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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. 
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above sea level and extends from approximately 700ft 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 Histocy 

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 approximately 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 
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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 app~oximately 59,000 gallons were unaccounted for during the spill 

(NA VST A, 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). 

3 



I 
I 
I_ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SECTION 2 • SITE INVESTIGATIONS 

2.01 Soil Borin~: Completion and Samplin~: 

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 report 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, total Halogens 

(EPA Method 9020), flash point, and total petroleum 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 Monitorin1 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 7ft to 8ft 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 with 2~inch ID, flush joint, 

schedule 40 PVC slotted well screens and riser casing. S.creens were 10ft 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 1ft 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 monitoring well, a non-traffic area wellhead was 

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

became relatively sediment free. 

2.03 /nsitu 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 then 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 Monitorin~: 

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 
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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 April4, 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 Sampline 

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 (OA/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 

custody forms are included in Appendix D. 
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SECTION 3 ~INVESTIGATION RESULTS 

3.01 Soil Samplin& 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, 1991). Soil borings B-1 and B-2, which are 

located in the vicinity of Tanks 56A 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 4-6ft to 1816 ppm at 6-10ft. 

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 to 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 (2-4ft) 

to 54.5 ppm in B-6 (4-6ft). 
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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 Hydro&eololdc Conditions 

3.02.1 Remonal Geoloay 

Puerto Rico is the smallest and easternmost of a group of volcanic 

islands (Cuba, Jamaica, Hispaniola, and Puerto Rico) called the Greater 

Antilles(!)_ In general, the island is divided into seven physiographic units(2), 

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 Geolou 

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 corner of the 

TWFF. This deflection is most lik~ly 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 April 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 10-6 em/sec (.017 

ft/day) to 1.4 x 104 em/sec (.4ft/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: 

Darc.y's Law 

V = Ki/n 

Where 

V = velocity (ft/day) 

K = hydraulic conductivity (.017 ft/day to .4 ft/day) 

14 
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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 April4, 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 (BTEX) across the TWFF si_te. 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 

16 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 hydrocarbons 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 insitu 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 
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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 and 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 prod,uct 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 

20 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 aquifer 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 analyz~~~H. 

22 ... 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 10-6 em/sec (.017 ft/day) to 1.4 x 104 

em/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 14ft 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 USEP A 

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 

made: 

Based on the conclusions stated above, the following recommendations are 

1. A recovery well should be installed adjacent to monitoring well UGW­

GJ. 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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2. 

3. 

,.·· ~"···--·. 

be installed adjacent to monitoring wells U~~-1 _,.d U~12. 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 

HYDRAULIC SATURATED 

WEll GROUND* CASING • CONDUCTIVITY GROUND WATER ELEVATION (Fl) CONDITIONS FROM 

WELL NO. 

UGW-1 

UGW-2 

UGW-3 
UGW-4 
UGW-5 

UGW-6 

UGW-7 

UGW-8 

UGW-9 

UGW-10 
UGW-11 

UGW-12 
UGW-13 

UGW-14 
UGW-15 

UGW-16 

UGW-17 

UGW-18 

GW-02 (1) 

GW-03 (1) 

GW-04 (1) 

GW-06 (1) 

03-Feb-92 

DEPTH(FT) ELEV. (FT) ELEV.(FT) SCREENEDINTERVAl(FT) 

24.62 115.09 116.85 90.47 - 100.47 

58.35 Hl0.65 162.33 102.30 - 112.30 

35.44 123.29 125.22 87.85 - 97.85 

35.26 119.32 120.66 84.06 - 94.06 

28.57 114.60 116.44 86.03 - 106.03 

18.37 109.99 111.73 91.62 - 101.62 

16.27 108.69 110.35 92.42 - 102.42 

17.53 108.84 110.50 91.31 - 101.31 

19.93 110.55 110.51 90.62 - 100.62 

18.86 109.40 110.97 90.54 - 100.54 

17.45 108.40 110.00 90.95 - 100.95 

23.14 112.75 114.24 89.61 - 99.61 

25.88 112.11 113.56 86.23 - 96.23 

313.83 118.37 119.71 79.54 - 89.54 

17.92 110.86 112.51 92.94 - 102.94 

20.35 112.39 11398 92.04 - 102.04 

23.70 110.73 112.26 87.03 - 102.03 

20.38 113.00 114.53 92.62 - 102.62 

NA 112.14 113.88 NA 

NA 111.36 113.62 NA 

NA NA 113.21 NA 

NA 109.12 111.16 NA 

NOTES: NA Data not available 

• Elevation data tied to USGS datum+ 100ft. 

--No ground water present in well. 

NP No product present in well. 

(1) On-site well not installed by O'Brien & Gere Engineer&, 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 elevation 

(CM/SEC) 3129191 414191 BORING LOGS (FT) 

(2) 

6.10E-06 106.75 106.61 105.65 

2.47E-04 104.18 104.12 98.29 

(2) 104.86 (4) 104.80 (4) 89.32 

(2) 103.44 (4) 103.40 (4) 97.90 

1.40E-04 101.14 101.08 94.99 

2.44E-05 101.78 101.69 98.69 

7.01E-05 102.06 102.02 98.84 

3.35E-05 102.89 102.68 95.55 

8.32E-04 100.92 100.87 94.40 
5.70E-04 100.83 100.80 98.40 

(2) 103.29 (4) 103.08 (4) 95.75 
(2) 101.20 (4) 101.11 (4) 97.11 

(2) 103.55 {4) 103.40 (4) 88.37 

(3) 100.54 100.51 100.86 
7.01E-05 NA 101.18 97.39 

4.42E-04 NA 100.36 (4) 90.73 

1.62E-04 NA 101.24 93.00 

NA 102.61 102.53 

NA 102.43 102.33 

NA 104.94 (4) 105.56 {4) 

NA 101.69 101.56 

• • • • 

DIFFERENCE BETWEEN 

FIRST ENCOUNTER 
CONDITIONS AND FINAL PRODUCT IN 

ElEVATIONS (FT) WELL(FT) 

ONLY PRODUCT 15.00 
0.96 NP 

7.83 NP 

15.48 13.00 
5.50 12.28 

6.09 NP 

3.00 NP 

3.18 NP 

7.13 NP 

6.47 NP 

2.40 NP 

7.33 9.40 

4.00 5.82 

15.03 1.00 

-0.35 NP 

3.79 NP 

9.63 2.98 

8.24 NP 



I 
TABLE 2 

I TOW WAY FUEL FARM 
U.S. NAVAL STATION 

I 
ROOSEVELT ROADS, PUERTO RICO 

PRODUCT THICKNESS DATA (FT) 

I 
WELL NO. 3/29/91 4/4/91 

I 
UGW·1 14.43 14.21 

I 
UGW·2 
UGW·3 
UGW·4 10.27 9.82 
UGW·5 13.34 12.32 

I UGW-6 
UGW·7 
UGW·8 

I UGW·9 
UGW-10 
UGW-11 

I 
UGW·12 9.95 11.44 
UGW-13 6.39 6.31 
UGW·14 0.87 1 . 11 

I 
UGW·15 
UGW-16 NA 
UGW·17 NA 2.98 
UGW-18 NA 

I GW·02 
GW·03 
GW-04 4.78 2.94 

I GW-06 

I 
I 
I 
I 
I 

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

I 
I 
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TABLE 3 

I TOW WAY FUEL FARM 
U.S. NAVAL STATION 

I ROOSEVELT ROADS, PUERTO RICO 

SOIL BORING ORGANIC ANALYSES 

I TOTAL TOTAL 
BORING ORGANIC PETROLEUM 

I 
NO. DEPTH(FT) DATE HALOGEN (TOX) HYDROCARBONS 

8-1 4-6' 2125191 <.050 2.087 
8-1 8-8' 2125191 <.050 0.27 

I B-1 8-15' 2125191 <.050 0.53 

8-2 2-4' 2128191 <.050 0.464 
8-2 4-6' 2126191 <.050 0.422 

I 8-2 6-10' 2126191 <.050 1.816 

B-3 4-6' 2128191 <.050 22.85 

I 
B-3 1Q-12' 2128191 <.050 22.6 
B-3 12-18' 2/26191 <.050 2.9 

8-4 6-8' 2/27191 <.050 0.0539 

I 
8-4 8-10' 2127/91 <.050 O.lllS 
8-4 10-14' 2127/91 <.050 3.019 

8-5 2-4' 2/27/91 <.050 0.0062 

I 
B-5 4-6' 2/27191 <.050 0.1666 
B-5 6-10' 2127/91 <.050 0.0072 

8-6 4-6' 2/28191 <.050 0.0545 

I 
8-6 8-8' 2/28191 <.050 <.001 
8-6 12-18' 2/28191 <.050 <.001 

B-7 2-4' 2128/91 <.050 0.0035 

I B-7 4-6' 2/28191 <.050 <.001 

S-7 6-10' 2128/91 <.050 0.0017 

B-8 6-8' 2/28/91 <.050 0.0203 

I B-8 8-10' 2128/91 <.050 0.0042 

B-8 12-16' 2/28/91 <.050 <.001 

8-9 4-6' 311/91 <.050 0.0102 

I B-9 10-12' 311/91 <.050 0.0016 
8-9 12-16' 311/91 <.050 <.001 

I 
B-10 4-6' 311191 <.050 0.0102 
B-10 6-8' 311/91 <.050 <.001 
B-10 10-14' 311/91 <.050 <.001 

I NOTES: Results reported in mg/kg (ppm). 

I 
I 
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BORING 
NO. DEPTH (FT) DATE 

EPA Maximum Concentration Limi 

8·1 
8-1 
B-1 

B-2 
B·2 
B-2 

S-3 
B-3 

B-3 

8-4 
B-4 

B-4 

8·6 
B-6 
B-6 

B-7 

B-7 
B-7 

8·9 
B-9 
6-9 

B-10 
B-10 
S-10 

4•6 1 

6-8' 
8-15' 

2-4• 
4·6' 

6-10' 

4·6' 
10-12' 
12·16' 

6-8' 
8·10 1 

10-14' 

2-4' 
4-6' 

6-10' 

4-6' 
6·8' 

12·16 1 

2·4' 
4-6' 

6-1 (1• 

6-8• 

8-10 1 

12·16' 

4·6' 
10-12' 
12·16 1 

4·6 1 

6-8' 
10·14 I 

2/25/91 

2/25/91 
2!25!91 

2!26/91 
2/26/91 
2/26/91 

2/26/91 
2/26/91 
2/26/91 

2/27/91 

2/27/91 
2/27/91 

2/27/91 
2/27/91 
2/27/91 

2/28/91 

2/28/91 
2/28/91 

2/28!91 
2/28/91 
2/28/91 

2/28/91 
2/28/91 
2/28/91 

3/1/91 
3/1/91 
3/1/91 

3/1/91 
3/1/91 

3/1[91 

TABLE 4 

TOY YAY FUEL FARM 
U.S. NAVAL STATION 

ROOSEVELT ROADS, PUERTO RICO 

SOIL BORING INORGANIC ANALYSES 

ARSENIC BARIUM CADMIUM CHROMIUM 

5.0 

<0.01 
<0,01 

<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 

<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 

<0.01 

<0,01 

<0.01 
<0,01 

<0.01 

<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 

<0.01 

100.0 

1.1 

0.7 
<0.5 

6.4 
7.3 

<0.5 

10.0 
8.6 
0.8 

6.0 

7.5 
1.9 

1.0 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 

0.5 

0.5 
0.5 

<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 

1.0 

0.066 
0.035 
0.240 

1.7 

0.052 
0.086 

0.073 
0.337 
0.027 

0.087 

0.099 
0.060 

0.02 
0.022 
0.046 

0.047 
0.015 
0.024 

0.056 
0.024 
0.007 

0.006 
0.020 
0.011 

0.006 
0.006 
0.012 

0.011 

0.005 
0.001 

5.0 

<0.001 
<0.001 
<0.001 

0.062 
0.064 

<0.001 

0.074 
0.018 

<0. 001 

o. 144 
0.133 
0.059 

<0.001 
<0.001 
<0.001 

0.001 
<0.001 
<0.001 

<0.001 

0.010 
0.002 

0.233 
0.004 
0.314 

<0.001 
<0.001 
0.024 

<0.001 
<0.001 

<0.001 

NOTES: All values reported in mg/l (ppm). 

LEAD 

5.0 

0.083 
0.080 
0.073 

0.166 
0.163 
0.055 

0.211 
0.098 
0.055 

1.0 

0.602 
0.191 

0.062 
0.062 
0.105 

0.109 
0.103 
0.108 

0.093 
0.123 
0. 111 

0.156 
0.090 
0.094 

0.230 
0.240 
0.165 

0.239 
0.133 
0.149 

MERCURY SELENIUM SILVER 

0.2 

0.001 
0.001 

<:0.001 

0.001 
0.001 
0.001 

0.001 
<0.001 
0.001 

<0.001 

<0.001 
<0.001 

0.001 
0.001 

<0.001 

<0.001 
<0.001 
<0.001 

0.001 
<0.001 
<0.001 

0.013 
0.008 
0.008 

0.004 
0.004 
0.002 

0.002 

0.006 
0.006 

1.0 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 

<0.01 

<0.01 
<0.01 
<0.01 

<0,01 

<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

5.0 

0.035 
0.033 
0.030 

0.063 
0.056 
0.024 

0.088 
0.049 
0.027 

o. 106 
0.134 

0.062 

0.017 
0.016 
0.063 

0.017 
0.014 
0.018 

0.018 
0.013 
0.020 

0.017 
0.021 

0.020 

0.014 
0.017 
0.016 

0.013 
0.024 
0.021 

• · EPA Publication; 45 Federal Register 33122; May 19, 1980. 



I TABLE 5 

I 
T0\.1 \.lAY FUEL FARM 
u.s. NAVAL STATION 

ROOSEVELT ROADS, PUERTO RICO 

I GROUND \.lATER QUALITY DATA 

I MONITORING SAMPLE ETHYL· TOTAL 
\.IEL!. NO. DATE BENZENE TOLUENE BENZENE XYLENE$ BTEX LEAD * 

I UG\.1·1 ( 1) 3/28/91 13,518 34,383 95,702 139,546 283,149 3,580 

I UG\.1·2 3/26/91 <1.0 <1.0 <1.0 <1.0 <1.0 142 

UGW-3 3/27/91 <1.0 <1.0 <1.0 <1.0 <1.0 122 

I UG\.1·4 3/28/91 16 678 7,165 10,697 18,556 80 

I 
UGW-5 3/28/91 <1.0 317 3,285 4,233 7,835 107 

UG\.1·6 3/26/91 6,004 2,096 3,719 454 12,273 166 

I UGW-7 3/26;91 <1.0 <1.0 <1.0 <1.0 <1.0 93 

UGW-8 3/28/91 <1.0 <1.0 <1.0 <1.0 <1.0 77 

I UGW-9 3/26/91 <1.0 <1.0 <1.0 <1.0 <1.0 68 

I 
UG\.1·10 3/27/91 <1.0 <1.0 <1.0 <1.0 <1.0 74 

UG\.1·11 3/27/91 <1. 0 <1.0 <1.0 <1.0 <1 0 94 

I UGW-12 3/28/91 47 8 432 1,403 1,890 82 

UG\.1·13 3/28/91 788 4,713 23,865 40,739 70,105 98 

I UG\.1·14 3/28/91 464 2,387 22,804 23,754 49,409 89 

I 
UGW-15 3/28/91 1,017 63 1 I 112 298 2,490 167 

UG\.1·16 3/28;91 <1.0 <1.0 <1.0 <1.0 <1.0 57 

I UG\.1·17 4/04/91 <1.0 <1.0 <1.0 <1.0 <1.0 61 

UG\.1·18 4/04/91 <1.0 <1.0 <1.0 <1.0 <1. 0 65 

I 
NOTES: Results in ppb. 

I 
* - Results in ug/l 
( 1) . Free phase product sampled. 

I 
I 
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FIGURE 3 
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FIGURE 4 
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I 0' BRIEN & GERE 

ENGINEERS, INC. TEST BORING Lm 

!Project Location: U.S. Naval Station 
I Roosevelt Rd. Puerto Rieo IType: Split Spoon 
Client: Naval Engineering eo.aoo jHaaer: 140 lbs. Fall: 30" 

Boring Co.: JACA & Sierra T~sting Laboratories 
Grou Elevation: 

Rei)Cil"t of Boring No. £H I UGW-1 
. Sheet 1 c.f 1 

I Depth 
jFil~ No.: 35113.020.130 

Date 

ForeMan: Angel Ferrer 
OBS Geoiog1st: Till Eddy 

! Bori~ Location: 
Dates: Started: 2/25/91 Ended: 2/26/91 

Saaple Strat\lll I Field Testing 1: 
Suple Chang~ 

1 

Equipatent 
IDepth ! I Blows Penetr/ I "M" Description General Installed Sp k 

' Nol_ Deoth /6" Recovry Valve llescript pH Cond HNU s• 

0 1 (1-21 5-9-B-5 21 /0.41 17 Bf'Oirln, diliiP1 llfl!!i w dense, fine to coarse 

I 
2.4 f: 

SAND, little fire to nediua gravel; trace 

I I I I silt and clay I 

I I I ' a 2-41 5-5-7-a 21 /0.1' 12 Silllll! as above I 3.2, I 

I I I 
I I I I I I 

I I I 
1
3 

I 
lt-6' 3-9-19-23 2'121 28 Green, 110ist1 very stiff CLAY. some silt, 70.0 

little fir.e to coarse sand, trace fine I 5 l I to lediWI gravel 

14 6-B' 11-29- 1. 8/1.81 78 Very dense, greer~brown1 110ttled aopearance 10.0 
fine to raediWII SAND, sail!! fine to eoarse 

49-50/0.3 gravel, little silt and clay 

Is 1 a-to• I 53-n 1' /0.81 - Very dense, aqua-green, fine to rtediua I I 0.4
1 

I 
gravelly, SAND, little silt and clay I I I l I I I I I 

I I I I I I I 
10 6 110-12' 37-£11 1' /0.81 - Same as above l I I I ,3.01 I 

I I I I I 
I I I I ! 

1 1 12-w 84/0.21 o. ;;• /01 --- No SU!Ple obtained I I I --
I I I I I I I I 

15 Ia jts~17' 93/0,1 1 0.110.1 1 - Very dense, aqua~eer1 1110ist1 fine to a.o 
lediu. gravelly D, little silt and clay 

I I I I I I 

l l I I ! I 
l I I l.J Water encountered at 20 ft. I ;;() !" 20-22' 100/(1. 3' o. 310.31 - Very den~ m1 brown-green, fir.e to 

I I I 
eoarse , trace silt 

I 
I 

I l - I 

J I I 
I I 

! l l 
2S l1ol 25-27' 100/0.3' lo.Jto.3' - Very dense, m, browni fint! to eoarse I I I I too. 6 I I SAND, some fire to mediUII gravel, little l I 

silt and clay I 
27.01 

I I Bott«~~ of borirl{l 27, <• ft. 

I I 
I" I i l I I I 

! ! l I l I 
~~ - HNU read1ngs reported in ppm. 

... KJF I 
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!t • ·I 2 .. 
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·I 
I 
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CEMENT 

GROUND SURFACE 

I 

E'LEV .: 
TOP OF 

TOP OF 

BOT. OF SCREEN 90·47 FT. 24"62 
BOT. OF 

BOREHOLE 90 ·47 FT 24 ·62 

I 

UGW- 1 

• .. .. . . 

• .. 
·.a 

' 

. . 

~ ·.· ·.· . .--. .. 
.;. --.. :· . --- .. . . . 
•• --. ill 

~-- . 
~ . 

fECTIVE STEEL 
(NG AND LOCK 
IDE DIAMETER ~IN. 

AI -·ER PIPE 
MATERIAL: PVC 

SCHEDULE: 40 
INSIDE DIA.: 2 IN. 

~EMENT I BENTONITE GROUT 
OR ______________ __ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL: PVC ----SCHEDULE:_4_0 ___ 
INSIDE OIA.: 2 lN . 
SLOT NO.: __ l_o __ 

DIA. OF BOREHOL~ 8 lN. 

TYPICAL OVERBURDEN MONITORING WELL 
...... ' 

N.T.S. 
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~?/adllifl I TEST BORINB LOO Report of ShBoriny ~· 9-2 eet o 1 

! .... ; ... ""'""'' u. ~ ..... ........ j; """" &round w.rtr Depth DatR I Roosevelt Rd. Puerto Rico Type~ Split s~ Depth Date 
Client: Naval Engillll!l!r'ing eo..l!d Haler: 1~ l • Fall: 30" File No.: ~3.020.130 

Boring~~ JACA & Sierra Testing Laboratories I ~ l.ol:ation: Foreu.n: Anael Ferrer · G Elevation: 
OBG 6eologi5t: Tia Eddy Date: Started: 2/26/'31 Ended: 2/ct./91 

SMple Strat1111 ~ield Testing 
SMplR C'lange Equir-eni 

pi l ~~ lrNJ Depth BlOIIIS Penetr/ "H" Dna"iption Seneral Installed 
No Depth /6" Recovry Valve Descript 

0 1 0-2' 5-7-b-b 2' /1.61 13 aro.m, dup, ~ ~' fil'llf to llll!diua 20 
SAND, so.e silt ~lay1 trace fine to 
lll!di 1111 gravel 

2 2-41 3-4-4-3 2'/1,5' 8 Dark 'reen, .Oi1111 stiff t Net SILT, so.e 30 
fine o lll!d i 1111 sand, lit 1 e fine to lll!di 1111 
gravel 

3 4-6' H-7-15 21 /1.31 8 Dark aray and aqua-g'";;b JIOttled afpear- I 90 
ai'IC.'fl 1 -fine to lll!di 1111 1 !iOIII! sil and 

s clay, littlR fine to llll!diu. gravel I 
4 6-81 11-14- 21 /1.3' 33 Sue as above to 6. 51 

1 thant brown, dtmse1 I 130 
fine to tOai"SS! !WID, !iOIII! fn• to eoarsa 

19-31 gravel, little silt I 
5 8-10' 18-22- 2'11.91 5.; Sue as above to 9. It' 1 than, JIOttled brown I I &o 

and dark gret!!l'l appearance, •ist, Vfl!f"'J 
I I 32-41 demie I Water encountered at 10 ft. 

10 6 lG-121 19-36- 2'/1.'31 86 Dark, wt; (fl't!t! rr;o:udl fine to eoarsa 

I -
50-46 

SAND, so. fine o lll!diWI gravel, trace 
silt 

12' 
Botta. of boring 12 ft. 

