells UGW-4, UGW-5, UGW-12, UGW-13, and UGW-14
which all contained free phase product, exhibited total BTEX concentrations
ranging from 1890 ppb in UGW-12 to 70,105 ppb in UGW-13. It is likely
that the existence of free phase product in ground water samples from these
wells resulted in high total BTEX concentrations.

Downgradient monitoring wells UGW-6 and UGW-15 contained 12,273
ppb and 2490 ppb total BTEX respectively. No free phase product was
observed in these monitoring wells.

Dissolved lead concentrations in the ground water ranged from 61
ug/L ppb in UGW-17 to 167 ppb in UGW-15. The free phase product
sample from UGW-1 exhibited 3,580 ppb lead concentrations. All ground
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water samples exhibit lead concentrations which exceed the U.S. EPA

maximum contaminant level (MCL) of 0.05 mg/L (50 ppb) in drinking water.
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SECTION 4 - REMEDIAL ALTERNATIVES

4.01 General

The following assessment of remedial alternatives focuses on the mitigation
of petroleum hydroca.rbdns in the subsurface at TWFF. When petroleum products
impact the ground water, actions are required to clean up the ground water and the
affected soils. If the petroleum products reach the ground water in sufficient quantity
to form a floating layer, recovery of the free phase product on the ground water
should also be considered. Based on the results of the hydrogeologic study
conducted at the facility, the insifu and non-insitu technologies discussed below are
deemed to be the most appropriate technologies for consideration by the Navy. In
addition to any corrective actions, measures should be taken to alleviate the source

of product.

4.02 In-Situ Alternatives
Ground Water Containment

Ground water containment is a process by which an area of concern is
separated from the surrounding environment, thereby minimizing the migration of
hydrocarbon compounds. This separation may be accomplished by the installation
of cut-off walls, grout curtains, and/or slurry walls. A ground water cut-off wall could
be installed around the area to collect and prevent further migration of the
contaminants. The wall should extend down to a layer of low permeability stratum.
In the event that such a stratum is not present at a reasonable depth, a hanging wall
could be constructed. A hanging wall would adequately isolate any floating product
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but would allow soluble constituents to migrate under the wall. Although ground
water containment prevents further migration of the floating product, destruction of
compounds in or on the ground water is not accomplished. An additional system

would be required to mitigate the compounds within the containment area.

Volatilization

This process removes volatile compounds from the soil by forced or drawn air
currents. A system of air injection and extraction pipes are placed over and around
the area of the contaminant plume. Volatilization can be used to effectively treat
large volumes of soil that would be impracticable to excavate. Air is injected and/or
withdrawn from the pipes, treated (if required), and allowed to return to the
atmosphere. Volatilization can be effective in removing a wide range of volatile
compounds over a wide range of conditions. The controlling mechanisms for vapor

diffusion is site-specific and may be easily evaluated through small scale pilot testing.

Aerobic Biodegradation

Biodegradation is a process by which the growth and activity of naturally
occurring microorganisms are stimulated to degrade the compounds of interest.
Stimulation of microbial growth and activity for hydrocarbon removal is accomplished
through the addition of oxygen and nutrients. Ground water is pumped to a mixing
tank were the ground water is biologically treated under controlled conditions. After
treatment the effluent is either injected back into the ground or sprayed over an
infiltration gallery. There are several factors that dictate the appropriateness of
biodegradation. These include, but are not limited to the following: 1) availability

19



of nutrients; 2) type of hydrocarbon available; and 3) concentration of the compound
of concern. To evaluate the various site specific parameters, pilot testing would be

required to design an efficient biodegradation system for the site.

Soil Leaching

This is a process that is generally used to remove petroleum products that are
immobilized in the unsaturated zone. Water is introduced to the soil by means of
either gravity (flooding or infiltration galleries) or injection pipes. The water
introduced into the soil, remobilizes the product, and the water is subsequently
recovered and treated. Surfactants are occasionally introduced along with the water
to increase the leaching of the soils. Choosing a surfactant requires laboratory
testing and evaluation of the surfactants chemical arid environmental properties.
This technique is applicable for the treatment of large areas of contaminated soils

after the source of contamination has been removed.

4.03 Non-In-Situ Alternatives
Product Interceptor Trenches

For shallow contamination problems, particularly in strata with low or highly
variable hydraulic conductivity, trenches can be a cost effective option. A trench is
excavated across the down gradient front of the contaminant plume. Pumps remove
ground water from the trenches influencing the migration of free phase product
towards the trenches. The free phase product would be removed, and the
contaminated ground water that remains would be collected and treated. Trenches
should be installed below the water table, and to be most effective, in areas were the
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amount of free product is greatest and were limits to the trenching operations are

minimal.

Excavation

Excavation is the process by which affected soils are removed from the site
for disposal. Although excavation removes the soil it does not help to remediate the
ground water. This technique has been used at numerous sites because it allows an
immediate site clean-up of contaminated soils. However, the high costs and issues
involving the disposal of the excavated soils generally suggests that other alternatives

should be further investigated.

Ground Water Extraction and Treatment

This system requires the installation of a treatment facility and a number of
recovery wells within the product plume to collect and treat free phase and/or
dissolved hydrocarbons on or in the ground water. The number of wells and the
design requirements for the wells would be identified following an evaluation ‘of the
aquifer characteristics at the site and the extent of remediation required. The wells
commonly screen the water table and extend several feet into the saturated zone.,
Recovery pumps are installed in the wells; one to remove ground water and induce
migration of free phase product towards the wells, and one to remove the free phase
product that enters the well. Ground water that is removed generally contains
dissolved petroleum hydrocarbons and may require ‘treatment before being either

injected back into the ground or discharged. The advantages of this system include
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the removal of the highest concentrations of contaminants from the ground water and

the prevention of downgradient migration of the contaminant plume.

4.04 Recommended Alternatives
4.04.1 Ground Water Remediation

Review of site hydrogeologic conditions and free-phased product
delineation results indicate a ground water extraction and treatment system
would provide the most cost-effective remedial alternative for the Tow Way
Fuel Farm.

Prior to full scale implementation of this alternative, a test system
should be constructed to facilitate incorporation into the complete system at
a later date. This test system would consist of a test well and pumping
system. At first, an :iquifer pump test would be performed to evaluate aquifer
characteristics. Based upon these characteristics a full scale system would be
designed for the removal of free phase product, as well as dissolved

hydrocarbons in the ground water.

4.04.2 Soils Remediation

Although significant total petroleum hydrocarbon (TPH) concentra-
tions were observed in several soil borings, the full extent of TPH concentra-
tions with respect to EQB guidelines should be further defined before
initiating soils remediation.

To further define TPH concentrations within the soils it is recommend-
ed that additional test borings be installed and soil samples analyzed JTPH.

I S S
~T5
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SECTION 5 - CONCLUSIONS AND RECOMMENDATIONS

5.01 Conclusions

Based on the results of the investigations conducted in the vicinity of Tow

Way Fuel Farm, the following conclusions can be derived:

Results of soil borings B-1 and B-2, located in the vicinity of Tanks
56A and 56B indicate petroleum hydrocarbon (TPH) concentrations
of the soils to be greater than the EQB cleanup guidelines.

The results of soil borings B-3, B-4, and B-5 indicate TPH concentra-
tions of soils greater than EQB cleanup guidelines downgradient of
Tank 83. In addition, the presence of a tar-like substance in boring B-
3 indicates the potential of a sludge pit existing in this vicinity.
Traces of TPH concentrations exist in shallow soils in borings B-6
through B-10, but below EQB cleanup guidelines.

With the exception of the cadmium level at B-2, EP Toxicity Metals
concentrations for soils were found to be below U.S. EPA maximum
concentration limits.

The site geology consists of alluvial sands and silts near the shore of
the Ensenada Honda, and extends between 100 feet and 500 feet
inland. These alluvial sands overly and interfinger with highly weath-
ered igneous bedrock, defined by poorly sorted very dense, silty fine to

coarse sands, and gravels.

Site ground water flow is predominantly to the southwest at a rate of

.0015 ft/day to .053 ft/day.
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- Insitu hydraulic conductivity test results indicate hydraulic conductivi-
ties at the site range from 6.1 x 10® cm/sec (017 ft/day) to 1.4 x 10"
cm/sec (.4 ft day).

- A free phase product pool exists in the vicinity of Tanks 56A and 56B,
confirming historic losses from these tanks,

- Free phase product measurements indicate that a plume exists in the
vicinity of UGW-1, which contains approximately 14 ft of free product.

- Analytical results of ground water samples from downgradient
monitoring wells UGW-6 and UGW-15 indicate total BTEX concentra-
tions of 12,273 ppb and 2490 ppb, respectively. These results indicate
the presence of dissolved petroleum hydrocarbons in excess of USEPA
MCLs in the ground water.

- Total dissolved lead concentrations exceed the U.S. EPA maximum

contaminant level (MCL) of 50 ug/L in all of the monitoring wells.

5.02 Recommendations
Based on the conclusions stated above, the following recommendations are
made:
1. A recovery well should be installed adjacent to monitoring well UGW-
Q, and an aquifer performance test should be conducted on this well
to evaluate the hydrogeologic characteristics of the aquifer. This will
provide the preliminary design data required for the design and
installation of a ground water and free phase product recovery and
treatment system. At a minimum, two additional recovery wells should
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be installed adjacent to monitoring wells UGW-l /nd UC@E The
need for any additional recovery wells should be evaluated based on
results of the aquifer performance test.

Based on the results of the aquifer performance test, the design and
installation of a ground water recovery and treatment system should be
implemented to remove the free phase product layer and remediate

the dissolved hydrocarbons in the ground water.

- Additional soil borings should be installed to further define TPH

concentrations. Soil samples should be analyzed for TPH and lead.
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TABLE 1
TOW WAY FUEL FARM
U.S. NAVAL STATION
ROOSEVELT ROADS, PUERTO RICO

WELL SPECIFICATION AND ELEVATION DATA

ELEVATION
FIRST ENCOUNTER  DIFFERENCE BETWEEN
HYDRAULIC SATURATED FIRST ENCOUNTER

WELL GROUND * CASING * CONDUCTIVITY GROUND WATER ELEVATION (FT) CONDITIONS FROM  CONDITIONS AND FINAL PRODUCT IN
WELL NO. DEPTH (FT) ELEV. {FT) ELEV.(FT) SCREENED INTERVAL (FT) {CM/SEC) arzemo 4/4/91 BORING LOGS (FT) ELEVATIONS {FT) WELL (FT)
UGwW-1 24.62 115.09 116.85 90.47 - 10047 (2) e ONLY PRODUCT 15.00
UGgw-2 58.35 180.85 162.33 102.30 - 112.30 6.10E-06 108.76 106.81 105.85 0.88 NP
UGW-3 35.44 123.29 126.22 8785 ~ 9785 2.47E-04 104.18 10412 96.26 7.83 NP
UGw-4 35.26 119.32 120.68 84.08 -~ 84.08 {2) 104.88 (4 104.80 (4) 86.32 16.48 13.00
UGW-5 28.67 114.60 116.44 86.03 - 10803 {2 103.44 {4) 103.40 (%) 87.60 5.60 12.28
UGw-8 18.37 108.69 111.73 21.62 - 101.82 1.40E-04 101.14 101.08 94.89 8.0e NP
UGwW-7 16.27 108.68 110.35 82,42 ~ 10242 2.44E-05 101.78 101.69 88.69 3.00 NP
UGw-8 17.53 108.84 110.50 81.31 - 101.31 7.01E-05 102.08 102.02 88.84 3.18 NP
uGcw-9 19.93 110.55 110.51 8062 - 100.82 3.35E-05 102.89 102.68 85.55 713 NP
UGW-10 18.86 109.40 110.87 80.64 ~ 100.54 8.32E-04 100.92 100.87 94.40 8.47 NP
UGW-11 17.45 108.40 110.00 8085 ~ 100.95 5.70E-04 100.83 100.80 98.40 2.40 NP
UGW-12 23.14 112.75 114.24 80.61 - 99.61 (2) 103.20 (4) 103.08 {4) 95.75 7.33 9.40
UGw-13 25.88 1121 113.56 86.23 ~ 96.23 2 101.20 (4) 101.11 {4) 97.11 4.00 582
UGw~-14 38.83 118.397 118.71 79054 - 8954 2 103.55 {4) 103.40 (4) 88.37 15.03 1.00
UGW-15 17.82 110.86 112.51 9284 - 10204 {3) 100.54 100.51 100.88 -0.35 NP
UGwW-16 20.35 112.39 113.98 92.04 ~ 102.04 7.01E-056 NA 10118 97.39 3.79 NP
UGW-17 23.70 110.73 112.26 87.03 - 102.08 4.42E-04 NA 10036 (&) 80.73 863 268
Ugw-18 20.38 113.00 114.53 2262 ~ 10282 1.62E-04 HA 101.24 83.00 8.24 NP
Gw-02 {1) NA 112.14 113.88 NA HA 0261 10253 e ———— e
aw-03 (1) NA 111.38 113.62 NA NA 102.43 102.33 . e —
GW-04 (1) NA NA 113.21 HA NA 104.94 {4} 105.56 (4} e e o
GW-08 (1) NA 10812 111.16 NA NA 101.69 101.58 — R ——

NOTES: NA Data not available
*  Elevation data tied to USGS datum + 100 f1.
~ Ho ground water present in well.
NP No product present in well,
(1} On-site well not installed by O'Brien & Gere Engineers, inc.
{2) Product layer prevented performance of IN-SITU conductivity test.
{3) Recovery rate defied hand measurement.
{4) Ground water elevation corrected for product layer
GWE + (0.9) (PT) = CGWE
GWE Ground water elevation
PT Product thickness
CGWE Corrected ground water slevation

03-Feb-82



TABLE 2
TOW WAY FUEL FARM
U.S5. NAVAL STATION
ROQSEVELT ROADS, PUERTO RICO

PRODUCT THICKNESS DATA (FT)

WELL NO, 3/29/91 4/4/91
UGW-1 14.43 14.21
UGW-2
UGW-3
UGH=4 10.27 9.82
UGW-5 13.34 12.32
UGW-6
UGW-7
uGw-8
UGW-9
UGW-10
uGw-11
uGw- 12 9.95 11.44
UGW-13 6.39 6.31
UGW-14 : 0.87 .11
UGW-15
uGH-16 NA
UGH-17 NA 2.98
UGW-18 NA
GW-02
GW-03 - b
GW- 04 4,78 2.9¢4
GW-06

NOTE: NA - Data not available
--- - No product layer detected



TABLE 3
TOW WAY FUEL FARM
U.S. NAVAL STATION
ROOSEVELT ROADS, PUERTO RICO

SOIL BORING ORGANIC ANALYSES

TOTAL TOTAL

BORING ORGANIC PETROLEUM
NO. DEPTH (FT) DATE HALOGEN (TOX) HYDROCARBONS
B-1 48’ 212591 <. 050 2.087
B8-1 8-8' 21251 «<.050 0.27
£-1 8=158' 2725/ < 050 0.53
B-2 2-4' 2/28/01 <.050 0.484
B-2 4-8 2/26191 <.080 0.422
B-2 810" 2728/ <.050 1.818
B-3 48" 2728/91 <.050 2285
B-3 10-12' 2128/ <. 080 228
B-3 12-18' 2/26/91 <.050 2.9
8-4 §-8 227 <.050 0.0539
8-4 8-10' 2127 <.050 0.3338
B8-4 10=14' 2127 <050 3.019
B-5 2.4 212791 <.050 0.0062
B-5 4-8' 2791 <.050 0.1666
B-5 6=10" 21271 <.050 ¢.0072
B-8 4-5 2/28/91 <080 0.0545
B-8 6-8' 2128191 <.080 «<.001
B-8 12-18" 2/28/01 <050 <, 001
B-7 2-4 2128/ <050 0.0035
B~7 4-g' 2728/ <. 0560 001
8-7 8~10’ 228/ <.080 0.0017
8-8 6-8" 2/28/91 <050 0.0203
B-8 8-10" 2128/ <.050 0.0042
8-8 12-16' 2/28/91 <050 <001
B-9 4-8' 3191 <050 0.0102
B-9 1012 3/1/91 <. 0580 0.0018
B-9 12-18" 341791 <050 <. 001
8-10 4-8’ anms <. 050 0.0102
B-10 8-8' 3 <.050 <.001
B-10 10-14' arme <.050 «.001

NOTES: Resuits reported in mg/kg (ppm).



TABLE &
TOW WAY FUEL FARM
U.8. NAVAL STATION
ROOBEVELT ROADS, PUERTO RICO

SOIL BORING INORGANIC ANALYSES

BORING
NO. DEFTH (FT) DATE ARSENIC  BARIUM CADMIUM CHROMIUM LEAD MERCURY SELENIUM SILVER
EPA Maximum Concentratien Limi 5.0 100.0 1.9 5.0 5.0 0.2 1.0 5.0
B-1 4~6? 2/25/91 <0.01 1.1 0.066 <0.001 0.083 0.001 <0.0 0.038
8-1 £-81 2/25/91 «0.01 0.7 0.035 <0.001 0.080 0.001 Q.01 0.033
B-1 8-15 2725/ <0.01 <0.5 0.240 <0.001 0.073 <0.00 <0.01 0.030
B-2 2-41 2/26/9 <0.01 6.4 1.7 0.062 0.166 0.001 <0.01 0.083
B2 4-6) 2726791 <0.01 7.3 0.052 0.064 0.143 0.001 <0.01 0.056
8-2 &-10 2/26/91 <0.01 <0.5 0.086 <0.001 0.055 0.001 <0,01 0.024
8-3 46 2/26/91 <Q. 01 10.0 0,073 0.074 0.211 0.00 <0.01 0.088
B-3 10-12¢ 2/26/91 <0.01 8.6 0.337 g.018 0.098 <0.001 ‘<0.G1 0.049
B-3 12-161 2/26/91 «(.01 0.8 0.027 (.00 0.055 0.001 <0.01 0.027
B-4 6-81 2727/91 <0.01 6.0 0.087 Q.144 1.0 <Q.001 <0.01 0.106
g-4 8101 2727/ <0.01 7.5 0.099 0.133 0.602 <(,001 <0.01 0.134
B-4 10-14" 2727791 <0.01 1.9 0.060 0.059 0.191 <0.001 «<0.01 0.062
g-5 2-41 2/27/91 <0.M1 1.0 0.02 <0,001 0.062 0.001 <0.0 0.017
8-5 4-561 2/27/91 <0.01 0.5 0.022 <{,001 0.062 0.001 «0.01 4.016
g-5 6-10 2/27/91 <0.01 <0.% 0.048 <0.001 0.10% <(.001 «0.01 0.0863
B-& 4-6! 2728791 <0.01 <0.5 0.047 0.001 0.109 <0.001 <0.01 0.017
B-6 &8¢ 2/28/91 <0.01 <0.5 0.015 <0.001 0.103 <0.001 «0.01 0.014
B-é 12-16! 2/28/91 <0,01 <0.5 0.024 <0.,001 g.108 <0.001 <0.01 0.018
B-7 2-6" 2/728/9 <0.01 0.5 0.056 <0.001 0.093 7.0 <0.01 0.018
B-7 4-6! 2/28/91 <0.01 0.5 0,024 0.010 0.123 <0,001 <0.01 0.013
B-7 6-101 2/728/91 <0, 0.5 0.007 0.002 0.111 <0.001 <0.01 0.020
B-8 &-81 2728/ <0.01 <0.5 0.006 bD.233 0.136 0.013 <0, 01 0.017
B-8 B-10" 2728791 <0,01 <0.,5 0.020 0,004 0.090 0.008 <0.01 0.021
8-8 12-16¢ 2728791 <0.01 <0.5 0.0M11 0.314 0.094 0.008 <0.01 0.020
g8-9 4-4) 3719 <0.01 <0.5 0.006 <(.001 0.230 0.004 <0.01 0.014
B-9 10-12¢ 3/1/91 <0.01 <0.5 0.006 <0.001 0.240 0.004 <0.01 0.017
B-9 12-16¢ 371N <0,.M <0.5 0.012 0.026 0.165 0.002 <0.01 0.01&
B-10 G-t 371/ «<0.01 <0.5 0.0 <(J.001 0.239 0.002 «0.07 0.013
g-10 6-8¢ 3719 <0.01 <0.5 0.005 <0.001 0.133 0.006 <0.01 0.024
B-10 10-14¢ 3/1!91 <0.01 <0.5 0.001 <0.,001 0.149 0.006 <0.01 g.021

NOTES: ALl values reported in mg/L (ppm).
* - EPA Publication; 45 Federal Register 33122; May 19, 1980.



TABLE 5
TOW WAY FUEL FARM
U.S. NAVAL STATION
ROQSEVELT ROADS, PUERTO RICO

GROUND WATER QUALITY DATA

MONITORING SAMPLE ETHYL - TOTAL

WELL NO, DATE BENZENE TOLUENE BENZENE XYLENES BTEX LEAD *
uGw-1 (1 3/28/91 13,518 34,383 95,702 139,546 283,149 3,580
UGW-2 3/26/91 <1.0 <1.0 <1.0 <1.0 <1.0 142
UGH-3 3/27/91 <1.0 <1.0 <1.0 <1.0 <1.0 122
UGW-4 3/28/9 16 678 7,165 10,697 18,556 80
UGW-5 3/28/91 <1.0 317 3,285 4,233 7,835 107
LGW-& 3/26/91 6,004 2,096 3,719 454 12,2?3_ 166
UGW-7 3/26/91 <1.0 <1.0 <1.0 <1.0 <1.0 93
uGw-8 3728/91 <1.0 <1.0 <1.0 <1.0 <1.0 77
uGw-9 3/26/‘;;1 <1.0 <1.0 <1.0 <1.0 <1.0 68
UGwW-10 3/27/91 <1.0 <1.0 <1.0 <1.0 <1.0 74
uaw- 11 3/27/91 <1.0 <1.0 <1.0 <1.0 <1.0 34
uGW-12 3/28/N 47 8 432 1,403 1,890 82
UGH-13 3728/ 788 4,713 23,865 40,739 70,108 98
uGW- 14 3/28/91 664 2,387 22,804 23,754 49,609 &%
ucw-15 3/28/91 1,017 63 1,112 298 2,490 167
uGW-16 3/28/91 <1.0 <1.0 <1.0 <1.0 <1.0 57
uew-17 4/04/91 <1.0 <1.0 <1.0 <1.0 <1.0 61
UGW-18 4/046/91 <1.0 <1.0 <1.0 <1.0 1.0 65

NOTES: Results in ppb.