15 I 

I 

I 

i i 

• - ltll readings reported in ~ 

BC.KJF 

R 

• k 
s• 

I 

I 
I 

I I 
I I 

I 
I 
I 

l 
I 
I 

I 
I 
I 

I I I 
I I 

I I 

I I . I 
I 

I 
I 



O'BRIEN l GERE Report of Bori1 No. B-3 
EN3INEERS, It«:. TEST BORIN6 1.00 Sht!ti!t of 1 

Project Loc:ation: U.S. Naval Shtiol'l SAIIlt.ER Ground Water lltpth Date 
Roosevelt Rd. Puerto Rico Type: Split S~ lltpth Date 

Client: Naval Engineering Co.land Huller: 140 1 • Fall: 30" File No.: 3543.020.130 I 
Boring Co.: JACR & Sierra Testing Laboratories I ~ Location: Foret~an: Angel F~ 6 Elevation: 
DBG Geologist: Ti• Eddy Dates: starte<l: 2/26/91 Etlded: 2/27/91 

Saple stratu Field Testing R 
S.ple Change Equi plll!nt • 

Depth BlOMS Penetr/ "N" Description Gtml!ral Installed Sp k 
No lltpth /6" Recovry Valve Descript pH Cond HNU Sfl 

0 1 o-a• 5-5-6-6 2' /0.51 11 Moist, br'otm, lll!diu dense, fine to COU'SI! 50 f 

SAND, SOE silt, trace fine to lll!'diu gra-

I 
I 

vel, trace organic:s 

2 2-41 3-6-4-4 Z' 10. 1' 10 Moist, brown 11iih iraa! J"'!''i1 lll!diu stiff 17 
SILT, little fine to lll!'diu sandi trace 
clay, trace fine to lll!diua grave 

3 H' 1Q-3-5-8 21 /1.1' 8 Sue grading to blac:k tar-like appearance 80 
10ist SILT, little fine to lll!diu sand to 

5 5. ! 1 
1 then fil'lll to coarse sand, trace fine 

I 
I 

ravel 
4 6-8' 7-5-5-5 Z' /0.81 10 I up, light gray, fine to lll!diu. SAND, 30 

trace fine to lll!di1111 grav1d1 lllldi1111 dense I 
5 8-10' 2-2-1-1 21 /11 3 Moist, light gray, very loose, fine to 50 

lediu. SAND, little silt, trace gravel I 
10 6 to-12' 1-3-5-! 2'/1' 8 Dark bJ"OIIll'l 11ith trace blo1r::k, 110ist SILT, 3.0 

SOE clay, little fine to lll!diu gravel, 
trace fine to ledi1111 wnd 

7 12-14' u-zo- 2' /1' !iS Moist 1 dark brown-gretm1 Vf!r"'J dense fine 0 
to coarse SAND, so. silt, traa~ fiN! to 

35-48 ledi1111 gravel, turning light bJ"OIIll'l at 13. 4' 

8 1.;-16' 14-20- 2' /1' 42 Dlm!i8t light bJ"OIIll'l 11ith ti119e orangt, 110ist 0 
fine o coarse SAND, so. s1lt, trace fine 

15 22-32 gravel 

I 
I 

9 16-181 9-13- 2'11' 35 Sue as above 0 

22-27 I 
10 18-20' zo-41- a• 11' 90 Siae as above, very dense 0 

49-5-\ I 
20 11 20-22' 30-50 2' /(). 9' - Sue as alxM! 0.3 

.I -

I 
25 12 :3-27' 22-27- Z' 10.71 17 Sue o1s abovt 0 

50-100 

I I I I I I I I 
30 13 30-32' 21-32- 2' /0.81 82 Sale as above ¥rading to Mhite, ..OiWI to 0 

5o-74 
coarse SAND, ii tle s1lt1 trace fine gravel 

1 - fKl reading reported in pp11. Botto. of boring 35.0 ft. 

Bl. KJF 
.I 
I 
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I O'BRIEN & GERE 
j ENGINEERS, INC. I TEST BORING LllS 

Report of Borin~ No. B-4 
Sheet of 1 

lPrcje~t Location: U.S. Naval Station SAMPI.ER Ground Water Depth Date 
Roosevelt Rd. Pul!r'to Rico Type: Split Spoon Depth Date 

Clier.t: Naval Engineering eo-and Hi!IIIRr: 140 lbs. Fall: 30" File No.: 3543.020.130 

Bonr.g Co.: JOCA & Sierra Testing Laboratories 1 Boring Location: 

l Forem;m: Ar.gel Ferrer Ground Elevation: 
OB6 Geologist: Ti• Eddy I Dates: Started: 2/27/91 Ended: 2/Z"l/91 

! I 
Sample 

Depth ! I 
Sample 

Blows Penetrl "N" Description 
!No Depth /6" RI!COVT'y Yalvl' 

0 1 o-z• 7-9-28-21 2110.2' :r1 Da-p, brown-gray SILT, little fine to led-

l 
iWI sand, tra~ organics, clay and fine 
gravel 

[? 2-4' 21t-39- I 2'10.41 63 Dup, ray, very dense, fine to mediuM 
i'-

I I I I 24-9 
SAND, ittle fine to coarse gravel, trace 
silt 

13 4-6' S-5-5-lt 21 /1.21 10 Duo, dense, fine to coarse SilNll, little 

5 I I 
silt, trace fine gravel 

4 l 6-81 3-2-2-1 2'10.31 4 Same as above, wet, very loose 

I I 
5 I IHO' 2-2-1-2 2' /0.71 3 Sale to 9.8', then .oist, black SILT, trace 

I fine to medi ura sand 

I I I I 
Wet, very dense, gray, silty, fine to Med- j 

10 16 I 1o-1a' l !HS- 2'11 1 32 iWI SAND, grading to 1110ist, brc•Wl'l-grl!l!n to I 
light brolm, fine to coarse smo. little 

I I I I 17-17 I fine to llediu. gravel, little silt at 11,5' I 

7 112-!4' 9-14- 21 12' 36 Darap1 very dense, light brown-oran!!e1 fine 

I 2.2-37 I 
to coarse SAND, little silt arc fine gravel 

8 I 14-161 13-14- 21 /21 38 Sa-e as above 

15 24-50 I I 

I 
Botto• of boring 16.0 ft. 

I I I 
I I 

I I 
I 

I I I 
I · I I I I 

I i I 
I 
I I I I 

I I I 

I I 1 

I II I I I I 
I I I I I I 

I 
l 

I l l I l I 
• - HNU readings reported in ppm. 

I 
I 
I 

Strati!• I 
Change 
Ge!"~~H"al 
Deseript 

I 

I 

I 

I 
I 
I 

1&. o• 

l 
I 

I 

I 
I 

l 
I 

I 

I Field Testing 
Eouip!ll!nt ! R I 

: I Installed Sp 

I 
I 
I 
I 

I 

I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 

pH Cond 

I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 
I 

I 
l 
I 

I 

HNU s• 

1 

I I I 
30 I 

I 
I 

10 I 

I 
60 

I 
20 I I I 

I 
I I 

I 1 I I 
I 

I 

l 5 

I I I 
I I I 
I 1 I I 

I 

I l I 
I 
I 

I I 

I I I I 
I I I 
I I I 

I l 

Iii 
I I l 
I l I 

B4. KJF 
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~RIEN & 6E1IE 
lNEERS, ltC. TEST I!ORIN6 1.00 

Repor1 of Boriny No. B-5 
Shetrt of 1 

'Projeei Lccation: U.S. Naval Station SAtA.£11 Ground Witll" Depth Date 
ROOSE!Velt Rd. Puvrto Rico Type: Split Spoon Depth Date 

Clil!l'lh Naval Engirering tc.ancl Hu.e!"l 140 1 bs. Fall: 30• File No. 1 3543.020.130 

Boring Co.: JilCA & Sii?M'a lHting LaboraiOI"iH I Bor:J Lccation: 
Foreun: Angel Ferrer Gro Elevation: 
OBG Geologist: Ti• Eddy DatH: Started: 2/'i!J/91 Ended: 2/28/91 

SaMple Stl"atu J Field '"''"' I R 

1 Depth Blows 
Saltple Oumge Equi~ • 

Pellet!"/ •N• Dncription General Installed Sp k 
No Depth 16" Recovry Valve llesc:ript pH Cond 1ft) st 

0 1 ()-21 3-7-54-54 2' /1' !il Moist, red, stiff SILT, little fine gravel, 3.5 t 

trat:t? fine to lediu Hndl grading to gray-
gl"ftn1 qular gravel at ' 

2 2...;' 1'3-22-60 1.5/1.3' 82 Moist, very dense, light ~ray silty 2 I fine to coarse SAND, !5o.! fine o coarR 
gravel I l 

3 4-6' 22-54- 1.31 /1 1 - DRY1 v~ense, gray-light !JI"ftn1 fine to 13 

5 75/0.3 
led1u , so. angular fine to coarse I gravel, trace silt I 

4 6-8' ~4- 2'/1' 91 Dry, very d~mse, ~y-light tlr<Mn1 fine to 80 
coarse gravelly , tl"ac:e silt 

47-59 

5 8-:101 100/0, 4' o. 4/0. 2' - Dry, very dlm!le, fine to lediu SAND, sc. I 50 I 

I I I 
fine to coarse gravel, trace silt 

10.01 I 
10 Botto. of boring 10.0 ft. 

I 

I I 
I 

I 
I 
I 
I 

I I 

I 

I 

I 

I 
I I 

I I i I 
I 

t - ltll readings reported in ppL 

BS.KJF 
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O'BRIEN t SERE Repol"t of Etoring No. 1.\-6 
ENGINEERS, INC. TEST BORING UJ6 Sheet 1 of 1 

jProjeet Location: U.S. N•val Station SM'I..ER Ground Water Depth Date 
Roosevelt Rd. Puel"to Rico Type: Split S~ De~h D•te 

!Client: Naval Engineering CO..and Ha.ert 140 l • Falh 30" File No.: 3543. 20.130 

1
1

Bor1ng Co. : JRCA & Sierra Testing Laborator1es 1 Boring Location: 
Fol"I!Mar.: Ar.oel Ferrer Ground Elevation: 
0BS 6eolo~1st: Tim Eddy I Dates: Started: 2/28/91 Ended: 2/28/91 

I I Sa•ple I Stratum I Field Ttsting IR l I Sample Change Equipment l I • 
Depth I Blows Penetr/ "N" Desert pt ion General ll'lStalled 1 So k ·I No! Depth /6" Recovry Valve Deseript pH j Cond HNU s• 

0 1 o-2' 3-4...:-z 2'/0.31 6 Moist, loose, browrt SILT, 5011£! fine to 

! 
1 

I lll!diwa r· ld, trac::e organics 

~j 
I 

I I l 
I 2 2-4' 2-7-12-20 2' /0.31 19 Moist, stiff, brown-light brown SILT, I 

I 
little clay, trace fine to medium sand 

p 4-6' B-18- 21 /2' lt6 Light brown-oraSA:D very del'lSt SILT and I "I fine to l1led i 1111 I 
I 5 I I 28-38 I I 

I I I " I G-81 8-16.- 21 /21 35 Da-p, light brown with white spots, fine I I I 100 
to medi1111 SAND, little silt, trace fine I I I I 

I I ~-.:1 to mediu• gravel I I I 
I I 

5 8-1 0' (1-26- 21 /2' 50 Sue, very dense I I o I I 
I 

I I I 24-20 I I 
I I I I I 

I lO 16 l 11)-12' 7-12- I 21 /21 30 Same, dense, grading to gray at 10.81 

I 
I I I o.21 I 

I I I I 
I 18-26 l I I I I 

I I I I 
17 12-14' 1(1-17- 21 /2' 42 Salile as above 

! 0.21 I 
I I 

I 25-32 I 
I o.zl I 

Ia I 14-16' 1(1-19- 2112' 51 Sue as above I I I 

15 32-57 I 
16.. 0' I BottOM of boring 16.0 ft. 

I l 
I 

I I I 

I 
I I I I I j I I I 

l 
1 

I I I I I 
I I I I 

I I - I I I I I I I I 

I I I I I l I 
I l I I I 

I I I I I I 
I I 

I l I I 

! I 
I I I I I I 

I I I I I I 
I I I I I 

I I I I I I I I 

I I 
I ! I I 

l I 

I I I 

I 
I I 

I I I l I I I l I I 

It - HNU readirt gs reoorted in PPII . 
B&.KJF 
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O'BRIEN & GERE Report of Borin~ No. B-7 
ENGINEERS, INC. TEST BDRINB LIE Sheet of 1 

Project Location: U.S. Naval Station SAKli..ER Sro\ll'ld Water Depth Date 
ROORVelt Rd. Puerto Rico TyPR: Split ~ Depth Date 

Client: Naval Engineering eo--and Hallllel": 140 1 • Fall: 30" File No.: 3543.020.130 

Bol"ing Co.: JOCA & Sierra Testing Laboratories lliol"ing Location: I Fol"eelan: Angel Ferrer Ground Elevation: 
OBG Geolog1st: Tia Eddy Dates: started: 2/28/91 Ended: 2/28/91 

Suple StratWI 
Fiold T~i"!! 1: I Suple Change Equip!III!T)t 

Depth Blows Penetr/ "H" Descl"i pt ion General Installed I Sp I k 
No Depth /6" Rec:ovry Valve Descl"ipt pH Cond HNU st I 

0 1 Q-2' 13-11- 2' /0.1' 24 Moist, brown1 stiff SILT, trace fine to 100 
llediu• sand and fil'llt to coarse gravel 

13-24 I 
2 2-4' 2-3-3-4 21 /0.91 6 Moist, brown, lediu. stiff SILT, little 10 I I 

fine to mediWI gravel, tract silt 

I 
I I 
I l 3 't-6' 5-57/0.'t' o. 9/0.71 - Sue gradir•g to fine to coarse SAND, little 

4 l silt, trace fine to lediu. gravel at 4.5' I I 
5 I 

I 
30 I I 

.; 6-B' 11-29- 2'/1' 59 Very denseb brown-orange, silty, fine to I 
coarse SAN 1 SOlie fine to lll!diu. gravel, I I 3Q-20 grading to light gray at 7. 61 

I 
5 8-101 72-43- 1. 510.51 - Very dense, brown-light gray, fine to 1 

I 
coarse gravelly SAND, wn1te speckled 

7310.51 appearance, trace silt 
I 

10 Botto. of boring 10.0 ft. 
110.0' 

I I 

I I 
I I 
I ! 
I I 

I I I 
I I I 15 I I 

I 
I 

I I I I 

l 
I 
I 

I 
I 

I I 

! 
I 

I I 

I I I I I I I 
• - HNU readin s re g port ed in . I 

B7.KJF 
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01BRIEN & GERE I Report of Bariny No. 8-8 
ENGINEERS, INC. TEST BORIM3 LOB Sheet of 1 

1,..,,.. ''"""''" as. '"'' "'"" j; """"' Ground Water Dl!pth Date 

I I Roosevelt Rd. Puerto Rico Type: Split Spoon Depth Date 
Client: Naval Engineering CoBand liailllt!r: !ItO lbs. Fall: 30" File No.: 3543.020. 130 

Boring Co.: JACA & Sierra Testing Laboratories ~ Bori~ Location: 
Fol"'!fnaro: Angel Ferrer Grou Elevation: 
086 ~log1st: Ti• Eddy 1 

Dates: Started: 2/28/91 Ended: 3/1/91 

SaMple Strat1111 Field Testing R I 

Depth I 1 
Suple Change Equi pllleflt • I 

8101fS Penetr/ "N" Desc::ri pt ion General Installed Sp ~·I !No Depth IS" Recovry Valve Descript pH Cond ftlJ 

0 1 o-2' 3-3-4-3 21 /0.91 1 Moistt broMn, mediu• stiff SILT, little 50 

I I I 
fine o coarse gravel, trace fine to Dll!di1111 

I ~nd . 

~ 2-41 2-4-9-!7 21 /I. 51 13 Moist, brown-green, medi1111 stiff SILT, lit-~ I 12. s I .. 
tle fine to coarse gravel and fine to 111!0- I I I I i 1111 sand to 3. 31 , t en, orange-brown dup I I 
fine to llll!di 1111 SAAD, trace silt I I I 

13 4-f:.' 15-2o- 21 /1.91 49 Da•p, very dense, reddish-brown, fine to I 20 I llll!diWI SAND, lit~le silt to 5,41 , then, 
I 5 i I e9-34 green-tan trace fine to mediWI gravel I 

4 l 6-1!' 12-18- I 2' ;z. 2• 44 Dup, ~reen-tan, dense, fine to me<hu• 60 I 
SAND, ittle silt, traee fine to medium 

26-35 gravel 

:s I S-101 15-27- 2'/2' 65 SaMe as above 

I 100 I I 
I 

l I I 38-60 I I i 
I I I 

I 10 l& ll0-12' 13S-80/0.5 1'/1.51 - SalliE 

! 
I I GO I I 
I I I I 

I I I I I I 
l I 

17 12-14' 26-37- 1. 4/1. 4' - Sue, to 13.91 , thrm, reddish-brown appear-! I JO I I 

I I 
a nee I 

65/0.4 I I 
I I I I 1sl 

I 
I !8 114-16' 26-32- Z' IZ' Gl Da.p very dense, reddish-brown mottled with I I I 

l~ght gi"'Hri1 . tine to llll!di1111 SAND, little I I I 
15 I 29-35 s11t and fine to Mt!diWI gravel I 

16. 0' I 
I I BottOM of boring 16.0 ft. I 
I I I 

I I I 

I t I 

l I I I I I I I I 
I I I 1- I 

l 
I 

I 
I ! I I I I I I I I I I 

l I I 
I l I 

I I I I I I I I 

I 
I I 

! ! 
I I 

I l I I* -HNU readlngs reoortRd in ppm. 

98.KJF 
l 
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I 0' BRIEN ' SERE 
j ENGINEERS, Jt«:. I TEST liORlrE LOB 

\""'"" "'""''" U.S. Nml S,.tion I, IMW Roosevelt Rd. Puerto Rico Type: Split Spoon 
CliE.>I'Jt: Naval Engineering Co.and Ha.er: 140 lbs. Fall: 30" 

Boring~= JACA & Sierra Testing Laboratories I Bori ::1 Locati oo: Foreman: Ange 1 FI!T'I"t!r 6rol.l Elevatioo: 
OB6 Geologist: Ti• Eddy Dates: Started: 3/1/91 

Sallple 
Suple 

Depth BlottS Penetr/ "N" Dest:l-i pt ioo 
No Depth /6" Reeovry Valve 

() 1 o-2' 1-2-Z-1 2' /0.3' 4 Moist, dark bmm, soft SlLTl trace organic 
debris1 fine to .ediua grave and sand 

2 2-41 1-2-3-10 2'12' 5 Sa. to 3, 31 then, brown-orange, .oist 
SILT, !Ole fine to ~&diu. sand, little 

I elay, trace fine to Ediua gravel 

3 4-6' 5-15- 2'1Z' 't3 Wet, dark brown, stiff SILT to 4.5' then, 
brown, dense fine to El.tiua SIJID, little 

5 28-37 silt, trace hne gravel, reddish at 5. 41 

4 6-8' 4-15- 21 /21 43 Dap, dense, bmm with white and gl"'!!m 
speekled afpeararce fine to aediua SAND, 

28-37 little sil , trace fine gravel 

5 8-10' 34-70/0.3 o. a1o. a• - Salle, Vf!r'Y dense 

10 6 lo-12" 2o-3o- z•11. s• i9 Salle, reddish brown at 11.81 

I .39-70 

7 lZ-W l'if-56- 21 /1. 6' 11i Dilllp I!Xtrelll!l r dense, bmm, fine to 111!11-
iua SAND, litt e silt, trace fine to 

60-04 eoai"SS! gravel 

8 14-161 23-1i- 1. 5/0' - Salle, turning to olive green-brown, !Ole 

lS 70/0.5 
silt, .oist 

Bott011 of boring 16.0 ft. 

. 

t - HM.l readings reported in PPL 

. 

Report of Borin! No. B-CJ 
Sbtlti of 1 

Ground Watl!" Depth Date I 
Depth Date 

File No.: 3543.0Z0.130 

Ended: 3/1/91 

Strata I Field Testing R 
Cbange Equipuent I • Gtmeral Installed Sp k 
Descript pH Cond HNU stc 

20 

30 

20 

7 

50 

I 

_I 
3001 

I 
I 

I I 

I 
500 

300 

16. o• 

I 

-

13'3. KJF 
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I ~WHR!,~ I TEST BORING LOO 

I Roosevelt Rd. Puerto Ric:o Types Split Spoon 
!,..it<t l.ocahou U.S. ""''' "'h"' j, SIIII'I.ER 

ltlient: N.ival EnginMring eo..and Ha.er: 140 lbs. Fall: 30" 

Boring Co.: JACA & Sierra Testing Laboratories I Bori~ Location: · 
Foreaan: Angel Ferrer · Grou Elevation: 
OBG Geologist: Ti• Eddy Diltes: Started: 3/1/91 

Saaple 
~le 

Depth BlOIIS Penetr/ .... llncr1pt.:ion 
No Depth /6" Recovry Valv. 

0 1 (l-21 4..-.-3-3 2' /0.71 7 Moist ledi1111 stiff, dark brown SILT, sa~~ - fine to .cli1111 sand grading to silt at 1.61 

e a-..• 4-12- 21 /1,31 l2 S.U.1 grading to ~ dii'!'IR1 fine to 
coarse SAND, little 5i t, trace fine to 

20-2'5 .!diu gravel 

3 Hi' 19-27- 2' /0,81 64 =· vm dense brolm, fine to llldilll 
1 lit le silt, trace fine to lediua 

5 31-35 gravel 

4 6-£1' 15-38--£3 1.51 /11 101 Si'lllt as abovlt 

I 

5 11-10' 6-17- 21 /1. 7' 46 Dilllp, light brolm with 110ttled1 gr~ 
appearance, dense, fine to led1111 , 

29-44 littie silt, traee fine gravel 

10 6 1CH2' 11-25- 2'/1. 71 54 Salle as above 

~34 

7 12-14' 45-70/0.5 1' /0.81 - =· brown-li~ht brown, fi11e to coarsl!! 
1 so.e sil , little fine gravel 

8 14-161 100/0 0.210.11 - No suple recovery I 
15 I 

I I I 

I 

20 9 20-22' 7()-7010.1 o. 6/0,41 - nTI dense gray-green, fine to coarse SAND 
le silt, trace fine to .cliu. gravel 

25 10 25-27' 50/0.3' o. 3/0.31 - Moistt vrry dense, fine to coarse gravelly 
fine o coarse SAND, little silt 

I 
30 111 3o-J2ll 70/0.51 o. 51(). 31 - Sue as above 

!* -INJ readings reported in p~. 

I 

Report of Boriny No. B-10 I U6W-2 
Sheet of e . 

Ground WAter lletJth Date 
lletJth 

File No.: 35113.020.130 
D;ate 

Ended: 3/5/91 

Stratu Field Testing R 
Change Equi~t • General Installed Sp k 
Ilesc:oript.: pH Cond tKI st 

20 • 

30 

70 

90 

10 

I 

I 3 I 
I 

10 

-
I 

I 

I 

\. 8 

150 

200 

1B10.KJF 
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I 0' BRIEN & SERE 
ENGINEERS, INC. TEST OORII'Ii LOO 

!Project Location• U S. Naval Station 
I • R~velt Rd. Puerto Rico !Type: Split Spoon 
Client: Naval Engineering Comland !liaJJrAer: 140 lbs. Fall: 30" 

Boring Co.: JACA & Sierra Testing Laboratories 
Gro Elevation: 

lsrounc~ Water Depth I Depth File No.: 3543.020.130 

Fore~~~an: Arogel Ferrer 
OBG Geologist: Ti• Eddy 

~Bor~ Location: 
Dates: Started: 3/1/91 

Saapltt Strat1111 
Suple Change Equil)llent 

Depth Blows Penetr/ "H" DHr:r i pt ion General Installed 
No Depth /6" Recovry Valve Desr:ript 

I I 

I 

35 12 35-4(1' 50/0,1 I 0.1/0.1' - Dii11p1 v~dense, tal'l""'ttliVtt ,reen, fine to 
lledillll 1 SOil@ silt, litt e fine to 
llediwa gravel 

40 13 40-45' 50/1' 1' /0.41 - SUie as above 

45 14 45-501 50/1' 1' /0.5' - Sa.le, gray 

I I 
I 

50 15 50-55' 50/(), 3' 0.310.3' - Duo, very dense, gray, fine to llediWI 
SAND, soae fine to coarse gravel, little 
silt 

55 16 ss-;;o• 50/P 1' 10. 5' - Wet, very dense, Jray, fine to llediu. SILT 
and SAND, little ine to .ediWI gravel 

I Bedi"''Ck encountered at $.51 
-

58' 
Botto. of boring 58.0 ft. 

• - HNU readings reported in pp111. 

Date 
Date I 

El'lded: 3/5/91 
I 

Fittld Testing R 
• Sp k 

pH Cond HNU s• 

l I I I 
I 

l I 
I 
I 
I 

I I 
I 

I l 
161. I 

I I 
I I I 

I I 
I I 

6 I I I 
I I I I 

I 

l 
I I I I I I 

I 

50 I 
I 

I .. j 

30 

I l I I 

I I 
I 
I 

I 
! 
I 

2B10.KJF I 
I 
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GROUND SURFACE 

UGW- 2 

I " . 

. ---...; -:.~ ~-·~ . . ~ 

F·10TECTIVE STEEL 
C.·~SING AND LOCK 
l,'4SIDE DIAMETER 4 IN. 

--RISER PIPE 

.. MATERIAL; _PV_c __ _ 

.. 
·..a SCHEDULE; --ti40~.t..-__ 

INSIDE DIA.:_2 _tN . 

. . 
E'LEV . ; DEPTH: ·" 

TOP OF SEAL117
• 
65 FT • 43 FT . • 

TOP OF SANr/16
"65 FT. 44 FT. 

TOP OF SCREEN 112•3 FT. r.S.JFT. :·;: •• 
. . ........ :· ... . .. . .. .. ~ .. 

BOT. OF SCREEN102.3 FT. 58 •35 
BOT. OF 

BOREHOLE102.J fT 58 •35 

. . ·· ... 

CEMENT I BENTONITE GROUT 

OR--------------~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 

MATERIAL: _PV_c __ _ 
SCHEDULE: _ 4_0 __ _ 

INSIDE OIA.: 2 iN· 
SLOT NO.~ ___.;;1.;;..0 __ _ 

OIA. OF BOREHOLE: 8 lN. 

TYPICAL OVERBURDEN MONITORING WELL 
_ ...... 

N.T.S . 

iL-------------------------------~~-------~ 
I§J O'BmEN60S1E 
E -
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01 EIRIEH & GERE 
ENGINEERS. UC. TEST BORIIIi LOG 

Project Location: U.S. Naval Station SAMPLER 
ROOSI!Velt Rd. Plll!l"to Rita Type: Split 5~ 

Client: Naval Engineering Co.and Ha~Mr: 140 l s. Fall: 30" 

Boring Co.: JACR t Sierra Testing. Laboratories 
Foreman: Angel Ferrer Gro Elevation: I Bor~ Location: 

OBG Geologist: Ti• Eddy 

S..ple 

Depth I I Blows Ptmt!tr/ 
No Depth /6" Recovry 

0 1 H' 3-'1-5-8 21 /1 1 

2 2-4' 3-'1-8-7 21 /21 

3 4-6' 5-5-8-2 Z' 11. 8' 

5 

1(1 )4 11o-12' 27-38- 2' 11.1>1 

l I I I 
18-21 I 

I 

15 s 15-171 1o-5(1/0.5 11 /1' 

I 

I 

l 
20 6 zo-22• 25-50/0,3 0.810. 81 

I I l 
I I 

25 7 ::!5-27' lt7-50/0,3 o. 8/0.8' 

l I 

I I 
I I I I 

30 8 30-321 Blt/0. 51 o. 510.51 

I* -HNU read1ngs reported 1n p~ 

I 

Dates: started: 3/5/91 

Sallple 
"N" Dl!scription 

Valve 

9 Moist, brown/green/black, mediua stiff SILT 
little fine to Dediua gravel, trace clay 

12 Moist, brown and gray MOttled, stiff CLAY, 
SOMe silt, trace fine to mediua sand 

13 Salle as above 

5I> Dup, brown/orange/green, firoe to mediWII 
SAND, SOle silt, trace fine to Medium 

j 
gravel 

I 

I 
I 

- Daap, very dense, brown-gray, silty, fine I 
to COilrsl! SAND, trace fine to medi1111 gravel 

- Very dense, b~ slight green, fine to 
coarse SAND, some silt, trace fine to ~-
iWII gravel 

- Very dense, brown, fine to toarse SAND, 
little silt and fine to MediUI gravel 
25-25.3 Wet 11ith petroleUI product 

I 

I 
Wet, bro~~n, verv dense, silty, fir~ to - coarse SAND, little fine to lll!diw. gravel 

BottOM of borim_1 33. (l ft 

Report of Borini No. LISW-3 
Sheet of 1 

Sround Wat@Y' Dl!pth Date 
De~h Dati! 

File No.: 3543. 0.130 

Ended: 3/6191 

Stratum Field Teshng R 
Change Equiplllmt 

: I Seneral Installed I Sp 
Descript pH Cond HNU stl 

30 • 
I 

4(1 I 

I 
I I 40 

I 
I 
I 

I 

1 I I I I I I I I I 
1 I I I I 
I 1 I 1 

I I j I I 

I I 
I I I 

I 6 

I I 
I 

! I 1 

I I 
100 

-

I 
7 

I I 
I 

I I I I 
t 

I I 140 

MW3.KJF 
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I 
I 
\I 
tl 
'I 
ll 

i.l 
:I 
fl 
·c .... _: 

-,J 

fl .. 
!! 

UGW- 3 

GROUND 

I 

I "' . 

. . 

. . 
fLEV . : DEPTH: • 't 

TOP OF 

TOP OF 

BOT. OF SCREEN 87 •85 Fl. 35 ' 44 

F·10TECTIVE STEEL 
CASING AND LOCK 
I''IISIOE DIAMETER_!:___ IN. 

:: ~-·~ 
·. : 

--RISER PIPE 
MATERIAL:_"~c ____ _ 

... · SCHEDULE: _4;;u,O'"'--­

INSIDE OIA.: 2 lN. 

CEMENT I BENTONITE GROUT 
OR--------------~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL:_"_c ____ __ 

SCHEDULE; _4_0 --­

INSIDE OIA.: 2 lN. 
SLOT NO.~ _ 10 __ _ 

DIA. OF BOREHOLE; 8 lN. BOT. OF 87.85 35~44 
BOREHOLE fT.,.__ ....._......_~ 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

;L-----------------------------~~----~ 
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I O'BRIEN 6 SERE 
ENGIJEERS, INC. I TEST BORING UlG I 

Project Loc~tion: U.S. Naval station Sllllli.ER 
Roosevelt Rd. Puerto Rico Type: Split s~ 

Client: Naval Engineering Col.and ~~ HO 1 • Fall: 30" 

Boring Co.: JACA & Sierra Testing Laboratories I ~ Location: 
Forwan: Angel F~~ Elevation: 
DB6 Geologist: Ti1 Eddy D11tes: started: 3/6/91 

Saaple 
Saaple 

Depth Blows Penetr/ "N" Deser1ption 
No Depth /6" Recovry 1/alve 

0 1 o-a• 5-5-13-12 2'/1' 18 Moist, brown, stiff SII- little fine to 
t'Oirse sand1 trace fine to t'Oil"Se gravel 

2 2-4' 6-9-8-11 2111.1' 17 SaE to J, 51
1 then, dap, broown-orange 

fine to lldiu SAND, little silt, trace 
fine to lldillll gravel 

3 4-6' 9-13- Z'l~ Sue as above 

5 16-21 

10 4 1()-12' 31-45-60 1.5/1.31 110 Dap, brown-orange, v~ dense, fine to 
aediUII SSWD, SOlie silt, trace fine to 
lledi1111 gravel 

15 5 15-171 7-1()- 21 /21 31 Moist, green-rray, stiff SILT, SOMe fine to 

2H!7 
lledillll sand, race fine to lll!dillll gravel 
Petrole1111 odor 

ao 6 20-22' 19-22- 21 /2' 50 Salle, Jrading to brown and preen 110ttled 

28-35 
with ite speckles at 20.9 

25 7 25-27' 16-J.;- 1. a11. a• 77 Sue, wri Mith petrollfllll produet 

43-50/0.3 

30 8 30-32' 70/0,3' 0.3/0.2' - Wet, browtr-gr~ery dense1 silty, fine to 
coarse silty 1 trace f1ne gravel 

t - HNU readings reported in pp.. 
Bott011 of boring 34. 0 ft 

Report of Boring No. OOIH 
Shetrt 1 of 1 

Ground Wat~ Depth Date 
Depth D~te 

File No.: 3543.020.130 

Ended: 3/7/91 

Stratu Field Testing R 
Change Equipment • General Installed Sp k 
l.lescript pH Cond lftJ s• 

1 • 

12 

l1 

5(1 

7 

30 
" 

! 

60 

B 

MW4.KJF l 
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~I 
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I 

.. 
<J 

" • 
2 ... 

GROUND 

I 

ELEV .: DEPTH: 

TOP OF 

TOP OF 

BOT. OF SCREEN84.06 FT. 35 • 26 

BOT. OF 
BOREHOLE~-~ FT ~.H 

UGW- 4 

.. 
• 

.. .. ... 
, 

• 

.. . 
• . 

• 

P•HHECTIVE STEEL 
CASING AND LOCK 
I:-tSlOE DIAMETER_!___ IN. 

---RISER PIPE 
MATERIAL: __ Pv_c ____ _ 
SCHEDULE: _ 4_0 __ 

INSIDE OIA.: 2 lN. 

CEMENT / BENTONITE GROUT 
OR------------~~ 

BENTONITE SEAL 
SAND PACK 

-- SLOTTED SCREEN 
MATERIAL:~P~V~c ____ _ 
SCHEDULE: ~4;;:.;;;0;...,._ __ 

INSIDE CIA.: 2 · tN. 
SLOT NO. ;___:1;.;;;.0 ---

CIA. OF BOREHOLE: 8 tN. 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S . 

i:L---------------------------~es----~ 
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O'BRIEN & GERE 
OOINEERS, If& TEST BORING LIE 

Project Location: U.S. Naval Station SI!IIUR 
Roosevelt Rd. Puerto Rico Type: Split Spoon 

Client: Naval Engineering to.and Ha.lwr: 140 lbs. 

Boring Co.: JACR & Sierra TI!Sting Laboratories 
Fornan: Angel Flrrl!r 
DBS Geologist: Ti• Eddy 

SUple 

Fall: 30" 

I 
Boring Location: 
Ground Elevation: 
Dates: Started: J/7/91 

Depth BlOMS Penetr/ 
SUple 

Description 
No Depth /6" RK'Ovry 

0 1 o-2' 6-12- 2'10. 7' 29 Dup, bmrm, stiff SILT, little fine to 
1---++--~---+----+--..;to~rse s;md and gravel 

17-9 

a 2-4' 7-8-9-10 2' /0. 9' 

3 -'-6' 6-7-&-6 2' /1.41 

17 Sllle grading to orange-brolm1 fine to lled-
1--++--+----+--+--lillll SAND, sc.e silt to 2.31 then brown 
1----+--+---+----+---+--lgreen stiff SILT, little sand and gravel 

1 
15 5ue1 peti"Oll!llll odor 

~---~~--~--+----+--l 
5 

10 4 to-12' 7-32-70 1. 5/1.51 102 Brown/green/blue hard wet with peti"Oll!llll 
J--++--+---+--+--lSILT1 little fine to lledillll sand and fine 

to coarse gravel 

15 5 15-17' 15-24- 1. &/1. 81 66 Brown/green/red, very dense, fine to c:oarsR 
1--++--+----+---1---!SAND, !iCial! silt, little fine to coarse 

45-5010,3 gravel, peti"Oll!llll odor, wet at 16. 7' 

20 6 20-221 2!-;6-57 1.511.5' 103 SUe, .rttled green and dark brown, grading 
1--++--+----+--+-...;to br<::o!tn-ora119fi!1 lll!l.'liu to COii"SS! SAND, 

SOIIR silt at 21. 51 

25 7 25-271 43-50/0,1 0. 6/0.61 - DHp1 Vl!f'Y dense, ~ange, fil'lt to 
I--++--+---+--+-...;IIIK'lil11dSAND1 ~silt, trac:e fil'lt gravel 

8 28-301 70/0.3' 0.310.3' --- SaMe as above 

Report of ~'1 ~· 
1
1.li!H 

Ground Water Depth Date 
. Depth Dati! 

F1le No.: 3543,020.130 

Ended: 317/91 

Strahl• 
Change 
General 
Descript 

EquiJ!EM 
Installed 

Field Testing R 
• Sp k 

pH Cond HMJ Sf 

3 f 

16 

15 

18 

70 

3 

1----!--!----....+-----+-....--+-....-l--....-----------....-....-....-----------t~' 
30 Bott011 of boring 30. o ft. 

• - HtU readings reported in PI*· 

MWS.KJF 
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UGW- 5 

GROUND 

P·iO-rECTIVE STEEL 
CASING AND LOCK 
!:~SlOE DIAMETER _!_IN. 

:.' ~--~ 
I llo • • ~ 

.. .. 

•• 
E"LEV . ; DEPTH; • • 

TOP OF SEAL 109 FT. s.~T • • 

TOP OF SAND 107 
"
93FT. 6 "£YT · 

TOP OF SCREEN 106 • 03FT~. _,_;.._ 

BOT. OF SCREEN 86.0l FT. 28 •57 

BOT. OF 
BOREHOLE 86•03 FT 28 • 57 

·.a 

. ---

RISER PIPE 
MATERIAL:_P_v_c ____ _ 
SCHEDULE:_4_0 ____ __ 

INSIDE OIA.: 2 IN. 

CEMENT I BENTONITE GROUT 
OR------------~~ 

BENTONITE SEAL 
SAND PACK 

--~ SLOTTED SCREEN 
MATERIAL:_P~v~c ____ _ 
SCHEDULE: _4.;;..;0 __ _ 

INSIDE CIA.: 2 lN. 
SLOT NO • ; ---:1;.;.0 __ _ 

OIA. OF BOREHOLE: 8 IN. 

TYPICAL OVERBURDEN MONITORING WELL· 
.... ; _· .. 

N.T.S. 



·I 
I 
I 
-I 
I 
I 
I 

I 
I 
.I 
·I 

••• .I 
I 
I 

~~~--~---~---------------r-----~ ___ D_I_~-~-------++---~---o-fbft-~~i-,_~_·1_~ ___ · __ ~1· 
IProjec:t Location• U S. Naval Station Slllli..ER &round w.t~r Dllpth · Date 
I , ~li Rd., Puerto Rico,Type: Split Spoon l Depth Date 
Client: FaeiliUes Enginl!l!l"ing ec-anc:1 Ha.l!l': 140 lbs. Fall: JO• File No.: JS43.020.1JO 

~ing Co.: Jaea and Sii'l"'"a Testing Laboratories I = Location: FOI"'!!Iiin: Anq~rl Fl!l'l"ee" Elevation: 
OBS Geologist: Ti• Eddy Dates: Started: 3/19/91 Ended: 3/20/91 

Silllpli! Stratu Field Testing R 
Saflle D!Ange Equi,..M • 

lli!pth Blows Ptmetr/ •N• DH!lription Grmeral Installed Sp k 

No Depth Jf:.• RI!COYl")' Valve Descript pH Cond KtJ st 

0 1 H' 2(}-14- 2'11.1' 30 ~ brown, denset fine to coarse silty 2.0 t 

1 trac fine o IEdiua gravel 
16-20 

2 2--4' 9-14- 2' ll. 4' 35 Dup, reddish llrOIIrl, stiff silty Q.AY, sc. 3.0 
fine to lll!diuat s.and1 trace fine to COiill"!55! 

21-21 gravel to 2. 6 ft. 1 theft., dense fil'lt to 
coarse sand, SOle silt, trac& Jravel 

J 4-6' 9--5--4-5 2'/1.61 9 SUI! to 5.61f then, IEdiu sti f D.AY1 SOlE 3.0 
silt, trace il'lt to IEdiu Sind 

5 

I .I I 

1401 
I 

10 4 1Q-U!' J--4-7-5 2'/0.3.1 11 Gray glistening, lediu stiff SILTt patro- I l~ru odor, SOE day, littli! fine o coal"§e 
sand, trace fire gravel 

15 s 15-17' o-1-o-1 2'12' 1 Wet wry soft, l"'!d-~ 01'111nic pest 10 
to 1& ft., theftl gray SlL , SOlE fil'lt to 
lediu sand, su fur odor 

I 

6 18-201 1+1-o 2' /21 1 Wet, v~ soft1 gray SILT, sa. fire sand, 2.0 

I 
trace organic:s tseallll!!edl 1 trace seashells, 
sulfur odor 

20.0' 
20 Botta- of boring 20 ft. 

. 

I I 
t - tHJ readings reported in pp. 

l.&IO,KJF 
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.. .. 
I 

GROUND 

TOP OF 

TOP OF 

UGW - 6 ' 

I "' . 
• 

P•10TECTIVE STEEL 
C.~SING AND LOCK 
l!~SIOE DIAMETER 4 IN. 

-

I ~-RISER PIPE 
• . . 
' 
• 

. . 
DEPTH: ·"' 

• 

. 
·.a 

• 

MATERIAL: -£lPv~c __ _ 

SCHEDULE: --!,U40l----­

INSIOE CIA.: & tN. 

CEMENT I BENTONITE GROUT 

OR:------------~-
.• 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL: __ pgv~r. __ __ 
SCHEDULE: _ 4_0 __ _ 

INSIDE OIA.: 2 lN · 
SLOT NO.; _ 10 __ _ 

DIA. OF BOREHOLE: 7 .s lN · 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S . 

iL-----------------------~~----~ 
I~J tJlWEN6GS1E =-= 
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I D' BRIEN ' IERE 
j ENGlr&RS, It«:. TEST BDRitli 1.00 

Repor-t; of Bol"i n~ No. I.SW-7 
9ll!l!t of 1 

IProji!C't Location: U.S. Naval Station SAIR.ER Eir'olmd Wolter Depth Date 
ROO!H!Yelt Rd. 1 Putrto Rico Type: Split Spoon Dl!pth Date 

Client: Facilities Engineering eo...nd ~= 1.;() lbs. Fall: 30" FilR No. : 3'543. 020.130 

Boring Co.: Jaea and Sierra Testing Laboratories ,Bor~ Loc:ation: 
F oreRn: Ange 1 Fel"M!1" 6ro Elevation: 
DBS Geologist: Ti• Eddy . Dates: Started: 3/20/91 Ended: 3/2:0/91 

SUple Strat1111 Field Teting R 
Suple Dlange Equi PIN!'J'It • 

Dl!pth BlOMS Ptnttr/ "N" Desc:ri pt ion General Installed Sp k 
No Dtpth /6" Recovry Valve llecript pH Cond 1ft.! sf: 

0 1 o-2' 4-11-11-ii 2'/1.6' 22 Brotm-tothite, daap, fire to lledi1111 !»14D, 3.6 .. 
little siltl grading to silty with trace 
clay at 1.2 

2 2-4' 4-3-J-4 2' 12.' 6 Brown-white, .oist, lledi1111 stiff SILT, 7,0 
little clay, little fire to lledi1111 s.nd, 
trace organics at 3.61

1 tracv fine gravel 

J 4--6' 2-1-2-1 2' /21 3 As above, soft 2.6 

5 

10 4 Jo-12' 3-2:-4-10 2' /0.81 6 Gray, Mett soft SILT, little fine to ledi1111 30.0 
sand, lit le ela~1 tract sea shells and 
organics, tracv 1ne to coai"!M! gravel 

15 5 15-171 1-1-1 21 /21 3 Yf!r'y soft, .t1 brow" gr'ftn SILT, tract 60.0 
clay, organics and seashells 

17.0' 
Bott011 of boring 17.0 ft. 

+ - ftll readings reported in ppa. 

1.&17.KJF 
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GROUND 

I 

\ 

. --

P•1o·reCTIVE STEEL 
C.~SING AND LOCK 
Ir-ISIOE DIAMETER 4 IN. 

:: ~-·~ 
I '" • • ~ 

• 

. . 
' 

• • 
E'LEV • ; DEPTH.: • ,. 

TOP OF SEAL 104
"
69 FT. 4 FT .• 

TOP OF 

BOT. OF SCREEN 92.42 FT.:,~t.. __ 
BOT. OF 

BOREHOLE 92. 42 fT 16 •27 

• 

--RISER PIPE 
MATERIAL; _P_vc __ _ 
SCHEDULE: 40. __ _ 

INSIDE CIA.: 2 tN · 

CEMENT I BENTONITE GROUT 

OR--------------~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL:_P_vc ____ __ 
SCHEDULE: ....;4;.;:.0 __ _ 

INSIDE DIA.: 2 lN. 
SL 0 T NO . : --:.10.:;;._ __ 

OIA. OF BOREHOLE: 7 •5 lN. 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 



I 
I 
I 
I 
I 
I 
I 

:I 
~_I 

_I 
~I 

I 
I 
.I 
-• 

~~~~~ TEST liORitli 1.00 Report of~"¥ ~· 11&1-8 

I ProJect Location: U.S. Naval station SAMPLER ·
1
6round Wolter Depth Datil 

Roosevelt Rd. , Puer-to Rico Type: Split Spoon il lle!Jth 
Date 

Clivnt: Facilities Engineering eo.&1'ld H,a..,.: 140 lb!i. Fall: JO• File No. : 3543.020.130 

Boring Co.: Jaea and Sil!l"'"a Testing Laboratories I Bori:B Location: 
Fort!Rn: A'llge 1 Fl!l"'"'i!i" 6I'OU Elevation: 
DB6 Geologist: Ti• Eddy DatK: Started: 3/21/91 Ended: 3/21/91 

Siulplt StratUII Field Testing 
Simple Change Equil*l!fli 

Depth Blows Pt!Nrtr/ .... Dliliil:ri pi ion Senllral Installed Sp 
No Depth /6" Recovry Valve DI!Script ~ Cond IHJ 

0 1 ()-21 16-17- 21 /0.81 l'5 Brolm, dup densef fine to coarse SAND, 10.0 
011t silt, l ittlR il'lt to lloldiWI gravel, 

18·19 trar:~ orpni c:s 

2 2-4' 19-15-- 2' /1' 28 As above with trace clay 15.6 

I 13-10 I I 
3 4--6' 4-8-4-3 2' /11 12 Rlddi!ih brown lloldiWI stiff\ d:-f, fine to JS.O 

5 
IRdiUII sanely SILT, little c a71 race fiJlli! 
to lloldiUII gravel, 10ist at 5. 

I ! l I I I 
I ! I I 

I 
10 4 1G-12' 15-25-50 1.510. 91 7S Wet, green, brown and orange 110ttled 13.0 

appearance, vrry dense, fiJlli! to coarse 
SIND, SOIIt apparent M!atht!red rock, little 
silt and day 

15 5 15--17' 13--66 1110. 7' - Wlrt1 greenish broim~ vrry dense, fine to 0.3 
coarse SAND, SOIIt f 1ne to coal"!!e graw 1, 
littlt silt and clay 

117.51 

Botta~ of boring 17.5 ft. I I 

I I I 
I 

20 

1 - IHJ readings reported ill Pfll• 

lEWS. KJF 

R 

• k 
5* 

t 

I 
I 

I 

-
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UGV -8 

GROUND SURFACE 

.. 
• • . ... 
.. . . 

• • 
E'LEV • : DEPTH: • .. 

4 • 
TOP OF SEAI!04

•
69 

FT. FT .• 

TOP OF SANd-03
"
69 FT. 

5 
FT. 

TOP OF SCREEtf-01 •37 FT. 7 ·SFT. :·;: 

• 

BOT. OF SCREEN9l.Jl FT. 17 "53 

BOT. OF 
BOREHOLE 91 •31 fT 17 "53 "'--.-..:-~ 

-- ~ ... _________ _ 
P•:to·re:CTIVE STEEL 
C.~SING AND LOCK · 
Il"S!OE DIAMETER_:__ IN. 

r~\,. 

--RISER PIPE 
MATERIAL: _PV_c __ _ 

SCHEDULE:-=4o ____ __ 
INSIDE OIA.: 2 lN . 

--- CEMENT I BENTONITE 

OR------------~~ 

BENTONITE SEAL 

SAND PACK 

-~ SLOTTED SCREEN 
MATERIAL; _P_v_c __ _ 
SCHEDULE: _4_0 __ _ 

INSIDE OIA.; 2 ·lN . 
SLOT NO.~ .;..· _1_0 __ _ 

CIA. OF BOREHOLE: 7 .s lN · 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 
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Ill' BRIEN ' SERE~ · ElliitEEAS, nc. TEST BORit5 U& 

Project Loc:ation: U.S. N.aval Station ),, SAIR.ER 
Roosevelt Rd. Puerto Rieo Type: Split Spoon 

Client: Faeilities Engil'll!l!!l"ing ~nd ..._,: 1~ lbs. Falh 30• 

Boring Co.: Jaca and Sierra Testing Laboratories 
FOI"eel&n: Angel Ffii'Tt!r Elevation: 

&round Wltl'l" Depth 
Depth 

F i 1 e Hl:l. : 3543. 020. 130 

OBS Geologist: Ti• Eddy 
I =Location: 

Dail!5: started: 3/22/91 

Sillple strat1111 

Depth BlOMS Penetr/ •N• 
S..,le 

llneription =l ~t:rrJ 
No Depth ,,. Rec:ovry Valve Descript 

0 1 o-2' 13-17- 21 /1.3' 33 Light bl'otlrl, da.p, V'ilr'f dftlse, fine to 
eomse SAND, sc:. silt, little fine to 

I 16-15 coarse gravel 

2 2-4' 9--6-5-6 2' 11. 8' 11 As above, mist, •chilli di!I'IR 

3 .. ~. 5-8-lo-28 Z' /1. 8' 18 Browr-t!j1 brown ..:li1111 dtmse fine to 
lll!diwa si iy SAHb, traee fine to lll!diu 

5 gravel, turning to rt!ddish bi"'Om at S.&' 

10 .. to-121 13-17- 21 /21 37 Very dense, 110isi1 light bi"'Om with li'lite 
speekln, fine to coarse SAND, 111*1 silt, 

20-!4 trace fine gravel 

!5 5 15-!71 22-ZS.. 2' /2' 55 Reddish ~~ !lilt, vrtry stiff SILT, little 
fine to C'Oit"H und1 apparent 1111tathl'l"t!d 

30-31 blldrock 

I 

20 & 20-22' 17-J.;- 1.3/0.8' - As above 

50/0.3' 
22.0' 

Botitw of boring 22.0 ft • 

I 

t - tKI readings reportl!d in PI*• 

. 