* - Results in wug/l

(1 -

Free phase product sampled.
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APPENDIX A

BORING LOGS AND WELL SPECIFICATIONS
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O'BRIEN & GERE

Repert of Boring No. B-1 / Uﬁﬂ-—i

BLKJF

ENGINEERS, INC, TEST BORING LOG _ Sheet | of 1
Ipm}ect Leeation: U.5. Naval Station SAMPLER Ground Water Depth Date
Roosevelt Rd. Puerto Rico IType: Split Spoon Depth Date
Client: Naval Engineering Commanc Hammer: 140 lbs. Fall: 30" File No.: 33543.020.130
Boring Co.: JACA & Sierra Testing Laboratories Boring Lotatiom:
Forewan: fngel Ferrer Ground Elevation:
0BG Gecicgist: Tiw Edoy Dates: Started: 2/25/391 Ended: 2/26/91
Sauple Stratus Field Testing IR
Sample Change Eguiopment ]
Depth Blows {Peretr/ 1 "N" Description Beneral Installed Sp K
Ne! Depth 18" iRecovry lValve Descript pH | Cond [MNU is¢
O 1 0-20 | 5-9-B-5 | 2/0.4'] |7 |Brown, damp, medium demse, fine to coarse 2.41%
SAND, little fire to medius gravel, trace
silt ard clay
2! 2-4 | 5-5-7~14] 22/0.1'] 12 |Same as above 3.2
31 4-8' }13-9-13-23] /2 28 )6reen, woist, very stiff (LAY, some silt, .o
little fine to coarse sand, trace fine
5 to sediun gravel
41 g-@ 11-28- 11.8/71.8'7 78 Very demse, greerbrown, wottled appearance 10,0
fire to wedium SAND, scee fine t0 coarse
43-30/0,3 gravel, little silt amd clay
51 810 5377 | 1'/0.8'] — |Very dense, agua-green, fine to mediux 0.4
pravelly, SAND, little silt amd clay
10 e} 10127 3764 | 1'/0.8'] -— l5awe as above 30
71 12-181 B4/0.2 | 0, 2'/0"] ~ |No sample obtained -
15 18 ) 15-1771 93/0,1" 10,170, 10 = |Very dense, agua-— reen moist, fire to 2.0
wediue gravelly 1ttle silt and clay
Mater ercountered at 20 ft,
20 151 20-22Y) 100/0,3'10.3/0.3' | — Very dense, wet, brown-green, fire to 100. ¢
toarse smiz trace silt
25 1101 25-27) 100/0.3'10.3/0,3'] — IVery dense, wet, brown, fime to coarse 100.0
SAND, sowe fine to wediws gravel, little
5ilt and clay
a27.¢
Bottow of boring 27,0 ft.
|
]
!
- HNU readings reported in ppm.
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' RRIEN § : Report of Bar B-2
BenEt 5. TEST BORING LOG of heet™ o 1
Project Location: U.5. Naval Station Bround Water Depth Date
Roosevelt Rd. Puerto Rico Ty s Split Sg:m . Depth Date
Client: Naval Engineering Comsamd Hammwer: 140 1 Fall: 30" File No.: 3543.020,130
Boring Co.: JACR & Sierra Testing Laboratories Boring Location:
Foreman: Anpel Ferrer B Elevation:
085 beologist: Tim Eddy Dates: Started: 2/86/91 Ended: 2/28/31
Sample Stratus Field Testing IR
Sample Change Equipment Com
Depth Blows |Penetr/ | *N* Description Bereral Installed Sp k
- Mo! Depth /6" Recovry Valve Descript pH | Cond IHNU js#
0 |1} 02 ] 57661} 2/1.6'] 13 {Brown, damp, some fine to sedium 20
SAND, sowe silt "*lay, trace fine to
mediun gravel
2] 2-0 ] 3~4~4~3 1 2'/1,5'1 B |Dark green, wedium stiff, wet SILT, some 30
firne to oadium sand, ht%le fine to sedium
gravel
3] 4-8' | 1-1-7-15] 2'/1,3'] 8 |Dark gray and agua-green, sottled appear- %0
ance, fine to medius smb sowe silt and
5 r:lay, little fine to uediun gravel
41 &8 1i-14= 1 2'/0.3'} 33 |Same as above to 6.5', then, brown, dense, 130
fine to coarse , Some fme to coarse
19-31 gravel, little silt
5] 8-10 18~22~ | 22749 54 {Same as above to 9.4, then, wottled brown &0
and dark green appearance, woist, very
241 dense
Water encountered at 10 ft.
10 16} 10-12'] 19-36- ] 2719 86 |Dark, wet (free uct)  fine to coarse —
SAND, some fine to medium gravel, trace
5046 silt
by
Bottow of boring 12 ft.
13
& - B readings reported in pps,
Ba.KJF




O"BRIEN & GERE Report of Boring No, B=3
ENGINEERS, INC. ‘ TEST BORING LOB Shaetn? of |
Project Location: U.5. Naval Station SAMPLER Bround Water Depth Date
) Roosevelt Rd. Puerto Rico {Type: Split Sg:on Depth Date
Client: Naval Engireering Command Hammer: 140 1bs. Fall: 30* File No.: 543,020,130
Boring Co. 3 JACA & Sierra Testing Laboratories Boring Location:
Foreman: fAngel Ferrer B Elevation:
0BG Geologist: Tims Eddy Dates: Started: 2/26/91 - Ended: 2/27/91
Sample Stratum ' Field Testing IR
Sample Change Equipwent »
Depth Blows |Peretr/ | "N* Description Beneral Installed Sp k
No! Depth /6" |Recovry |Valve Descript pH | Cond [HNU |s#
0 1] 02 ] 5566} 2/0.5] 1l Moist, brown, sedium demse, fire to coarse 50 1e

GAND, some silt, trace fine to medius gra-
vel, trace organics

2 241 | 3-b-4-4 | 2°/0.1'] 10 |Moist, brown with trace red, sedium stiff | 17
SILT, little fine to wedium sand, trace
clay, trace fine to medium gravei

3} 4-B' [10~-3-0-8 | 2'/5.1'] B |Same grading to black tar-like appearance 80
woist SHT, little fine to medios sand to
5 5.9', then fine to coarse sand, trace fine
ravel
4| 68 | 7558 | 2/0.8'} 10 jlamp, light gray, fire to wedium SAND, 30

trace fine to medium gravel, medius dense

3] B-10Y | 2-2-1-1 ) 2/ 3 |Moist, light gray, very locse, fire to 30
wedium SAND, little silt, ifrace gravel

10 16 | 10-12%} {=3-5-8 | 2'/1 B |Dark brown with trace black, moist SILT, 3.0
zowe clay, little fine to sediue gravel,
trace fire to sedium sand

H 4 . ‘s - — . N . . - B . N A 3

b

71 12-14') 1120~ 1 274 | 55 IMoist, dark browngreen, very dense fine ]
to coarse SAND, some silt, trace fime to '
35-48 wedius gravel, turning light brown at 13,4
8! IA-16"1 14-20- 1 2'/1° | 42 |Demse, light brown with tinge orange, moist 0
fire ;:a coarse SAND, some s1it, trace fime
15 2-32 gravel
9| 16-18'] 9-13- /1" | 35 |Same as above ¢
2-27
10} 18-20"1 20-41~ | 2*/1 90 |Same as above, very dense ¢
4354
20 11} 20-22'1 30-50 | 2'/0.9'] — |Same as ahove &3
& 112) &5-er 22-8?- 2/0.71 77 1Same as above 0
H~-100
30 113] 30-3'1 2i-32- | 21/0.8'| 82 |Same as above grading to white, medius to 9
coarse SAND, liftle silt, trace fime gravel
H-74
€ - HW reading reported in ppa. Bottos of boring 35.0 fi.

B3.KJF
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Cliert: Naval Engineering Command

Haimers 140 1bs, Fall: 30"

D'ERIEN § GERE Report of Eorin? No, B-4

ENGINEERS, . TEST BORING LOG Sheet | of |

Preject Location: U.8. Naval Station SAMPLER Eround Water Depth Date
Roosevelt Ad. Puerto Rico 1Type: Split Spoon Depth Date

File No,: 3543.020.130

Foremar; Angel Ferrer
fB6 Geclogist: Tim Eddy

Borirg Lo.: JACR & Sierra Testing Laboratories t Boring Locationm:

bround Elevation:

} Dates: Started: 2/27/9

Ended: 2/27/91

Sawmple Stratus Field Testing iR
Sanple Change Eguipnent ']
Depth Blows Penetr/ | *N* Description Gerers] Installed Sp k
No| Depth /8°  JRecovry [Valve Descript pH | Cond |HNU )s¢
0 )i} 0= 17-9-28-211 2/0.2'] 37 |Damp, brown-gray SILT, little fire to med- 1
jus sand, trace organics, clay and fine
gravel
21 2-4 24-3%- | 21/0.4'| 63 |Damp, gray, very demse, fine to medium 30
SAND, little fire to coarse gravel, trace
24-9 silt
31 4-p' | 5-5-5-4 | 2'/1.2'] 10 {Damp, dense, fine to coarse SAND, little 10
- silt, trace fine gravel
o
4 1 =g | 3-R-2=1 | 2170,3'] 4 |Sawe as above, wet, very loose &0
5! B0 | 2-2-1-2 § 2/0.7'] 3 |Same to 3.8', then moisi, blark SILT, trace 20
firne to mediue sand
Wet, very demse, gray, silty, fine to med-
10 16 1 10-12'1  p-iS~ 20710 32 lium SAND, grading to woist, brown-green fo 7
light brown, fine to coarse SAND, little
17-17 fine to wedium gravel, little silt at 1L, 3
7 ) 12-14Y] =4~ a2 36 iDaup, very dense, light brown-crange, fine 3
to coarse SAND, little silt ard fine gravel
22-37
8 | 14-16'1 [3-14« | /22 38 {Sawe as above 1
15 1 24-50
> 16. 00
Bottom of boring 16.0 ft.
® - HNU readings regorted in ppa.
B4, KJIF




YBRIEN § GERE y fReport of Boring No. B-3
%GINEERg, INC, TEST BORING LOG Sheet“? of |
Project Location: LL5. Naval Station SAMPLER Ground Water Depth Date
Roosevelt Rd. Puerto Rice jType: Split Spoon . Depth Date
Client: Naval Engineering Comsand Haswer: 140 lbs. Fall: 30° File No,: 1543,020.130

Boring Co.: JACA & Sierra Testing Laboratories Borﬁ Locatiom:
Foreman: Angel Ferrer Ground Elevation:
0BG beologist: Tim Eddy

Dates: Started: 2/27/91

Ended: 2/28/91

Sample Stratus Field Testing IR
le Change Egquipment ¥
Depth Blows |Pemetr/ | °N* Description Bemeral Installed Sp k
No| Depth /6*  [Recovry [Vaive Descript p 1 Cond |HNU |5¢
o 111 0= |3-7-54-54] 2/1" | &1 |Moist, red, stiff SILT, little fine gravel, 3.5
trace fine to medium sand, grading to gray-
green, angular pravel at 1
21 -4 | 19-22-6011.5/{.3'] 82 |Moist, very dense, light ray silty 2
fine To courst SHD, some fine Lo roarse
gravel
37 M £2-54- | 1,3'/1"| = IDRY, very dense, gray-light green, fine to 13
wedlus , some angular fine to coarse
5 75/0.3 gravel, trace silt
47 &8 Sh-4a- | 29/10 91 |Dry, very demse, Sgagy-light brown, fine to 80
coarse gravelly , trace silt
47-39
51 8=10" | 100/0.4)0,4/0.2'} — y very dense, fine to medium SAND, sose S0
fine to coarse gravel, trace silt
10,00
i0 Bottom of boring 10.0 ft.
# ~ WU readings reported in ppa,
RS.KIF
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Forewan: Anpel Ferrver
0BG Beclomist: Tim Eddy

Ground Elevation:

} Dates: Started: 2/28/91

O'BRIEN & GERE Report of Horing No. B-€

ENGINEERS, INC. TEST EBORING LB Sheet 1 of |

Project Location: U.5. Naval Station SAMPLER Bround Water Depth Date
: Roosevelt Rd, Puerto Rice {Type: Split Sggcm ) Degth Date

Client: Naval Engineering Command Hamwer: 140 1bs. Fall: 30* File No.: 3543,020.130

Boring Co.: JACA & Sierra Testing Laboratories { Boring Lecation:

Ended: 2/28/31

Sawple Stratum Field Testirg IR
Sample Change Equipnent u
Depth Blows |Peretr/ | "N* Description General Installed Sp k
Nei Depth /6"  ]Recovry {Valve Descript pH | Cond IHNU }s#
¢ 31} 02 | 3-4-2-2 1 2'/0.3'] b (Moist, loose, brown SILT, somwe fine to {
wediys © i, trate organics
21 o4 12-7-12-20) /0,31 18 |Moist, stiff, brown-light browm SILT, 30
little clay, trace fine to medium sand
31 4% B-18- g 46 |Light brmra% very dense SILT and 11
fine to medium
5 28-38
41 &= B-16- g 35 1Damp, light brown with white spots, fire 100
to wedius SAND, little silt, trace fire
19-2t to medium gravel
51 B-1on 1g-26- | 2y 50 |Bame, very dense ¢
2420
1016 { =131 7-f2- Ay 30 )Same, dence, grading to gray at 10.8' 0.2
18-26
7112w 10-17- 1 2 42 |Same ac above 0.2
25-32
81 14-18") 10-18- 1 /27 51 }Same as above 02
15 3257
iECO’
Botton of boring 16,0 ft.
5
& ~ HNU readirgs reported in ppe.
E& KIF




Q' ERIEN & GERE
ENGINEERS, INC.

TEST BORING LOG

Project Loration: U.S5. Naval Station

R t Rd. P R T SIth;oﬂ
oosevEL . Puertc Rico pe: Spli
Rgnerziml .

Client: Naval Engineering Command

R
Fall: 30

Report of Boring No. B-7

Sheet ? of §
Brourd Water Depth Date
Depth Date

File No.: 3343, g?:‘ﬂ. 130

Boring Co.: JACA & 5Sierra Testing Laboratories

Foreman: fngel Ferrer
0BG Geclogist: Tim Eddy

Boring Location:
Bround Elevation:

Dates: Started: 2/28/51

Ended: 2/28/94

Sample Stratus Field Testing IR
Sample Change Equi peent “
Depth Blows [Pemetr/ | *N* Description Bereral Installed Sp k
Net Depth /6"  1Recovry IValve Deseript pH | Cond 1HNU Is#
L S O 13-14- 1 22/0. 1%} 24 Moist, brown, stiff SILT, trace fine to 100
vediue sand and fine to coarse gravel
13-24
21 2«4 | 2-3-3-4 | 2'/0.9] 6 [Moist, brown, wedius stiff SILT, little 10
firne t¢ wedium gravel, trace silt
31 a6 |5-57/0.4'16.9/0.7') — |Same grading to fine to coarse SAND, little 4
S silt, trace fine to medius gravel at 4.5
41 b-8 i1-29- 1 2/ 59 |Very dence, brown-oramge, silty, fine to 30
coarse SﬂNb, some fine to mediue gravel,
30-20 grading to light gray at 7.6
31 81 72-43- {1.5/0.5'} — |Very dense, brown-light gray, fire to {
toarse gravelly SAND, white speckled
73/0.% appearance, trace silt
10.¢
10 Bottom of boring 10.0 ft.
15

b
L4

|
|

& -~ HNU readings reperted in ppas.

BT.KJF
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' OYBRIEN & GERE Report of Borimiq No. B-8
ENGINEERS, INC. TEST BORING LOB gheet 1 of §
pia Project Location: U.S. Naval Station SAMPLER Ground Water Depth Date
Roosevelt Rd. Puerto Rico |Type: Split Spoon Depth Date
Client: Naval Engineering Cowmand Hammer: 140 lbs. Fall; 30* File No.: 3543.020.130
. Boring Co.: JACA & Sierra Testing Laboratories Boring Location:
o Foremar: Angel Ferrer Erourst Elevation:
l 0BG Geologist: Tim Eddy | Dates: Started: 2/28/31 Ended: 3/1/91
Sawple Stratus Field Testing IR
o Sample Lhange Equipment »
s Depth Blows ]Penetr/ } "N" Description Beneral Instalied Sp k
. No| Depth | /6% |Recovry [valve Descript pH | Cord MU |se
0 1] (=2 | 3~3-4-3 | 21/0.9'] 7 IMoist, brown, sedium stiff SILT, little 0
fire to coarse gravel, trace fire fo mediu
‘e sand )
. 2] 24" | 2-4-8=17] 2V/1L.5'] 13 {Moist, brown-green, wediuw stiff SILT, lit- 12,5
tie fine {0 coerse gravel and fine to wed-
ium sand to 3.3', then, orange-brown dasp
- fine {c medius SAND, trace silt
31 &8 15~20- | 2'/1L, 9} 49 |Damp, very demse, reddish-brown, fine to 20
medium SAND, little silt to 5,4', then,
5 2%-34 greev—tan trace fine to sdium gravel
, 41 o8 f2-18~ | 2t/2.2'} 44 |Damp, green~tan, dense, fine to medium &0
SAND, littie silt, trace fire to medium
26-33 gravel
. 51 8- 15-27- | &'/2' | 65 |Same 35 above 100
' %40
10 16 | 10-12'136-80/0.5] 1V/1.5] == !Sane &0
. 7| ig~t4t] 26-37- |1.4/1,4') - 1Same, to 13.9', then, reddish-brown appear- 30
ance
) 65/0.4
. 81 ta~16"} 26-32- 1 2'/2' | 6f )Dawp very dense, reddish-brown wottled with 15
: light green, fire to medius SAND, little
15 29-35 silt and fine t0 mediue gravel (
6. 0!
l Fottow of boring 16.0 ft.
{
i

# - HNU readings reported in ppe.

B8, KJF
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Q' BRIEM § GERE fleport of Boring No, B-3
ENGINEERS, TN TEST BORING LOG sheet 1 of 1
""" Project Location: U.S. Naval Station SAMPLER Bround Water Depth Date
Roosevelt Rd, Puerto Rico |Types Split Spoom Depth Date
Client: Naval Engineering Command Hawper: 140 1bs. Fall: 30° File No.: 3543,020.130
Boring Co.: JACA & Sierra Testing Laboratories Boring Locatiom:
Foreman: Angel Ferrer Broung Elevation:
0BG beclogist: Tim Eddy Dates: Started: 3/1/91 Ended: 3/1/81
Sample . gﬁratu — Field Testing iR
Sample ange fui pen »
Depth Blows {Peretr/ | *N* Description Smgal Installed Sp k
No! Depth /6%  iRecovry [Valve Descript pi | Cond [HNU ls¢
0 it} o2 | 1-2-g-t | 22/0.3'1 4 |Moist, dark brown, soft SILT, trace organic 20
debris, fine to medius gravel and sand
2-41 | 1-2-3~101 2/2' | 5 |Gawe to 1,3’ then, brown-orange, moist 30

SILY, soee fine to wedium sand, little
elay, trace fine to wedius gravel

3| 48" | 545~ | 2772 | 43 lWet, dark brown, stiff SILT to 4.5' then, | 20
trown, dense%_fine to wediue SAND, little
i

(0]

5 28-37 silt, trace fine gravel, reddish at 5.4'
41 &8 415 2 43 1Damp, dense; brown with white and preen 7
speckled appearance, fine to medius SAND,
28-37 little silt, trace Fire gravel
g1 B-10" |34~70/0.310.8/0.8"| ~— lSame, very demse 50
10 16 | 10-12'] 20-30~ ) 2'/L.5'] 69 |Same, reddish brown at 118 300
. 3970 '
: 7] 12-14°] 19-B6~ | 2'/1.6') 116 |Damp, extresely dense, brosm, fine to wed- 30¢
jus SAND, little silt, trace fine to
£0-64 roarse gravel
l 8 ) 14-16'] 23-16~ | 1.5/0" | - iSame, turning toc olive greerbrown, some 300
i silt, moist
13 70/6.5
6.0
,. Bottom of boring 16.0 fi,
i
| |
. ¥ - HMJ readings reported in pps.
. . BI.KJF
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Foreman: Angel Ferrer
0BG Geclogist: Tim Eddy

Ground Elevation:
Dates: Started: 3/1/91

feport of Boring No. B-10 / Uek-2
BERERE, 5. TEST BORING LO cheet ] of 2
Project Location: U.S5. Naval Station SAMPLER Ground Water Depth Date
Roosevelt Rd, Puertc Rico |Type: Bplit Spoon Depth Date
Client: Naval Engireering Comsand Hammer: 140 lbs. Fall: X* File No,: 3543,020.130
Boring Co,: JACA & Sierra Testing Laboratories Boring Location:

Erded: 3/3/9}

Sample Stratum Field Testing |R
Sample Change Eguipwent ]
Depth Blows |Pereir/ | *N* Desrription Gereral Installed Sp k
No! Depth /8" jRecovry [Valve Deseript pH | Cond [HNU sk
0 H 02" | 4-4-3-3 | 21/0.7'] T (Moist, eedium stiff, dark broen SILT, some 20 1#
—Ifire to wedius sand grading to silt at 1.6
21 -4 1 412~ ] 2/4,3] 3 |Sawe, grading to dense, fine to 30
coarse SAND, little silt, trace fire to
20~25 mediun gravel
31 46 ] 1927~ | 2'/0,8'] 6 M, verg dense, brown, fine to medium 70
» little silt, trace fine to mediun
5 31-35 gravel
4 | BB} 15-38-63F L. /1) 101 [Same as above £
5] 8-10" } B-17- | 2U/LT] 46 D light brown with sottled, gra 10
a;?,arange, dense, fire to ﬂd}ul s&ﬁfm
29-44 little silt, trace fire gravel
10 16 ] 10=12'] 11-25- ) BY/LT'] 54 {Sawe as above 3
29-34
7} 12~14' 145-70/0.5] {*/0.8'! — |Damp, hrmr-light brown, fire to coarse 10
smﬁ, some silt, little fine gravel
8| 14-16"} 10070 [0.2/0.1'] -— |No sample recovery -
15
20 19 | 20-22' |70~70/0,110.8/0, 4"} — Verz dense, gray-green, fire to coarse SAND ) 8
little sil}, trace fine to medius gravel
2 110} 2527 50/0.3' 10.3/0.3'} — IMoist, very demse, fire to coarse gravelly 150
fine to coarse SAND, little silt
30 11 30-321 70/0.% 10.5/0.3'] -~ iSame ag above 200
* - N readings reported in ppe.
1BIO.KIF
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O'ERIEN & GERE Report of Boring No. B-10 / UBW-2
ENGINEERS, INE. TEST BORING LOG Vonest 2 of 2 '
Project Location: UL.S. Naval Station SAMPLER Grourd Water Depth Date
floosevelt Rd. Puerto Rico {Type: Split Spoon Depth Date
Client: Naval Enpineering Comard Hamwer: 140 lbs. Fail: 30 File No,: 3543.020.130
Boring Co.: JACA & Sierra Testing Laboratories Boring Location:
Forgwan: Argel Ferrer Bround Elevation:
0B Geclogist: Tim Eddy Dates: Started: 3/1/91 Erded: 3/5/91
Bample Stratus Field Testing IR
Sawple Change Equipment »
Depth Blows |Pemetr/ | "N* Description General Installed Sp k
Noi Depth /6" 1Recowry [Valve Deseript pH | Cond |HNU is#
35 J12) 3E-40') 50/0.1' 10.1/0.1Y] ~— 1Damp, v%dense, tarolive green, fire to
wed us , some silt, little fire to
wediug gravel
4 1131 40-43*1 SO/ 11/0.4'Y — |Sawe as above 16 1+
45 114] 45-50'1 S0/ 110,58 ~— 1Same, gray &
% 1151 50-55'% §50/0.3' 10,3/0,3'| == |Dawp, very dense, gray, fine to sedius 50
SAND, some fire to coarse gravel, little
siit
55 ji6] So-p0*] S0/1 §9/0,5"} - |Wet, very demse, gray, fine to medium SILT 36
and SAND, little tine to mediums gravel
Bedrock encountered at 56.5°
58!
Bottom of boring 58.0 ft.
# -~ HNU readings reported in ppm.
2B10.KJIF
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.| L.}——PRiseR P1Pe

. ] MATERIAL; PVC
N I O SCHEDULE: __40
v : INSIDE DIA.:_%__IN.

* " b CEMENT / BENTONITE GROUT

ELEV.. DEPTH:{." ' oR
ToP OF SEAUY-8 pp Y} |-t SENTONITE SEAL
TP OF saNg!®-® g1 |“er 1
L4 P4 — SAND PACK
TOP OF SCREEN1!2-3 gy p8-38y L] |1
J_r _——— SLOTTED SCREEN
= MATERIAL: PVC
st SCHEDULE: _40
’ =l INSIDE DIA.:._2 1IN,
= SLOT NO.:__10
:.:-4: :'
BOT. OF SCREENWZ.3 pr 8.3s Foif=fi::
BOT. OF X ._:‘:./...—-—DIA. OF BOREHOLE:_& 1IN,
BOREHOLEL02.3 g |58.35 Lo ivs

TYPZFCAL OVERBURDEN MONITORING WELL

N.T.S.

MOLLSIIS Mat vy

E“Hﬂﬂ

0
Il
B

OBRENGOCAE

|
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Roosevelt Rd. Puerto Rico |Type: Split 5
Client: Naval Engineering oo puo lgg?n

Fall: 30*

O*BRIEN & GERE Report of Boring No. UBW-3
ENBINEERS, INC, TEST BORING LDB Sheet | of |
Project Location: L.S. Naval Station SAMPLER Brourd Water Depth Date

. Deg;h Date
File Ne.: 3543.020.130

Boring Co.: JACA L Sierra Testing Laboratories Boring Location:
Foreman: Angel Ferver
0BG Geclogist: Tim Eddy

froumd Elevation:
Dates: Started: 3/5/91

Ended: 3/6/31

Sample Stratum Field Testing IR
Sample Change Equipsent »
Depth Blows |Peretr/ | “N* Description Bereral Installed Sp k
No! Depth /6" iRscovry [Valve Descript pH | Cond THNU lsé
0 1] oe 3458 2/ | 9 |Moist, brown/green/black, medium stiff SILT 30 1%
little fire to wedium gravel, trace clay
2 2-4) | 34-B-T7 | 2V/2 12 iMoist, brown and gray mottled, stiff CLAY, 40
sowe silt, trace fire to wedius samd
3 461 | T5-8-2 ) 2'/4.8') 13 jSase as above 50
5
10 14 ) 10-12') 27-38- ) 21/1.8') 55 |Dawp, brown/crange/green, fire to medium {
SAND, some silt, trace fine to wediup
| 16-21 gravel
{ Pd | ] i !
{
15 15 ) 1517 110-80/0.5] 1'/10 | -~ |Damp, very demse, browrgray, silty, fime &
- to coarse SPND, trace fire to medium gravel
20 16§ 20-22 125-50/0,310.8/0.8!'} = IVery denss, brown slight green, fire to 100
coarse SAND, some silt, trace fine to med-
ium gravel
25 17 | 25«27 147-5070.3)0.8/0.8'} ~~ Vmry dense, brown, fine to coarse SAND, 7
little silt and fine to wedius gravel
25-25.3 Wet with petroleus product
- g Wet, brown, very dense, silty, fire to
30 |8 | 30-32') 84/0.5' 10.5/0.5'| —— coarse SAND, little fire to medius gravel 140

# - HNU readings reported in ppe.

Botton of borinp 33.0 ft

MU3, KIF
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MEASIIS AL Lt

CEMENT PAD
GROUND SURFACE

+:}——— CEMENT / BENTONITE GROUT

oW ~ 3 \ '
FOTECTIVE STEEL
CASING AND LOCK
INSIDE DIAMETER _% IN.
B AN
A ¢ :
E hd * » e
'}//!' :" \T-‘-”;
¢ e B Y A
-4 |,
‘.1 Lsl——RISER PIPE
. ) MATERIAL: _pvc
N BN SCHEDULE: _40
S INSIDE DIA.:__2 IN.

b A
ELEV.: DEPTH:{-"| |- ©
113.29 10 ' .
TOP OF SEAL FT. FTl. | | .
TOP OF SAND FI.L F1.04 Y/ SAND PACK
TDP OF SCREEN 97.85 FT.Zs‘%T.'i*-::_::}?V’/’
= il ——— SLOTTED SCREEN
o ot Y MATERIAL: EVC
n—t SCHEDULE: 40
' 5 =g INSIDE DIA.:_2 1IN,
Ry =0y SLOT NO.: _10
o-:ﬂ-—':‘
::‘::P‘:::
BOT. OF SCREEN_87-85F [35.44 [-llef.:] g
OT. OF 8g7.85 35.44 ?:';;.::_.:/DIA. OF BOREHOLE: IN.
BOREHOLE F A
TYPICAL OVERBURDEN MONITORING WELL
N.T.S.
% OERIEN G OMRE
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Client: Naval Engineering

Roosavelt Rd. Puerto Rico |Type: Split S
Commary

Hauwer: 140 1bs. Fall: 30"

O'BRIEN § BERE Report of Boring No. UGH-4
ENGINEERS, INC. TEST BORING LDG Shewt 1 of 1
Project Location: U.S. Naval Btation SAMPLER Bround Water Depth Date

Depth Date
File No.: 3543.020,130

Boring Co.: JACR & Sierra Testing Laboratories
Forewan: Angel Ferrer
0BE Geologist: Tim Eddy

Boring Location:
Elevation:
Dates: Started: 3/6/9%

Ended: 3/7/91

Sample Stratum Field Testing |R
Sample Change Equipment ™
Depth Blows |Pemetr/ | "N* Deseription Sereral Irstalled Sp k
Ne| Depth Pl Recovry |Valve Pescript pH | Cond [HMI |s#
0 i) o2 ;55-13-12] 2'/1* 18 {moist, brown, stiff ST little fime to I
toarse sand, trace fire to coarse gravel
21 24 | p-9-8-11] 2'/1.1"] 17 l5ame to 3.5', then, dump, trown-orange 12
fine to wediue SAND, little silt, trace
fine to wedius gravel
31 45 =13~ 1 2Y/L.4'] 29 15ame as above i1
5 16-21
10 J4 | 10-12'] 31-45-8011.5/0.3'} 110 |Damp, brown-orange, very dense, fire to 50
wediun SAND, some silt, trace fine to
wediue gravel
15 15 ) 15-17*} 710~ 22t} 3 [Moist, green-gray, stiff SILT, sowe fine to 7
wediun sand, trace fine to sedium gravel
2i-27 Petvoleus odor
2 |6} 20-28") 19-22- 1 2'/2° | 50 |Seme, grading to brown and green witled 30
with white speckles at 20,9
28-33
2 171 2581 16-34— 11.8/1.8] 77 iSame, wel with petroleus product 80
43-50/0.3
- Wet, brom-gray very demse, silty, fime to
0 18] 30-32] 70/0.3" ]0.3/6.2'| — |coarse 5i1t$ SAND, Trace fine gravel 8

& - ¥ readings reported in ppw.

Bottom of boring 34.0 ft

Midh KIF
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v INSIDE DIA.:_2 IN.
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Foreman: fngel Ferrer
0B8 Beologist: Tim Eddy

Groung Elevation:

Dates: Started: 3/7/91

{'BRIEN ¢ GERE R t Boring No. UoWw—5
ENGINEERS, INC. TEST BORING LOG =port 0 Shee%n? of 1
Project Locatiom: U.5. Naval Station SAMPLER &round Water Depth Date

) _Roosevelt Rd. Puerto Rico {Type: Split § Depth Date
Client: Naval Engineering Hammer: 140 lbs, Fall: 30" File No.: 3543,020. 130
Boring Co.: JACR & Sierra Testing Laboratories Boring Location:

Ended: 3/7/91

Sample Stratus Field Testing |R
Sample Change Equipment "
Depth Blows |Penetr/ | "N* Description Beneral Installed Sp k
Depth | /6"  |Recovry |Valve Descript pH | Cond {HWJ |s#
0 =2 | 6~12~ | 21/0.7'] 29 {Damp, brown, stiff SILT, little fime to 3 i+
toarse sand and gravel
17-8
2-4 1 T-B-9-10f 2'/0.9'] 17 |Same ﬂding to orange-brown, fire to med- 200
ius , come silt to 2.3 %hen brown
green stiff SILT, little sand and gravel
A5 | B-T-B~6 | 2'/1, 4] {5 iSame, petroleum odor 16
5
10 10-12t} 7=32-70 11,5/1.5'] 102 |Brown/green/blue hard wet with petroleus i5
SILT, little fine to medius sand and fine
$o coarse gravel
15 15-17'} 15-24~ 11,8/1.8'] 66 |Brown/green/red, dense, fipe to coarse 10
SAND, sowe silt, little fine to roarse
45-30/0.3 gravel, petroleum odor, wet at 16.7
20 20-22' ] 21-48-5711.5/1.5%] 103 1Same, sott led green and dark brown, grading 18
to brown-orange, sedium to coarse SAND,
some silt at 21,5 '
& 25271 143-50/0. 1}0,6/0.6' | ~ 1Damp, very dense, brown-orange, fire to i
wediun SAND, some silt, trace fine gravel
28-30*] 70/0.3'10.3/0.3'} — |Same as above 3
30!
30 Bottou of boring 30.0 ft.
+ ~ HNU reagings reported in ppm,
. WS, KIF




UGU. - 5 . s
CEMENT PAD | POTECTIVE STEEL

GROUND SURFACE CASING AND LOCK
. INSIDE DIAMETER _4 _IN.

NEX | B

“'_"‘"'. . i*—-—-—-—-—
.=
IR
q . 4 . ;
.| L.l——~AISER PIPE
* . MATERIAL: _PVC
BED SCHEDULE: _40
I INSIDE DIA.:_2__1IN.
| |- ——"CEMENT / BENTONITE GROUT
ELEV.: DepTH:|-"| | ™ - OR :
Top oF sEAL'® . %7l I
| — BENTONITE SEAL

£
ToP OF SAND !07-93e7 | 6-§1 /A
TOP OF SCREEN 106-03py [B-5%7 [ }:d

SAND PACK

~

il __— sLoTTED screewn

: MATERIAL; _PVC
SCHEDULE: _40
INSIDE DIA.._2 _1IN.
SLOT NO.:__10

BOT. OF SCREEN 86.03 T |28.57

BOT. OF
BOREHOLE 86-03fT 128.57

DIA. OF BOREHOLE;_8 _IN.

TYPICAL OVERBURDEN MONITORING WELL

N.T.S.

WOLLSIIS Mas L
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- Report of Boring No. UGH-6
BEREE SHE TEST BORING LOB “eheet 1 of 1
Project Location: U.5. Naval Station SAMPLER Bround Water Depth ‘ Date
Roosevelt Rd., Puerto Rico]Type: Split Spoon h Date

File Ne.: 35#?3‘;0. 130

Client: Facilities Engineering Command Hammer: 140 lbs. Fall: 30"
Boﬂng Co. Jaca and Sierra Testing Laboratories Boring Location:
Foresan: 1 Ferrer Elevation:
0BG Geologist: Tim Eddy Dates; Started: 3/19/91 Ended: 3/20/3%
Sample Stratum Field Testirg |R
Sample Change Equipment .
Depth Biows [Pgmetr/ | *N* Description Gereral Installed Sp k
No /6*  ]Recovry Valve Descript pH | Cond [HNU |s#
0 20-i4~ | 271101 X % fime to coarse silty 2.0l%
trac fine %o wedium grivel
16-20
2 914~ | 2171,4'1 35 |Damp, reddish brown, stiff silty CLRY, sowe 3.0
fire to medium sand, trace fine io coarse
2i-g4 gravel to 2.6 ft., then, dense fire to
coarse sand, m silt, trace gravel
3 9545 | 2'/1.8'] 9 |Same to 5.6 en, wediuw stitf CLAY, some 3.0
s silt, trace }‘xm to wedium sard
10 {4 3-d-7-5 | 22/0,3'1 11 |Bray glistening, wedium stiff SILT, petro- 140
leus odor, some clay, little fire to coarse
samd, trace fine gravel
1515 o-1-0~i | /2 { JWet soft, red- organic peat 10
to '16 ft., then, gray SILT, sowe fime to
wedium sard, sulfur odoe
) Jo1-0 | 272 { |det, very soft, gr-ay SILT, some fine sand, 2.0
trace orpanics (seaweed), trace seashells,
sulfur odor
20.0°
20 Bottom of boring 20 ft.
* - HNU readings reported in ppe ] f l l
UGWe, KJF
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CEMENT PAD P+OGTECTIVE STEEL

GROUND SURFACE . CASING AND LOCK
r INSIDE DIAMETER _4 _ IN.

W ".‘]&\ I . .: ,7 %}:‘%\\.

rat : —
I//:. . N ." -\“-.-'-",
: . \

" L . L——RISER PIPE

Ll
REE MATERIAL: _pvc
~.{ SCHEDULE: _ 40
5 INSIDE DIA.:_2 _IN.
| |-d——cEeMenT / BENTONITE GROUT
ELev.: DePTH|-"| | X CR :
Top oF seal’® ¥ g7 ® gy -

7 BENTONITE SEAL

TOP QF SANDIOB.A? FT;B'SFT. SAND PACK
,"pﬂ"’"’m’

101.62 8.3
TOP OF SCREEN FT. |2 %FT.

.:.:: &1 *
RN

E ]
atee %
.

s *TE 8

-

__——— SLOTTED SCREEN
MATERIAL: _ pyc
SCHEDULE: __ 40
INSIDE DIA.:_2_1IN.
SLOT NO.: __10

BOT. OF SCREENJL.62 gy | 18.37f"
BOT. OF
BOREHOLE 91-62 g7 | 18-37

DIA. OF BOREHOLE:_ '3 IN.

TYPI‘CAL OVERBURDEN MONITORING WELL

-

N.T.S.

WOLLSIES P L3

OBRENGOERE
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O'BRIEN & GERE Report of Boring No. UGW-7
ENGINEERS, INC. TEST BORING LDG * heet 1 of 1
Project Location: U.S. Naval Statiom SAMPLER Bround Water Depth Date
Rooseveit Rd., Puerto Rico{Type: Split Spoon Depth Date
Client: Farilities Engineering Commsand Hauser: 140 lbs. Fall: 30 File No.: 3543,020,130
Boring Co.: Jaca and Sierra Testing Laboratories Boring Location:
Foreman: Angel Ferrer Ground Elevation:
0BS5S Geologists Tim Eddy Dates: Starteds 3/20/91 Ended: 3/20/31
Sample Sam] gratul Equipeent Field Testing iR
3 ange ui ¥
Depth Blows Penetr/ | "N Description General Installed Sp k
Ne} Depth /8*  iRecowry Valve Descript pH | Comd [HW s
0 1 02" Ja-11-11-6] 21/1.8'] 22 |Brosm-white, damp, fire to medius SAND, 3.6] ¢
little smz grading to silty with trace
clay at 1,2
2] 28 | 4-3-3-4 ] 2/22 | & |Brown-white, woist, wedium stiff SILT, 1.0
little clay, little fine to medium sand,
trace organics at 1.6', trace fine gravel
31 &6 | 2-i-B-1 | 22/ 3 |fAs above, soft 2.6
5
10 {4 | 10-121] 3-2-4-10] 21/0.8') & |Bray, wet, soft SILY, little fine to medium 30,0
sard, lithie cla ¢ trace sea shells and
organics, trace fine to coarse gravel
15 |51 154177} -1+t 22 | 3 |Very soft, wet, browrgreen SILT, trace £0.0
clay, organics and seashelis
170
Bottom of boring 17.0 ft. .
* - HMU readings reported in ppe.
UBHT. KJF
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CEMENT PAD P<OTECTIVE STEEL

CASING AND LOCK
GROUND SURFA
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— Y| Ry

(m— o M —

— . + Seme e 3
) f//E. ' ’.' E\\T_n,
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L
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.| bL——~rISER PIPE
. . MATERIAL: PVC

v SCHEDULE: 40
v INSIDE DIA.:_2 1IN.

ad

| | .b——CEMENT / BENTONITE GROUT

ELEV.: DEPTH:|.” nf“ oR '

ToP OF SEAL'®*-%gy * g1, i

103.69 5 v/

TOP OF SAND FTJh ag/ 4_/"" SAND PACK
TOP OF SCREEN!02-42py |627py Lo (o)

| BENTONITE SEAL

-

-f=til_—— SLOTTED SCREEN

. = MATERIAL: P¥C

o SCHEDULE: 40
N ) o R INSIDE DIA.:__2__1IN.
P KR SLOT NO.: _10

BOT. OF SCREEN92.42 FT | 16.27p lals :]

BOT. OF '::'/,--DIA. OF BOREHOLE:_7-5 1IN.

BOREHOLE 92.42 pr J16.27 fontei s

TYPI’CAL OVERBURDEN MONITORING WELL

-

N.T.S.
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. BENENE K TEST BORING LDG Report of Baring Ng. Uew-8

Project Location: U.5. Naval Station SAMPLER 16round Water Depth Date

floosevelt Rd., Puerto Riro{Type: Split Spoon Depth Date
Client: Facilities Engineering Comsand Hammer; 140 1bs. Fall: 30" File No.: 3543.020.130
Boring Co.: Jara and Sierra Testing Laboratories Boring Location:
Foreman: fngel Ferrer Bround Elevation:
. 0B6 Beologist: Tim Eddy Dates: Started: 3/21/91 Ended: 3/21/91
Samwple Stratus Field Testing {R
Sample Change Equipment [
""" Depth Blows [Penetr/ | *N* Description Beneral Irstalled Sp k
* iNol Depth /6" Recovry Walve Descript pH | Comd |HMU is%
0 o 16-17- | 22/0.8'] 15 |Brown, damp, dense, fime to coarse SAND, 10,0 *
ome silt, little fine to medium gravel,
18-19 trace organics
2] 2% 1915~ 1 22/1' } 28 |fs above with trace clay 15.6
13-10
31 4B | A-8-4-3 ] 2v/1 12 |Reddish brown, medium stiff, damp, fire to 20
medium sandy SILT, little cia};l race fine
5 to sedium gravel, moist at 5,
10 14} {0-12'] 15-25-0011.5/0.9' | 75 |uet, green, brown and orange mottled 13.0

appearance, very dense, fine to coarse
, some apparent weathered rock, little
silt and clay

15 15| 1547"| 1366 | 1'/0,7"| — |Wet, greenish brown, very demse, fine to 0.3
toarse SAND, somwe fime to coarse gravel,
little silt and clay

17.5

Bottom of boring 17.5 ft.

% - HNU readings reported in ppm.

UGHS, KJF
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UGW -8

PHOTECTIVE STEEL
CASING AND LOCK
INSIDE DIAMETER _“__ IN.

BOT. OF SCREENY1.31 g7

17.53 [

80T. OF
BOREHOLE?1.31 g

17.53

-

. ¥ L] 3 -‘f_! *
34 Yo // { )'/g)&\\
TR
'.e IR
LI . '
.| L.}——nRiser p1PE |
|l T MATERIAL: _FV¢
RN SCHEDULE: _a0_
S A INSIDE DIA.:_2 _IN.
"1 |-:4——"CEMENT / BENTONITE GROUT
NS OR :
ELEV.. DEPTH|-"| |-
104.69 4 1 1
T. - .
TOP OF SEA‘—BB - FT 2 F 7 “/ | BENTONITE SEAL
ToP oF sano > kT | FT VA U/
44 V4 __— sanD PacK
TOP OF SCREEN1-37 gy |7-3%7 LM i
- 04 S A
LoITFi] — SLOTTED SCREEN
o 3 MATERTAL: _PYC
SR e SCHEDULE: _%°
N ) = e INSIDE DIA.: 2 _ 1IN,
B o SLOT NO.: 10

DIA. OF BOREHOLE:.-> 1IN.

TYPICAL OVERBURDEN MONITORING WELL

N.T.S.

=
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O*BRIEN § BERE : :
. ENGINEERS, INC. TEST BORING LDG Report of Poriny By L83
o - Project Location: U.5. Naval Station SAMPLER Ground Water h Date
) ... FRoosevelt Puerto Rico|Type: Split Spoon mh Date
Client: Facilities Engineering émand Hawmer: 140 1bs, Fall: 30° File No.: 3543.020.130
Boring Co.; Jaca and Sierra Testing Laboratories - Boring Location:
- Foreman: fingel Ferrer Elevation:
. 0BG Geologist: Tim Eddy Dates: Started: 3/22/51 Ended: 3/22/%1
Sample Stratus Field Testing IR
Sample Change Equi pment . .
- Depth Blows (Penetr/ 1 °N* Description Gereral Installed Sp k
. No| Depth /8" lRecovry iValve Descript pH | Cond (HNU |s#
0 1t o2 13-47- | 29/1.3'] 33 jLight bmm., damp, very demse, fine to 140, 1 *
coarse S0ND, some mlt, little fine to
16~15 coarse gravel
. 21 24 | 9556 ] 2t/1,8'] 11 |As above, moist, medium dense 1.0
31 A€ |5-8-10-28] 2'/1.8'] 18 an} medium dense, fine to 50, 0
- wedius silty SN&) trace fine %o wedius
5 gravel, turning to reddish brown at 5.5'
. 10 14 | 10-12'] 13-17- | 2/2' | 37 |Very derse, moist, light brown with white 1.2
speckles, fine to coarse SAND, swowe silt,
. 20-14 trace fine gravel
. 15 15 | 1517} @225 ) 2/ 5 |Reddish brown, wet, very stiff SILT, little 0.6
fine to coarsk sand, apparent weat thered
. 20 16| 2022} 17-34- 11.3/0.8'} -~ 1fs above 0
50/0.3
2.0 n
! Botiow of boring 22.0 ft,
' + - HNU readings reported in ppe.
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O*BRIEN L GERE - feport of Borj UGH~10
. ENGINEERS, TNC. TEST BORING LOG Praghol ,
e Project Location: 1L.S. Naval Station SAMPLER Sround Water Depth Date
Roosevelt Rd., Puerto RicolType: Spht Spoon Depth Date
Client: Facilities Engineering Command Hawwer: 140 lbs. Fall: 30" File No.s 3543.020.130
Boring Co.: Jaca and Sierra Testing Laboratories Boring Location:
Foreman: fAngel Ferrer « Ground Elevation:
OBS Beolopist: Tim Eddy Dates: Started: 3/25/91 Ended: 3/25/91
Sample Sampl ;S}t‘ratul Equi Field Testing R
] ange ui peent "
Depth Blows Penetp/ | "N* Description Beneral Installed Sp k
Noj Depth /6" Recovry {Valve Descript pH | Cond [HNU js#
LU DN I A I S - Y - Lxght tan, damp, sedium dense, fine to wed- 80,01 #
um SPND, trace fine to coarse gravel,
8-14 sue silt, little clay at 1. &
2] -4 | 12575} 2/1.5'} 12 |Moist, brown orar?a medive stiff SILT, 18.0
little clay, little fire to sedium sand,
trace fine {o medium gravel
31 AR | 322 | 2'/1.3'] 4 |As above, moft, very poorly sorted e
5
10 14§ 10-12") 1012 | 27/0,5'] 1 |#s above, wet to 11', gray, then fine to 30,0
toarse white SAND, very 1
15 15 ] IS 14-26- | 2¥/1.8'] &2 |Hard, wet, oringe brown SILT, sowe cl 3.0
trace fire to coarse cand, trace fire o
medius gravel 7.0

Bottom of boring 17.0 fi.

¥ - HNU readings reported in ppm,

USW10, KIF

)
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*d
. i.‘..t‘.i

L3
- ®

»

%

.
st 6 (Vo »
A a2 *

.

« ®* ra

. *

BOT. OF
BOREHOLE 90.54 1 | 18-86

L3

-

N.

T.8.

Az

:" \“_.-ﬁ‘;

L2 ‘\

| —— RISER PIPE

. MATERIAL; FYC

oy SCHEDULE: _40

x INSIDE DIA.: __2 IN.
«*]__——— CEMENT / BENTONITE GROUT
‘4

OR

| —— BENTONITE SEAL
| __—— SAND PACK

| SLOTTED SCREEN

MATERIAL: _pvc
SCHEDULE: _*°
INSIDE DIA.:_2 _IN.
SLOT NO.: __10

> ,:’/—»DIA, OF BOREHOLE: 75 1IN,

TYPICAL OVERBURDEN MONITORING WELL

§ 28 OBRENGOERE
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0*BRIEN & GERE Report of Boring No, LGW-11
ENGINEERS, INC. TEST BORING L0 Sheet 1 of 1
Project Location: U.S. Maval Station SAMPLER Eround Water Depth Date
) . Roosevelt Rd., Puerto Rico|Type: Split Sg:on Depth Date
Client: Facilities Engineering Eoumand Hamwer: {40 lbs, Fall: 30v File No.: 3543.020,130
Boring Co.: Jaca and Sierra Testing Laboratories Boring Location:
Foreman: Angel Farrer Ground Elevation:
0BS beclogist: Tim Eddy Dates: Started: 3/25/31 Erded: 3/25/91
Sample Stratum i Field Testing |R
Sample Change Equipsent B
Depth Blows |Peretr/ | "N" Description Gemeral Installed Sp |3
Noi Depth /6*  jRecovry [Valve Descript pH | Cond |HMU is®
0 11} 02} 11-22-} 2/1.5'] A7 {Brown, damp, silty, fime to wedium SAND, 7.5| #
little fine to mwedium gravel to 0.5, then
25-26 white, very
2 24! 1920~ | 21/1.5'| 36 |fAs above 110,
16-13
3 A 114=11=9-9] 20/1,6'] 20 lWhite, moist, wedium demse, fine to mediue 130,
SAND, little fine to coarse gravel, trace
5 sea shell pieces
10 14 ] 10~12'} 2-2-1~1 } 272 3 lhet, loose, white, fine to coarse 2.0
SAND, slight sulfur cdor
15 5] 15~17*) 2-8~8~6 | 2'/1' | 16 |As above, grading to dark pray, stiff, wet 7.0
. SILT, trace fine to medium gravel at {6
7.0
Bottom of boring 17.0 ft.
% = HNU readings reported in ppa.
UGH1 L. KIF




MOLSIIC Ml i3

CEMENT PAD
GROUND SURFACE

NI

SN, 3
*

-1 .
oew - PROTECTIVE STEEL

CASING AND LOCK
INSIDE DIAMETER _4 __ IN.

NSz

- ———

K

re————
) *

| :’u -
H " ¢ [ \

LI - A

ELEV.: DEPTH:

TOP OF SEAL!%4-% g1, % g7,

‘. L .| —— RISER PIPE

. . MATERIAL: _pvc
e SCHEDULE: _40
’ -, INSIDE DIA.:_2__IN.

| |*b——"CEMENT / BENTONITE GROUT
o 1 OR

TOP OF SAND03-4 g1 | 5 g7

| —BENTONITE SEAL

BOT. OF SCREEN%0-95 gt [17.45

?/

¥l v SAND PACK
-s.! K ..‘”I‘_‘..p-ﬂ-""

TOP OF SCREEN100.95FT |TASFT, ‘

Il

. * - .

‘| __.—— SLOTTED SCREEN

o= MATERIAL: V¢
L:.a..-‘L'Q M 40

o I SCHEDULE:

L INSIDE DIA.: % _ 1IN,
= SLOT NO.: 10

BOT. OF
BOREHOLE 90-95 g1 | 17-45

.:';-'.,:../DIA. OF BOREMOLE: _7-3_1IN.

-

TYPI‘CAL OVERBURDEN MONITORING WELL

N.T.S.

é 58 OBRENGORE
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BETiEksE, .

TEST BORING LOG

Report afﬂ%q gg liﬁ-HZ ‘
Project Location: U,5. Haval Station SANPLER Bround Water Depth Date
Roosavelt Rd., Puertc Ricol{Type: Split Spoom Depth Date
Client: Facilities Engineering Command Hammer: 140 lbs. Fall: 30" File No.: 3543.020.130
Boring Co.: Jara and Sierra Testing Laboratories Sori:g Location:
Foresan: fingel Ferrer Bround Elevation:
0B5 Geologist: Tim Eddy Dates: Started: 3/26/9¢ Ended: 3/26/91
Sample Gangl gt‘:atm " Field Testing |R
e nge quipment »
Depth Blows IPenetr/ | *N° Description Gereral Installed Sp k
No! Depth 768"  |Recovry [Valve Descript pH | Cond [HNU |s¢
0 JE 1 0-Br |E~7-13-18] 2/1' | 20 {Dry, stiff, brown SILT, little fine to 7.0] *
medius gravel, little ¥ine. to wedium sand
2] 2% 15-19- | 22/0.3') 33 whitesh brosm, demse, silty fime to 10,0
i SAND, 1ittle fine to medium gravel
14-16
31 &' 111-60/0.3]0.8/0.5' ] = e-broem, fine to 1.0
uedmn sxﬁy ?mﬁb ht le fine to mediun
5 gravel
10 14 | lo-12'] 18-15~ [1.8/1.8'F 53 {Hard, woist, brown orange BILT, little clay 46.0
irace fire to wedium gravel and sand
34-55/0.3
15 151 15-17] 4260 | 1'/0,7'} &0 Very dense. parhall{ saturated, fire to 150,
, some silt, I;ttle fine to
medml gravel, petroleus odor
20 |6 20-22'{ 70/0,3 | 0/0.3' | — |Very dense, wet, brown, Silty fine to sed- 2.0
ium GAND, some angular gravel, trace clay
23,0
Bottom of boring 23,0 ft.
& - WU readings reported in ppe,
UGHie. KJF




oew - 12
CEMENT PAD PROTECTIVE STEEL
GROUND SURFACE CASING AND LOCK ;
\ INSIDE DIAMETER IN,
g | 1l 2
WY | [
r} ;.'q. "
/ *
.| L.}——RISER PIPE
* . MATERIAL: _PVC
1o SCHEDULE: _ 40
v INSIDE DIA.:_2_IN.
I
| | b= CEMENT / BENTONITE GROUT
ELEV.: DEPTH|-"| | * OR :
TOP OF SEAUO02.75 gy 10pq f | |°]
101.75 11 7 7 | BENTONITE SEAL
TOP OF SAND FT.| FT. /)
ER £4 __—— SAND PACK

T0P OF ScReeNn 2! g1 3%t [ &n

-

| ____— SLOTTED SCREEN
MATERIAL: PVC
SCHEDULE: 40
INSIDE DIA..__2 _IN.
SLOT NO.: __ 10

BOT. OF SCREEN 89.61 FT | 23.14 |7
BOT. OF j :
BOREHOLE 89.61 FT | 23.14f%2

DIA. OF BOREHOLE:_7-5 IN.

TYPICAL OVERBURDEN MONITORING WELL

N.T.S.

WELLEIES AT L3

% OBRIENGOMNE

‘- - . ‘. - ﬁ- - — i : : 4 v' : Y i
Y . . ; ! : 4 -
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O*BRIEN & BERE i
ENGINEERS, INC. TEST BORING LOG Report of pemi ] o 19412
Project Lotation: U.5, Naval Station SAMPLER Sround Water Depth Date
) _ Roosevelt Rd., Puerto RicolType: Split 8 Depth Date
Client: Facilities Engineering Command Hammer: 140 1bs. Fall: 30° File No.: 3543,020,130
Boring Co.: Jara and Sierra Testing Laboratories Boring Lovation:
Foreman: Angel Ferrer Eround Elevation;
UBE Geologist: Tim Eddy Pates: Started: 3/26/91 Ended: 3/26/91
Sasple Sampl g:‘:atu- ) Field Testing |R
-] & tﬂm |
Depth Blows ]Pemetr/ ] *N® Description Ser:!;'al %qnstaned Sp k
No! Depth /8" ]Recovry |Valve Descript pH | Cond [HMI |s#
0 ] 02§ 610 ;253 27 {brown, cslmbuediuu dense, silty, fine to 0.6f ¥
medium , little fine to wedium gravel,
17-18 trace clay _
g1 ¢ 14~16~ | /1.6 40 {Dry, brown, dense silty, fine to medium a0
ng), little fire to coarse gravel, greem—
24~34 ish tinge at &
31 46 132-50/0.110.6/0.2'] — |Dry, brown dense, silty, fine to 5.0
- vedium 5D, little fine to coarse gravel
10 J4 | 10=-12') 80/0.3' 10.3/0,3'] ~— jHard, slight petroleum odor, dawp, brown- 146.
gm.-% BT ee Fine b wetium canc,
race fine to wedius gravel
15 15 1 15-17 11660/0.3]0.8/0.8'| — |Very dense, wet, petroleus odor, dark 138,
brown-dark green, fine to coarse SAND,
some silt, little fine to sedium gravel
20 16 | 20=22'119-50/0.3]0.8/0.8'} — |Hard, wet, orange-brown SILT, some cla¥, 4.0
little fire to mediun angular gravel, trace
fine to medium sand
28
Bottom of boring 24.0 ft.

& -« WU readings reported in ppe.

UGH13, KIF
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S Y e Do o LT At S T

| S

WELLSHIC ML L)

CEMENT PAD
GROUND SURFACE

PROTECTIVE STEEL
CASING AND LOCK
INSIDE DIAMETER _5 .

———

— TWIEY Za
"Z;.'.
’.E »
.| Lo}——RISER PIPE
. ) MATERIAL: _BVC
B I O SCHEDULE: _40
v INSIDE DIA.:__2 IN.

) -;Jr,,—’CEMENT / BENTONITE ;ROUT
N I ) OR .

ELEV.: DEPTH:|. -
TOP OF SEAL'0l-Mpp 1lppf | |-

4 : BENTONITE SEAL
TOP OF SAND00-Lgy | 127 1 V4=
96.23 *ﬁ3¥§ 4 4 SAND PaCK
TOP OF SCREEN FT. Fol b
f{__j;_ﬂ__——-SLOTTED SCREEN
o= MATERIAL: _PVC
= SCHEDULE: _40
S 1 T O I INSIDE DIA.:_2 1IN.
o=t SLOT NO.: __10
BOT. OF SCREEN86-23 pr1 |25.88 [*'| )" o
80T . OE-' :.-~;~.:_1-/—DIA. OF BOREHOLE:_8 _ IN.
BOREHOLE, 86.23 FT | 25.88 .'..".-:‘: >

TYPI_CAL OVERBURDEN MONITORING WELL

N.T.S,

é _g_‘g OBRIENGOERE
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Forewan: Angel Ferrer
DBE beolopist: Tim Eddy

Eround Elevation:

Dates: Started: 3/27/91

O'BRIEN § BERE Report of Boring No, UGH-14

ENGINEERS, ING. TEST BORING LDG Sheet 1 of 2 :

Project Location: U.S. Maval Station SRMPLER Grourd Water Depth Date
Roosevelt Rd., Puerto Rico|Type: Spiit Sgt:n . Depth Date

Client: Facilities Engineering Eomsand ~ {Hammer: 140 1 Fall: 30* File No.: 3543,020, 130

Boring Co.: Jaca and Sierra Testing Laboratories Boring Location:

Ended: 3/27/91

Sample Stratus Field Testing |R
Sample Change Enujpaent »
Depth Blows iPsmetr/ | "N* Description Beneral Installed Sp k
Depth /8" |Recovey [Valve Descript pH | Cond [HNU |s#
0 -2 =10~ | 21/1.3'] 2! {Brown-white, damp, medius demse SILT and 4,01 %
fine to coarse SAND, Jittle clay and wedium|
-4 , to coarse gravel, trace corral
2-4! 17=41- | 2/17 1 24 IMoist, wedium demse, fine to coarse 9.0
silty SAND, trace fime to wedium gravel,
13~10 trace clay
46" | A~5~7-7 | 2/1.8'] 13 1Brown, woist, medium demse, silty, fine to 3.0
coarse SAND, little clay, trace fine to
3 medium gravel, green at Ea .
10 10-12') 1=2-3-3 | &/ 5 Moist, soft, greem-brown, clayey SILT, 20.0
trace fine o wedius sand, grading to red
and gray at 11.3 ft.
15 {517} 14-22- ) /1" 1 45 \Brown-gray, moist, very stiff, clayey SIT, 5.0
little fire to coarse gravel, trace fine
23-16 to coarse sand
Y
20 20-22'}  11-23~ ) 2'/1.7'} 49 |Green-brown, petroleum odor, moist, dense, 130,
silty, fine to coarse SAND, little fire to
26-31 medium gravel, trace clay .
o 25-27'} le~16~ | 2172 1 34 Moist, brown, stiff, clayey SILT, little 2.6
fire to coarse sand, trace fine to medium
18-19 gravel
Orange—brown, wet, very stiff, clayey SILT
30 W3] 2633~ |1.5/L.5'| &7 |some fine fo coare sand, lithle fime to | 10,0
medium gravel
80~-50/0,5
# - HNM readings reported in ppm. 1UGH14. KIF
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O"BRIEN § GERE Re of Boring No. UGW-14
ENGINEERS, INC. TEST BORING LOG Port Ol et S b7 2 :
Project Location: U.S. Na;:lRStatim Srourd Water Depth Date
i .. Roosavelt Rd., Puerto Rico|Type: Split Spoon Depth Date
Client: Facilities Engineering Eoumand Hawmer: 140 1bs, Fall: 30" File No,: 3543.82’0. 130
Boring Co.: Jacs and Sierra Testing Laboratories Boring Location:
Foresan: Angel Ferrer Bround Elepvation:
0BG Beclogist: Tim Eddy Dates: Started: 3/27/91 Ended: 3/27/9%
Sample Stratum ) Field Testing |R
Sampie Change Equipoent ]
Depth Blows iPenetr/ | "N* Description General Installed Sp k
No| Depth | 76" |Recovry |Valve Descript pH | Cond [HNU |s®
KT - B o FAR K 3 X 1'70 | —— jMedium, saturated, brown SILT, little fire 30,01 #
to coarse sard, little clay, little fine
to medioe gravel
.o
Bottom of boring 37,0 ft.
+ - HNU readings reported in ppe,
2UGH14. KIF




i : : 7] N .

SIS ME L§

CEMENT PAD

oGWw — 14 °

GROUND SURFACE\

PROTECTIVE STEEL
CASING AND LOCK
INSIDE DIAMETER _% 1IN,

ELEV.: DEPTH:|."
TOP OF SEAL %477 g7 2367

"
-

T

L .l ——RISER PIPE

) MATERIAL: PVC

N SCHEDULE: _40

‘ INSIDE DIA.:_2_ IN.

*Lj—" CEMENT / BENTONITE GROUT

OR

4
TOP OF SAND93-37 T ZSFT.fz

7 BENTONITE SEAL
SAND PACK

TOP OF ScReeN > gy B [

BOT. OF SCREEN 79-54 T | 38.83

B0

T. OF
BOREHOLE 79.54 fT | 38.83 [

N.

.S,

~

| SLOTTED SCREEN
MATERIAL: _PVC
SCHEDULE: _40

INSIDE DIA.:_2 _1IN.
SLOT NO.: __10

DIA. OF BOREHOLE:_8 _1IN.