Date I 
Date 

Ended: 3/22191 

Field Tnhng R 
• Sp k 

pH Cond INJ st 

140. t 

1.0 

so.o 

1.2 

0.6 

0 

-

I 
1.&13.KJF 
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I ' • 2 .. •• 

i 

•• 
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CEMENT PAD 

GROUND SURFACE 

P40TECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER 7 IN. 

:: ~-·~ 
I " • • ~ 

. . . 
' • 

. . 
E'LEV • : DEPTH: • .. 

TOP OF SEAL 105
•
55FT. 5 FT .. 

TOP OF SAND 104
"
55FT. 6 FT. 

TOP OF SCREEN 100 •62FT .~· 91:-T. :·;: 

• 

BOT. OF SCREEN 90.62 FT..,..~­

... 

BOT. OF 
BOREHOLE 9°· 62 FT"'~'--19_·_93 ...._.;..:......~ 

RISER PIPE 
MATERIAL: _Pv_c __ _ 
SCHEDULE: __ 40 ____ __ 

INSIDE DIA.: 2 tN. 

---CEMENT I BENTONITE GROUT OR ______________ _ 

BENTONITE SEAL 
SAND PACK 

SLOTTED SCREEN 
MATERIAL:_P_v_c ____ _ 
SCHEDULE: _4_0 __ _ 

INSIDE DIA.: 2 lN . 
SLOT NO .. _t_o __ _ 

DIA. OF BOREHOLE: 7 •5 !N · 

TYPICAL OVERBURDEN MONITORING WELL . 
..... : _. ... 

N.T.S. 



I 
i 
I 
I 

•• 
I 
I 
-1 
I 
.I 
:I 

I 

~· 
;a 
.·I 

~· 
I 

•• 
:I 

I D'BRIEH ' SERE Etlili£ERS, IN:. I lEST BORIN& I.D6 Report of sll:i"Y ~ 1l&l-10 ' 

l"",;..t Lor:atimo U.S. Nnal ""'"' ,,, SIOIUII &round Wlill" Depth Date I 
Roosevelt Rd., Puerto Rico Type: Split Spoon 1111¢11 Date 

Clitmi: Facilities Enginet!l"il'lg ~ ~~ 140 lbs. Fall: 30" Filt1 No.: 3SU. 020.130 

Boring Co.: Jaea and Sii!I"T'a Tasting LaboratoriH l aor:s Location: 
FOI"I!!Un: Angel Ferrer 6ro Elevation: 
OBS &eologistl Ti• Eddy Dates: starti!CI: 3125/91 Ended: l/25/91 

&a.ple Stratu Field Ttsting R 
Suple Clange Equip.nt • 

Depth BlCMS Penetrl "N" Dncription GeMral Installed Sp k 
No Depth /6" RI!C'OVT')' Valve Jlescol"ipt Iii Cond INJ st 

0 1 (1-2' 14-12- 2'/1.81 20 Light t~ da.p, lll!diWt dtmse, fine to Mid- 80.0 * 
8-14 

iu SR, trace fine to coarse gravt!l1 
~a~& silt, little Qlay at 1.41 

2 2~· 12-5-7-5 21 /1.51 12 Moist, brown Ol"l~t1 lldiu stiff SILT, 18.0 
little clay, litt e fine io lll!diu Sind, 
trace fine to lll!diu gravel 

3 4-6' 3-2-2-2 2'/1.3' 4 As above, soft, Vll"y poor 1 y sorted 1C.O 

5 

I 1 
I I I 

10 4 1G-121 1-G-1-2 21 /0,5' 1 As above, Mlrt to 11', gray, th~m fine to 30.0 
coarsE.' Hh i te SIN>, Vf!r'y 1 oose 

15 5 15-17' H-26- 2'/1.8' 62 Hard, lil!t, orange brown SILT, 101& cl,., 35.0 
trace fine to coarse sand, triiCI' fine o 

36-34 lll!diu gravel 
17.01 

Batte- of boring 17.0 ft. 

I 
20 

I I 

I 
f - IHJ "'adings reported in p~. 

I.&UO.KJF 
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UGW- 10 

GROUND SURF ACE 

PROTECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER _L_ IN. 

:: ~-- ~ 
I " • \ . 

•-- RISER PIPE 

. . . 
•.,_ 

' 

.. 
E'LEV.: DEPTH: ·" 

TOP OF 

TOP OF 

BOT. OF SCREEN 90.54 FT. 18 •86 

BOT. OF 
BOREHOLE 90. 54 fT 18•86 ..._;;..:....,...;;c;;~ 

MATERIAL; _PV_c __ _ 
SCHEDULE: ...:4:L~Jn.__ __ 

INSIDE DIA.: 2 lN. 

CEMENT I BENTONITE GROUT 
OR------------~~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL: ~Pv~c __ _ 
SCHEDULE:.__40 ____ __ 

INSIDE DlA.: 2 lN. 
SLOT NO.; _l_o __ _ 

DIA. OF BOREHOLE: 7 • 5 1N. 

TYPICAL OVERBURDEN MONITORING WELL 
... _ .. 

N.T.S. 
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01 BRIEN & GERE Report of Borin' No. LSI-11 
EtliiNEERS, It«:. TEST BORIN> LOO ShHt of 1 

Projett Location: u.s. Nanl Station SPIIJL.ER Ground ~ter Depth Date 
Roosevtlt Rd. Puerto Rico Type: Split S~ DRpth Date 

Client: Fa~ilities Engineering ~nd Ha.er: 14(1 1 • Fall: 30" File No.: 3543.020.130 

l!orlng Co.: Jaea and Sierra Testing Laboratories I Bori~ Location: Foreaan: Angel Ftm"t!!' Grou Elevation: 
DBB Geologist: Tia Eddy Date: Started: 3125/91 Ended: 3/25191 

SaMple Strat1111 Field THting R 
Saaple Change Equipl!ll!llt • 

Depth BlOMS PeMtr/ "N" Desc:ripti on General Installed Sp k 
No Depth /6" Recovry Valve Descript pH Cond IKJ 5* 

0 1 o-2' U-22- 21 /1. 5' 47 Brotm, dap, silty, fine to lledi1111 SAND, 7.5 * little fine to aediu. gravel to 0.5' 1 then 
25-26 lllhite, Vfllr'Y dt!Me 

2 2-4' 19-20- 2' /1. 5' 36 As abcvt uo. 
16-13 

3 4-6' 14-11-9-9 2'/l.G' 20 Illite, 110ist, aedi1111 dense, fine to lllldi1111 130. 
SAND, little fine to coarse gravel, trace 

5 sea shti!ll pieces 

10 4 1Q-121 2-2-1-1 2' /21 3 Wet, Vf11rY loose, l'itite, fine to coarse 2.0 
SAND, slight sulfur odor 

15 5 15-171 2-8-8-6 2' /1' Ui As above, grading to dark gray, stiff, wet 7.0 
SILT, trace fine to aediua gravel at 161 

17.01 

Bott011 of boring 17.0 ft. 

-

* - HNU N!adings N!ported in PJW• 

LQIU. KJF 
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CEMENT 

GROUND SURFACE 

UGW - ll ' 
PROTECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER _i_ IN. 

.: T·-·. 
I • • \ 

--RISER PIPE 

. . . 
'..t 

' 

. . 
fLEV . : DEPTH: ·"' 

TOP OF SEAL 104 •4 FT. 
4 

FT .• 

TOP OF 

TOP OF 

SOT. OF SCREEN 90 •95 FT. 17 ' 45 

BOT. OF 4 
BOREHOLE 90 •95 fT 17 • 5 

·.· . .._, .. . :· - . :· . --- .. . .. . .. -. . . . . . - . . . . . . : -: :. .. - . . . . . . . ._ .. . . . . "• ._.... .· .. .._. . . . . . .. . _,.., .. . . . . .. . . . . . .. . . .. 
ip •• • ••• .. . . . . . . . . 

MATERIAL; _.P!:..:.V,:::..C --­

SCHEDULE: -...::4oloL..o --­

INSIDE D!A.: 2 IN. 

CEMENT I BENTONITE GROUT 

OR--------------~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL: _P_v_c __ _ 
SCHEDULE; _ 4_0 __ _ 

INSIDE OIA.: 2 1N . 
SLOT NO.: _ 1_0 __ _ 

DIA. OF BOREHOLE: 7 •5 IN . 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 
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~¥/aR4, 'ilt TEST lliRIN.; IJ.E Raport of~ny ~. 1UGW-12 

IProject Loc:ation: U.S. Naval Station !WA..ER &rouJ'Id Wiltlll" Dl!pth Datt 
ROOYVelt Rd. 1 Puerto Ri1:0 Typt: Split Spoon Dtpth Datt 

Cli~mt: Facilitiest Engint!t!'l"ing to.and ~: 140 lbs. Fall: JO• File No.: 3543.020.130 

Boring Co.: Jaca and Sitrra Testing Laboratorii!S IBori~ Loc:ation: 
Foret~an: Ange 1 Fer'l'l!l" Groll Elevation: 
DBG Geologist: Ti• Eddy Dati!SI started: J/26/91 Ended: J/26/91 

Suple StratUll Field Ttshng R 
Stuple Dlangi! Equip.ent • 

Depth Blows Penetrl •N• Descri pt iOft GenRral lnstilled Sp k 
No Depth ,,. Rtcovry Valva Deseript ptl Cond IHJ s• 

0 1 o-2' 6-7-13-19 2' /1' 20 DrY.t stiff, brown SILT little fine to 
BlUll gravtl, little hne. to .WiUll sand 

7.0 * 

2 H' 15-19- 21 /0.3' JJ DrY.t Nhittsh brown, dlmse, silty fine to 10.0 

I 14-16 
MlUll SAND, little fine to III!ChUII gravel 

3 4-6' 11-60/0.3 0.8/0.5' - Very dense d:J:h oratl~' fine to t. 01 I Ehllll silty , lit le fine to .ach1111 
5 gravel 

I 

I 
10 4 1()-121 18-19- 1. 811.81 53 Hard, .oisti brown orange SlLT, little clay 46.0 

311-55/0.3 
trace fine o .WiUII gravtl and sand 

15 5 15-1'11 42-60 1'/0, 7' DO Very d~ p;~rtialll saturated, fine to 150. I 
coarse 1 ~ si t, little fine to 
.l!di1111 gravtl, pttrol11111 odor 

I 
20 6 20-22' 70/0.3 0/0.31 - Very dlm5e1 lll!t, brown, Siltr fiM to -.1- 12.0 I i1111 S&WD, ~a.e angular grave , trace elay 

. I 

23.0'" 
Botta~ of boring 23,0 ft. 

' - IH.I readings reported in ppa. 

!.l'iW12.KJF 
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UGW- 12 

GROUND SURFACE 

PROTECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER 4 IN. 

:: T·-:. 
.. . \ 

. 
"' 

't 

.. 
ELE'V.: DEPTH: •, 

TOP OF 
101.75 

TOP OF SAND --
TOP OF SCREEN 99

"
61 

BOT, OF SCREEN 89.61 FT. 23.14 ·: • •.• ·:::: 
BOT. OF 23 14 • ··:.::. 

BOREHOLE 89.61 fT · · ···. ·. · 

RISER PIPE 
MATERIAL: PVC 

SCHEDULE: 40 
INSIDE OIA.: 2 TN. 

CEMENT I BENTONITE GROUT 
OR------------~~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MA TEI=l I AL; _P_vc __ _ 

SCHEDULE:~4~o ____ __ 
INSIDE DIA.; 2 tN. 
SLOT NO.: _...:1..::..0 __ 

DIA. OF BOREHOLE: 7.5 tN. 

TYPICAL OVERBURDEN MONITORING WELL 
.. .,.. .. 

N.T.S. 
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O'BRIEN & SERE I Report of Borin! No. !Sf-13 
BEINEERS, It£. TEST BORING 1.00 ShHt of 1 

ProJect Loc:ation: U.S. Naval Station ,,

1 

SMUR &round Water Depth Dilte 
RODRVelt Rd., Puerto Rico Type: Split Spoon Depth Date 

Clil!nt: FaeilitiK Engil'll!l!ring Co.and Ha.er: 140 lbs. Fall: 30" File No,: 3543.020.130 

Boring Co.: Jaca and Sierra Testing Laboratories I Boring loc:ati on: 
FOI"'!!Ian: Angel Ferrt!'!' 6round Elevation: 
DS6 Geologist: Ti• Eddy Datn: Started: 3/26/91 Ended: 3/26/91 

Saltple StratWI Field Testing R 
Sallple Change ~ui,_nt • 

Depth BlOW5 Penetr/ "N" Description lilmeral Installed Sp k 
No Depth ,,. Recovry Valve Descript pH Conrl fH.I st 

0 1 o-2' 6-to- 2'/1.3' v BroMn, ~ lll!diWI dense, silty1 fine to o.& * lll!diWI , little fine to lll!dtu gravel, 
17-18 traee elay 

2 2-it' 14-16- 21 /1.6' 40 Dry l!roNTJ1 diMe silty, fine to •cliWI 
SAkD, little fine to coarse gravel, green.-

a.o 

24-34 ish tinge at 41 

3 I 4--6' 32-50/0.1 o.G/0.2' - Dryt broMn iiT dense, silty, fine to 
lll!d1U11 M, li tle fine to coarse gravel 

5.0 

s 

I 
I 

I I I I I 
10 4 1o-12' fiJ/0. 31 0.310. 3' - Hard, slif.'t petroleWI odor, diUip, brown- 146. fr:: SIL , so-t fine to IM!diWI sand, 

I aee fine to lll!diWI gravel 

15 5 15-171 16-fiJ/0.3 0.8/0. 8' - Vrtry dense, Ml!t, petrolew~ odor, dark 158. 
brown-dark !retm, fine to coarse SIND, 
5011! silt, ittle fine to lll!diWI gravel 

I I 
l I I 

20 6 20-2.2' 19-50/0.3 o. 8/0.81 - Hard ..et, orange-brown SILT, 5011! cla{, 4.0 
little fine to lll!diWI angular gravel, race 

I I fine to lll!diWI sand 

I 
241 

I Botto. of boring 24.0 ft. 

I 
' I i 

I I I 
* - Htll readings reported in P~· 

. l.Gi13.KJF 
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;I 
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2 

.,., ' 

.A..I".t 

GROUND SURFACE 

I 

I 

UGW -13 , 

.. 
·.a 

' • 

.. 
E'LEV.: DEPTH: ·" 

TOP OF SEAL 101. 11 FT. 11 FT .• 

TOP OF SAND 100•11 FT. 12 FT. 

TOP OF SCREEN 
96

"
23 

FT..;.jo. '----

BOT. OF SCREEN 86 •23 FT. 25 •88 
BOT. OF 

BOREHOLE 86 •23 FT 25 •88 

·. ~ .. . . . . . _,..... .. . .. . .. ~ . . . . . . -. . . . . . : ~ ·• : . . -.. ~. · . . ~ .. . · .. ~ :·· 
~· ~ . . . . . .. . -.- .. .. ~ .. 
• • • tl • • •• ... ·. : ... . . . . . . . . . 

PROTECTIVE STEEL 

CASING AND LOCK 
INSIDE DIAMETER ~ 

\\. 

RISER PIPE 
MATERIAL: __ P_vc ____ _ 
SCHEDULE:~4~o ____ _ 

INSIDE DIA.: 2 IN. 

CEMENT / BENTONITE iROUT 

OR'------------~~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 

MATERIAL: _Pv_c __ _ 
SCHEDULE:~40 ___ __ 

INSIDE DIA.: 2 lN. 
SLOT NO.: ____;1~0 __ _ 

DIA. OF BOREHOLE:-.:::8_1N. 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

iL---------------------------------~~------~ 
~§j~6061E 



I 
'I 
I 

·: .~ 

I 

• 
I 
I 
~~I 

:1 

;I 

'I 
..... 
'-· . 

:1 
;I 
., ·~ " .. 

:.I 

D' BRIEN & SERE 
TEST BORIII'i 1.00 

Report of Borin¥ No. 1.16W-14 
ENSite:RS, Ill:. Shetrt of 2 

I Pro jed Location: U.S. Nilval Station SIMll.ER 6I"'Urrd Water Depth Dite 
Roosevelt Rd. Puerto Rico Type: Split S~ Depth Date 

Client: Facilities Engineering ~nd . HUEr: 140 1 Fall: 30" File No. : 3543. 020.130 

Boring Co. : Jaca and Sierra Testing Laboratories I Bori~ Location: 
FOI"'!!Ian: Angel Ferrer Srou Elevation: 
DBS Geologist: Ti• Eddy Dates: Startl!d: 3/27/91 Ended: 3/27/91 

Sallple StratUM Field Testing R 
Sallple Olange Equipqent • 

Depth BlCMo!S Penttr/ •N• Description Senl!ral Installed Sp k 
No Depth 16" Recovry Valv~r Df!scoript pti Cond lft.J Sf 

0 I <>-2' ti-1o- 2' /1.3' 21 BroMn-Mhite, dap, lldiUM dense SILT and 4.0 • 
fine to coarse SAND, little clay and lll!di1111 

11-11 to coarse graVR1 1 trace corral · 

2 iH1 17-11- 2'/1' 24 Moist, ~ lll!di1111 dense, fine to coai'Se 96.0 

13-10 
silty SAND, race fine to al!di1111 graVRl, 
trace clay 

3 4-b' 4-6-7-7 21 /1.81 13 8rotm, 110ist, EdiUM dense silt~1 fil'll! to 13.0 
coarse SAND, little cliiy5. trace tne to 

s al!diUM gravel, !I"""' at 8 ft. 

10 4 10-12' 1-2-3-3 21 12' 5 Moist, soft green-brown, clayey SILT, 20.0 
trace fine to al!diua sand, grading to red 
and gray at 11.3 ft. 

15 s 15-171 14-2.2- 2' 11' 45 Brown-gray, 110ist, very stiff, clayey SILT, 50.0 

23-16 
little fine to coarse gravel, trace fine 
to coal"!>! sand 

\ 

20 6 20-22' 11-2.1- 2111.7' 49 Green-brown, petroleua odor, 110ist1 dense1 130. 

26-31 
silty, fil'll! to coarse SAND, little fin~r to 
.vdiua gravel, trilce clay I-

25 7 25-27' H!-16- Z' 12' 34 Moist, brown, stiff, clayey SILT, little 12.6 
fil'll! to coarse sand, trac:e fil'll! to lldi ua 

18-19 gravel 
. 

Orang.-brolm, wet, very stiff, clayey SILT, 
30 8 30-32' 26-33- 1.5/1.5' 67 50111 fine to coarse sand, little fil'll! to 10.0 

80-50/0,5 
al!diua gravel 

* - lftJ readings reported in PPII· 100W14.KJF 
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O'BRIEN & GERE Report of Bori, No. U61Hit 
BEINEERS., I~ TEST BORIN& 1.00 Sheet of 2 

ProJect Location: U.S. Naval Station SIMUR Ground Water Depth Date 
Roosevelt Rd, Puerto Rico Type: Split Spoon Depth Date 

Client: Facilities Engineering ~ ~~ 140 lbs. Fall: 30" File No.: 354l. 020.130 

Boring Co. : Jaea and Sil'I"T'a Testing Laboratorii!S l Bori~ Location: Fort!llan: Ange 1 Fel"'"t!r Srou Elevation: 
OBG Geologist: Till Eddy Dates: Started: 3/27/91 Ended: 3/27/91 

Saleple Stratu11 Field Testing R 
Sallple Dtange Equi~t • 

Depth 810115 Peneirl •N• Description Eienlri"al Installed Sp k 
No Depth /6" Recovry Valve Descript pH Cond IKI s• 

35 9 35-l7' 31--il 1' /0 - Medillll1 satlll"ated, brolm SILT, little fine 30.0 • 
to coarse sand, little clay, little fine 
to lll!diu gravel 

l7.0' 
Botti* of boring l7.0 ft. 

. 
-

• - lf«j readings nported in PIW• 

2113W11t.KJF 
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GROUND SURFACE 

I 

UGW - 14 ' 

., ~-- ·• .. \ 

~ .. . . ~ 

. . . 
·.a 

. . 
E'LEV.: DEPTH: ·,. 

TOP OF SEAL 94 • 77 FT. 23 ·~T .• 

TOP OF SAND 93 • 37 FT. 25 FT. 

TOP OF SCREEN 
89

•
54 

FT-1". --

BOT. OF SCREEN 79.54 FT. 38 •83 
BOT. OF 

BOREHOLE 79.54 FT 38 •83 --..:.......~ 

PROTECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER _ 4 _ IN. 

\\. 

RISER PIPE 
MATERIAL; _Pv_c __ _ 
SCHEDULE: _4o __ _ 
INSIDE DIA.: 2 tN. 

CEMENT I BENTONITE GROUT 

OR--------------~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 

MATERIAL: _Pv_c __ _ 

SCHEDULE:~40~---­
INSIDE OIA.: 2 lN. 
SLOT NO.: ___;l_o __ _ 

DIA. OF BOREHOLE: 8 lN. 

TYPICAL OVERBURDEN MONITORING WELL 
........... 

N.T.S. 

iL---------------------------~;------
1~; D'BA5l:N6DstE 
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O'BRIEN & ~ 
Et1Ut£ERS, 1£. TEST I!ORitl:i LIE R8pori of~ny ~. 1l&l-15 

Projeet Location: U.S. Naval Siation SAMUR Ground water Depth Datt 
· Roosevelt Rd., Puerto Rico Type: Split Spoon Depth Datt 

Client: Faeilities Enginwring eo.and Ha.er: 140 lbs. Fall: 30" File No.: 3543.020.130 

Boring Co.: Jaea and Sierra Testing LaboratOI"ies I Bori::J Location: 
FOI"ftatll Angel Ferrer Grou Elevation: 
DBS Geologist: Ti• Eddy Dates: Started: 3/28/91 Ended: 3/28/91 

S.U.ple Strat1111 Fitld Tnting R 
Suple Change EquipEnt • 

Depth Blows Penetr/ "N" Description General Installl!d Sp k 
No Depth /6" Recovry Valve Descript ri'l Cond lft.l 51 

0 1 o-i' 16-23-

I 15-12 

2' /1' 38 Brown, d:;t dt!Met silt~, fine to -.liUII a.o • 
SAND, litt e fine o .edlUII gravel 

2 2--4' 8-11- 2' /1.31 23 Brown, 110ist, .l!di1111 dense, fine to coarse 2.8 

12-13 
SAND, little silt and fine to lll!dillll gravl!l 

L 3 4-6' 7-7-5-7 2' 10.91 12 As above 1.2 

5 

I I 

I 
I I I I 

10 4 1G-121 4-5-5-4 2'/0. 31 10 Gray, brown, saturated, fine to co.arse SAND 30.0 
101e fine to coarse gravel, little silt 

15 5 15-17' lo-2£1- 2' 11.31 &4 Saturated, bi"OWri'"VI"ange, gray, hard SILT, 4.& 

38--41 
SOE el~, little fine to coarse sand, 
little f1ne to ledi1111 gravel 

171 

Botto. of boring 17.0 ft. 

I I I I I 
I I I I ! I I I 

20 \ 

• - IHJ readings reJIOrted in ppa. 

I.EW15.KJF 
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CEMENT UGW - 15 ' 

Gf. NO SURFACE 

"r .. 
I .. . . 

.. . . 
·.a 

9 

. . 
E'LEV . : DEPTH: ·.,. 