TYPICAL OVERBURDEN MONITORING WELL

T

g%% OBRENGOMNE
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Client: Facilities Engineering

Hammer: 140 lbs. Falls 30"

Depth
File No.: 3543.020.130

(*BRIEN & . Report of i . UEH-1
AT TEST BORING L0B of poriny bp- B
Projmet Location: U.5. Naval Station SAMPLER Sround Water Depth Date

" Roosevelt Rd., Puerto RicolType: Split Spoom Date

Ferrer

Boring Co.: Jata and Sierra Testing Laboratories Boring Location:
Foreman: fingel
Geolonist: Tim Eddy

Bround Elevation:

Dates: Started: 3/28/91

Ended: 3/28/31

Sample Sempl gratm Eq Field Testing IR
e ange uipment »
Depth Blows [Pemetr/ | *N* Description Ben:?*al Installed Sp k
Depth /6" jRecovry !Valve Deseript pH | Cond |HMJ lg#
0 -2t 16-23- | 2'/1* | 38 {Brown, d dense, silty, fine to medium 8.0] ¢
SAND, little fine to medium gravel
15-12
2-4 B-1{~ | 2270.3'1 23 |Brown, woist, medium dense, fine to coarse 2.8
TeE SAND, little silt and fine to wedium gravel
-8 | 7-7-37 | 2/0.9*] 12 |Rs above 1.2
H
10 10-12') 4-5-5-4 | 22/0.3'| 10 }Bray, browm, saturated, fine {0 coarse SAND .0
some fine to coarse gravel, little silt
15 15171 10726~ | 2/4,3'] 64 |Saturated, trownorange, gray, hard SILT, 4.6
sowe clay, little fire to coarse sand,
3844 little fine to wedium gravel -
Bottom of boring 17.0 ft.
20 :
& - U readings reported in ppe.
UGS, KIF




CEMENT PAD "W Y __PROTECTIVE STEEL ‘

CASING AND LOCK - 3

GF ND SURF .
SUR ACE\ INSIDE DIAMETER _4_IN,

- N 1] |-|||y;/,\\\-

.| ——RISER PIPE

N MATERIAL: PVC
B I DY SCHEDULE: _40
v INSIDE DIA.:__2_IN.

" _p—"" CEMENT / BENTONITE GROUT
k3 OR :

ELEV.: DEPTH:|."
TOP OF SEAL!06-86 g 4 ¢ | | |-°

p
105.86 5 /
TOP OF SAND FT. FT... A/ SAND PACK
TOP OF SCREENL02.94 gT |7.9%T F-° =

_ H : | i R
L
-
»

| BENTONITE SEAL

1]

[

-] sLoTTED scmeeN
MATERIAL; FVC
. SCHEDULE: __40

[I1]

1=l INSIDE DIA.:_2 _IN.
3 o R SLOT NO.: ___10

BOT. OF SCREENY92-9 gy | 17.92

it : 8 _IN
BOT . OF 92.94 17.92 . .. DT DIA DF BOREHDLE. .
BOREHOLE FT Ll L

I-/ ) ' I:- - - - - -
T

TYPICAL OVERBURDEN MONITORING WELL

-

N.T.S.

WOLLSXIS PAE Ly

% OBRENGOME
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O*BRIEN & GERE i
ENGINEERS,  INC. TEST BORING L0 Report. of o] by BHLE
Project Location: U.5. Maval Station SRMPLER Ground Water Depth Date
) . Roosevelt Rd., Puerto RicolType: Split Spoon ‘ Depth Date
Client: Facilities Engineering Eommand Hammer: $40 1bs. Fall: 30* File No,: 3543.020,130
Boring Co.: Jaca and Sierra Testing Laboratories Boring Location:
Foreman: fingel Ferver Bround Elevation:
0BG Geologist: Tim Eddy Dates: Started: 4/2/91  Ended:  4/72/91
Sample Stratum Field Testing IR
Sample Change Equipment n
Depth Blows |Penetr/ | "N" Description Beneral installed Sp k
No| Depth | /6° |Recowry |valve Descript pH | Comdt [HNJ ls#
0 1] 02 | 11-9-7-4f 2'/1* | i6 |Brown, dr{ wedium dense, fine to coarse 2.2] *
SAND, little silt and fine to medius gravel
2] 2-4 | 6-3-3-3 | 2'/0.,8'] & D loose, orange-brown, fire to coarse 1.8
SAND, 15tt1p £lt mad fine to mediu gravel
37 46 | 53% | L3'/{'] -~ |Very derse, orange brown, silty, fire to 2.4
wedium , trace fine to sedium gravei,
5 £0/0.3' cobble at 5.8 ft.
10 14 ) 10-12' 147-51/0.4]0.9/0.4*} ~ Very dense, greenish gray, damp, fire to 0.8
conse S, some o116, Tittle Fire o
wedium gravel
15 15§ 154 78/0.2" 10.2/0.2'] - IBrown, wet, very dense, silty, fine to 30
coarse SMb, some angular broken gravel,
little clay
20 16 | 20-22'! 60/0.5 |0.5/0.3'] =~ ifis above 0.8
2.0
Bottow of boring 22.0 1,
# - W readings reported in ppa.
UGH16, KJF
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WELLS NS A Ly

UGW ~ 16 -
CEMENT PAD PROTECTIVE STEEL
CASING AND LOCK
GROUND SURFACE INSIDE DIAMETEA _% IN.
. — | o
f— ://é\\\\“” A ". /{/ “Hy/),\\
"77/' ‘.r "\T«- P
4 BRI ER:\
{1 1.
.| L.}——RISER PIPE
a ] MATERIAL: _ pyc
“ SCHEDULE: _%0
N . INSIDE DIA.:_2_ IN.
) |, CEMENT / BENTONITE GROUT
N OR
ELEV.: DEPTH: |- B
105.39 7 .t
TOP OF SEAL Pl Tl ) b5l BENTONITE SEAL -
104.29 8.1 7,
TOP OF SAND FT.L FT. VA W/ SAND PACK
ToP of screen % e )10-8F il 1A |
- |=}i;| ——— SLOTTED SCREEN
] it MATERIAL: PYC
=t SCHEDULE: _40
) o INSIDE DIA.: 2 __1IN.
: o SLOT NO.: __10
92.04 20.35 [ oaf—f -
BOT. OF SCREEN FT. ° Y o
L e L DIA. OF BOREHOLE:__8 1IN.
BOT. OF 92.0 35 FTai
BOREHOLEgz 4 FT 20.35 LI :)/
TYPICAL OVERBURDEN MONITORING WELL
N.T.S.
agjgg OBRENEGORE
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N ’ feport of i . 7
EABRARMAE SRR TEST BORING LD6 of Boring M- -7
Projert Location: U.5. Naval SBtation SAWPLER Ground Water Depth Date
Roosevelt Rd., Puerto RicoiType: Split Spoon Depth Date
Client: Fapilities Enginesring Comsand Hammer: {40 1bs, Fall: 30 File No.: 3543, 020.130
Boring Co.: Jaca and Bierra Testing Laboratories Boring Location:
Foreman: Angel Ferrer Bround Elevation:
(BS bmologist: Tis Eddy Dates: Started: 4/2/91 Ended: 4/2/94
Sample Stratum Field Testing IR
: Sample Change Equipment »
Depth Blows [Pemetr/ | *N* Description Bemeral Installed Sp k
No! Depth 16" Recovry [Valve Descript pH | Cond |HMU [s¥
0 1] o2} {0~13- | 2/0.1*] 29 |Dry, stiff, brown-gray SILT, some fine to 10.4] &
sediue sand, little fire to medium gravel,
1618 trace clay
2] a-4 §9-af~ } 2/1.8'} 75 [Very dense, dasp, brown-grange with grees 4.2
tirge, wedium to coarse SAND, sowe silt,
34~39 trace clay, and fine to medius gravel
31 46 | 80/0.5 10,5/0.5'] = |Very derse, preenish brown, fire to coarse 2.0
silty SAND, some fine to wedium anpular
5 gravel, little clay
130,
10 14 1 10-12") 1519~ | 2*/1.6'| &0 |Brown—tan, dasp, demse silty, fime to
coarse sdm, tittle fire to mediuns gravel,
21~30 trace clay, diesel odor, moist at 11.9 ft.
5 18 1517 316~ 2'/1" | 30 |Brownorange, moist, demse, silty, fime to 2.0
—mediun , little fine to medium gravel,
14-18 trace clay, less
20 16 | 20-22° 140~60/0,310.8/0.8'} —— IVery dense, wet, slight odor, fire to 1.0
coarse , some fire to medium gravel,
little silt
250
Bedrock at 25.0 ft.
¥ ~ HNJ readings reported in ppm.
UBW17, KJF
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CEMENT PAD UGH - 17 PROTECTIVE STEEL

CASING AND LOCK
GROUND SURFACE
INSIDE DIAMETER _4__IN.

://l\\w

llizzan

| ———- RISER PIPE
MATERIAL: _ FVC

SCHEDULE: __40
Y . INSIDE DIA.:_2__ 1N,

. CEMENT / BENTONITE GROUT
I‘ :

ELEV.: DEPTH:|." OR

104.73 6 ' .t

TOP OF SEAL FT., FT.. : BENTONITE SEAL
103.73 e
TOP OF SAND FT-7 FT-,4 C& SAND PACK

TOP OF SCREEN102-03¢p 113.fq [l o

»
&

~

| ___—— SLOTTED SCREEN
MATERIAL: _PVC
SCHEDULE: _40
INSIDE DIA.:_2 1IN,
SLOT NO.: __10

S—'
L}

I

BOT. OF SCREENS7-03 gy |23.7

e Lt DIA. OF BOREHOLE: _8 1IN
BOT. OF SRR '

,“__, ‘l |

TYPICAL OVERBURDEN MONITORING WELL

r-

N.T.S.

WILLZYiS Mt k)

s%%gtnnwausasnﬁ

B 1 |
i - .




D'BRIEN & GERE )
ENGINEERS, INC. TEST BORING LOG Report of Boring No. US-18
Project Location: g. 5. Na\;al Station SAWPLER bround Water Depth Date
. . ooseveit Rd., Puerto Rico{Type: Split § h Date
Client: Facilities Engineering Comsand Hommer: 180 1psy Fall: 30° File No.: mg.'gtao. 130
Boring Co.: Jaca and Sierra Testing Laboratories Boring Location:
Foreman: Angel Ferrer Elevation:
DBG Geologist: Tis Eddy Dates: Started: 4/3/9 Endind:  4/3/91
Sample Sap) %ratul Equipent Field Testing IR
£ 1} |
Depth Blows |Pemetr/ | "N ‘ Description Eencral | Imstalled 5p k
No! Deuth /68°  Becovry [Valve Descript pH | Cond |HNU is#
0 1] O §0-20- | 21/1,8'| 40 |Brown, tan, oranpe, grm:sb, dry, very 1.0] #
derse, fire to coarse SAND, some silt,
20~-24 trace fine to sedium grn-:}
21 e 1524~ | 2'/1,8'} 45 |Brownr-orange, tan mottled appearance, ver 2.3
dmse,dnp‘; fine to coarse , some silt
21-38 trace fine to wedium pravel, trace clay
g 25-54 117 | = |Very dense, daw ay-greenish gray silty 20
fire to meiua DAD, race fine fo mediua
gravel, trace clay

0 14 ) 10120 2257 e — ht brown, dasp, silty, fire 4.2
Yo beatan b0, Erowien copbie ot 1015 to
10.8 ft., trace fine yravel

15 15} 15-17 135-60/0,310.8/0.5'} —— iBreenish gray, damp, fine to medius sandy 3.8
SILT, trace fme to medius gravel, trace .

clay
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Bottom of boring 20,0 ft.
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APPENDIX B

IN-SITU HYDRAULIC CONDUCTIVITY TEST ANALYSIS
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e = —— ======={ BOUWER & RICE METHOD
a uGw-2
A £
Ey Q- ~
a0
2 s — P—— o . . Yo = initial drawdown (from field data piot) = 1.08 ft
5“ - fmeat Ch - : P S ; roTHt = time (from field data plot) = 1B0O sec
{ 3% 4 T NI I A : Yt = drawdown (from field data plot) = 0.85 feet
1 ; : ¢ = casing radius = (.083 feet
4 g 3 ‘ : L = length of intake = 3 feet
€A 3 - " : : rw = distance from well center to undisturbed formation = 033 feat
2 "3 < —— : 3 T H = distance from water table to bottom of screen = 3 feet
€ Y23 = ; THL/rw = 909
243 Pl-s T A = coefficient from Bouwcr & Rice curve = N/A
~§§ P ; B = coeeficient from Bouwer & Rice curve - N/A
Vi Q—ﬁ i C = coefficient from Bouwer & Rice curve = 1.2
:)Q’. - ,
= Determination of In Re/rw
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b 3 ai — e = =—— Tow Way Fuel Farm :
k4 8 p——— o Tow Way Fu :
i < LL - = UGW-3 E
Yoo
Eyd 3 = |
v B
A %}:;- [? : et !
-t -5 . :
,‘E - % i T S e : i Yo = initial drawdown (from field data plat) = 156 ft j
< %3 'j 4 + T —— . Fnprer t = tims (from field data plot) = 66 sec
AR . —_ === Yt = drawdown {from fisld data plot) = 0.8 feet
592 : mtcasingmdius=0083feet
vy b ({3 SN = £ L « length of intake = 10 feet
j SN T - I o rw = distance from well center to undisturbed formation = 0.33 feet -
e e A X o i H = distance from water table to bottom of screen = 14.54 feet
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wvi ! L/rw = 303
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‘?_. ey B = coeeficient from Bouwer & Rice curve = 048 |
- . i
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52 et BOUWER & RICE METHOD
< 5 Je = = ===z Tow Way Fuel Farm
] -0 UGW-6
D7
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$¥a., e '
= &Yooy : -
t o L, o~ X
Z2323° f ‘ '
5 g" — At Yo = initial drawdown (from field data plot) = 42t
A 'é? E R ot - {4 t = time (from field data piot) = 168 sec
v Q‘Lr\:_ = Yt = drawdown (from ficld data piot) = .15 fest
oy B —— rc = casing radius = 0,083 feet
3 * : L = Jength of intake = 9.55 feat
: rw = distance from well center to undisturbed formation = 0.33 feet
i =t H = distance from water table to bottom of screen = 955 feet
o) , . 33 D = saturated thickness = 80 feet
— — L/W'28.94
‘;E 2] A = coefficient from Bouwer & Rice curve = 245
3 T B = coeeficient from Bouwer & Rice curve = 038
(k- i .
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-~ u\: P = : e — = ‘Tow Way Puel Farm
J - — UGW-7
g Ae H
(z c) tj A k3 - -
e
N f ) : e, - T Yo = initial drawdown (from ficld data plot) = 1.29 ft
a0 i; " ; e 2 ] N A - = t = time (from field data piot) = 120 sec
2T A § Yt = drawdowm (from fickd data plot) = 113 feet N
g 2 ; > ¥ = casing radivs = 0.083 fect
2 %82 a = < . : = L = length of intake = 9.33 feet
s % o f3 — Y : ; rw = distance from well center to undisturbed formation = 033 feed
'CE_(\ "":‘ i e : v > H = distance from water table to bottom of screen = 9.33 feet
o - o e ! ; D = saturated thickness = 30 fcct
>t ; . L/rw = 2827
T 2 - A » coefficient from Bouwer & Rice curve = 245
4 T B = coeeficient from Bouwer & Rice curve = 0.43
z % Ty : Determination of In Re/rw
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gi— L allll * C In (9.33/0.33) 2827
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% g‘ é‘ e e e e BOUWER & RICE METHOD
4 L‘- —— == Tow Way Foel Farm
g £ e = : UGW-8
" : :
h—aB c.sj : + - : —
.3 o -
ol L“- — ! ! ‘ >
L I ry "
S gd" % * : = : ——F= Yo = initial drawdown (from field data plot) = 458 ft
oo "g 3 : — e " 5 ¢ = time (from field data piot) ~ 60 sec
Z 5) : A b L~ ' — . : & Yt = drawdown (from ficid data plot) = .38 feet
- % g 3 e o rc = casing radius = 0.083 feet
U?@‘,Q.- : « L = length of intake = 10 feet
':) ? 3 = ' ‘ : rw & distanee from well center to undisturbed formation = 033 fect

H = distance from water table to botiom of sereen = 10.66 feet
r D = saturated thickness = 30 feet

)
»n
EY L/tw = 303
é; 2 — A = coefficient from Bouwer & Rice curve = 255
3 " B = coecficient from Bouwer & Rice curve = 0.48
: |
Ct’ 1 terminatio Re/rw
g 2 ) "* " iImRefrw = (L1} + (A + Bin((D-H)/rw !
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BOUWER & RICE METHOD
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e e Tow Way Fusi Farm
a8 = == e == UGW.9
- = : T P
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" > I ki 1 —
s o — : Yo = initial drawdown (from field data plot) = .303 ft
A : t = time (from field data plot) = 120 sec
A O 1 Yt = drawdown (from ficld data plot) = 255 feet
B ( = rc = casing radius = 0.083 feet
L = length of intake = 10 feet
3 - : = : rw = distance from well centér to undisturbed formation = 033 feet
! H = distance from water table to bottom of screen = 12,24 feet
; D = saturated thickness = 30 feet
. L/rw = 303
e A = coefficient from Bouwer & Rice curve = 2.55
L " B = coeeficient from Bouwer & Rice curve = 048
—t Determination of 1n Re/rw
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— = e T
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. % o e ] Tow Way Foel Farm
< ﬁ l\ s = = UGW-10
[ ki - =
4 € T
e o8 : -
L 3& : : =
gg_% - s ‘ : Yo = initia] drawdown (from ficld data plot) = .7 ft
- Py " n o : ; t = time (from field data plot) = 30 sec
Y g a : A0 e g B T 7| Yt » drawdown (from ficld data plot) = .25 feet ,
"2 Z % - : ; ; rc = casing radius = 0,083 feet ;
\Cf;? \a ? , : z L = length of intake = 883 feet !
w9 50 8 —— : ‘ rw = distance from well center to undisturbed formation = 0.33 feet:
_\(:i_('\._ \[— T r H = distance from water table to bottom of screen = 883 feet
- , ; - D = saturated thickness » 50 feet
- o " L/rw = 26,76
%“:',. 2 " ' . A = coefficient from Bouwer & Rice curve = 235
g - B = coeeficient from Bouwer & Ricc curve = 038
(_E 3 Determination of In Re/rw
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: e — ln (H/rw) L/rw ;
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52 p T T In (8.83/033) 26.76
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- NS Tow Way Fuet Farm
= el UGW-11 i
Rl
. i
o ¥ &
a J —
iC\I 6 !1)5 + +
jwe g - -
QYIRS T - . ‘ ‘—t Yo = initial drawdown (from field data plot) = 092 ft ‘
) ol T s = t = time (from field data plot) = 45 sec ,
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§ & [—- = = rw = distance from well center to undisturbed formation = 033 feet.
2 5 ﬁ) g = H = distance from water table to bottom of screen = 9.92 fect [
. 0 =2 3 - D = saturated thickness = 50 feet 5
@Q'z ‘..3-— s e Lfrw = 3006
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E 1 [ i I j N m(H/m) L/IW I
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\© ! BOUWER & RICE METHOD !
t g e Tow Way Fuel Farm
- % === UGW-16 3
», o
o ? a , :
QL A LE.S v - i Yo = initial drawdown (from fieid data plot) = 161 ft 1
X \j ' t t = time (from field data plot) = 240 sec :
T A Ql’é:é ’ ‘ ¥t = drawdown (from field data plot) = .8 feet ’
--:J T : re = casing radius = 0.083 feet :
-2 Y a3 ' : L = length of intake = 9.14 fect j
< {*\ g; 33 rw = distance from well center to undisturbed formation = 0.33 feet
'2 ¥ - H = distance from water tabie to botiom of screen = 9.14 feet
) ':’ﬁ‘ - D = saturated thickness = 25 feet
g’*}g;@.. —t= - - Ljrw = 217
) 2 e et - A = coefficient from Bouwer & Rice curve = 245
-\‘;’ \é k — - : B = coeeficient from Bouwer & Rice curve = 0.47
5 o = = e _
b T - ‘ i o NN Determination of In Re/rw
2 3 N e NN mRe/rw = (11} + (A + Bl ((D-Hy/rey !
AN <o ‘ . I In (H/rw) L/rw
< ~— ; \T\ ot e inRefrw = _(L1)  + (246 + 04710 ((25-9.14)/0.33;
z< ] T 7R In (9.14/0.33) 217
TE }:.‘ , ; \E — .
312 ° —— io Re/rw = 2.06
21F = S
. B
7 g 5 S~ — termination of K
S \9 : : = K = (r0)° * In (Re/w)/2L * 1/t * In Yo/Yt
- N & - S K » (0.083)2 * 206/2(9.14) * 1/240 * in(1.61/.8)
;&'—“" ! = K = 23 * B ft/sec ’
- [ -Or -
D ' " 701 * E-5 cm[g:c o
! i — pn——
= D = - =
N ,7 “-.\
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2D , = =
H : : : e~ : :
: -
- s S——
- t - i
- T e I
.:, - T N Y '\\
- 9 2 : o :
- = f T —
:5 E:.r ! T s e |
= E e 1 [ i T
_if I8 r ir 1‘ B—
3 = . ! : ! -
N 3 ; G;} : , , i ; -
- fu] ; H N i i
R RE: e =
.z L ——
= b4 —
“Im 8z
- M-: t
: B 7! =
= > T
E 6 : I p—
m : : ‘ I o
g s : : =
| ] :
: + + m— -
2 ‘ — . -
: : < : : R
i . ‘ i : ‘: ; N ' - ! _“—'
g PR L : ;
poiog } i1y i 5o i I ;
cl s T q
Lo - ~
e E s (s = 7 C
) N
LV :




FAa2eq

n

Yo = initial drawdown (from ficld data plot) = 48 {1
t = time (from fieid data plot) = 120 sec
Yt = drawdown (from field data plot) = 0.05 feet

FAauTH
2.

oA DS
13

Pirer

>

—j& 32 : re = casing radius = 0.083 feet
T3>, - = L = iength of intake = 12.12 feet
™ el o : : rw = distance from well center to undisturbed formation = 033 feet
Y g SE_ : r : : H = distance from water table to bottom of screen = 12.12 feet
»)] ‘%5 ; - L/rw = 3%.73

~ % £ * : 4 A = coefficient from Bouwer & Rics curve = N/A
Vi 50 = : ——|B = coeeficient from Bouwer & Rice curve = N/A
QL= i ! ‘ —]|C = coefticient from Bowwer & Rice curve = 235

! i

by A— * " |Desermipation of In Re/rw

¥
‘ r \
(? ‘ i — : : ImRe/rw= (11 + _C 1M
3 . f : : - . in(H/rv) L/
“ﬁ I ) : : : In Re/rw = [ 1.1 + 235 31
4?' 1 b | B L i ' ] In(12.12/.33) %73
- ° In Re/rw = 271

Determination of K
i : : K = (rc)f * In (Re/ro)/2L * 1/t * In Yo/ Yt
: TR = (0.083)° * 271/2(12.12) * 1/120 * In(48/.05)
: K = 145 * E-5 fi/sec
- : -Qf -
A ; — : — : 442 * B4 cm/sec
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1
<

L ; S i=—==————-"— BOUWER & RICE METHOD :
t_": s- Tow Way Poel Farm ;
T = UGW-18
BV, (=X
LL o]
¢ Ye
SR : —! Yo = initial drawdown (from field data plot) = 1.59 ft
= : | ¢  time (from field data plot) = 150 sec
. 2 1o =1 Yt = drawdown (from field data piot) = 6 feet
) re = casing radins = 0.083 feet
. ’1 gia‘\ L = jength of intake = 8.62 feet
i v, g““ 2 rw = distance from well center to undisturbed formation = (.33 feet
VA ?P_ : H = distance from water table to bottom of screen = B.62 feet
— - ‘ : o — — D = saturated thickness = 25 feet
- e ek Lfrw = 26,12
T 2 et et . I B ! it A = coefficient from Bouwer £ Rice curve = 246
. e T L e o L B = coecficient from Bouwer & Rice curve = 0.40
‘ ; : L IO T I | Determination of tn Re/rw
b4 ""h/; N ! i i ¥ oo I . B 1
. [v] ‘5’ I v T ; T 1 H [ T B in RB/I’W L !2:;! + ]é b BIn”D-HnWZ
[ LT NENRERANNEEREE In (H/rw) L/rw
. g f;_ T . RN NEREEEN AN In Refrw = _{1. + (246 + 040 In ((25-862)/0.30) 1
gﬁé . BEEEN RN AR N in (862/0.33) 2612
Ei ’ =] —
: ik in Re/rw = 204
L
X C b L
“i5 - etermination of K
& C&:} : =| K = (rc)* * In (Re/rw)/2L * 1/t * In Yo/t
= T B —6 L K = (0.083) * 2.04/2(8.62) * 1/150 * In(1.59/.6)
3 + - . T ettt B w53 ¢ Eu6 ft/sec
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APPENDIX C

GROUND WATER SAMPLING PROTOCOLS AND FIELD SAMPLING LOGS
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GROUND WATER SAMPLING PROTOCOL

Prior to obtaining ground water sampies for laborato}-y analysis, all

monitoring wells must be developed as described in the Weil Development
Protocoi.

Sampling Procedures

Use of the following procedures for the sampling of ground water ob-
servation wells is dependent upon the size and depth of the welil to be
sampled and the volume of ground water in the well. To obtain rep-
resentative ground water samples from wells containing only a few gal-
lons of ground water, the bailing procedures is preferred. To obtain
representative ground water samples from wells containing more than a
few gallons, the pumping procedure generally facilitates more rapid
sampling. Each of these procedures is explained in detail below.

1. ldentify the well and record the location on the Ground Water
Sampling Field Log, Attachment A.

2. Put on a new pair of dusposab gloves.

3. Cut a slit in the center of the plastic sheet, and slip it over
the well creating a c¢lean surface onto whnch the sampling
equipment can be positioned.

4, Clean all meters, tools, equipment, etc., before placing on
the plastic sheet.

5. Using an electric well probe, measure the depth to the water
table and the bottom of the well. If free-phase product is
present, use an oil-water interface probe or a clear bot-
tom-valve bailer to determine the thickness of the free prod-

uct. Record this information in the Ground Water Sampling
Fieid Log.

6. Clean the well depth probe and rinse it with distilled water
after use.

7. Compute the volume of water in the well, and record this vol-
ume on the Ground Water Sampling Field Log.

8. Attach enough polypropylene rope to a3 bailer to reach the
bottom of the well, and. lower the tailer slowly into the well
making certain to submerge it only far enough to fill one-haif

full. The purpose of this is to recover any oil film, if one is
present on the water table.

9. Pull the bailer out of the well keeping the polypropylene rope
on the plastic sheet, Empty the ground water from the bailer
into a glass quart contziner and observe its appearance.
NOTE: This sample will not undergo laboratory analysis, and



10.

1.

12.

13.

14.

15.

16,

is collected to observe the physical appearance of the ground
water only.

Record the physical appearance of the ground water on the
Ground Water Sampling Field Log.

Lower the bailer to the bottom of the well, and agitate the

bailer up and down to resuspend any material settled in the
well.

Initiate bailing the well from the well bottom making certain to
keep the polypropylene rope on the plastic sheet. All ground
water should be dumped from the bailer into a graduate pail
to measure the quantity of water removed from the well.

Continue bailing the well throughout the water column and
from the bottom until a sufficient volume of ground water in
the well has been removed, or until the well is bailed dry.
If the well is bailed dry, ailow sufficient time for the well to
recover before proceeding with Step 14. Record this mforma-
tion on the Ground Water Sampling Field Log.

Remove the sampling bottles from their transport containers,
and prepare the bottles for receiving samples. Inspect all la-
bels to insure proper sample identification. Sample bottles
should be kept cool with their caps on until they are ready to
receive samples. Arrange the sampling containers to allow for
convenient filling. Always fill the containers Ilabeled
purgeable priority pollutant first. Filter and add preserva-
tives to appropriate samples.

To minimize agitation of the water in the well, initiate
sampling by lowering the bailer slowly 'into the well making
certain to submerged it only far enough to fill it complete!y
Fill each 'sample container following the instructions listed in
the Sample Containerization Procedures, Attachment B. Re-
turn each sample bottle to its proper transport container.

If the sample bottle cannot be filled quickly, keep them cool
with the caps on until they are filled. The vials (3) labeled
purgeable priority pollutant analysis should be filled from one

“bailer then securely capped. NOTE: Samples must not be

allowed to freeze.

Record the physical appezrance of the ground water observed
during sampling on the Ground Water Sampling Field Log.

After the last sample has been collected, record the date and
time, and, and if required, empty one bailer of water from
the surface of the water in the well into the 200 mi beaker
and measure and record the pH, conductivity and temperature
of the ground water following the procedures outlined in the
equipment operation manuais. Record this information on the




19.

20.

21,

22.

Ground Water Sampling Field Log. The 200 mi beaker must
then be rinsed with distilled water prior to reuse.

Begin the Chain of Custody Record.

Replace the well cap, and lock the well protection assembly
before leaving the well location.

Place the polypropylene rope, gloves, rags, and plastic
sheeting into a plastic bag for disposal.

Clean the bailer by rinsing with control water and then
distilled water. Store the clean bailer in a fresh plastic bag.

Sampling Procedures (PUMP)

5.

ldentify the well and record the location on the Ground Water
Sampling Field Log.

Put on a new pair of disposable gloves.

Cut a siit in the center of the plastic sheet, and siip it over
the well creating a clean surface onto which the sampling
equipment can be positioned.

Clean all meters, tools, equipment, etc., before placing on
the piastic sheet.

Using an electric well probe, measure the depth to the water
table and the bottom of the well. if free~phase product is
present use an oil water interface probe or a clean bot-
tom-valve bailer to determine the thickness of the free prod-

uct. Record this information in the Ground Water Sampling
Field Log.

Clean the well depth probe and rinse it with distilled water
after use.

Compute the volume of water in the well, and record this voi-
ume on the Cround Water Sampling Fieid Log.

~Attach enough polypropylene rope to a bailer to reach just

below the surface of the water table, and lower the bailer
slowly into the well making certain to submerge it only far
enough to fill it one-half full. The purpose of this is to re-
cover any oil film, if one is present on the water table.

Pull the bailer out of the well keeping the polypropylene rope
on the plastic sheet. Empty the ground water from the bailer
into a glass quart container and observe its appearance.
MOTE: This sample will not undergo laboratory analysis, and

Is collected to observe the physical appearance of the ground
water oniv.




10.

11.

12.

13.

14.

15.

16.

17.

18.
19‘

Record the physical appearance of the ground water on the
Ground Water Sampling Field Log.

Prepare the submersible pump for operation.

Lower the pump to just below the top of the water column and
pump the ground water into a graduated pail. Pumping
should continue until sufficient well volumes have been
removed or the well is pumped  dry. If the well is pumped
dry, allow sufficient time for th< well to recover before pro-
ceeding with Step 16. Record this information on the Ground
Water Sampling Field Log.

Remove the sampling bottles from their transport containers,
and prepare the bottles for receiving samples. Inspect all la-
bels to insure proper sample identification. Sample bottles
should be kept cool with their caps on until they are ready to
receive samples. Arrange the sampling containers to allow for
convenient filling. Always fill the vials labelled purgeable
priority pollutant first. Filter and add preservatives to ap-
propriate samples. '

With submersible pump raised to a level just below the surface
of the water in the well, fill each sample container following
the instructions listed in the Sample Containerization Proce-
dures, Return each sampling bottle to its proper transport
container. NOTE: A clean bottom loading stainless steel or
Teflon bailer should be used to collect the sample used to fill
the sample vials labeled purgeable priority pollutant analysis.
Gently lower the bailer into the water to minimize agitation of
the water. The vials (2) should be filled from one bailer.

If the sample bottie: cannot be filled quickly, keep them cool
with the caps on until they are filled. NOTE: Sampiles must
not be allowed to freeze.

Record the physical -appearanc:e of the ground water observed
during sampling on the Ground Water Sampling Field Log.

After the last sample has been collected, record the date and
time, and if required, place a sample of well water into a 200

‘ml beaker and measure and record the pH, conductivity and

temperature of the ground water following the procedures
outlined in- the equipment operation manuals. Record this in-
formation on the Ground Water Sampling Field Log. The 200
ml beaker must then be rinsed with distilled water prior to
reuse.

Begin the Chain of Custody Record.

Remove the submersible pump from the well and clean the
pump and necessary tubing both internally and externally.
Cleaning is comprised of rinses with & source water and
acetone or methanol mixture, and distilled water using




GROUND WATER SAMPLING FIELD LOG

aple Location

>
PDonrs 2o

o AL STTIO o - Remevel Boryy

sampled By /.m EZL%/

Date 3C}ff%?d

Well No. ([ (i)~ |
Time /<00

Weather p#fﬁ: Coniuy Sampled

A. WATER TABLE:

Well depth: )
{below top of casing) 26,38 ft.

Depth to water table: )
{below top of casing) 100 w7 ft.

Length of water column (LWC)

Water

with Bailer _ “Pump

Well elevation:
(top of casing) ft.

table elevation: ft.

ft.

Volume of water in well:

2" diameter wells = 0.163 x (LHC%
4" diameter wells = 0.653 X (LWC
6" diameter wells = 1.469 X (LWC)

B, PHYSICAL APPEARANCE AT START:
Color Odor

gallons
gallons
gallons

n

Was an 01l film or layer apparent?

Turbidity

C. PREPARATION OF WELL FOR SAMPLING:
Amount of water removed before sampling

gallons.

Did well go dry?

5. PHYSICAL APPEARANCE DURING SAMPLING:
Color Odor

Was an o0il film or layer apparent?

Turbidity

pH

TEMPERATURE

T 6 M m

. VELLJQAMPLING NOTES:

Lf
Lo et / o / //v

CONDUCTIVITY ~

NO_ ey DL L/

Fzﬁﬂ- QLWﬂfu Q&nn 7

SPPLED




GROUND WATER SAMPLING FIELD LOG

. \_‘,"? pﬁo;-yr S—;q*"";‘ c;.) - ‘Q.:(.’:&;‘.m;éia\“:‘ Q»%H}_g )
re Location Dlmrs e Well No. _(J(riw - &~

mpled 8y Zom £3L, Cote _3/2c)a/  Time {705
Weather MW AR N Sampled with Bailer _ | /"Pump

A. WATER TABLE:

Well depth: Well elevation:
(below top of casing) 5'&21;‘ ft'&i/ (top of casing) ft.
Depth to water table: M7 Water table elevation:

ft.
(below top of casing) _s5 54 ft,

Volume of water in well: Y3 43 g S Ems

2" diameter wells = 0.163 x (Lucg 25 gallons
4" diameter wells = 0.653 X (LWC gallons
6" diameter wells = 1.465 X (LWC) gallons

B. PHYSICAL APPEARANCE AT START:
Color Oy Odor _ st iam-— Horm . Turbidity H7n

Was an 011 film or layer apparent? O

C. PREPARATION OF WELL FOR SAMPLING:
Amount of water removed before sampling ’\-af
Did well go dry? =

B. PHYSICAL APPEARANCE DURING SAMPLING:

Color QR Odor Qam{? Turbidity Hin-10
Was an oil film or layer apparent? _ DO

CONDUCTIVITY

gallons.

|
|
i
|
_
. Length of water colum (LWC) __ 37( ft.
|
R
R
i
B

PRV

pH
TEMPERATURE
H, WELL SAMPLING NOTES:

A Ot =l Tl
M Geonoc T gweremel 55,53

“ u%fn%\l )y

[y ) Ty
. . .




GROUND WATER SAMPLING FIELD LOG

N o «F X _' @-::es.wc:\“:' Qt;&fl};
l sample Location ‘B m g i, S 1o ™ vell No. UGw-3
Sampled By 7 s L) Date 3]3’7191 Time __ /9§
l Weather ;455-} TN Sampled with Bailer _ 7 Pump
l ‘A.  WATER TABLE: ‘
Well dep*h: Well elevation:
(below top of casing) 3s.ul/  ft. (top of casing) ft.
. Depth to water table: Water table elevation: ft.
(below top of casing) agfg& ft.
l Length of water column (LWC) /345 ft. [ 5% %
Volume of water in well: x3= ¢2%o e 22BAH S
. 2" diameter wells = 0.163 x (Lwcg s  7./3 gallons
R 4" diameter wells = 0.653 X (LWC) = gallons
6" diameter wells = 1.469 X (LWC) = gallons
. B. PHYSICAL APPEARANCE AT START:
Color _ —Tmw 0dor _wowes corotliien  Turbidity o oo
. Was an oil film or layer apparent? . O
C. PREPARATION OF WELL FOR SAMPLING: ‘
. Amount of water removed before sampling (oL, - gallons.
Did well go dry? oS T
' D. PHYSICAL APPEARANCE DURING SAMPLING:
Color i) 0dor __YoA Turbidity  pud
. Was an o1l film or layer apparent? idseir 2
E. CONDUCTIVITY
F. ©pH
6. TEMPERATURE

H. WELL SAMPLING NOTES:

N T N i R e 2 A S Y= e
Do

' .
2L YD 5 17 T R, wery O Sl el

-
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GROUND WATER SAMPLING FIELD LOG

A STATTO W - Resevele Peacss

sample Location ‘5o, 2T well No. U (o=
sampled By Zom Sk vate soef9/ _ Time 207
Weather ot &) i’ Sampled with Bailer Pump
/'< NN arrs 872
A. WATER TABLE: i
Well depth: Well elevation:
{below top of casing) SET-ELL' ft. (top of casing) ft.
Depth to water table: Water table elevation: ft.
(below top of casing) Q7. ¢/, ft.
Length of water colum (LWC) _ 7& ft. ~ T Gaws
3,3\ N e
Volume of water in well: ~
2" diameter wells = 0.163 x (Lucg = |57 gallons
4" diameter wells = 0.653 X (LWC) = gallons
6" diameter wells = 1.469 X (LWC) = gallons

8. PHYSICAL APPEARANCE AT START:

Color _(lmwe odor __ [roc, | Turbidity '+ /.7

Was an oil film or layer apparent? e

C. PREPARATION QF WELL FOR SAMPLING:

Amount of water removed before sampling AN
Did well go dry? 1w

galions.

D. PHYSICAL APPEARANCE DURING SAMPLING:
Color _ (oo 0dor _ \irs./ Turbidity 4%/~
Was an 01l film or layer apparent? Yo

CONDUCTIVITY

pH

TEMPERATURE

xaOor TMmom™m

WELL SAMPLING, NOTEST] o
Crne /4/5' T |/ = Mot
e a7 S L




GROUND WATER SAMPLING FIELD LOG

Ll‘."-‘;. Nty STAT/C L - ﬁ{« \w\ Qw*f’)\

-
sample Location Dings 2 well No. _ (Gls-2
Sampled 8y Zom £k, Cate _ /3*‘?(/“// Time _/33/.
Weather e _SuY Smpled wmaﬂer —__Pump

e ———————

L UTEA
A. WATER TABLE:

Well depth: ) Well elevation,
P 30. Y|

(below top of casing) (top of casing) ft.
Depth to water table: Water table elevation: ft.
(below top of casing) L ft. —_
Length of water column (LNC) [s. /7 ft. o
Volume of water in well: =57
2" diameter wells = 0.163 x (LRC% s/ O% gallons
4" diameter wells = 0.653 X (LWC) = gallons
6" diameter wells = 1,468 X (LWC) = gallons
B. PHYSICAL APPEARANCE AT START:
Color  Qiown. -orawise”  Odor  Diesg ! Turbidity /4/. &
Was an 0i1 film or layer apparent? Yo ¢
C. PREPARATION OF WELL FOR SAMPLING: ‘
Amount of water removed before sampling D Y gallons.
Did well go dry? oo
D. PHYSICAL APPEARANCE DURING SAMPLING: ,
Color _oieid Odor ﬂ.u:r»z_; Turbidity /+/ud

Was an oil film or layer apparent? o~
E. CONDUCTIVITY

F. pH
G. TEMPERATURE

H. WELL SAMPLING NOTES: v/l
(%uxnuc:r” ' /g
Ldiny =/ 23/ i =

1\
=
L

sy

©
- |

}_J
‘Ff

>0 £ Cc’.aé-(m;
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GROUND WATER SAMPLING FIELD LOG

s Neopr srerre o - Reesevals Boa
A_i—-}‘. W Any 2* Cog

Tl bate _z/aclz/  Time _ j3YP
o ; Sampled with Bail s
T . ﬁfo( mpieg wi er --—-é.- ump

WATER TABLE:

Well depth: ) Well elevation:
(below top of casing) 3@.!{ ft. (top of casing) ft.
Depth to water table: Water table elevation: ft.
(below top of casing) /oS¢ _ ft.

Length of water column (LWC) 9,5 F ft.

Volume of water in well: v3s Lkt > e (3895

2" diameter wells = 0,163 x (Lwcg s _ /.l gallons

4" diameter wells = 0.653 X (LWC) = gallons

6" diameter wells = 1.465 X (LWC) = gallons
PHYSICAL APPEARANCE AT START:
Color S Odor _ SePoms(e Turbidity [ ~.
Was an il film or layer apparent? O
PREPARATION OF WELL FOR SAMPLING:
Amount of water removed before sampling / | gallons.
Did well go dry? VO
PHYSICAL APPEARANCE DURING SAMPLING: . '
Color CoAF 1St Odor SeTOR @ Mo Turbidity Lo = fre
Was an 011 film or layer apparent? A
CONDUCTIVITY
pH
TEMPERATURE

WELL SAMPLING NOTES:

s
L)C\‘ CD}?(:}:\L)C—( ,QJ&U;G— \.%/AC:JO“H:W [ j/@.q’,/?/

Broll Geprm Mprarnce, <oRiayo 0P
3 7




SROUND WATER SAMPLING FIELD LOG

T ] (- ;.-r-;u; A Peadn
L Ty - Ramove " Well No. (et T
pate _3/3c/5/  Time _ J33L

Sampled with Bailer /_ Pump

Well elevation:

+f casing) 17,93 ft. (top of casing) .
o water table: Water table elevation: fr.
.w top of casing) _¥.9% ft.
-ength of water column (LWC) 9. ‘?g// ft. T
Volume of water {n well: : ?Cg :éf/‘ﬁ’r‘}-s‘i“zjg
2" diameter wells = 0.163 x (LHC? - /.S3 _gallons /73S
4" diameter wells = 0.653 X (LWC) = galions -
6" diameter wells = 1.469 X (LWC) = galions
8. PHYSICAL APPEARANCE AT START:
Color -~ i Odor ad i Turbidity (O
Was an 011 film or layer apparent? e,
C. PREPARATION OF WELL FOR SAMPLING:
Amount of water removed before sampling S gallons.
) —
Did well go dry? Al
L EIES Iy
Color W Odor S uda D Turbidity —mb/s/<

Was an 031 film or layer apparent? _ A0

CONDUCTIVITY

pH

TEMPERATURE

x oy “n ™
B - L] [} »

WELL SAMPLING NOTES:

Nl Sreen  aldplle b oA Ligs z%’éwi/
Ao S ?/f?vq”/ﬁ_[/

N /

i
]
i
_
i
_
_
B
i
i
. D. PHYSICAL APPEARANCE DURING SAMPLING: /| Swpiiv
_
1
i
i
i
i
i




GROUND WATER SAMPLING FIELD LOG

| L5 Ny SIATTC W - Rcsoueds Beany

LD\. Ay gl (J‘-\} g : wei“l No » Ufwfua ‘?’/

FxiV bate _R/2p7%,  Time _ jyi
M Qo Sampled with Bailer t/Pump

A. WATER TABLE:

Well depth: Well elevation:
{below top of casing) 9.9 _ ft.