TOP OF SEAL106
•
86 FT. 4 FT .. 

TOP 

TOP OF 

BOT. OF SCREEN92 •94 FT. 17 "92 

BOT. OF 92.94 11.92 
BOREHOLE FT~-----

· .. . :·- . :· 
·~ ·~~~ . . . .. ~ . 

. ... - ··. . . ·. ~ ... . . . .. .... -. · . . -·· . ·.. ......... . .. .. ~ .· ·. . . . " . .. . . :. . . . . : .. : .... : ... 
..... •• • • '*' 

~·--~ 
\ 

PROTECTIVE STEEL 
CASING AND LOCK JLf 
INSIDE DIAMETER ---.1t._ IN. 

\'. 

RISER PIPE 
MATERIAL: _P_vc __ _ 
SCHEDULE: __ 40 ____ __ 

INSIDE DIA.: 2 IN. 

CEMENT / BENTONITE GROUT OR ______________ _ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL: __ Pv_c __ __ 
SCHEDULE: __ 40 __ _ 

INSIDE CIA.: 2 lN. 
SLOT NO.: __ 1_0 __ 

OIA. OF BOREHOLE: B lN. 

TYPICAL OVERBURDEN MONITORING WELL 
..... :. 

N.T.S. 
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01 BRIEN t SERE 
Report of~, ~ 11.&1-!G EN31HEERS, It«:. TEST BDRJtli UJ; 

Prujeri Ltcation: U.S. Naval station SIIIUR &round water Dltfth D1te 
ROOYVI!lt Rd. Pwrio Rico Type: Split Spoon Depth Date 

Clilmt: Facilities EngiJII!t!l"ing Ca;;;nd Ha.er: 1.0 lbs. Fall: JO• File No.: 3543,020.130 

Bor:ing Co.: Jaca and Sitt"ra Testing Laboratories lllori:J Ltcation: FoM!Qn: Angel FI!I"T'I!!I" 6rou Elevation: 
OBS Geologist: Ti• Eddy Dates: started: 4/2/9! Ended: 4/2/91 

Salrple Stratu• Field Testing R 
Saple Olange ~uipl!ll!!l'lt • Depth Blc:..s Pvrletr/ "N" Desc:ri pt ion l.ienrei'al li'IStalled Sp k 

No Depth /6" RICOYI"Y Valve Descript pH Cond W«J s• 

0 1 ()-2' 11+7-; 2'/1' 1i Brolm, m E!fi1111 dRnse1 fine to COBI"SSt 2.2 • -r--- SIW.l, lit le silt and fine to Elli1111 gravel 

2 2-41 6-3-3-3 2' 10.8' 6 =: loose, orang@""m'OWrl, fil'lli to coal"SSt 1.8 
1 little silt nad fine to Elii1111 gravel 

3 4-6' 5-39- 1.3'/1' - Vrtry dtm!ll! orange llrrMn silty, fine to 2.4 
E1111111 SAND, trace fine to Eli11111 gravel, 

5 6010.3' cobble at 5.8 ft. 
I 

I 

10 4 1()-121 47-51/0.4 o. 9/0.41 - Very d~ greenish £"'a}t dillpi:· fine to 0.8 
COBI"SSt 1 50E 511 1 lith~ 1ne to 
Elii1111 gravel 

15 5 115-171 7610.2' 0.210.21 - Brolm1 5:h very d1mse1 silty, fil'lt to 3.0 
c:oal"SSt 1 sc:. angular broklffl gravel, 
little elay 

20 i zo..e2i 60/0.5' 0.5/0.3' - As above o.a 

22.01 

Botto. of boring 22.0 ft. 

I 

I I I I 
• - W«J readings l"l!'pOI"'ted in p~. 

IS416.KJF 
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GROUND 

I I 

UGW - 16 ' 
PROTECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER _ 4 _IN. 

. \~·~ ~ .. 
. . ~ 
-~·RISER PIPE 

,. . . 

' 

. . 

. 
".t 

E'LEV . : DEPTH: · .. 
105.39 7 TOP OF SEAL FT . FT .. 
104.29 8.1 T TOP OF SAND FT . F . 
102.04 T 10.~ :.·. • TOP OF SCREEN F . . ·. :,. _ .~ _: .. --- :.· . . .. . .. . . - .. . . . ·.· 

.. 
·.·. ~ .. ·.- .. . . . . . ·- .. . . . .. - ·. 

,. ·.· - .. · ·.- .• . .. . ......... . . ... . . . . .. . - .. . · .. ---- ... 
92.04 20.35 .;·.- :;. 

BOT. OF SCREEN FT,..,..~'--_ .. ·-·-:.~· . . . . . . .. BOT. OF 92.04 20.35 : •• ·.::. 
BOREHOLE FT · ··:. ·. · 

MATERIAL: __...e.,Llvc __ _ 
SCHEDULE: __ 4_0 ____ _ 
INSIDE DIA.: 2 IN. 

CEMENT / BENTONITE GROUT 
OR--------------~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL: _P_vc __ _ 
SCHEDULE: _4_0 __ _ 

INSIDE DIA.:_2 __ tN. 
SLOT NO .. ~1;;.;;.0 ____ _ 

DIA. OF BOREHOL~ B tN. 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S . 

~L--------------------------------~~------
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~'~~~·· I TEST BORIN& Uli Rttport of~ny ~. 11.Gf-17 

IProjKt Location: U.S. Naval Shtion I SlllllEII ,~ ......... , Date 
I Roo!il!velt Rd., Puerto Rieol!ype: Split Spoon lle!)th Date 
Client: Facilities EftgiMI!I"ing eo.&Jv.t' tw.er: 140 lbs. Fall: 30" File No. : 3543. 020.130 

Boring Co.: Jill:& &nd Sierra Testing Laboratories I Bori::3 Location: 
FO!"t!!lan: Angel Ferrer · Grou Elevation: 
OBS Geologist: Ti• Eddy Date: Started: 4/2191 Ended: 4/2/91 

Siulple StratWI Field Testing R 
Suple Change Equil*l!fti • 

Depth BlOWI Plmlrirl •N• De5cri pt ion lilmeral Installed Sp k 
No Depth /6" Recovry V&lve Descript pH Cone! IHJ s• 

0 1 o-2' to-13- 21 /1,1' 29 Dry~ stiff, brown-gray SIL.T, soae fine to 10.4 • 
16-18 

lll!dl WI sand, littlE! fn• to llldiUII gravel, 
trace clay 

2 2-'1' 19-'11- 2' /1.8' 75 Vf!!f"'/ dense1 diiiPJ brolm-orange 11ith green 4.2 
tinge, llldtWI to coarse SIWD, soae sult, 

34-39 trace clay, al'ld fhw to aediWI gravel 

3 4-6' 60/0.5 0.510.51 - Vm dense, greenish brolm, fine to COII'tot 2.0 

5 
sil y SIWDt SGE fine to llldiUII angular 
gravel, li tle clay 

I 
I ! I I 

I I I I I I I I I I 
I I I 130. I I 

10 14 1Q-12' 15-19- 2' /1.61 40 Brolm-tan daap dense silty, fine to 
coarse SAko, little fine to lediua gravel, 

21-30 trace clay, diesel odor, aoist at 11.9 ft. 

15 5 15-171 9-16- 2' /1' 30 BroNrt-orJW!e, .oist, dense, silty, fine to 2.0 

14-18 
lldiWI , little fine to lll!diWI gravl!!l1 
trace clay, lns odorous 

I 

I I I 
20 6 20-22' 40-6010.3 0.810.81 - Very ~Met, slight odor, fil'll! to 1.0 

coarse 1 sc.e fine to lldiWI gravel, 
littlE! silt -

25.0' 
Bedrock at 25. 0 ft. I 

I I 
I 

I 
t - IHJ re.ldings rt!ported in PI& 

l&117.KJF 
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CEMENT 

GROUND 

'I 

UGW - 17' PROTECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER 4 IN. 

.. ~·- ~ .. \ 
I " • \ 

.. .. 
·.a 

' 

. . 
ELEV . : DEPTH: · • 
104.73 FT 6 FT TOP OF SEAL . .....,.__ __ 
103.73 7 TOP OF SAND FT. FT. 

TOP OF SCREEN 102·03 FT. 13"FT. :·;: _ }_; 

OF SCREEN87 .03 FT. 23.7 BOT. 
BOT. OF 03 23 7 BOREHOLE 87 • FT . 

. . . . - .. . . . . .. . . - .. . . ... 
- .. .. ·.·. ~ .. . :· ~ . :. . - .. . . . . ~ · . . ·.· ~ ...... ·. ~ .· . .: . - ... . . . . .. . ·.- ·.: . . . -.:-. ~ .·;. 

.. ~·. . . : .. . . . . . . .. : .... : : . .. ... · . . 

RISER PIPE 
MATERIAL: ____ P_vc ______ _ 
SCHEDULE: __ 4_0 ____ _ 
INSIDE DIA.: 2 tN. 

--- CEMENT I BENTONITE GROUT 
OR-------------~~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MA TEA I AL: __ Pv_c __ _ 

SCHEDULE:~4°~---­
INSIDE DIA.: 2 tN . 
SLOT NO . : _..;1:;:;::0 ____ _ 

DIA. OF BOREHOLE: 8 1N. 

TYPICAL OVERBURDEN MONITORING WELL 
:.. 

N.T.S . 
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D' BRIEN & SERE Repori ofsJ:iny ~ 1tsr-18 I:N;II&RS1 It«:. TEST BDRIJti Uli 

Projerl Loc~Uonz u.S. Naval station SAIIlLER ISrounc~ watll!l" Depth Dati! 
R~lt Rd. Puerto Rico Typr: Split S~ I; DRpth D.atll! 

Clientz Facilities Engil'll!l!ring ~ ~= 1401 Fall: JO• Filii No. I 3543.020.130 

Boring Co. : Jaca and Siln"'"a Testing Laboratories I = Location: Fore~~an: Angel Ferrer Elevation: 
086 Geologist: Ti• Eddy Dates: started: 4/3/91 Endec:h 4/3/91 

Sallple stratllll Field Testing R 
SMplt =:1 ~irn: • Depth 810115 Ptmetr/ •N• llnl:ription Sp k 

No Depth /6" Recovry Valve Desc:ript ptl Cond ~ §., 

0 1 tH!' lo-20-- 2'11.81 40 11ro1om, tan, orange, greeni 5ht dry 1 Vflf'Y 1.0 • 
dense, fine to coarse SANDi sc. silt, 

20-24 trace fine to .edi.- gNVIt 

2 2-4' 15--24- 2'11.8' 45 Br011n orang•, tu IIOttled a~anttt, ";rr 2.5 
dense, d:'\ fine to eoarv 1 ~ si t 

21-38 trace fine o lledillll gravel, trace clay 

3 4-i' 25-54 1' 11' - Yll!l"y dense, daa~a{~ish fray silty 2.0 
fine to lledi1111 , race fine o ..dillll 

:i gravel, trace clay 

10 4 1G-12' Z2-51 11 /11 - Very dl.!ll!il!~ght brown, dut siltb' fine 4.2 
to llediUII 1 browken cobb 11 at 1 • S to 
10.8 ft., traCt! fine graVItl 

15 :i 15-171 35-60/0.3 0.8/0.51 - I':IJoeenish vay1 dup1 fine to .edillll undy 3.8 
SilT, trace hne to .OiUII grav1tl 1 trace 
clay 

eo 6 20-22' 6010.2' 0.210.2' - ~ Vll!l")' d!I'ISI1 c:gular, fine to -.lillll -
Sll!lpeci lt r'lllilins 

eo.o• 
Botta. of boring eo. o ft. 

• - ~ r~tadings r1tporied in ppa. 

lliW18.KJF 
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UGW - 18 ' 
CEMENT 

GROUND 

'I 

. ., .. 
I " .. 

• . . 
·.a 

' 

. . 
E'LEV.: DEPTH: · -

106 7 TOP OF SEAL FT . FT .. 
8 TOP OF FT. FT. 

TOP OF 

- ·.· ·.·.-. .. . :·-. :· ·- .. . . . .. - · . . .. -··. 

BOT. OF SCREEN 92 "62 FT. 20 "38 

ero~~HO~E 92.62 FT 20.38 

··. ~ .·: ... --- ... . . . . .. . ~ .. . . . . ·. - .· .. ._ " . . . . .. . ~·. . . . .. . . · . · ... : .. . . .. . .. . . • . • ·ill . ill ill 

~·-· . 
\ 
\ 

PROTECTIVE STEEL 
CASING AND LOCK 
INSIDE DIAMETER _ 4_ IN. 

\'. 

RISER PIPE 
MATERIAL: _P_v_c __ 
SCHEDULE: __ 4~o __ _ 
INSIDE DIA.: 2 IN. 

CEMENT I BENTONITE GROUT 
OR _________ ~~ 

BENTONITE SEAL 

SAND PACK 

SLOTTED SCREEN 
MATERIAL;~"~c __ _ 
SCHEDULE:_4~o __ _ 
INSIDE OIA.: 2 IN. 
SLOT NO.; _.Jo.llO~--

DIA. OF BOREHOLE:_8 __ IN . 

TYPICAL OVERBURDEN MONITORING WELL 
--· 

N.T.S . 
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APPENDIXB 

IN-SITU HYDRAULIC CONDUCTIVITY TEST ANALYSIS 
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RJCBMEmOD 
TOll' Way fuel Flll'lll 
UGW-:Z 

Yo • initial drawdown (from field data plot) • 1.08 ft 
t ,. time (from field data plot) "' 1800 sec 
Yt ,. drawdown (from field data plot) • 0.85 feet 
rc • casing radius • 0.083 feet 
L • length of intake • 3 feet 
rw • distance from -.1.1 center to undisturbed formation "' 0.33 feet 
H • distance from water table to bottom of screen = 3 feet 
L/rw .. 9.09 
A • coefficieslt from Bo~~Wer & Rice curve • N/A 
B .. coeeftdcnt from Bo~~Wer & Rice cu:rve · N/A 
C .. coeffiCient from BoiiWCr & Rice curve = 1.2 

Determination of In Rc/rw 

f-L..-;-.:.-pf-t-H-Hf++++l+++~+l-+-W-l-H--4-f--l-H--i-1-lln Re/rw • L.1J._ + --'--J-1 
ln(H/rw) L/tw 

1--1-+-~+-1-+-+4+-H--1-i In Refrw • I 1.1 + 1,2 ]-1 
ln(3/ .33) 3/.33 

• or· 
6.1 • B-6 cm/fii:J! 
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BOUWER & RICE MEIHOD 
Taw Way Fuel Fann 
UOW·3 

Yo = initial drawdown (from field data plot) = 1.56 ft 
t • time (from field data plot) .. 66 sec 
Yt • drawdown (from field data plot) = 0.8 feet 
n: • easing radius • 0.083 feet 
L • length of intake .., 10 feet 
rw .. distance from Wl:il center to undisturbed formation = 0.33 feet 
H "' distance from water table to bottom of semen "' 14.54 feet 
D • saturated thickness • 25 feet 
L/rw .. 30.3 
A • coefficient from Bo~~Wl:r &. Rice cutw '* 2..55 
B • coeeficient from BouWl:r & Rice cutw • 0.48 

Deto;pninatjon of In Re/rw 
1D Re/rw = ...!lJL + (A + B In C(D-HVrwl -l 

1D (H/rw) L/rw 
In Re/rw • _!1lL + (2.55 + 0.48 In ((:!,5-14.54)/0.33) -1 

In (14.54/0.33) 303 
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IIIBOUU!BR & RJCE MJ:UHOU 

Tow Way P~~el Fanu 
UGW-6 

Yo • initial drawdown (from field data plot) = .42ft 
t • time (from field data plot) "' 168 sec 
Yt • drawdown (from field data plot} • .15 feet 
re • casing radius • 0.083 feet 
L .. length of intake • 9.55 feet 
rw • distanee from weU center to undisturbed fonnation ,. 0.33 feet 
H -= distan<:e from water table to bottom of screen "' 9.55 feet 
D • saturated thiclmels • 80 feet 
L/rw • ZS.94 
A • coefficient from Bouwer & Rice curve .. 2.45 
B • coc:eflcient from Bouwcr & Rice curve = 0.38 