(top of casing) ft.
Depth to water table: Water table elevation: ft.
(below top of casing) 2.3-2 ft. -
Length of water column (LWC) }'DE/’)* ft. {
S5 19ub
Volume of water in well: ‘;(? - 2

—
2" diameter wells = 0.1

[ 20 gallons e
gallons }5/5’{”‘1—)

gallons

63 x (LHC%
4" diameter wells = 0.653 X (LWC
6" diameter wells = 1.468 X (LWC)

B. PHYSICAL APPEARANCE AT START:

Color _Ganan - "W’j QOdor -

Was an 0i1 film or layer apparent?
. PREPARATION OF WELL FOR SAMPLING:

Amount of water removed before sampling C,,,

Turbidity e f
pms:f?zf S/HJ»M VAT e it

galions.
Did well go dry? LD
D. PHYSICAL APPEARANCE DURING SAMPLING:
Color iy’ Odor — Turbidity _ £ o
VD!

CONDUCTIVITY

. pH

E
F
G. TEMPERATURE
H WELL SAMPLING NOTES:

I

I

l

|

i

|

|

i

|

|
l Was an oil film or layer apparent?
l ‘ _
i

i

i

B

i

B




~ GROUND WATER SAMPLING FIELD LOG

. WS Megy L STETC - @:(;:*:-i:ucz\‘r Q&HrQ_\_
sample Location D v 2o

Well No. c_)(vturcf

Sampled By /. am E3L | bate _2 Ac/9/  Time 1350
Weather [}x,-/ oy Sampled with Bailer ~_ ” pump
A. WATER TABLE:
Well depth: Well el.vation:
(below top of casing) /9 93 ft. (top of casing) ft.
Depth to water table: Water table elevation: ft.
(below top of casing) _7.L%  ft. -
Length of water column (LWC) /2, 9»"/ ft.
Volume of water in well: G 54(25 = 5 G”‘*’”ﬂf
2" diameter wells = 0.163 x (Lucg = /7% galions
4" diameter wells = 0.653 X (LWC) = gallons
6" diameter wells = 1.465 X (LWC) = gallons
B. PHYSICAL APPEARANCE AT START:
Color __cLom) Odor IIAT Turbidity LS,
Was an 01l film or layer apparent? AL
C. PREPARATION QF WELL FOR SAMPLING:
Amount of water removed before sampling ~= /7.5 gallons.

Did well go dry? LAO

D. PHYSICAL APPEARANCE DURING SAMPLING:

Color C{_W Odor AN Turbidity 7.5
Was an 01l film or layer apparent? AT
CONDUCTIVITY

pH

. TEMPERATURE

WELL SAMPLING NOTES:
S peolaer \\Jaic_cigj

x & M m




GROUND WATER SAMPLING FIELD LOG

vy . __:TI':F-:/L Lv - (1-(“‘ v C’\““' Q‘-r}!-)\

Sample Location nggﬁ e Well No. _prplu—/©
Sampled By 7 m Lk Date _3/)77‘2‘/ Time S 3

: M Id
Weather [AET, St sty Sampled with Bailer foﬁgmp
A. WATER TABLE:

w211 depth: Well elevation:

(below top of casing) _ ) .€lo ft. {(top of casing) ft.
Depth to water table: Water table elevation: ft.
(below top of casing) Jc.©3 ft. —
Length of water column (LWC) X3 ft.

= Y32 /5 ees

Volume of water in well:

2" diameter wells = 0.163 x (Lwcg
4" diameter wells = 0.653 X (LWC
6" diameter wells = 1.469 X (LWC)

PHYSICAL APPEARANCE AT START:
Color (g8 o Odor — Turbidity )7 b
Was an oil film or layer apparent? /& ~inely
PREPARATION OF WELL FOR SAMPLING:

Amount of water removed before sampling é; gallons.
Did well go dry? AL

PHYSICAL APPEARANCE DURING SAMPLING:

Color Ry Odor " Turbidity n\ﬁij
Was an oil film or layer apparent? ‘Q/% fn4,k

CONDUCTIVITY ——

YR i gallons
gallons
gallons

pH

TEMPERATURE

ELL SAMPLING NOjgs:
£

'fauba Qob (L oalz?)




A.

GROUND WATER SAMPLING FIELD LOG

UeSe NAuy | STRTIC W - p:.c‘:',;;‘,\)c:.\“‘f' Q&AQS

Donrs s Well No. (J(w-]|
b Date _3h-gli/ _ Time __ /(DO
P, KU Sampled with Bailer Pump

H ——

WATER TABLE:

Well depth: Well ewlevat‘!on:
(below top of casing) /9"9{ ft. (top of casing) ft.
Depth to water table: Water table elevation: f<.
(below top of casing) 9 ft.
Length of water column (LWC) 3.9 ft. = Y& g
Volume of water in well: 3 27 %f/
2" diameter wells = 0.163 x (LHC? = /.2 gallons -
4" diameter wells = 0.653 X (LWC) = gallons
6" diameter wells = 1.469 X (LWC) = gallons
PHYSICAL APPEARANCE AT START: -
Color __ Gt pamys”  Odor , Turbidity QW
Was an 0i1 film or layer apparent? Mt
PREPARATION QF WELL FOR SAMPLING:
Amount of water removed before sampling G gallons.
Did well go dry? 0
PHYSICAL APPEARANCE DURING SAMPLING:
Color (P Odor - Turbidity L ow
Was an 01l film or layer apparent? PO
CONDUCTIVITY /
pH
TEMPERATURE

WELL SAMPLING NOTES:

A
Fas&m__;s Mg cole { R ey (‘-“‘*-@-JL Pm-_ N

O sa NI Ty WeTEL.  MELFDwWCTTo W el




GROUND_WATER SAMPLING -FIELD LOG

US MY SeFTe e - Razovels Bopi

Sample Location Do dice well No. (7 (tu—/ )

Sampled BY 7 . £k __ Dare gb.g/%/ Time
Weather ;4\31;1 SUWMA- - Sampled With Bailer

x ¢ m m

wr

ALJ/D

Pump
WA T ATLA

———

WATER TABLE:

Well depth: AY4.03 Well elevation:
(below top of casing) _ Pci2-ft. (top of casing) ft.

Depth to water table: . Water table elevation: ft.
(below top of casing) /2 S5 ft. —

Lengih of water column (LWC) <. ft.
Volume of water in well: 241

2" diameter wells = 0.163 x (Ll-lcg - &2 gallons
4" diameter wells = 0.653 X (LWC) = gallons
6" diameter wells = 1.465 X (LWC) = gallons

PHYSICAL APPEARANCE AT START:
Color Rrouw Odor f% Turbidity s 6! (

Was an oil film or layer apparent? Yo <

PREPARATION OF WELL FOR SAMPLING: -
Amount of water removed before sampling 2
Did well go dry? O
PHYSICAL APPEARANCE DURING SAMPLING:
Color Ry i o 0dor Ny |
Was an oil film or layer apparent? Yoo

CONDUCTIVITY.

gallons.

Turbidity I3l

pH

TEMPERATURE

WELL SAMPLING NOTES: * I
Bonion (0] A - 0.1
T alal N7 = 1953

SRR %P@{ch CrocensT |W S'&ﬂv‘:ﬂ/{”




GROUND WATER SAMPLING FIELD LOG

LU e ShTTe s - Reoseced Py ‘
Sample Location _p . mrs aJu, i Well No. 4&)[w4ﬁj“‘)'?

Sampled By /. m £3h, Date _flﬁ’/ﬁ/ Time /;/;ng/’f
4 %
Weather fIT Cowwar— ampled with Bailer
£ ‘ - &AJﬁF?fE?2Z2¢},

A. WATER TABLE: 3§ 35/
Well depth:

/ Well elevation: '
(below top of casing) 95‘ /o a)*ft (top of casing) ft.

Depth to water table: Water table elevation: fe.
(below top of casing) l“v,x ft. o

Length of water column (LNC) < .29 ft.
Volume of water in well:
2" diameter wells = 0.1 (LHCZ

63 x
4" diameter wells = 0.653 X (LWC
6" diameter wells = 1.463 X (LWC)

y.of5
-

- [.3) galions
= gallons

gallions

B. PHYSICAL APPEARANCE AT START:
Color Qb — REswv Odor N Turbidity

E AT g N,

Was an 0il film or layer apparent? L =,

C. PREPARATION OF WELL FOR SAMPLING:

Amount of water removed before sampling ~ G gallons.

-

Did well go dry? AN

D. PHYSICAL APPEARANCE DURING SAMPLING: :
Color 2 e )t = (00 e A Odor Dy re i TU!"bid'fty b /0

Was an 0il film or layer apparent? Y=t
E. CONDUCTIVITY
F. pH

6. TEMPERATURE

Propeer M /4 [irifs
w3 777 11.5°9

H. WELL SAMPLING NOTES: I/

&Sﬁlf: {‘\Dl*q"itwvw'w \,/*?'f“ i <. ‘ —{—T/




r

Sample Location D‘.m,, Qe Well No. _ UGtJ-1Y
Sampled BY ~7.m Lk Date /_ Time /é‘*/é’
Weather a5y WY ot _Sampled ‘with Bdiler Pum
/ . ua*«[c'//" G
A. WATER TABLE: 3&?.&3
Well depth: Well elevation:
(below top of casing) f ft. (top of casing) ft.
Depth to water table: - Water table elevation: ft.
(below top of casing) /L) ft
Length of water column (LWC) 20, §& ft.
Volume of water in well: (077 gats i
2" diameter wells = 0.163 x (Lwcg . 3.:>3Z galtons  — 3¢ PP
4" diameter wells = 0.653 X (LWC gallons
6" diameter wells = 1,469 X (LWC) = gallons
B. PHYSICAL APPEARANCE AT START:
Color R 20 pe/ Odor __fem v Turbidity _ /it
Was an 011 film or layer apparent? e!‘“rcp
C. PREPARATION OF WELL FOR SAMPLING:
Amount of water removed before sampling : Q: // gallons.
Did well go dry? pJO
D. PHYSICAL APPEARANCE DURING SAMPLING: \
Color Bmn Odor Pc_m Turbidity __ D
Was an oil film or layer apparent? T)Cj
E.  CONDUCTIVITY - o
F. pH [tonoe T [l G5
) \\‘J%L"{Z“ “JC‘B
G. TEMPERATURE
H. WELL SAMPLING NOTES:

GROUND WATER SAMPLING FIELD LOG

Méy: YL,., ST - QM"& 100 \ Q»—r!-()\

Dew/«r;'.uf,l éﬂj vt b f‘),—»,« i ?l S 't e "j

w MORTERDAY oo o nZTS ol T2 S T fTaA

(5 miw T Al O Oty & W rTen. T
Sggpm ~ N 3 F hodoeT Peice 72

T vedonmeast™




GROUND WATER SAMPLING FIELD LOG

L

LS N STAT O - QOC*-H,&\"V Q\««Al“__)_s -
Sample Location i{Lm‘:A%@fii T well No. (JG—J~/)

Sampled By 7 m bl bate 3/ak//  Time /73T
Weather  Sumn¥y  csslin. Sampled with Bailer _ , ~"Pump

)

A.  WATER TABLE: .

5.9
Well depth: ! Well elevation:

(below top of casing) _y£9—7~ ft. (top of casing) ft.
Depth to water table: 1" Water table elevation: ft.
(below top of casing) _ /7S 7 ft.

Length of water column (LWC) "7l ft. N
: ™ . Lo <
Volume of water in well: XQ' = }?‘}‘ S PLmAILS

2" diameter wells = 0.163 x (LHC?
4" diameter wells = 0.653 X (LWC
6" diameter wells = 1.468 X (LWC)

8. PHYSICAL APPEARANCE AT START:
Color AR goav Odor e s Turbidity
wWas an 01l film or layer apparent? [

C. PREPARATION OF WELL FOR SAMPLING:

Amount of water removed before sampling e L, . gallons.
Did well go dry? A\O

124 galions
gallons
gallons

e A

D. PHYSICAL APPEARANCE DURING SAMPLING:
, ]
Color _ flams Gl Odor _ Ve Turbidity Al
Was an oil film or layer apparent? (]

CONDUCTIVITY

pH

TEMPERATURE

x [ n m
- » - .

WELL SAMPLING NOTES:
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LABORATORY ANALYSIS REPORT
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' QUANTUM LABORATORIES, INC.

ANALYTICAL SERVICES
G.P.O. BOX 361629 » SAN JUAN, PUERTO RICO 00936-1629

(809) 793-7288

ANALYSIS REPORT
SUBMITTED TO
O "BRIEN & GERE ENGINEERS INC
ATTN. MR. TIMOTHY M. EDDY
5000 BRITTONFIELD PARKWAY
SYRACUSE, NJ 13221

PROJECT : Soil and water analysis
Tow Way Fuel Facility
U.5. Naval Station
Roosevelt Roads

Ceiba, Puerto Rico

May 17, 1991
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QUANTUM LABORATORIES, INC.

ANALYTICAL SERVICES |
G.P.O. BOX 361629 » SAN JUAN, PUERTO RICO 00936-1629

(809) 793-7288

O BRIEN & GERE ENGINEERS INC
Attn:; Mr. Timothy Eddy

5000 Brittonfield Parkway
Svracuse, NJ 13221

Re: Tow Way Fuel Facility Project
US Naval Station Roosevelt Roads
Ceiba., Puerto KHico

Introduction

S30il samples were received from T. Eddy by J.R. Ramirez on March
1, 1881. The transfer was performed at Roosevelt Roads. Samples
were entered at the laboratory on the same day and identified by
numbers 41,447 to 41,478.

Water samples were transferred on two ocassions. samples
identified by numbers 41,611 to 41,647 were received and entered
on March 29, 1881. These were received from T. Eddy by J.EH.
Ramirez at the San Juan airport. A second group was received on
April 5, 1891 at the Travel Lodge Hotel. These were identified
by numbers 41,8644 to 41,647,

Sampling logs and Chain of Custody recocrds are attached.

At the laboratory samples were kept under refrigeration until
analysis.

ANALYTICAL RESULTS/METHODOLOGY

The analytical results for this report are presented by sample.
Each set of data will include complete sample identification
information and the analytical results. The results are arranged
by the numbering or identification sequence chosen by the sampler
and not by the laboratory numbering sequence.

Water samples were analyzed for Benzene, Toluene, Ethylbenzene
and ZXylenes (BTEX) by EPA Method 503.1. The analysis was
perrormed by Purge and Trap on a Tracor LSC-2 sample concentrator
Iollowed by gas chromatography with a photoionization detector
i Tracor 540 model gc). The column used was a 0.085" ID 35 with
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EN & GERE
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A% SP-1200 and 1.75% Bentone 34 packing set isothermally at 30©C.

Some samples had a considerable content of BTEX and these
chromatograms exhibited additional peaks. Identification and
quantification of BTEX., however, was achieved. Samples were
submitted in 40mL wvials in sets of two. Each vial was analyzed
independently. Two vials were found broken on removal form the
roam-holder: these corresponded to samples 41,624 and 41,825.
Asteriks in the report rerflect this matter.

Water samples were also analyvzed for Lead content. A Varian
fiame atomic absorption spectrometer wag used with excellent
results. Samples contained nitric acid as preservative. Results
are reported in micrograms per liter.

S0i1l samples were analyzed for total recoverable petroleum
hydrocarbons by EPA Method 418.1. The method consists of
extraction with Freon followed by IR determination at 28930cm—-*.
The exceprtional concentration exhibited by some samples forced
the use of smaller aliquots thus lowering the detection limit to
1.0mg/Kg. Results, however are definite.

Flashpoint determinations met with some difficulty due to the
nature of the samples. Most samples were hard packed and bound
clay. Moisture determinations in some samples showed a range 0%
10 to 20 percent moisture. None of the samples could be ignited.

Leachate metal analysis following SW-346 protocols presented no
rarticular difficulties. Results are reported in mg/L so as to
compare with 5W~848 limits.

TOX analysis were performed according to Method 8020 in 5W-846.
Levection limit obtained was 50mg/Kg. All samples resulted in
less than 50mg/Kg.

QUALITY CONTROL

3as  chromatography oI water samples was monitored by periodic
bianks and standards. Linearity and reproducibility were
=zstablished before and arfter analysis of esach set. Sample blanks
were intermingled with samples.

itdry linearity and reproducibility were established for
hod 418.1 for hydrooarbons. A calibraticn curve was
nstyucTed for each day 2T analys
i@naccuane ag the protocol dicta
=L allow results To fall within T

15 using benzene, i1soctane and
TeEs. Sample weizhts wers lowed
he calibration curve. Each
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exXtract was measured three times and the average absorbance used
for the determination.

Metal analysis and T0X were subjected to normal gquality control

procedures. No difficulties were experienced. Standard
deviations in the metal analysis were within the 0.5% range.
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O"BRIEN & GERE/NAVAL BASE PRGJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

selenium

Silver ,

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

- 41.447

s0il, B-1i, 47 to
March 1, 1891

Feb. 25, 1891 , 1l1:

QO " Brien & Gere
o0il grab

- UNITS

mg,/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/ L
meg/Kg
mg/Kg
Deg F.

g°

L]

.

(2

”

Al

COOOOOR O

A%

1 AM

0L

.066
.001
.001
.083

.035
50
2,087
140
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O “BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Siiver

Total Jrganic Halogsn
Ferrcoleum Hyvdrocarbons
Flashpoint

41.448
Soil, B-1, 6" to
March 1, 19891

Feb. 25, 1981 , 11:

O Brien & Gere
Soil grab

UNITS

mg/L
mg/L
mg/L
mg,/ L
mg/L
mg/ L
me /L
mg/ L
mg/Kg
mg/Kg
Deg F.

8
35 AM

:

.01

.038
L0001
.00
U006

]
\

LUl
.033

»

NS OGO OOO

B
~ O
O

> 140



O “BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic
Barium
Cadmium
Chromium

-

=
)
oy
fe Ny
o
r
«

@
e
o
(o
E

osval Organic Halogen
roleum Hydrocarbons
iashpoint

LIRS N SN ol

41,448
Soil,

March 1,
Feb. 25,
0 "Brien & Gere
S0il, composite

mg /L
mg,/L
meg/L
mg/ L
mg/L
mg/L
mg/ L
mg/ L
mg/Kg
mg/Kg

Deg F.

i

A

QCOCOOTTOoD

18-
2:09 PM

.01

. 240
.001
.001
073
.01
. 030
50
530
140
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O"BRIEN & GERE/NAVAL BASE PROJECT

- SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

41,480

Soil, B-2, 2" to 4°
March 1, 18991

Feb. 26, 1881 , Z2:39 PM

SAMPLER: Q" Brien & Gere

SAMPLE TYPE: So0il grab

PARAMETER ‘ UNITS RESULT
Arsenic mg/L < 0.01
Barium mg/L 6.4
Cadmium . . mg/L 1.700
Chromium mg/L 0.062
Mercury mg/L 0.001
Lead mg/L 0.1686
Selenium “ mg/L < 0.01
Silver mg/L 0.063
Total Organic Halogen meg/Kg < 50
Petroleum Hydrocarbons mg/Kg 464
Flashpoint Deg F. > 140

oo L, AT - e . AR gt T T P e e an T Wl . .
A g T . YT LI T d L A v e L e o . BN,

oo T
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O BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

- SAMPLE TYPE:

PARAMETER

Arsenic
Barium
Cacdmium
cnromium
Mercury

Ferroleum Hydrocarbons
Flashpoint

41,451
Soil,

March 1.
Feb. 26,
QO Brien & Gere
Soil grab

mg,/L
mg/L
mg,/L
mg/ L
mg/L
mg/ L
mg/ L
mg/ L
mg/Kg
mg/Kg

Deg F.

-

A
LUCOCSOO IO

B Co s

)

2:48 PM

:

.01

.082
.064
.001
. 163
.01

086

> 140



O“BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER :

SAMPLE TYPE:

PARAMETER

Argsenic

Barium

Cadmium

Chromium

Merclry

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashproint

41,452

Soil, B-2, 67 to 10~
March 1. 1891 ‘
Feb. 26, 1991 , 3:45 PM
QO "Brien & Gere

Scil, compozite

UNITS RESULT

mg/L < 0.01
mg/L < 0.5
mg/L 0.086
mg/L < 0.001
mg/L 0.001
mg/L 0.055
mg/L < 0.01
mg/L 0.024
mg/Kg < 50
mg/Kg 1,816

Deg F. > 140




O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chiromium

Mercury

Lead

Selenium

Silver

Tewal Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,453

S0il, B-2, 8" to 10°
March 1, 1891

Feb. 28, 1881 , 3:45 PM
Q 'Brien & Gere

Soil (Matrix oSprike:

UNITS RESULT
mg/L < 0.01
mg/L < 0.5
mg/L 0.175
mg/L 0.018
mg,/L 0.001
mg/ L 0.218
mg/L < 0,01
mg,/ L 0.033
mg/Kg < B
mg/Kg 4,029
Deg F. > 140
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,454

Seoil, B-2, 6 to 10°

Mareh 1. 1881

Feb. 26, 1981 , 3:45 PM

O Brien & Gere

S0il (Matrix Spike Duplicate)

ONITS RESULT
mg/L < 0.01
mg/L < 0.5
mg/L 0.072
mg/L < 0.001
mg/L 0.001
mg/L 0.074
mg/L < 0.01
mg/L 0.024
mg/Kg < 50
mg/Kg 3,560
Deg F. > 140
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total QOrganic Halogen
Petroleum Hydrocarbons
Flashpoint

41.455
S01il,

March 1.
Feb. 286,
O "Brien & Gere
Soil, =rab

mg/L
mg/L
mg,/L
mg/ L
mg/L
mg/L
mg/L
mg/ L
mg/Kg
mg/Kg

Deg F.