Determination of In Re/rw 
In Re/rw "' -'1J.L + (A + B In ((Q=Hl/rwl •

1 

~~~~r+++44~~~~ ln(H/rw) L/rw 
In Re/rw • -'1J.L + (2.45 + 0.38 In ((80.955)/0.33) -l 

1 

In (9.55/0.33) 28.94 

In Re/rw • 2.07 

Qc:tennination of K 
K = (rc}2 • In (Ra/rw)/2L • 1/t • In Yo(Yt 
K • (0.083~ • 2.07/2(9.55) • 1/168 • ln(.42/.15} 
K .. 4.6 • B-6 ft/sec 

• or· 
1.4 • E-4 em/sec 

I · .. 

I I I I I i . 1 ' 

' 

1 
l I 

1 

S' '1 
l:: (_l.fl I"-' ) 

' I 
I i ' 
l ' I I 1 

I : i ' 

~ 
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BOUWER &: RICE MElllOD 

Yo • initial dl:li"Miown (from field data plot) = 1.29 ft 
t • time {from field data plot) = 120 sec 
Yt = drawdown {from field data plot) " 1.13 feet 
re • casing radius • 0.1183 feet 
L ,. length of intake ,. 9.33 feet 
rw = distance from wen center to vndistvibcd formation .. 0.33 fee 
H = distance from 111111ter table to bottom of screen = 9.33 feet 
D = satvrated thickness ,. 8Q feet 
L/rw • 28.27 
A • coefficient from Bovwer &: Rice ev.rve = 2.45 
B • meefieient from Bouwer &: Rice evrve = 0.43 

Iktcrmination of In Re/rw 
In Rc/rw • .J..!:!L + (A + B In ((D-H)(rw) ·1 

In {H/rw) L/rw 
In Rc/tw • -'lJL + (i.4S + 0.43 In ((80-9.33)/0.33) •1 

In (9.33/0.33) 28.27 

Determination gf K 
K = {re)l• In {Re/rw)/2L • 1/t • In YojYt 
K = {0.083)2 • 2.01/2(9.33) • 1/120 • ln{l.29/l.13) 
K "' S • B-7 ft/scc 
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. BOUWER & RICE ME'l'HOD 
Tow Wl!tf Fuel Farm 
UGW-8 

Yo "' initial drawdown (from field data plot) = .458ft 
t • time (from field data plot) .. 60 sec 
Yt • drawdown (from field data plot) = .38 feet 
rc • casing radius "' 0.083 feet 
L • length of intake .. 10 feet 
nr • distance from 'llll::ll eenter to undisturbed formation = 0.33 
H • distance from water table to bottom of scn:en = 10.66 feet 
D • saturated thieli:ness "' 30 feet 
L/rw • 30.3 
A • coefficient from Bouwer & Rice cvm: = 2.55 
B ,. coeeftcient from Bouwer & Rice CIIM: "' 0.48 

I 
1.. 
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BOUWER & RICE ME'lltOD 
Tow Way Fuel Fann 
UGW-9 

Yo • initial drawdown (from field data plot) = .303ft 
t • time (from field data plot) = 120 sec 
Yt = drawdown (from field data plot) = .255 feet 
n:: • casing radius "' 0.083 feet 
L • length of intake • 10 feet 

H .. distance from water table to bottom of screen " 12.24 feet 
D • llturated thickness • 30 feet 
L/rw • 30.3 
A • coefficient from Bouwer & Rice curve = 2.55 
8 • coecfiCient from Bouwer & Rice curve = 0.48 

D!tcnnination of In Re/rw 
In &/rw ., -'lJ.L + fA + B In ((D·Hl/rw) ·1 

In (H/rw) L/rw 
In &/rw = .ilJL + · C2.SS + 0.48 l!l ((J0.12.24l/0.33l ·1 

In (12.24/0.33) 30.3 · 
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BOUWER .&: RICE MSIHOD 
Tow Way Pucl Parm 
UOW-10 

--------· --. 

Yo • initial drawdown (from field dara plot) • .7ft 
t • time (from fteld data plot) ,. 30 sec 
Yt • drawdown (from fielcl data plot) = .2S feet 
n:: • casing radius = 0.083 feet 
L • length of intake • 8.f!3 feet 
rw • distance from well center to undisturbed formation = 0.33 feetl 
H • distance from water table to bottom of screen = 8.83 feet i 
D • saturated thickness ., SO feet l 
L/rw • 26.76 i 
A • coefficient from Bouwer & Rice cutlle "' 2.3S l 
B • coccficlent from Bouwer & Rice curve = 0.38 
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;:;. BOTJWER & RICE MBTHOD 

T011r Way Fuel Farm 
UOW-11 l 

I 

s Yo • initial drawdown (from field data plot) = .092 ft l 
' 

: t • time (from field data plot) = 45 sec 
4 : Yt .. drawdown (from field data plot) = .03 feet I 

~ 
: re • casing radius • 0.083 feet 

3 
. L • length of intake • 9.92 feet 
lrw • distance from well center to undisturbed formation ,. 0.33 feet. 

H • distance from water table to bottom of screen • 9.92 feet 1 

D • saturated thickness • SO feet : 

.M: I 

I L/rw .. 30.06 
2 1 A • coefficient from Bo~r 8t. Rice curve • 2.5 . . . l B • coeeftcient from Bouwer 8t. Rice wrvc • 0.36 

I 

I J2!!termj!l!ti2!1 Qf In Re£rw 
I ' ; I ! I I In ~/tw = .Jl.J.L + fA + B In ((0-H)/rw) ·l 

I ' i 

' I . I 
In (H/rw) L/rw I 

' i 

I II I _:_ In Re/rw • .Jl.J.L + (2.5 + 0.36 In {(So.9.92)[0.33) ·1 

t I I 11 I \ I : i ! I ; I t In (9.92/0..33) 30.06 

9 l In Re/rw = 2.16 
e l 

? 
i Determination of K I l K .. (ref •-tn (Rc/rw)/2L • 1/t • In Yo/Yt ! 

6 . K = (0.083)2 • 2.16/2(9.92) • 1/45 • ln(.092/.03) 
I K • 1.87 • BS ft/sec 

' 
5 ' ' -or-

: 5.7 • B-4 em/sec 
....,._.., ' . ' ' -

4 

3 

2 $· ' I I 

I I 

I ' I 

' ' 
I ' I I ' I 

I I I ' I I 

i I I I I I ' 
! I I I ! · I I i J I I I 

:~,,., .. ,, I 

~ ~~· 
I 

-

:~ 
5 

-4 

3~ 

2 ' 
I .~ ' ' I I ' I 

I 

~iff' 
j I -, i ; 

I I j '·I I ; ' I 
I I I I ' -~ ; I I ' I 

! . -...... i I ' : ;\ I I I I I I ' I I ! ' . I I 

I I I I I I I l i I I I 1.1 f I I ill I I I I ! . I I I I I I I I I I ' i 
I ! ' I J I I I I l I I I II "l I I TIll I I I I ' ' I I ' I I ! I I 
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Tow Way Pvet Parm I "' ·::.::::::·:: -=-= UGW-16 - ·:· ---
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I e·--,...-
-· 

I 
I 

Yo • initial drawdown (from field data plot) • 1.61 ft 

I t • t.i1De (from field data plot) = 240 sec 
Yt • drawdown (from field data plot) = .8 feet 
re • casing tadius • 0.083 fc:ct ! 

~ 
L • leagth of intake • 9.14 feet j 

3' rw • distance from well center to undisturbed formation .. 0.33 feet 
H • distance from water table to bottom of screen = 9.14 feet 

~ 
D • sarurate4 thiclmcss • 25 feet . L/rw • 27.7 . 
A • coefficient from BovM:r &. Rice curve .. 2.46 ~ 

I 
I 
I 

~ 
B • coeeflcicnt from Bo.,_r &. Rice curve ,. 0.47 

::.~ r . ..... . .. lli;tcnnination of In Rebw ............_, ,.r.:. I In IU!/rw • .J.UL + (A + B In {{0-H)/rw) ·1 
I ...... I 

........ ! ......I ' 
In {H/rw) L/rw 

: ':.i. "' I" In IU!/rw • -!1J.L + (~-:!!! + 0.47 1!! ((25-9.14)!0.33) -1 . I 

I ! I ........... I 't) ' In (9.14/0.33) 27.7 l 

~ 
i 

0 In IU!/rw • 2.06 

7 - Determination of K 
·- K • (n:)" • In (IU!/rw)/?.L • 1/t • In Yo/Yt 

K • (0.083)2 • 2.06/2(9.14) • 1/240 • ln(1.61/.8) 
I K • 2.3 • B-6 ft/r.ct: 

.J 
-or-

I 
'"= 

7.01 • B-S c:mlsc:c 
' -- - ~~-- -~. -· 

4 

I 3' 
.. --i 

.. 

- ·==j 

•• 
f.i 

- = - 0: 

"' .. ~Yt -
:t 

0 

iii c=~ '- > \{ 

:z: '""' ,. 

~ - .J 
. 

I ........ .: 
I ' ..;;;_ 

........ 
I f l : 

I : I 

I ·;-

0 -. 0 

-- X -

1: 
I I 

~· 
i i i 

::.:.;::_ 
w 
"' 

~ 5 
= )'-

CJ 
:I .::::...-:-.:: ::-.·: 

-- ==::::-..=: . --=-~::.:·:::=:=:-=.::=: 
l'l ---: 

2 ·a ---= .. ..; 
-·---~--

·=· --.- .. 

. I ... -- ..... -- ~- ...... :;-::-__;....,c . __ ,. ~ .. . -
·-.-

-~;:_..:; 

·I ··-· ·---
., . 

·- ~ ... , 

) !- I 
r---· - .. 

' ! -· 
I 
I l ,, ! 

' I 

I l ' 
! : 

., :tH+ II 
i I ' I I I I I I ' I I , : 

I u , I i I I i i I r 1 . I I ! I I I I ! _! 

I I I I I ! ! I I ! . 11 I I I 
1 

' ) I - ') '-1 --:r- s-- '7 JC 
.0 
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:..:~c: ::::. BOUWER A RICE MEtHOD 
. :: _._- ----'••••;;;,;,__ Way Puel farm 

lJGW-17 

j YO • initial dmudown (from field data plot) • .48 ft 
t • time (from field data plot) • 120 sec 
Yt • d.nlwdoM1 (from field data plot) "' O.OS feet 
n: • casing radius • 0.083 feet 
L • length of intake .. 12.12 feet 
rw • distance from well center to undist\lrbed formation • 0.33 feet 
H • diitaru:e from water table to bottom of screen • 12.12 feet 

L/rw • 36.73 
A • coc:ff"Jcient from Bo\lwer &: Rice curw • N/A 
B • coc:eficient from Bo\lwer & Rice cuJ:Ve = N/A 
C • coc:fficient from BouM:r &: Rice cuJ:Ve = 2.3S 

D!:tennjnation of In Re lt'l( 

~~--;--.--+---+---:--+---i----+: __ ___._1tn Rlt/rw • LlJ_ + _L}-1 
1 1 1 ln(H/rw) L/rw 

' 
I 

i I 

r--~--,---+_;,_--+..:....:.--11----'_i:_:.._;__-+~-_:_' _ 11n &/rw • I 1.1 + 2.35 1·1 
I \ ' 1 ln(12.12/ .33) 36,73 

' ' 
: I , 
\ I I . 

§§ 

' 

In Rlt/rw • 2.71 

etcmnination nf K 
= (n:t • In (Re/rw)/2L • 1/t • In Yo/Yt 
• (0.083)2 • 2.71/2(12.12) • 1/120 • ln(.48/.05) 

K - lAS * E-5 ft/sec 
• or. 

4.42 • B4 em/sec 

I 

I ' 

: I ' ' ', ' ' I I I 

r-r,-:-.;...' tl ...,......:-,;__,_'-t----1:-.;.......-l---.....:'-!!.".t-' --:---:----tl---.,,----f-.--_,..j.: _:_ 0 '-J I ' I 

ill! I I~ l'i, l 1'··1 

2 g ' 
' ' : ' ' 

i I I ,, 
I ' i i I 1 ' I ; ' ' i r·H ,,, 

' I ! I ' I I I I I ' i I ; I I I ' i l i I I ~ IT I J ! I I I I I ' I ' ; I r"-. I I I i I I i i I ' : 1 I I I I i ! : ! l i I I ' ' I I 

'I I I I I ' i i I I I i I il ' I I""' ' . J._ ;), "3 ' 
I I I I , I , ! ; ' ' I I I I I 

.CI .s- I) 

*'"'t l r'\-1 f.,...., ) 
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BOUWER. & RJCE METHOD 
Tow Way Puel PIIDD 
UOW-18 

Yo = initial drawtlown (from field data plot) = 1.59 ft 
t • time (from field data plot) • 150 sec 
Yt • drawdown (from field data plot) • .6 feet 
re • easing radius • 0.083 feet 
L • length of intake • 8.62 feet 
rw " distance from -11 center to undistl.lrbcd formation • 0.33 feet 
H • distance from -ter table to bottom of sc:n:cn • 8.62 feet 
D • saturated tbiclcnes& • 2S feet 
L/rw .. 26.12 
A • cocfflclertt from Bouwer 11 Rice cum: ,. 2.46 
B • coceflclent from Bouwer 11 Rice cum: .. 0.40 

D!!termination of In R!;/rw 
f----+--:-~+-+-7+.;...-i--1-..:+-'--"-'-~...:....;~..:.....j.-l-....... -:-~l In ~/rw"' ...!1JL + CA +BIn lCD-Hl(rw) •1 

ln (H/rw) L/rw 
In ~/rw • ..!!J.L + (2.46 + 0.40 In ((25=8.§2)/0.33) •1 

ln (8.62/0.33) 26.12 
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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 samples for laboratory analysis I all 
monitoring wells must be developed as described in the Well Development 
Protocol. 

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

2. Put on a new pair of disposable gloves. 

3. Cut a slit in the center of the plastic sheet, and slip it over 
the well creating a clean surface onto 'which the sampling 
eqt:'ipment 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 
Field 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· a bailer to reach the 
bot!om of the well, and. lower the bailer slowly into the well 
making certain to submerge it only far enough to fill one-half 
full. The purpose of this is to recover any oil film I if one is 
present on the water table. 

9. Pull the bailer out of the well keepiQg the polypropylene rope 
on the plastic sheet. Empty the ground water from the bailer 
into a glass quart container and observe its appearance. 
NOTE: This sample will not undergo laboratory analysis, and 
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is collected to observe the physical appearance of the ground 
water only. 

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

11 • Lower the bailer to the bottom of the well, and agitate the 
bailer up and down to resuspend any material settled in the 
well. 

12. 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. · 

13. 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, allow sufficient time for the well to 
recover before proceeding with Step 1". Record this informa­
tion on the Ground Water Sampling Field Log. 

14. 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 labeled 
purgeable priority pollutant first. Filter and add preserva­
tiv~s to appropriate samples. 

15. 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 completely. 
Fill each 'sample container following the instructions listed in 
the Sample Containerization Procedures, Attachment 8. Re­
turn each sample bottle to its proper transport container. 

16. 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. 

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

18. 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 ml beaker 
and measure and record the pH. conductivity and temperature 
of the ground water following the procedures outlined in the 
equipment operatiun manuals. Record this information on the 
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Ground Water Sampling Field Log. The 200 ml beaker must 
then be rinsed with distilled water prior to reuse. 

19. Begin the Chain of Custody Record. 

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

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

22. Clean the bailer by rinsing with control water and then 
distilled water. Store the clean bailer in a fr•sh plastic bag. 

Sampling Procedures (PUMP) 

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

2. Put on a new pair of disposable gloves • 

3. Cut a sfit in the center of the plastic sheet, and slip it over 
the well creating a clean surface onto which 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 clean bot­
tom-valve bailer to determine the thickness of the free prod­
uct. Record this information in the Ground Water Sampling 
Field 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
lJme on the Ground Water Sampling Field Log. 

8. · 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. 

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 container and observe its appearance. 
NOTE: This sample will not undergo laboratory analysis, and 
is collected to observe the physical appearance of the ground 
water only . 
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1 0. Record the physical appearance of the ground water on the 
Cround Water Sampling Field Log. 

1 1. Prepare the submersible pump for operation. 

12. 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 tr'\ well to recover before pro­
ceeding with Step 16.. Record this information on the Cround 
Water Sampling Field Log .. 

13. 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. · 

14. With submersible pump raised to a level just below the surface 
of the water in the well, . fiP each sample container following 
the instructions listed in the Sample Containerization Proce­
dures. Return each sampling bott.le 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. 
Cently lower the bailer into the water to minimize agitation of 
the water. The vials (2) should be filled from one baUer. 

15. If the sample bottle- cannot be filled quickly, keep them cool 
with the caps on until they are filled~ NOTE: Samples must 
not be allowed to freeze. 

16. Record the physical appearance of the ground water observed 
during sampling on the Cround Water Sampling Field Log. 

17. After the last sample has been collected, record the date and 
time, and if required, place a sample of we !I 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 Cround Water Sampling Field Log. The 200 
ml beaker must then be rinsed with distilled water prior to 
reuse. 

18. Begin the Chain of Custody Record. 

19. Remove the submersible pump from the well and clean the 
pump and necessary tubing both internally and externally. 
Cleaning is comprised of rinses with a source water and 
acetone or methanol mixture, and distilled water using 
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GROUND WATER SAMPLING FIELD LOG 

A. WATER TABLE: 
Well depth: We11 elevation: 
{below top of casing) :l..to .38"'. ft. {top of casing) ft. ----
Oepth to water table: Water tab1e e1evat1on: ft. 
{below top of casing} :!X.' t.Ja,:_J ft. 

Length of water column (LWC) ------ft. 
Volume of water in well: 

2" diameter wel1 s • 0.163 x (LWC) • ----- gallons 
4'.' diameter we11s • 0.653 X {LWC) • gallons 
6" diameter we11s • 1.469 X {LWC) • gallons 

B. PHYSICAL APPEARANCE AT START: 

Colo!"-------- Odor------- Turbidity ------

Was an oil film or layer apparent? ---------------

C. PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before samp1ing ---------gallons. 

Did we11 go dry?--------

D. PHYSICAL APPEARANCE DURING SAMPLING: 

E. 

F. 

G. 

H. 

Color-------- Odor------- Turbidity -----
Was an oi1 film or layer apparent? ---------------

CONDUCTIVITY---------

pH --------------------------
TEMPERATURE----------

WELL SAMPLING NOTES: 
('a.:;,o. "·..;r /D ( I 1/v v 
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GROUND WATER SAMPLING flrtD LOG 

A. WATER TABLE: 
We11 depth: We11 elevation: 
{below top of casing) :;g,j£ ft. / (top of casing) ___ ft. 

j,.Jt..ll5f 
Depth to water tab1e: SJ Water table elevation: ft. 
(below top of casing) .56?5'4" ft. 

Length of water column (LWC) d. 7& 
Vo 1 ume of water 1 n we 11: K'3 ~I, 5"' -::::::., s- g;:.-H-:S 

ft. 

2" d1 ameter we 11 s • 0. 163 x (LWC) • • :S: ga 11 ens 
4'.' diameter wells = 0.653 X (LWC) • _......._..._ __ ga11ons 
6'' diameter wells • 1.469 X (LWC) • gallons 

B. PHYSICAL APPEARANCE AT START: 
Color G1L.t~~,_.~ Odor 5I !C'hf;t-,- mvz ,' Turbidity __...ttf..;;,l;...l;c.../~'./--
Was an oil fi1m or layer apparent? ______ --r..;JJ;..O;;._ _____ _ 

c. PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before sampling ---~_..;;;....if~.--____ gallons. 

Did we11 go dry? ~5 

0. PHYSICAL APPEARANCE DURING SAMPLING: 
Color G-~ Odor e~"Jlik= !"( Turbidity H.( (:yU' 

Was an o i 1 fi 1m or 1 ayer apparent? ----------..:,._):.:::..0 _____ _ 

E. CONDUCTIVITY --------

F. pH -------------

G. 

H. 

TEMPERATURE --------­
WELL SAMPLING NOTES: 

0 u... - ~.c..W'i"lJ"-

M-: ~~~~..;c. Y ~J=;re& 55,. £3 
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GROUND WATER SAMPLING Fl£LO LOG 

. . 

. \). s. ~AV~·"t- ·~7f:rr;c. tJ - R.;(.=~-~1.)'!.-\..::- ~..::.r-to, 
sample Locat1on _Q, 0 ,-:: 2.,(,.:. · We11 No. UG-w-3 
Sampled B"y /.Nt £{1.,: Date .3JC).7jq I T1me 1'-//( 
weather J.k,-=r c;-1ld"tJ Sampled with Bailer ~Pump 

I ----

A. WATER TABLE: 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

We11 elevation: Well dep•"': 
(below top of casing) 3s.~!t-/ ft. {top of casing) ___ ft. 

Depth to water table: 
{below top of casing) C):j. 9:9 

Water table elevation: ft. 
ft. 

lengtt1 of water column (LWC) _....;...;,3;...L. .... f"""J ___ ft. 

Vo 1 ume of water 1 n we 11 : t 3 :: {, · J'"'!'""'frt~ .-,__ 2.li3.+1 '-"' ......... ' _.) 

2" diameter wens • 0.163 x (LWC) • :2~/7 gallons 
4'.' diameter wells = 0.653 X (LWC) • ----- ga11ons 
6" diameter wells • 1.469 X (LWC) • ga11ons 

PHYSICAL APPEARANCE AT START: 

Co 1 or =om; Odor ~d ~ • ..,..., Turbidity L 9 v.; 

Was an oil fi 1m or layer apparent? _____ J-.::::::UO;..;;:;:. ______ _ 

PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before sampling __ .... (...::~ .... - .;;.ol.e:;...._ ____ . gallons. 

Oi d we 11 go dry? Af.::M9S 1 

PHYSICAL APPEARANCE DURING SAMPLlNG: 

Co 1 or --urJ Odor ~~..:;;CA,~---- Turbidity -&.:..~.;;;::;~:;;;;.-. __ 

Was an oil film or layer apparent? __ ....:.:::.() .. oL:~o.J'\w.•a.~..o~u<~'lr .. r_1_1 _______ _ 

CONDUCTIVITY---------

pH --------------------------
TEMPERATURE ---------

WELL SAPIPLING NOTES: 

IJo Ol'- 0>:5 &c..c '"!.\.... t._,~...n'=J't::tL.. ~~~ 
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A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

GROUND WATER SAMPLlNG·FlELD LOG 

WATER TABLE: 
Well clepth: 

35"". d-f.s, {below top of casing) ft. 
Well elevation: 
{top of casing) ___ ft. 

Depth to water table: 
r£1 . .- '"Lt .. (below top of casing) ft. 

Water table elevation: ft. 

Length of water column (LWC) r"J.~ ft .. 
Vo 1 ume of water 1 n we 11: _....:...;..;;;..____ 3 · ~ \ I~- . 7 (),A 1~} 

2" diameter wells • 0.163 x {LWC) • --J....l"';;;..''"?--...;.; ___ gallons 
4'.' diameter wens • 0.653 X (LWC) • gallons 
6" diameter wells • 1.469 X {LWC) • gallons 

PHYSICAL APPEARANCE AT START: 
Odor __ r_',_, .... _ ... _ ...... · ___ Turbidity _·._.:...._:_ . .__,· __ _ 

Was an oil film or layer apparent? __ \--_~,~-------------

PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before sampling ___ ,,_,__L_· •_

1 ----gallons. 

Did we11 go dry?-"""""""' :..'0..._ ___ _ 

PHYSICAL APPEARANCE DURING SAMPLING: 
Color _r_-1.:..;;,...:>_ • ..., _____ Odor \), !'<::' ... ) Turbidity ___;;-/-_',w_r_.: ---

Was an oil film or layer apparent? __ '~'.;.;;.>_._ ___________ _ 

CONDUCTIVITY ---------

pH ----------------------------
TEMPERATURE ---------

WELL SAMPLING HOwry· tf . 
'felt 1J 1 

P~t.:n.; v'"j / tj, 0 Y J -_. 
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GROUND WATER SAMPLING FIELD LOG 

A. WATER TABLE; 

B. 

c. 

o. 

E. 

F. 

G. 

H. 

Well e1 evatior •• 
(top of casing) ___ ft. 

Well depth: { 
{below top of casing) 30 .LJ ft. 

Water table elevat1on: ----ft. Depth to water table: 
(below top of casing) .;;1~.'7:L ft. 

Length of water column (LWC) /,. L/7 ft. 

Volume of water in well: 
2" diameter wens • 0.163 x {LWC) • I.:)~ gallons 
4'.' diameter wel1s • 0.653 X (LWC) • _.-_...:;._ __ gallons 
6" diameter wel1s • 1.469 .X (LWC) • gallons 

PHYSICAL APPEARANCE AT START: 
Turbidity /.f!,~ 1------

Was an oil film or layer apparent? _____ --..'~'4-'--------

PREPARATION OF WELL FOR SAMPLING: 
,;-_ Lf 

Amount of water removed before samp1 ing ---------gallons. -... 
Did we11 go dry? --.:..~_v ____ _ 

PHYSICAL APPEARANCE DURING SAMPLING: 
Co 1 or ~'£./Vll!~-~:'; 

; 

Odor _.....:/.....:J;.;;.rc_,..-=t:>----- Turbidity ..:...J..:...-r_l;~_J.._' __ _ 

Was an oil film or layer apparent? 

CONDUCTIVITY 

pH 

TEMPEAATURE 

WELL SAMPLING NOTES: 
j 7).h lf 

(~u{...-f l( 
' 

.;>.) , 
I( 

Wtlj112 lt 

\ 
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GROUND WATER SAMPLING F!ELD LOG 

A. WATER TABLE: 
Well depth: 
{below top of casing)~ ~.tl ft. 

We11 elevation: 
{top of casing) ft. ---Depth to water table: 

{below top of casing) {QSf ft. 
Water table elevation: ft. 

Length of water column (LWC) _....,~1:..:;'..=:.S_7-....__ ft. 

Volume of water in well: y3:: Lf,{.,'Fr '~ /LofJJHLS 
2" diameter wens. 0.163 X (LWC) • /.')L, gallons 
4'.' diameter wells = 0.653 X (LWC) • -----gallons 
6" diameter wells • 1.469 X (LWC) • gallons 

B. PHYSICAL APPEARANCE AT START: 
Color <-L~t Odor "jJi?z;.-00- Turbidity _.....L .... c,....b.::.--< __ 

Was an oil film or 1ayer apparent? -------.....:IJ:.;;....·o _____ _ 

c. PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed befor.e sampling __ ....._( ..... : _____ gallons. 
Did we11 go dry? __ :..;;IJ_O ____ _ 

D. PHYSICAL APPEARANCE DURING SAMPLING: 
Color ~·~'A- Odor "5u~.:2.~ Turbidity 

Was an oil film or layer apparent? -------..,.j"~(C..::::U::::;._ ____ _ 

E. CONDUCTIVITY---------

F. 

G. 

H. 

pH-------------
TEMPERATURE --------­
WELL SAMPLING NOTES: 

Uo ~,')i'J 0 ·~itt..,,,_ lii'\JAc.c .. x:.,;-h..,__, 
I 

f}:y?_!?J ( :tJ?C mp.:~AI_\( & ~ 'l> Q:e . ) 
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B. 

c. 

0. 

E. 

F. 

G. 

H. 

~ROUND WATER SAMPLING FIELD LOG 

We 11 e 1 eva ti on: 
,.~f casing) (top of casing) ___ ft. 

Water table elevation: ft. · 
ft. ---
9.1V ft. 

Co l or c 1 ~:~n ,. Odor --..::::~~to•/C:..o....-- Turbidity -~LD:::;.;:;...::.Vv..;...._' _ 

Was an oil film or layer apparent? L) 

PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before sampling _ _..,5;;;;... -'.:..-/ ----- gal1ons. 
Oi d well go dry? Pt4':'V!J;:., '( 

PHYSICAL APPEARANEl~~ING SAMPLING: sf • ..-1- S:..~lfw)_ W=l"Vv 

Color '>¥1£. S9"-'") Odor ;S!I rJ?f:).') Turbidity -1+/&i.£_ 
Was an oil film or layer apparent? --------...:......_ _____ _ 

CONDUCil VITY ---------

pH -------------------------
TEMPERATURE' ---------

WELL SAMPLING NOTES: 

~~·~ Jh.~ ~A~L 
J I 
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GROUND WATER SAMPLING F.!ELO LOG 

A. WATER TABLE: 
Well depth: 
{below top of casing} tc:r.t5 ft. 

We11 elevation: 
(top of casing} ft. ---

Depth to water table: Water table e1evat1on: ft. 
(below top of casing) ii3?: ft. ---

Length of water column (LWC) to8'd:; ft. i f 
Volume of water in we11: 'K 3 -=.- S:.J. :;ct; ~ 

2" diameter wens • 0.163 x {LWC) • j.)l., gallons 
4'.' diameter we11s = 0.653 X (LWC) • gallons 
6" diameter wel1s • 1.469 X (LWC) • -----gallons 

B. PHYSICAL APPEARANCE AT START: 

Color Wto-1&'1 \t+ ~,; Odor Turbidity (k-:-:1 
Was an oil film or layer apparent? f?cr:>.,u?iJ s /,c.. 14.-t d'L tac-t-

PREPARATION OF WELL FOR SAMPLING: 

Amount of water removed before sampling Lz gallons. 
Did we 11 go dry? _ _....J-JC.J ....... -..._ ___ _ 

D. PHYSICAL APPEARANCE DURING SAMPLING: 

Color (~~~ Odor Turbidity L0 k.1 

Was an oil film or layer apparent? 

E. CONDUCTIVITY 

F. pH 

G. TEMPERATURE 

H. WELL SAMPLING NOTES: 
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GROUND WATER SAMPLING F1£LD LOG 

A. WATER TABLE: 
We11 e:Jvation: 
(top of casing} ___ ft. 

We1 1 depth: 
(below top of easing) /9 9) ft. 

Water tab1 e elevation·. ft ---. Depth to water table: 
(below top of casing) r'!. 4?9 ft. 
Length of water column (LWC) /d... ~t../ ft. fJ 

f i r.._ . r t'"'J n Us -::::: ev IJA--1 '-': Volume o water n we11: ,~ v ~ ~ 

, .. diameter wens • 0.163 X {LWC) • /. 79 ga11ons 
4'! diameter wel1s • 0.653 X (LWC) • gal1ons 
6'' diameter we11s • 1.469 X (LWC) • -----gallons 

B. PHYSICAL APPEARANCE AT START: 
Co, or Cl,d~ Odor JJ)sJ~ Turbidity _...;;;L:::...,:;,_v...;'-"--..,_ 

Was an oil film or layer apparent? ------.....LlA.£;~------

c. PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before samp1 ing ~- f?. L gallons. 
Did well go dry? -.....::W;.;;::;:;.. ___ _ 

0. PHYSICAL APPEARANCE DURING SAMPLING: 
Color CLetY1 Odor f.-J~Jlt: Turbidity 1-Lr~r..) 

Was an o i 1 film or layer apparent? --------.:...:JJ:;...;;:O:::._ ___ _ 

E. CONDUCTIVITY ---------

F. pH -------------

G. TEMPERATURE---------

H. WELL SAMPLING NOTES: 
U(J ?~wcr 'De::kc_-k,J 
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GROUND WATER SAMPLING F-!ELD LOG 

A. WATER TABLE; 
W·~ll depth: 
(bel ow top of casing) t[.'?"(e, ft. 

Well elevation: 
(top of easing) ft. ---

Depth to water table: Water table elevation: ___ ft. 
(below top of easing) ;o.o~ ft. 

Length of water column (LWC) .&-ti~ ft. v 

3 
:;: y 3?.... ~ 1 5/3,~1'-S 

Volume of water in we11: ' 
2" diameter we11s • 0.163 x (LWC) • lit./ gallons 
4'.' diameter we11s • 0.653 X (LWC) • gallons 
6'' diameter wells • 1.469 X {LWC) • -----gallons 

B. PHYSICAL APPEARANCE AT START: 

Color r.,.;i..((.in--.\,5/-r-~o~ Odor - Turbidity _ __._J-f!.....,1_.&...._...-..... t_ 
Was an oil film or layer apparent? ___ 0...,rs:_-_~_~___.lz..._ ______ _ 

C. PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before sampling----=---- gallons. 
Did well go dry? ;..Jl) 

D. PHYSICAL APPEARANCE DURING SAMPLING: 
Co 1 or _ _.c..-;;;c:f.....,f¥o1o.;._.>...;.t7 ___ Odor ---------=- Turbidity _...:..;M~r!_ . .....,.i __ 

Was an oil film or layer apparent? ),/a r~'~-<-~ 
r: .. CONDUCil V ITY _____ -......._·'"----

pH-------------
TEHPEAATURE --------­

'tLL SAMPliNG NOT;s: 
~ 1ft-~~~ 
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A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

GROUND WATER SAMPLING FIELD LOG 

WATER TABLE: 
Well depth: /'i.e~ (below top of casing) ft. 

Well elevation: 
(top of casing) ___ ft. 

Depth to water table: 
CJ-(3 (below top of casing} ft. 

Water table elevation: ft. 

Length of water column (LWC) _ _._.....,._ __ ft. ..:- VJ..Js"'L.I q,:z a-
Volume of water in we11: )( 3 ~ L'7 fh-

1
;'\ 

2" diameter wells • 0.163 x {LWC) • 1-C .1 gallons -
4'.' diameter wells • 0.653 X (LWC) • -----gallons 
6'' diameter wells • 1.469 X (LWC) • ga11ons 

PHYSICAL APPEARANCE AT START: 
7 Color 6-tr1t115rl (ulfj.Tr: Odor------- Turbidity _....;;L;;;;;·;.;;;;;a_l-0 __ 

Was an oil film or layer apparent? ------~--·~;;;;..;...r _______ _ 

PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before sampling __ ..-..:;;_ _____ gallons. 
Did well go dry? __ Q;@;;....;. ___ _ 

PHYSICAL APPEARANCE DURING SAMPLING: 
Co 1 or G-£t1;! Odor -------- Turbidity _..;:L::...;u .... ~ _c.U_, __ 

Was an oil film or 1ayer apparent? tJ~ 

CONDUCT! VITY 
------~----------

pH ------------------------

TEMPERATURE---------
WELL SAMPLING NOTES: 

fc. ':IS< I) I_~ I"'\, w t .l (..t.J Lt. 
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GROUND WATER SAMPLING .Fl£LD LOG 

\)·'-".:... j.JAI):•:Yt_ "'.7tr,7i":· ,..; - k..:(:::,.~ceJ~ Q.;.r-f,~ 
Samp1e Location i),:.,.,,-: 2-~c,;.- · We11 No. --l.:::I~~--~---

S~mp 1 ed B"y .I . ""' £-t L oa te J b:&ltt I n me -~:;;;.....;;;--
Weather l~~ . . (u~ 

i 

A. WATER TABLE: 
Well depth: ''J..CI. '.?3 
(bel ow top of casing) it£ i1: ft. 

Depth to water table: 
( (~ below top of casing) l9 '"'; ft. 

Well elevation: 
(top of casing} ___ ft. 

Water table elevation: ___ ft. 

Leng~h of water column (LWC) _ s:.' ft. 
Vo1ume of water 1n well: 

2" diameter wells • 0.163 x (LWC) • .83 gallons 
4'.' diameter wells = 0.653 X (LWC) • -----gallons 
6" diameter wells • 1.469 X {LWC) • gallons 

B. PHYSICAL APPEARANCE AT START: 
Color f\:UN..v Odor f·•:tfi?...Q Turbidity _-../#~6;.;../_( __ 

Was an oil film or layer apparent? _____ 't"'-"~--~ ........ -------
C. PREPARATION OF WELL FOR SAMPLING: 

Amount of water removed before sampling __ -;:c __ 3 _____ gallons. 

Did we l 1 go dry? J..)Q 

II D. PHYSICAL APPEARANCE DURING SAMPLING: 

I 
I 
I 
·.I 
I 
·.1 
I 
.I 

E. 

F. 

G. 

H. 

Color _-:{'y~-.;;;...::>;.;;.'-".;.;;,...,; ____ Odor __ .... n-:r.._<""..:.."..;.1 __ Turbidity __ ,_l-"-·,.,... __ ," __ 

Was an oil film or 1ayer apparent? -----:.'""'•7;;;...~---------

CONDUCTIVITY·---------

pH-------------
TEMPERATURE --------­

WELL SAMPLING NOTES; 
&nou c.:i 

, /: It 
/U fl J-

, , ' t. .ra " 
......... ;o. rl 
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A. 

GROUND WATER SAMPLING FlELD LOG 

WATER TABLE: .'} c-.86 a- .. ) . il 
We11 depth: ' 1; 
(bel ow top of casing) dJ /u ~J-ft. 

We11 elevation: 
{top of casing) ___ ft. 

Depth to water table: c:: Water table elevation: ___ ft. 
{be1ow top of casing) f7, ~ : ft. 

Length of water column (LWC) ~ rl- '7 ft. 
,/')/-

Volume of water in well: --,.- J 
/ 

2" diameter wens • 0.163 X (LWC) • f. S) gallons 
4'.' diameter wells • 0.653 X (LWC) • _.;..;......;::..;;._ __ gal1ons 
6" diameter wells • 1.469 X {LWC) • ga 11ons 

B. PHYSICAL APPEARANCE AT START: 
\ I 

co·l or --~=":..A;..;..· ~ ..... ·""=:._ ..... _~ .... rr ....... ~.~_v-.J __ Odor __ ' _. · ~~·-".;...-..;;;..L...;.\ __ Turbidity ·-~ '~- ·~ 

Was an oil film or layer apparent? ___ ...... ~ ...... : .. _"'._,---------

C. PREPARATION OF WELL FOR SAMPLING: 

Amount of water removed before sampling --./~;;:.-_C::::.._ _____ gal1ons. 
Did we11 go dry? ___ tJU_-___ _ 

D. PHYSICAL APPEARANCE DURING SAMPLING: 

E. 

F. 

G. 

H. 

Color ,.. ... , .... 1\)k'f- Wow.v Odor_:..;;.()~,,...;..;.~··---- Turbidity _1...:._1 .;..~,_.:.... __ _ 

Was an oil film or layer apparent? ______ 'r-_r_· '--~-----

CONDUCTIVITY---------

pH --------------------------
TEMPERATURE ---------

WELL SAMPLING NOTES: 1 1 
j II 

P,-viJ~,.H ..... T II 'f I "I 
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B. 

c. 

0. 

GROUND WATER SAMPLING FIELD LOG 

Well elevation: 
(top of casing) ___ ft. 

Well depth: c ~ 
(below top of casing) .~ 1o ft. 
Depth to water table: ~ 
(be1ow top of casing) /1.::,.'7 j ft. 

Water table elevation: ___ ft. 

ft. Length of water cc1UI1U"' (LWC) . .l!. &B: 
Vo 1 ume of water in we11: ~ /<·='· 7 ~'""/.) 

2" diameter wens • 0.163 x (LWC) • 3. -s-::r ga11ons ;.., ?c Pr'~) 
4'.' diameter wells • 0.653 X {LWC) • ----- ga11ons 
6" diameter wells • 1.469 X {LWC) • ga11ons 

PHYSICAL APPEARANCE AT START: 

Co1cr _ ___.G.........,.o.t""'<J~w:.:..:w::.---- Odor_. _....~fle-:;::;..?tiL~.;;..u __ Turbidity rf1(;d+ 
Was an oil film or layer apparent? ---..:..~-,.;..._---------
PREPARATION OF WELL FOR SAMPLING: 

Amount of water removed before sampling 

Did well go dry?-~~::....-----­

PHYSICAL APPEARANCE DURING SAMPLING: 

Co 1 or ~~~ Odor H..JR p 

ti:.;; If gallons. 

Turbidity ~~~ 

Was an oil film or layer apparent? ------1.~---------

E. CONDUCTIVITY---------
f-bwuc \ f{p. o/ 

F. pH------------- w C-'\..~12- !(, q) 

G. TEMPERATURE --------­

H. WELL SAMPLING NOTES: 

I Jevc-t.o p ~~J 
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GROUND WATER SAMPLING FIELD LOG 

. l~·S· ~At)~'YL,... :.::..~ID cJ- R~(!.ue.\* e..::.r+-1~ -
Sample Locat1on PC\;""·''"; 2.u,; Wen No. UG-t,.J-/J 
Sampled ffy t,:; £-&L Date 3/~)rz I Time I 73 G 

Weather Su~ I cps h-, Sampled with Bai1er 1/Pump 
._. --

A. 

B. 

c. 

D. 

WATER TABLE: 
We11 elevation: 
{top of casing) ft. ---

Water tab1e elevation: ft --- . 

We 11 depth: 
(below top of casing) t/.f?-- ft. 

Depth to water table: t/. '1::1 
(below top of casing) _j_'l_ a ft. 

,-, ' 
Length of water column (LWC) t• I., ft. 

Volume of water in well: r1 ~ f 7 ~ 
2" diameter wens • 0.163 X (LWC) • r). L/ gallons 
4•.• diameter wells • 0.653 X (LWC) • -----gallons 
6" diameter wells • 1.469 X {LWC) • gallons 

PHYSICAL APPEARANCE AT START: 
Color _....,r. ..... ~_::t:::"_v_'....:G-::...t?_.A_J __ Odor -........i..\-.:;...;;::...-___ Turbidity _JVL:_~_. _) __ _ 

Wa.s an oil film or layer apparent?-~·;..;;;·._::...)-----------

PREPARATION OF WELL FOR SAMPLING: 
Amount of water removed before sampling __ ....... ...;;:\... __ ::....-L __ ;,.__ __ ga11ons. 

Did we 11 go dry? r-...\ 0 

PHYSICAL APPEARANCE DURING SAMPLING: 
,) I I I Odor __ ,_(...;....::::: ____ Turbid1 ty _; .... _tu_~ 1_· __ _ 

Was an oil film or layer apparent? ______ --:...,,.__<::.._· -------

E. CONDUCTIVITY ---------

F. pH-------------
G. TEMPERATURE---------

H. WELL SAMPLING NOTES: 
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APPENDIX D 

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 

PROJECT: 

ANALYSIS REPORT 

SUBMITTED TO 

O'BRIEN & GERE ENGINEERS INC 

ATTN- MR. TIMOTHY M. EDDY 

5000 BRITTONFIELD PARKWAY 

SYRACUSE, NJ 13221 

Soil and water analysis 

Tow Way Fuel Facility 

U.S. 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 
Syracuse, NJ 13221 

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

Introduc:tjon 

Soil samples were received from T. Eddy by J.R. Ramirez on March 
1, 1991. The transfer was performed at Roosevelt Roads. Samples 
were en~ered 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, 1991. These were received from T. Eddy by J.R. 
Ramirez at the San Juan airport. A second group was received on 
April 5, 1991 a~ the Travel Lodge Hotel. These were identified 
by numbers 41,644 to 41,647 . 

Sampling logs and Chain of Custody records are attached . 

At the laboratory samples were kept under refrigeration until 
analysis . 

ANALYTICAL BESULTS(METHODQLQGY 

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 ~he sampler 
and not by the laboratory numbering sequence . 

Wa~er samples were analyzed for Benzene, Toluene, Ethylbenzene 
and Xylenes (BTEX) by EPA Method 503.1. The analysis was 
performed by Purge and Trap on a Tracor LSC-2 sample concentra~or 
followed by gas chroma~ography with a photoionization de~ec~or 
iTracor 540 model ). The column used was a 0.085" ID SS wi~h 
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~·age 2 
O'BRIEN & GERE 

SP-1200 and 1.75% Bentone 34 packing set isothermally at 90°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 vials in sets of two. Each vial was analyzed 
independently. Two vials were found broken on removal form the 
foam-holder: these corresponded to samples 41,624 and 41,625. 
Asteriks in the report reflect this matter. 

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

Soil samples were analyzed for total recoverable petroleum 
hydrocarbons by EPA Method 418.1. The method consists of 
~xtraction with Freon followed by IR determination at 2930cm-~. 
The exceptional concentration exhibited by some samples forced 
the use of smaller aliquots thus lowering the detection limit to 
1. Omg/Kg. Results, however are definite. 

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

Leachate metal analysis following SW-846 protocols presented no 
particular difficulties. Results are reported in mg/L so as to 
compare with SW-846 limits. 

TOX analysis were performed according 
Detection limit obtained was 50mg/Kg. 

ss than 50mg/Kg. 

QUALITY CONTROL 

Gas chromatography of water samp s 
t.Hanks and standards. Linearity 
established before and after analysis 
were intermingled with samples. 

to Method 9020 in SW-846. 
All samples resulted in 

was monitored by periodic 
and reproducibility were 

of each set. Sample blanks 

;;imilary linearity and reproducibility were established for 
me~hod 418.1 for hydrocarbons. A calibration curve was 
~onstruc~eci for each day at analysis using benzene, isoctane and 
:· . .:::·:aciecane as the protocol dictat-es. Sample weight:s were lowed 
-. 6llow result:s to fall witnln ~he calibration curve. Each 
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f·age :,:; 
o·BRIEN & GERE 

ex~ract was measured three times and the average absorbance used 
for the determ1nation. 

Metal analysis and TOX were subjected to normal quality 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 PROJECT 

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

PARAMEtER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
To 'tal Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41.447 
Soil, B-1, 4' to 6' 
March 1, 1991 
Feb. 25, 1991 , 11:21 AM 
O'Brien & Gere 
Soil grab 

UNITS REStJI.T 

mg/L < 0.01 
mg/L 1.1 
mg/1 0.066 
mg;L < 0.001 
mg/1 0.001 
mg/L 0.083 
mg/L < 0.01 
mg;L 0.035 
ms/Kg < 50 
mg/Kg 2 ,_087 
Deg F. > 140 
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0 ~BRIEN & GERE/NAVAL BASE PROJECT 

SAMPlli ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITTED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

PARAMEtER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic no.J.ogen 
Fe;:;roleum Hydl.'ocar bm'ls 
Flashpoim;:; 

41.448 
Soil, B-1, 6' to s· 
March 1, 1991 
Feb. 25, l991 • 11:35 AM 
O'Brien & Gere 
Soil grab 

UNITS RESULT 

mg/L < 0.01 
mg/L 0.7 
mg/L 0.035 
mg/L < 0.001 
mg/L 0.001 
mg;L O.OGC 
mg/L < ..... .-."' \,..) .. v .l 
mg/L 0.033 
mg/Kg < 50 
mg/Kg 270 
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: 

EARAMETER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
To-cal Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41.449 
Soil. B-1. a· to 15· 
March 1, 1991 
Feb. 25. 1991 , 2:09 PM 
o·Brien & Gere 
Soil, composite 

UNITS RESULT 

mg/L < 0.01 
mg/L < 0.5 
mg/L 0.240 
mg/L < 0.001 
mg/L < 0.001 
mg/L 0.073 
mg/L < 0.01 
mg/L 0.030 
mg/Kg < 50 
mg/Kg 530 
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 

41.450. 
Soil, B-2, 2. 
March 1, 1991 
Feb. 26, 1991 • 
O'Brien & Gere 
Soil grab 

UNITS 

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

to 4' 

2:39 PM 

RESULT 

< 0.01 
6.4 
1.700 
0.062 
0.001 
0.166 

< 0.01 
0.063 

< 50 
464 

> 140 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITTED: 
DATE SAMPLEJ.): 
SAMPLER: 

· SAMPLE TYPE: 

PARAMEl:EB 

Arsenic 
Barium 
Cadmium 
•::hromium 
Mercury 
L.sad 
Selenium 
Silver 
To-cal Organic Halogen 
Fe-r1~o1eum Hydrocarbons 
Flashpoint: 

41,451 
Soil, B-2. 4· to s· 
March 1. 1991 
Feb. 26, 1991 , 2:48 PM 
o·Brien & Gere 
Soil grab 

UNITS RESULT 

mg/L < 0.01 
mg/L 7.3 
mg/L 0.052 
mg/L 0.064 
mg/L ·0.001 
mg/L 0.163 
mg/L < 0.01 
mg;L 0.056 
mg/Kg < 50 
mg/Kg 4,...,,..., 

.::..,;;;. 

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: 

FARAMEIER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Setenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,452 
Soil, B-2, 6~ to 10' 
March 1, 1991 
Feb. 26, 1991 , 3:45 PM 
O'Brien & Gere 
Soil, composite 

UNITS 

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

RESIJLI 

< 0.01 
< 0.5 

0.086 
< 0.001 

0.001 
0.055 

< 0.01 
0.024 

< 50 
1,816 

> 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 
Ch:t'omium 
Mercury 
Lead 
Selenium 
Silver 
To "Cal Organic Halogen 
Pe-croleum Hydrocarbons 
Flashpoint. 

41,453 
Soil, B-2, s· to 10· 
March 1, 1991 
Feb. 26, 1991 , 3:45 PM 
O'Brien & Gere 
Soil (Matrix Spike) 

UNITS RESULT 

mg/L < 0.01 
meVL < 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 < 50 
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: 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,454 
Soil, B-2, s· to 10' 
March 1, 1991 
Feb. 26, 1991 , 3:45 PM 
O'Brien & Gere 
Soil (Matrix Spike Duplicate) 

QNITS 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/L 
mg/Kg 
mg/Kg 
Deg F. 

RESULT 

< 0.01 
< 0.5 

0.072 
< 0.001 

0.001 
0.074 

< 0.01 
0.024 

< 50 
3,560 

> 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 

4L455 
Soil, B-3. 4" to s· 
March 1. 1991 
Feb. 26. 1991 , 3:55 PM 
O'Brien & Gere 
Soil, grab 

UNITS 

mg/L 
mg/L 
mg/L 
mg/1 
mg/L 
mg/L 
mg/L 
mg;L 
mg;Kg 
mg/Kg 
Deg F. 

BESULT 

< 0.01 
10.0 
0.073 
0.074 
0.001 
0.211 

< 0.01 
0.088 

< 50 
22.850 

> 146 
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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 
Soil, B-3, 10' to 12' 
March 1, 1991 
Feb. 26, 1991 • 5:20 PM 
O'Brien & Gere 
Soil, grab 

UNITS 

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

RESULT 

< 0.01 
8.6 
0.337 
0.018 

< 0.001 
0.098 

< 0.01 
0.049 

< 50 
22,600 

> 140 
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O~BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMI'ITED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41.457 
Soil. B-3. 12' to 16' 
March 1. 1991 
Feb. 27, 1991 • 10:40 PM 
O'Brien & Gere 
Soil, grab 

UNITS 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg;L 
mg/Kg 
mg/K_g 
Deg F. 

REsuLT 

< 0.01 
0.8 
0.027 

< o.ooi 
0.001 
0.055 

< 0.01 
0.027 

< 50 
2,900 

> 140 
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O~BRIEN & GERE/NAVAL BASE PROJECT 

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

PARAMFI:ER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,458 
Soil, B-4, 6. to 8' 
March 1, 1991 
Feb. 27, 1991 , 1:11 PM 
O~Brien & Gere 
Soil, grab 

UNITS 

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

RESULT 

< 0.01 
6.0 
0.087 
0.144 

< 0.001 
1.000 

< 0.01 
0.106 

< 50 
53.9 

> 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 

41,459 
Soil, B-4, 8' to 10· 
March 1, 1991 
Feb. 27, 1991 , 1:20PM 
O~Brien & Gere 
Soil. grab 

UNITS 

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

RESULT 

< 0.01 
7.5 
0.099 
0.133 

< o·. oo1 
0.602 

< 0.01 
0.134 

< 50 
333.8 

> 140 
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0 'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID~ 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITTED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

PARAME'l'ER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,460 
Soil, B-4, 10' to 14' 
March 1. 1991 
Feb. 27, 1991 , 2:01PM 
O'Brien & Gere 
Soil, grab 

UNITS 

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

RESULT 

< 0.01 
1.9 
0.060 
0.059 

< 0.001 
0.191 

< 0.01 
0.062 

< 50 
3,019 

> 140 



r•" .,., ... 

II 
II 

-I 
I 
-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_I 
I 
I 
I 

0 ~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 Org~nic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,461 
Soil, B-5, 2' to 4' 
March 1, 1891 
Feb. 27, 1981 
O~Brien & Gere 
Soil, grab 

UN IIS RESUL'I' 

mg/L ' 0.01 
mg/L 1.0 
mg/L 0.020 
mg/L ' 0.001 
mg/L 0.001 
mg/L 0.062 
mg/1 < 0.01 
mg/L 0.017 
mg/Kg < 50 
mg/Kg 6.2 
Deg F. > 140 



rl·----
}· ,_ 

:I 
;I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 
.I 
I 
I 
I 

•• 
I 

O'BRIEN & GERE/NAVAL BASE PROJECT 

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

Arsenic 
Barium 
Cadmium 
Chromium 
Me1~cury 

Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flaahpoint 

41,462 
Soil, B-5, 4' 
March 1. 1991 
Feb. 27, 1891 
O'Brien & Gere 
Soil. Grab 

UNITS 

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

to 6~ 

RESUI.T 

< 0.01 
< 0.5 

0.022 
< 0.001 

0.001 
0.062 

< 0.01 
0.016 

< 50 
166.6 

> 140 
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0 ~BRIEN & GERE/NAVAL BASE PROJECT 

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

EARAMETER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Ldad 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,463 
Soil, B-5, 6. 
March 1, 1991 
Feb. 27, 1991 
O'Brien & Gere 
Soil, Composite 

UNITS 

mg/L 
mg/L 
mg/L 
mg/L 
mg/1 
mg/L 
mg/L 
mg/L 
mg/Kg 
mg/Kg 
Deg F. 

to 10' 

RESULT 

< 0.01 
< 0.5 

0.046 
< 0.001 
< 0.001 

0.105 
< 0.01 

0.063 
< 50 

7.2 
,. 140 
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0 ~BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMIT.rED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

PARAMETER 

Arseni..::: 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,464 
Soil, B-6, 4' to 6' 
March 1, 1991 
Feb. 28, 1991 
O'Bt"'ien & Gere 
Soil. Grab 

UNITS RESULT 

mg/L < 0.01 
mg/L <: 0.5 
mg/L 0.047 
mg/L 0.001 
mg/L < 0.001 
mg/L 0.109 
mg/L < 0.01 
mg/L 0.017 
mg/Kg < 50 
mg/Kg 54.5 
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: 

EARAMETER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 

Silver 
Total Organic Halogen 

troleum Hydrocarbons 
Flashpoint 

41,465 
SoiL B-6, 6' 
March 1, 1991 
Feb_ 28, 1991 
O'Brien & Gere 
Soil, Grab 

UNIIS 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/Kg 
mg/Kg 
Deg F-

to a· 

RESULT 

< 0.01 
< 0.5 

0.015 
< 0.001 
< 0.001 

0.103 
< 0.01 

0.014 
< 50 
< 1.0 
> 140 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITI'ED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

PARAMETER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,466 
Soil, B-6, 12· to 16' 
March 1, 1991 
Feb. 28, 1991 
O'Brien & Gere 
Soil, Composite 

UN IIS RE5ULI 

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 
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 

41,467 
So i 1 , B-7 , 2 ' 
March 1. 1991 
Feb. 28, 1991 
O'Brien & Gere 
Soil, Grab 

UNITS 

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

to 4· 

RESULT 

< 0.01 
0.5 
0.056 

< 0.001 
0 .. 001 
0.093 

< 0.01 
0.018 

< 50 
3.5 

> 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;468 
Soil, B-7, 4~ to 6' 
March l, 1991 
Feb. 28. 1991 
O~Brien & Gere 
Soil. Grab 

UNI!S 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/1 
mg/Kg 
mg/Kg 
Deg F. 

RESULT 

< 0.01 
0.5 
0.024 
0.010 

< 0.001 
0.123 

< 0.01 
0.013 

< 50 
< 1.0 
> 140 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITI'ED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,469 
Soil, B-7, 6' to 10· 
March 1, 1991 
Feb. 28, 1991 
O'Brien & Gere 
Soil, Composite 

UNITS 

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

RESULT 

< 0.01 
0.5 
0.007 
0.002 

< 0.001 
0.111 

< 0.01 
0.020 

< 50 
1.7 

> 140 
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O'BRIEN & GERK/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 a~ 
March 1, 1991 
Feb. 28, 1991 
O'Brien & Gere 
Soil, Grab 

IlHIIS 

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

RESULT 

< 0.01 
< 0.5 

0.006 
0.233 
0.013 
0.156 

< 0.01 
0.017 

< 50 
20.3 

> 140 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITTED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYJ:>E: 

EARAMETEB 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
To 'tal Organic Halogen 
?e'troleum Hydrocarbons 
Flashpo im::. 

41.471 
Soil, B-8. s- to 10-
March 1, 1991 
February 28. 1991 
o·Rrien & Gere 
SoiL Grab 

UNITS REsuLT 

mg/L < 0.01 
mg/L < 0.5 
mg/L 0.020 
mg;L 0.004 
mg/L 0.008 
mg;L. 0.090 
mg/L < 0.01 
mg;L 0.021 
mg/Kg < 50 
mg;Kg ,J .-, 

~ .. ~ 
De.g F. ;. 14tj 
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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 

41,472 
Soil, B-8, 12' 
March 1, 1991 
Feb. 28, 19~1 
O'Brien & Gere 
Soil, Composite 

UNITS 

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

to 16' 

RESULT 

< 0.01 
< 0.5 

0.011 
0.314 
0.008 
0.094 

< 0.01 
0.020 

< 50 
< 1.0 
> 140 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITI'ED:: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41.473 
Soil, B-9, 4' to 6' 
March 1. 1991 
March 1, 1991 
O'Brien & Gere 
Soil, Grab 

UNITS 

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

RESULT 

< 0.01 
< 0.5 

0.006 
< 0. 001 . 

0.004 
0.230 

< 0.01 
0.014 

< 50 
10.2 

> 140 
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0 ~BRIEN & GERE/NAVAL BASE PROJECT 

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

PARAMETER 

Arsenic 
Barium 
Cadmium 
Chromiurn

1 

Mercury · 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41.474 
Soil, B-9, 10' 
March 1, 1991 
March 1, 1991 
O'Brien & Gere 
Soil, Grab 

UHITS 

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

to 12' 

RESULT 

< 0.01 
< 0.5 

0.006 
< 0.001 

0.004 
0.240 

< 0.01 
0.017 

< 50 
1.6 

> 140 
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O~BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID:· 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITTED: 
DATE SAMPLED: . 
SAMPLER: 
SAMPLE TYPE: 

PABAME.'TER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
To~al Organic Halogen 
Pe~roleum Hydrocarbons 
Flashpoint 

41,475 
Soil. B-9, 12' 
March 1, 1991 
March 1, 1991 
O'Brien & Gere 
Soil, composite 

IIHITS 

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

to 16. 

RESULT 

< 0.01 
< 0.5 

0.012 
0.024 
0.002 
0.165 

< 0.01 
0.016 

< 50 
< 1.0 
> 140 
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O~BRIEN &:: GERE/NAVAL BASK PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION; 
DATE SAMPLE SUBMITTED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,476 
Soil, B-10, 
March 1. 1991 
March 1, 1991 
O'Brien & Gere 
Soil, Grab 

UNITS 

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

4 · to 6 · 

RESULT 

< 0.01 
< 0.5 

0.011 
< 0.001 

0.002 
0.239 

< 0.01 
0.013 

< 50 
10.2 

> 140 
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0 ~BRIEN & GERE/NAV AL 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 
Soil, B-10, 
March 1. 1991 
March 1. 1991 
O~Brien & Gere 
Soil, Grab 

UNITS 

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

s· to s· 

RESULT 

< 0.01 
< 0.5 

0.005 
< 0.001 

0.006 
0.133 

< 0.01 
0.024 

< 50 
< 1.0 
> 140 
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O"'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMI'l'TED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

PARAME'I.ER 

Arsenic 
Barium 
Cadmium 
Chromium 
Mercury 
Lead 
Selenium 
Silver 
Total Organic Halogen 
Petroleum Hydrocarbons 
Flashpoint 

41,478 
Soil, B-10, 10· to 10· 
March 1. 1991 
March 1, 1991 
O'Brien & Gere 
Soil, Composite 

UNITS RESULT 

mg/L < 0.01 
mg/L < 0.5 
mg/L 0.001 
mg/L < 0.001 
mg/L 0.006 
mg/L 0.149 
mg/L < 0.01 
mg/L 0.021 
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: 

fABAMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

Benzene, dup 
Toluene, dup 
Ethyl benzene, dup 
Xylenes, dup 

41,625 
UGW-1 
March 29, 1991 
March , 1991, 13:00 
O~Brien & Gere 

UNITS RESULT 

ppb 13,517.8 
ppb 34,382.9· 
ppb 95,702.4 
ppb 139,546.8 

ug/L 3,580 

ppb * ppb * ppb * ppb * 
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O~BRIEN & GERE/NAVAL BASE PROJECT 

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

EARAME'.X:ER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41.614 
UGW-2 
March 29, 1991 
March 26, 1991, 13:00 
O'Brien & Gere 
Well water 

UNITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 142 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

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

PARAME:l$8 

Benzene 
Toluene 
Ethyl benzene 
Xylene a 

Lead 

Benzene. dup 
Toluene, dup 
Ethylbenzen, dup 
Xylene a, dup 

41,615 
UGW-3 
March 29, 1991 
March 26, 1991, 13:00 
O~Brien & Gere 
Well water 

UNITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 122 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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O#BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITI'ED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

PARAMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,621 
UGW-4 
March 29, 1991 
March 26, 1991, 13:00 
O~Brien & Gere 

UNITS RESULT 

ppb 15.8 
ppb 677.7 
ppb 7,164.6 
ppb 10,697.1 

ug/L 80 

ppb 349.8 
ppb 6,068.7 
ppb 7,016.1 
ppb 7,898.4 
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O~BRIEN & GERE/NAVAL BASE PROJECT 

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

PARA.ME'TER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,622 
UGW-5 
March 29, 1991 
March 26, 1991, 13:00 
O~Brien & Gere 

UNITS RESULT 

ppb < 1.0 
ppb 316.9 
ppb 3,285.4 
ppb 4,232.7 

ug/L 107 

ppb < 1.0 
ppb 1,077.3 
ppb 6,677.2 
ppb 1,768.6 
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O~BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMI'I"''ED: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPH: 

PARAMEilm 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,613 
UGW-6 
March 29, 1991 
March 26, 1991 
O'Brien & Gere 
Waste water 

UNITS 

ppb 
ppb 
ppb 
ppb 

ug/L 

ppb 
ppb 
ppb 
ppb 

RESULT 

6003.9 
2095.6 
3719.0 
453.7 

166 

3080.1 
240.0 
1166.3 
129.0 
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0 'BRIEN & GERE/NAVAL BASE PROJECT 

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

PARAMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,612 
UGW-7 
March 29, 1991 
March 26, 1991, 13:00 
O~Brien & Gere 
Well water 

UNITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 93 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

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

PARAMJ!;l'ER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

Ber1zene, dup 
Toluene, dup 
Ethylbenzene, dup 
Xylenes, dup 

41.620 
UGW-8 
March 29. 
March 26, 
O'Brien & 

UNITS 

ppb 
ppb 
ppb 
ppb 

ug/L 

ppb 
ppb 
ppb 
ppb 

1991 
1991, 13:00 
Gere 

RESULT 

< 1.0 
< 1.0 
< 1.0 
< 1.0 

77 

< 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 
Ethyl benzene 
Xylenes 

Lead 

Benzene, dup 
Toluene, dup 
Ethylbenzen. dup 
Xylenes. dup 

41.611 
UGW-9 
March 29. 1991 
March 26. 1991, 13:00 
O'Brien & Gere 
Well water 

UNITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/1 68 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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0, BRIEN & GERE/NAV AL BASE PROJECT 

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

PARAMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41 .. 618 
UGW-10 
t1arch 29. 1991 
March 26. 1991, 13:00 
O'Brien & Gere 

UNITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 74 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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0 'BRIEN & GERE/NAVAL BASE PROJECT 

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

EAB.6Mrr!lm 

Benzene 
Toluene 
Ethyl benzene 
Xylene a 

Lead 

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

41,618 
UGW-11 
March 29, 1991 
March 26, 1991, 13:00 
O'Brien & Gere 
Well water 

(]NITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 94 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

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

PAHAME"TEB 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41.623 
UGW-12 
March , 1991 
March 26, 1991, 13:00 
O~Brien & Gere 

UNITS BEsuLI 

ppb 47.2 
ppb 7.5 
ppb 432.3 
ppb 1,402.9 

ug/L 82 

ppb 11.6 
ppb 4.0 
ppb 524.5 
ppb 1,275.4 
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0 'BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMITTED: 
DATE SAMPLED: 
SAMPLER: 
SAMJ?LE TYPE: 

PARAMh'TEB 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,624 
UGW-13 
March 29, 1991 
March 26, 1991, 13:00 
O'Brien & Gere 

UN IIS RESULT 

ppb 788.3 
ppb 4,712.6 
ppb 23,864.6 
ppb 40,739.2 

ug/L 98 

ppb * ppb * ppb * ppb * 
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OrBRIEN & GERK/NAVAL BASE PROJECT 

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

PARAMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,626 
UG-14 
March 29, 1991 
March 26, 1991, 13:00 
O'Brien & Gere 

UNITS RESULT 

ppb 464.0 
ppb 2,387.1 
ppb 22,803.7 
ppb 23,754.2 

ug/L 89 

ppb 745.7 
ppb 1,987.4 
ppb 18,341.1 
ppb 36,905.3 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

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

PAB,AMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,627 
UGW-15 
March 29, 1991 
March 26, 1991, 13:00 
O~Brien & Gere 

UNITS RESULT 

ppb 1,017.4 
ppb 62.9 
ppb 1,112.1 
ppb 297.7 

ug/L 167 

ppb 3.111.4 
ppb 1.032.8 
ppb 1,509.2 
ppb 1,095.0 
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O'BRIEN & GERE/NAVAL B, URQJECT 

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

EARAMErER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,644 
UGW-16 
April 5, 1991 
April 4. 1991, 11:54 
O~Brien & Gere 
Waste water 

UN IIS RESULI 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 57 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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O'BRIEN & GERE/NAVAL BASE PROJECT 

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

PA"RAMJrl'ER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,645 
UGW-17 
April 5, 1991 
April 4, 1991, 12:20 
O'Brien & Gere 
Waste water 

UNITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 61 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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O#BRIEN & GERE/NAVAL BASE PROJECT 

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

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

Benzene, dup 
Toluene, dup 
Ethyl benzene, dup 
Xylenes, dup 

41,646 
UGW-18 
April 5, 1991 
April 4, 1991, 
0 ~Brien & Gere, 
Waste water 

(]NITS 

ppb 
ppb 
ppb 
ppb 

ug/L 

ppb 
ppb 
ppb 
ppb 

16:00 

RESULT 

< 1.0 
< 1.0 
< 1.0 
< 1.0 

65 

< 1.0 
< 1.0 
< 1.0 
< 1.0 
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0 ~BRIEN & GERE/NAVAL BASE PROJECT 

SAMPLE ID: 
FIELD DESCRIPTION: 
DATE SAMPLE SUBMIT!'KD: 
DATE SAMPLED: 
SAMPLER: 
SAMPLE TYPE: 

PARAMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,616 
Duplicate 
March 29, 1991 
March 26, 1991, 13:00 
O'Brien & Gere 
Well water 

UNITS RESULT 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 

ug/L 125 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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0 'BRIEN & GERK/NAVAL BASE PROJECT 

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

PARAMETER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

Benzene, dup 
Toluene, dup 
Ethylbenzene, dup 
Xylenea, dup 

41,617 
Field Blank 
March 29, 1991 
March 26, 1991, 13:00 
O'Brien & Gere 
Well water 

UNITS RESULT 

ppb < 1.0 
ppb < LO 
ppb < 1.0 
ppb < 1.0 

ug/L 76 

ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
ppb < 1.0 
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O~BRIEN &: GERE/NAVAL BASE PROJECT 

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

EARAME:I:ER 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,628 
Trip Blank 
March 29, 1991 
March 26, 1991, 
O~Brien & Gere 

UNITS 

ppb 
ppb 
ppb 
ppb 

ug/L 

ppb 
ppb 
ppb 
ppb 

13:00 

RESULT 

< 1.0 
< 1.0 
< 1.0 
< 1.0 

N/A 

< 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: 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 

Lead 

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

41,647 
Trip Blank 
April 5, 1991 
April 1, 1991 
O'Brien & Gere 
Waste water 

UNITS 

ppb 
ppb 
ppb 
ppb 

ug/L 

ppb 
ppb 
ppb 
ppb 

RESULT 

< 1.0 
< 1.0 
< 1.0 
< 1.0 

N/A 

< 1. 0 
< 1.0 
< 1.0 
< 1.0 



I 
I 

I 
I 
I 
I 

•• 
I 
:I 
I 
·I 

• 
I 
I 
I 
I 
I 
I 

•• ·, .. 
'· :j ., 

.. .. .. 

.. 

.. 

,. 

QUANTUM LABORATORIES, INC. 
ANALYTICAL SERVICES 
G.P.O. BOX 361629 • SAN JUAN, PUERTO RICO 00936-1629 
(809) 793-7288 

May 17, 1991 

C E R T I F I C A T I 0 N 

The analysis reported herein have been performed following 
approved methods found in "Standard Methods for the Examination 
of Water and Wastewater " (APHA) and/or in "Methods for Chemical 
Analysis of Water and Wastes" (EPA) . 

Instruments, 
standardized 
methods . 

solutions and regeants have been prepared, 
and/or calibrated according to the applicable 

All tests have been performed by or under the supervision of 
licensed chemist . 

~s<:.~:-~ .. ; ~"."r-~: ......... 
~~·" ' .""' .... . . 

· ... ·<~: .~·' 

~ · ... ~. ·-. 
~ ~..., '. -· . 

""<...,.- _.A 186300 
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Office: ~ .• \(;,.; 0 N v 7 "' I Address_:..,.;;;;;p,.-.~--l'li? .... -"-..>-i.;;;J1-._ttD-~...:$~tt'". .;;.I_rc;...t_
5
_:;--, -,- CHAIN OF CUSTODY 

Phone: ~~; - Li ~ 7,. C..•vC) pv""" ·~ ~ ·::::;-