6"

3:55 PM

< 0.01
10.0
.073
.074
.001
211
.01
. 088

50
22,850
> 140

COoOOOCO

P2y
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,456

50il, B-3, 10" to 12~
March 1, 1881

Feb. 26, 1981 , 5:20 PM
Q" Brien & Gere

Soil, grab
UNITS RESULT
mg/L < 0.01
mg/L 8.6
mg/L 0.337
mg/ L 0.018
mg/L < 0.001
meg/L 0.088
mg/L < 0.01
mg/L 0.049
mg/Kg < 50
mg/Kg 22,600
Deg F. > 140



O°"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,4587

S0il. B-3. 127 to 16~
March 1, 1981

Feb, 27, 1991 , 10:40 PM
O "Brien & Gere

Soil, grab

UNITS RESULT
mg/L < 0.01
mg,/ L 0.8
mg,/L 0.027
mg/ L < 0.001
mg,/L 0.001
mg/L i 0.085
mg/ L < 0.01
mg/L 0.027
mg/Kg < 50
mg/Kg 2,300
Deg F. > 140



O“BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,458

Scoil, B-4, 6 to 8°
March 1, 1991

Feb. 27, 1891 , 1:11 PM
QO "Brien & Gere

Soil, grab

UNITS RESULT
mg/L < 0.01
mg/L 6.0
mg/L 0.087
mg/L 0.144
mg/L < 0.001
mg/L 1.000
mg/L < Q.01
mg/L 0.1086
mg/Kg < 50
mg/Kg 53.9

Deg F. > 140
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Qrganic Halogen
Petroleum Hydrocarbons
Flashpoint

41,4588

Soil, B-4, B to 10°
March 1, 1891

Feb. 27, 1881 , 1:20 PM
0 "Brien & Gere

Scoil, grab
UNITS RESULT
mg/ L < 0,01
mg/L 7.5
mg/L 0.099
mg/L 0.133
mg/L < 0,001
mg/L 0.602
mg, L < 0.01
mg/L 0.13
mg/Kg < 50
mg/Kg 333.8
Deg F. > 140




O“BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

5AMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint .

41,460

Soil, B-4, 107 to 14°
March 1, 19891

Feb. 27, 1991 , 2:01 PM
O"Brien & Gere

Scil, grab

ONITS RESULT
mg,/L < 0,01
mg/L 1.8
meg/L 0.0860
mg/L 0.058
mg/L < 0.001
mg/L 0.191
mg/L < 0.01
mg/L { 0.0862
mg/Kg < 50
mg/Kg 3,019
Deg F. > 140
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,461

Scil, B-5, 2  to
March 1, 18981

Feb. 27, 1991

0 "Brien & Gere
Soil, grab

mg,/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/Kg
mg/Keg
Deg F.

I

I8

0.01
1.0
0.020
0.001
0.001
0.062
0.01
0.017
50
6.2
140
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver :
Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,462

S0il, B-5, 47 to
March 1, 19891

Feb. 27, 1891
O"Brien & Gere
Soil, Grab

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/Kg
mg/Kg
Deg F.

A

0.01
0.5
0.02z2
0.001
0.001
0.062
0.01
0.0186

186.86
140
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,463

S30il, B-5, 6~
March 1, 1881
Feb. 27, 1891

O "Brien & Gere
Soil, Composite

mg/L
mg/L
mg/L
mg,/L
mg/L
mg/L
mg,/ L
mg/
mg/Kg
mg/Kg
Deg F.

to

10°
RESQULT
< Q.01
< 0.5 .
0.046
< 0.001
< 0.001
0.105
< 0.01
C.063
< 50
7.2
> 140



O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID: 41,464

FIELD DESCRIPTION: Soil, B-6, 4% to 67

DATE SAMPLE SUBMITTED: March 1, 1891

DATE SAMPLED: Feb. 28, 1981

SAMPLER: Q'Brien & Gere

SAMPLE TYPE: Soil. Grab

PARAMETER UNITS RESULT
Arsenic mg. L < 0.01
Barium mg/L < 0.5
Cadmium mg,/L 0.047
Chromium meg/L 0.001
Mercury mg/L < 0.001
Lead mg/ L 0.108
Selenium mg/L < 0.01
Silver mg/L 0.017
Total Organic Halogen mg/Kg < 50
Petroleum Hydrocarbons mg/Kg 54.5
Flashpoint Deg F. > 140




O BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,465

Soil, B-6. 87 to 8°

March 1, 1881
Feb. 28, 1891
QO "Brien & Gere
Seil, Grab

mg/ L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/Kg
mg/Kg
Deg F.

M M M

’\j

.01

.015
.001
.001
.103
.01
014

ROOCOOOOOO0O
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE 1ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,468

Soil, B-8, 12" to 16°
March 1, 1881

Feb. 28, 1991

O "Brien & Gere

B0il, Composite

UNITS - RESULT

mg/L < 0.01
mg,/L < 0.5
mg/L 0.024
mg,/L < 0.001
mg/L < 0.001
mg/L 0.108
mg/L < 0.01
mg/L 0.018
mg/Kg < 50
meg/Kg < 1.0
Deg F. > 140
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED: -
SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,467

Soil, B-7. 27 to
March 1. 19891

Feb. 28, 1991

O 'Brien & Gere
Soil, Grab

mg/L
mg, L
mg,”/L
mg/L
mg,/L
mg/L
meg,/L
mg/L
mg/Kg
mg/Kg
Deg F.

4-
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPK:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total QOrganic Halogen
Petroleum Hydrocarbons
Flashpoint

41.468

Soil, B-7, 47 to 67
March 1, 1881

Feb. 28, 1891

O Brien & Gere

Soil, Grab

UNITS RESULT
mg/L < 0.01
mg/L 0.5
mg/L 0.024
mg/L 0.010
mg/L < 0.001
mg/L 0.1283
mg/L < 0.01
mg/L 0.013
mg/Kg < 50
mg/Kg < 1.0
Deg F. > 140
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen

Petroleum Hydrocarbons
Flashpoint

41,4689

Soil, B-7, 6" +to 10°

March 1, 1991
Feb. 28, 1981
Q0" Brien & Gere
Soil, Composite

mg/L
mg/L
mg/L
mg/L
me/L
me/ L
mg,/L
mg/L
mg/Kg
mg/Kg
Deg F.

A
OO OOCOoOO0O
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O“BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,470 ‘
Soil, B-8, 6" to
March 1, 1881

Feb. 28, 1881

O "Brien & Gere
Soil, Grab

meg/L
mg/L
meg/L
mg/L
mg/L
mg,/ L
mg/L
mg/L
mg/Kg
mg/Kg
Deg F.
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE 1ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

cadamium

Chromium

Mercury

Lead

Selenium

Silver

Total Urganic Halogen
retroleum Hydrocarbons
Flashpoint

41.471
Soil.
March 1.
February 285.
O Rrien & Gere
Soil. Grab

mg,”L
mg,/ L
mg/L
mg/ L
mg, L

mg/L.

mg,/L
mg/ L

mg/§g
me/Keg
Deg F.

8" to 10°

4
oo

e NC O COCOOC0O

N
C

[

.01

.020
. 004
. 008
. 080
.01

vzl

o
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID: 41,472 .

FIELD DESCRIPTION: Seil, B-8, 127 to 16~
DATE SAMPLE SUBMITTED: March 1, 1881

DATE SAMPLED: Feb. 28, 1881

SAMPLER: ‘ O "Brien & Gere

SAMPLE TYPE: S0il, Composite

PARAMETER UNITS RESULT
Arsenic mg/L < 0.01
Barium mg/L < 0.5
Cadmium mg/L 0.011
Chromium mg/L 0.314
Mercury mg/ L 0.008
Lead mg/L 0.084
Selenium mg/L < 0.01
Silver mg/L 0.020
Total Organic Halogen me/Kg < 50
Petroleum Hydrocarbons: mg/Ke < 1.0

Flashpoint Deg F. > 140
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

pelenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,473

Soil, B-8, 47 to
March 1, 1881
March 1, 1991

QO "Brien & Gere
Soil, Grab

mg/L
mg/L
mg/L
mg/L
mg/ L
mg/L
mg/L
mg/L
mg/Kg
mg/Kg
Deg F.

[a1]

é

.01

.006
.001-
.004
.230
.01

.014

A
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O"BRIEN & GERE/NAVAIL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER -

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium\

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41.474

Soil, B-8, 107 to 12°

March 1, 1991
March 1, 1891
O "Brien & Gere
Soil, Grab

mg/L
meg/L
mg/L
mg/ L
mg/L
mg/ L
mg,/L
mg/ L
mg/Kg
mg/Kg
Deg F.

NOOOOOOOO

o

.01

.008
.001
.004
. 240
.01

017

|l ot
]
oM,
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arasenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Urganic Halogen
Petroleum Hydrocarbons
Flashpoint

41,475

Soil,

March 1,
March 1,
O "Brien & Gere

Soil, composite

mg,/L
mg,/L
mg/L
mg/ L
mg/ L
mg/L
mg/L
mg/ L
mg/Kg
mg/Kg

Deg F.

to 167
REQULT
< 0.01
< 0.5

0.012
0.024
0.002
0.165
< 0.01
Q0.0186
< BQ
< 1.0
> 140
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O “BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPK:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41.476

So0il, B-10, 4" to &~
March 1, 1881

March 1, 1981

O Brien & Gere

Soil, Grab

UNITS RESULT
mg/L < 0.01
mg/L < 0.5
mg/L 0.011
mg/L < 0.001
mg/L 0.002
mg/L 0.238
mg/L < 0.01
mg/L 0.013
mg/Kg < 50
mg/Ke 10.2
Deg F. > 140
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Arsenic

Barium

Cadmium

Chromium

Mercury

Lead

Selenium

Silver

Total Organic Halogen
Petroleum Hydrocarbons
Flashpoint

41,477

S50il, B-10, 67 to 8~
March 1, 1991

March 1, 1881

Q" Brien & Gere

Soil, Grab

UNITS RESULT
mg/L < 0.01
mg/L < Q0.5
mg/L 0.005
mg /L < 0.001
mg/L 0.006
mg/L 0.133
mg/L < 0.01
mg/L 0.024
mg/ K& < B0
mg/Kg < 1.0

Deg F. > 1&0



O“BRIEN & GERE/NAVAIL BASE PROJECT
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SAMPLE ID: 41,478

FIELD DESCRIPTION: Soil, B-10, 10" to 10~

DATE SAMPLE SUBMITTED: March 1, 1891

DATE SAMPLED: March 1, 1991

SAMPLER: Q"Brien & Gere

SAMPLE TYPE: Soil, Composite

PARAMETER : UNITS RESULT

Arsenic mg/L < 0.01

Barium mg/L < 0.5

Cadmium mg/L 0.001

Chromium mg/L < 0.001

Mercury mg/L 0.0086
: Lead mg/L 0.148
j Selenium mg/L < 0.01

Silver mg/L 0.021

Total Organic Halogen mg/Ke < B0

Petroleum Hydrocarbons mg/Kg < 1.0

Flashpoint Deg F. > 140




- - -‘

g ey ,.,U.‘,/.u. P -.... _4/.“.
Fe g R P

I _,,4 ,,,, i oy t_‘,_:. m,.,
¥ ] i R I ;
R KIS » K y
. { i . .

O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,8625

UGW-1

March 28, 1991

March 286, 1881, 13:00
0°Brien & Gere

UNITS RESULT
PPbL : 13,517.8
PPD 34,382.9"
PPDL 85,702.4
ppb 139,546.8
ug/L 3,580
ppb *

ppb *

prb *

ppPb s
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,614

UGW-2

March 29, 1891
March 26, 1891,
O "Brien & Gere
Well water

prb
pPpb
prb
PPb

uwg/L
ppb
PPL
joj=le
PPD

13:00

RESULT
< 1.0
< 1.0
< 1.0
< 1.0
142

< 1.0
< 1.0
< 1.0
< 1.0
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O°BRIEN & GERE/NAVAI. BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:
SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethyvlbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzen,
Xvlenes, dup

dup

41,615

UGW-3

March 28. 1981
March 26, 1991,
O"Brien & Gere
Well water

ppb
ppPb
ppb
ppb

ug/L

ppb
ppb
ppb
ppb

13:00

E

A A A A

AAAA
S

O
OQOOO0

12

o

OO0
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:
FIELD DESCRIPTION:

DATE SAMPLE SUBMITTED:

DATE SAMPLED:
SAMPLER:
SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,621
UGW-4
March 29, 18861
March 26, 1991,
O "Brien & Gere

ppb
ppb
ppb
prb

ug/L

prb
ppb
ppb
ppb

13:00

RESULT

15.8
877.7
7,164.6
10,697.1

80

348.8

6,068.7
7,016.1
7,888.4
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:

DATE SAMPLED:
SAMPLER:
SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene,
Xylenes, dup

dup

41,622
UGW-5
March 28, 1981
March 26, 1991,
O "Brien & Gere

PPb
prb
Ppb
ppb

Aug/L

ppb
jojsle]
prb
ppb

13:00

RESULT

< 1.0
316.8
3,285.4
4,232.7

107

< 1.0

1,077.3
6,677.2
1,768.6



O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID: 41.613

FIELD DESCRIPTION: UGW-8

DATE SAMPLE SUBMITTED: March 22, 1891

DATE SAMPLED: March 26, 18891

SAMPLER - O "Brien & Gere

SAMPLE TYPE: Waste water

PARAMETER ‘ UNITS RESULT

Benzene )ale 6003.9
Toluene PPb 20095.6
Ethylbenzene PPb 3719.0
Xylenes PPDL 453.7

Lead ug/L 166

Benzene, dup PPD 3080.1
Toluene, dup PP 240.0

BEthylbenzene, dup PPD 1166.3

Xyvlenes, dup ppb 129.0
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,612
UGW-7
March 29, 1891

March 26, 1991, 13:00

O "Brien & Gere
Well water

Ppb
PPb
pPDb
pPPb

ug/L

PPb
ppb
ppb
pPPb

E

AN AN
e
OOCO

ADAA

Q0

e

3

OO0 O0
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID: 41,620

FIELD DESCRIPTION: UGW-8

DATE SAMPLE SUBMITTED: March 28. 1991

DATE SAMPLED: March 26, 1981, 13:00
SAMPLER: O "Brien & Gere

SAMPLE TYPE:

PARAMETER UNITS

Benzene prb <

Toluene ppb <

Ethylbenzene oy le <

Xylenes prb <

Lead ug/L 7
Benzene, dup prb <

Toluene, dup prb <

Ethylbenzene, dup ppb <

Xylenes, dup prb <

o e
OO Q0

~1

N S
O OO0
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O"BRIEN & GERE/NAVAL BAGE

SAMPLE ID:

FIELD DESCRIPTION: ,
DATE SAMPLE SUBMITTED:

DATE SAMPLED:
SAMPL.ER:
SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzen,
Xylenes, dup

dup

PROJECT

41,611

UGW-8

March 29, 18891
March 26, 19961,
O "Brien & Gere
Well water

PPb
ppb
prb
prb

ug/L

PPb
PPb
pPPb
ppb

13:

00

ANANA

AA A A

m

b b s

e N =
SOOO

8

CGCOOCO
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O BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID: 41.8L%

FIELD DESCRIPTION: UGW-10

DATE SAMPLE SUBMITTED: March 28. 1881
DATE SAMPLED: March 26, 1891, 13:
SAMPLER: O Brien & Gere
SAMPLE TYPE:

PARAMETER" UNITS
Benzene PPb

Toluene ppb
Ethylbenzene PPb

Xylenes ppb

Lead ug/L
Benzene, dup prb

Toluene, dup prb
Ethylbenzene, dup : prb

Xvlenes, dup pPb

¥
T

A A A A
e I S S S e
OO OO

AN A
e
OO0
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:
FIELD DESCRIPTION:

DATE SAMPLE SUBMITTED:

DATE SAMPLED:
SAMPLER:
SAMPLE TYPK:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,618

UGw-11

March 28, 18891
March 26, 1981,
O Brien & Gere
Well water

PPb
Prb
prb
ppb

ug/L

pDb
j=)ole]
ppb
ppb

13:

Qo0
RESULT
< 1.0
< 1.0
< 1.0
< 1.0
g4

< 1.0
< 1.0
< 1.0
< 1.0
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xvlenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,823 .

UGW-12

March 29, 19891
March 26, 1981,
O Brien & Gere

prb
pPb
=3=le}
prb

ug/L

prb
pprb
ppb
rpb

13:00

47.2
7.5
432.3
1,402.3

11.8
4.0
524.5
1,275.4
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O“BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED: -
SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethvlbenzene, dup
Aylenes, dup

41,624
UGW-13
March 28, 1981

March 26, 1891,

O"Brien & Gere

ppb
pPb
pPb
ppb

ug/L

PPb
PPbL
ppb
ppb

13:00

REGULT

788.3
4,712.6
23,864.8
40,738.2

o8

E R I B
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethyvlbenzene
Xyvlenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xyvlenes, dup

41,626

UG-14

March 29,
March 26,
Q0 RBrien &

Prb
opb
ppb
rPb

ug/L

rpb
TPb
b
PPb

1891
1891,
Gere

13:00

RESULT

464.0
2,387.1
22,803.7
23,754.2

89

745.7
1,987.4
18.341.1
36.505.3
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPK:

PABAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xvlenes, dup

41,627
UGW-15
March 29, 1891
March 26, 1991,
O "Brien & Gere

PPb
ppb
ppb
ppb

ug/L

PPb
PPb
Ppb
ppb

13:00

1,017.

62.9

1,112.

287.7
167

3,111.
1,032,
1;508.
1,085.

C D
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O"BRIEN & GERE/NAVAL E,

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARSMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

PROJECT

41,644

UGW-18

April 5, 1891
April 4, 1991,
O0"Brien & Gere
Waste water

prb
reb
. ppb
ppb

ug/L

ppb
prb
PPb
pprb

11:54

:

AAA A

AAA

M

w

=
Q00O

- e s

7
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O"BRIEN & GERE/NAVAL BASE PROJECT

- SAMPLE 1ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMRTER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

UGW-17

April 5, 1881
April 4, 1991,
O "Brien & Gere
Waste water

ppb
ppb
ppb
pPpb

ug/L

prb
pPb
ppb
prb

12:20

AN AN A
P st s

AAANA
s

SOOO

&2}

1

QOOC



O“BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID: 41,646

FIELD DESCRIPTION: UGW-18

DATE SAMPLE SUBMITTED: April 5, 1991
DATE SAMPLED: April 4, 1981, 16:00
SAMPLER: Q0 Brien & Gere
SAMPLE TYPE: Waste water
PARAMETER UNITS
Benzene pPb

Toluene ppb
Ethvlbenzene =)ol

Xylenes ‘ ppb

Lead _ ug/L
Benzene, dup pPpb

Toluene, dup ppb
Ethylbenzene, dup : ppb

Xyvlenes, dup ppb

:

AN A
b b bt
OCOO0O

AANAA A
L = o
lo¥oNoXo)
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID: .

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethyvlbenzene, dup
Xylenes, dup

41,6186
Duplicate
March 29, 1891
March 26, 1881,
O "Brien & Gere
Well water

PPb
pPpb
pPPb
Prb

ug/L .

PPb
PPD
pprb
pPb

13:00

AANA

AA A A
e

B bt b e
OO OoO

125

OO0
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O"BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER:

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,617

Field Blank
March 28, 1981
March 26, 19981,
O "Brien & Gere
Well water

PPb
Prb
PDPb
ppb

ug/L

jojalel
pPb
ppb
ppb

13:00

AAAN

A A A A
e

o |

R s
OO OO

6

OOCO0O
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O"BRIEN & GERE/NAVAIL BASE PROJECT

SAMPLE ID:

FIELD DESCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED: :
SAMPLER :

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xyvlenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,628

Trip Blank
March 28, 1881
March 26, 1891,
O "Brien & Gere

Prb
joj=le
jjele
PPb

ug,/L

PPb
PPb
pPpb
ppb

13:00

é

MA A A
P pd e s
OSSO O

AD A A

N/A

e
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O "BRIEN & GERE/NAVAL BASE PROJECT

SAMPLE ID:

FIELD DEGCRIPTION:
DATE SAMPLE SUBMITTED:
DATE SAMPLED:

SAMPLER::

SAMPLE TYPE:

PARAMETER

Benzene
Toluene
Ethylbenzene
Xylenes

Lead

Benzene, dup
Toluene, dup
Ethylbenzene, dup
Xylenes, dup

41,647

Trip Blank
April 5, 1881
April 1, 1891
O “Brien & Gere
Wagte water

UNITS

PPb
pPPb
prb
PPb

ug/L

pPprb
prb
rpb
pPb

%

AAA A

AAANA
e
OO C O

P b s e
OOOO

N/

bo



QUANTUM LABORATORIES, INC.

ANALYTICAL SERVICES
G.P.O. BOX 361629 « SAN JUAN, PUERTO RICO 00936-1629

(809) 793-7288

[ D% ST g o 3 oo QI T P> WP P2 B G - o4

Thoe

May 17, 1891

T X AL R LSRR e D

CERTIFICATION

bas -SR-S P

P A4

R S

of Water and Wastewater " (APHA) and/or in "Methods
Analysis of Water and Wastes" (EPA).

i Instruments, solutions and regeants have been
i standardized and/or calibrated according to the
: methods.
§ All tests have been performed by or under the supervision of
" licensed chemist.
z‘ r""r':i r.“‘,"" .
7

.

»" NI\

/Af. Roberto Ramirez;;PthD.hf' L

A 186300

i i L) . o ; N ]
: - i > . b 3 H ; L - - ‘ - - - .

The analysis reported herein have been rerformed following
approved methods found in "Standard Methods for the Examination

for Chemical

prepared,
applicable
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! Matrix = water, wastewater, air, sludge, sediment, etc.
2 Tvp: = grab cnmposxtf:

W this space if shipped via coumrer (e.g., Fed Ex) Date | Time | Couner Namex - Date. | Time

B *Attach dulivery/conrrer receinr-to Chain of Cosodr
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