~~~~~~~--~~~~~~-=~--~ 
COll.ECIED BY: J ; Mot\·t 

(Signature) ~--~-~-

SAMPLE DESClUPTION Date TUDe 

1imc 

R&:l:aved by:----------
ot: 

l.llnqu.UC:C by:--------- Date Time ~by;----------- Date 1ime 

of: 

Date Tuttc ~crNamc:: _______ ,;_ __ 
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O'BRIEN 6 GERE 
t:NGiNE:::r-tS. INC. 

.. Office: ~) ! ... ~ .. ·).( ...._~s ...::-

~ddress: __ ·..,::·::.....,·. '...:..) •.. ...;S~·. :::.-.·:.:.rrz~··;:.;;·..J;..r::::-;;;...o.o,! 6.,.::-.. ;).-;._·A, "- ::' 

CLIENT: (.) S 1J A-0 y 
LOCATION: P.x:.:.i'"'-'1 t (.L,; i)S 

CHAIN OF CUSTODY 

COL.LECIED BY: -;-:-:~ .. +~ r VV\ -------(Signature) v· 

SAMPU: DESCIUmON Date T~me 

l Matrix = water. wastewater, air, slud.rzc, sediment. etc. 
l Type .., CDml)Osite -

tltllll!Wibr:G by.--------
of: 

:Iinq1wmr:G by.--------- Date T'~mc Rca:iYI:d by: ------------------ Date 1imc 

. this spa= if sb:ipped ~ r:aum:r (e.g.,. Fl:d. &} 
tr~br. ______ _ 



CJ'BRIEN 6 GERE 
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office: sTt'.•::>revs.:' P c.1 G:.v· L1{7s 

~ddress: ")boo Be\'"'iT!:).,J~GLil e~.Jl-1 i],l~ ( 

Phone: ~~>- •-(<'":;- ~IOD v ,':1LJf=:t 

CHAIN OF CUSTODY 

I 
(J s 

LOCATION: 

SAMPL.£ DESCRimON Date Tame 

COllECtED BY: J.r>-"- d-~~r 
(Signa.wre) c::t=:;. , . 

1 Matrix = water, wastewater, air, sludszc, scdimcm. etc. 
= grab. -

'lime 

Date Tur1e 

of: 

liaqu:llhecl by.--------- Date T"l.llle Rec:M::cl. by': 

------------------- Date 'lime 

of: 
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&ORATORIES, INC. 

SURVEY: 

ILA 
I 
I 
I 
I 
I 
,I 

1-;-(·S-IJ~uY. 
~·Jelt l!.:.tr.)) lrru M_. "'Tifii (.) iAJ 

il 
;I 

LOCATION: 

STATION 
NUMBER 

I 

I 

9-..=L"7D RIC...O 

SAMPLE LOCATION 

'· )(-1,0·-q 

t1 c_!""w--::;-

r..; (_,.- lL.: -{p 

u c.-w ... ,::';.._ 

ft("'k;- ~~ 

..r;,.t.l ,~~u~J....,;;t 

f)_ ~1 1 ( .-+: 
ur .... u. \- II 

u _,. w-'u L~ f 

U(rt,...' -¥" 

-I 
il'-

' UG-W -·J../ 
t~(~-- s-

~linQursn.tt1 Jl~: · L 'l , : . .-~/,..;;I 
. - ·' . ·' 

\ ." Re11nauisnea ay: t' ~/ ,. 

:I RelinQuisneo By: 

COMMENTS: !,, 
:.I 
'c 

METHOD OF SHIPMENT: 
. ' I -' ' ,.,. . ;'j~·...-:_.., '--' 

:I 
I ,_ 

I 
L_ .. 

DATE 
COUECTEO 

)lx.i 
/1/ 

JI.A..) I f1 

:y.~91 
:Y,il 

I 'i I 

Y!):1/•i I 
3/.:Jt) .. 
I .,, 

yl. rj,, 
3}19, 
j/.'* ')1 'il 

V:~/9! 

~*I 
Y93A .,, 
~ATE· ~ J<"!fil 

DATE 

DATE 

~ .. ,._. -·~-': I ; ' •·t; _ .. 

CHAIN OF CUSTODY RECORD 

SAMPLED BY: ~n¥itJ M ~JJ·-t 
,_J /: ~?5"" (f 0.. ' 

ORGANIZATION· .5---l A.{, - :;r ._t,P. J" : i)i v 7 
• I •, ,.-( 

O.PJ:.I ~.) ~ t;.IJ?.r- ~.,J,.._lf-Ct:::ii25J' -L' 
TIME SAMPLE COMP. NO. OF ANALYSIS 

, 

CIJU.ECTED MATRIX OR GRAB CONTAINERS REQUIRED 

r3co '*' t..:: 
G.-.2.'t"'<b 3 

EPt1 Vw'\cti'fOi) so·3, J 13r.~:r-
LEn\) 'r")" :., Pt 

J1?1o ~~ @.I!~ ~ I 
t3'-l=f- IJj a G..I!A& .. -:s I 
i70,y HtO G-et-6 3 I 

I 

, ~u~ lh.u ,..-t: .. 'l/1 ~ I 
I 

H_~'ro ~-
I 

I y_)(l. r..,e,~or" ' 
' 

~-- H,-:;,..L (~Vd~ 
1 
I 

' 
1~(;0 fi_,t.:. ::,..p /"r1 '::> I I 

I 1!. ·?- I!_..(_ t I i;,.(:t, ff'~ ~ ,)7 I 
I 

/4..1:\. ~\~G {~-~ r I 
/Jc:;;;- lJj c ,-,..{' r;f] ~- l 

I 

\],I' /J3f.... ~f,J.c;. r......e.,.4,8 3 
TIME _R~~~· DATE TIME 
·~·-_:r .J/~1/tl t z.v? t • ..:...J 

TIME I""Recetveo By: DATE .TIM!: 

TIME Recetvea by Laocratory: GATE TIME 

.1;-: ·--;;,_ . .... ·::-·.· : ~~~ .. .... ·-
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SURVEY: L].S. UAVY. 
~DS lJ f\\1 .. 1,_ ST~Ttc..J SAMPLED BY: - C6._ ... -~,; ..-. ~i d " 

IZ..:::.cl<;i..c\.;..::.1·1- C/if -=-4~ 
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LOCATION: ? .... •..:r...::rc 
n 
~ .... (..c:> 

STATION SAMPLE LOCATION NUMBER 

ur-w- ~~ 

u~-l-v-11 

(j (r{N-1 
~Dil/6<!.. 
·~~ 

r)[-~-IL/ 

(.'(_, . .(;...:-I) 

1..- I l•)f r tlf..i'v._. k ... 

Rehnaws.'leji--By: -;/..\ // 
. • . j ' I 

. _,· .-· {- ..:.:... ·-'t; .i. c..::k .. /L .. / 
Relinoutsneo By: '-' 

AetrnQu&Sne<l By: 

COMMENTS: 

METHOD OF SHIPMENT: 

- . 
' t;, :_ •'-· 'J'Y l- - .~~) ~- t• 

DATE 
COLLECTED 

;k' tiJo/Ctt 

~:r/ l? I 

4~"t!v 
1 j 

for/cu 
1~4,4 
I ?t 
1/ ;~,.,,. 

't/ 

.OAA 
.),Jfi •it 

DATE 

DATE 

":~ ~ ·~., .. 

( .')• v 7 i. 
(' l.l-'-' F•,.)"* r--T!J"z.r;' £Fi•.X...,...J t:....:.ir:J?..:: :i: 

TIME SAMPLE COMP 10. OF ANALYSIS 
COUEC!'ED MATRIX OR GRAB CONTAINERS REQUIRED 

}{J..t. ~~tD ·- SJn f"lt.'1t~O .,5t.)3. j 
14-f /~ J' ~..,..~z,.th'· 11'\-1 f\.f.~ 

i'-{.)~ H.l.e: 1. ' ~_)'/'-. ' 

1 ~rr..:.u ·- (~f..({l -<. 
~ 

I &-.'iL· '1.1-- 0 Gt..·V\ ~· 
' 

17:{v .LJ~o (;.f.f:lf? 1 
- j!. r C: - , v 

TIME 
R~-nlc-· 

DATE TIME 
Ji'f? !"?/u/fl f£.'J-1 

TIME ReceiVed By: Cl'ATE · TIME 

TIME Recetved by Laboratory: DATE TIME 

...,~ - -- . "[ -J L:(,......; \ .. -... \Zr"'n-T-'C: (_ 
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SURVEY: -lf.: ':.. t-JN..if't.!:: ~'ir:rnc, .. 1 

~ ..:>;:$"'~< e...r\ 't ;;:.{ ••. ;'}) 

LOCATION: ..... ,..._ 
I~CC"i(' LH .. C 

rru~~~ I SAMPLE LOCATION 

.I 

.I 

•• 
!I 
:I 
.I 
.I 
:I .. 

I 
·.I 
:I 
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:I 
·I 
;I 
L~ 

Ur .... / L1 ·- j b 

t H....t.v -1--:f 

UfrW-IK 

-;-;_-,(\ fll/1k)l (_ 

- DY~/J..-6 ~/Z, ~ .. 
"~""-

Relinqwshed By: 
... 

RelinquiShed By: 

COMMENTS: 

METHOD OF SHIPMENT: 

. 

CHAIN OF CUSTODY RECORD 

SAMPLED BY: ~~ ~ G-f~ 'I 
<-:::.-~"1.«~~ / -;. 

ORGANIZATION: . !)I li I 

D f>JQ !:•vV~£ r:;i .• t.rflw.;(jf_ ~- J: •v'. 

DATE TIME SAMPLE COMP. NO. OF ANALYSIS 
COLlECTED COLLECTED MATRIX OR GRAB CONTAINERS REQUIRED 

~fljc,, f l5L} J{,u ~':f./'1!:. 5 ~~~~~~~A~ 
ilJ/lf/11 I~ ttJ 0 o-t43 3 
l'-~f~.l &1 .14o=; lf~o 6-ttTI 1 , .. ,,j l 

~,,_ - Hj o ·- I \J v 

~··· .il' I. I/TI~E By: ;/,' 1''1 I . 

v~rE ·/,·;~--./ 
DATE 

-; / ' •• ,... . 
OAT TIME Receivea By: DATE TIME 

DATE TIME ReceJVeO by L.aooratory: DATE TIME 
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