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SECTION 1 - INTRODUCTION 

1.01 Puroose and Scope 

O'Brien t Gere Engineers, Inc. (OBG) has been retained to 

provide the hydrogeologic services necessary to investigate the 

subsurface conditions in the vicinity of Tanks STT61through STT66, 

at Tarawa Terrace, Marine Corps Base (MCB), Camp Lejeune, North 

Carolina. 

OBG has completed two field investigations. The preliminary 

field investigation included monitoring well installation, soil 

borings, penetrometer probes (hydropunches), soil and ground water 

sampling and analysis, ground water and free product monitoring, 

and in-situ permeability testing. The site assessment developed 

from this field work recommended additional field investigations to 

better delineate the presence of a contaminant plume and determine 

the most appropriate remedial technology,. A supplemental field 

study has been completed which included the installation of six, 

two inch inside diameter (ID), monitoring wells and a six inch ID 

test well, six penetrometer (hydropunch) probes, ground water and 

soil sampling and analysis, in-situ permeability testing and a pump 

test. This report presents the results of the addendum site study. 

1.02 Site Description 

Tanks STT61 through STT66 are situated within a fenced area 

between a railroad, approximately 75 feet to the south, and Highway 

24, approximately 75 feet to the north. Entrance to the compound 

lies approximately 200 feet west of Tarawa Terrace, MCB Camp 

Lejeune (Figure 1). 
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Within the tank compound is a pump house, six above ground 

storage tanks (STT61 - STT66) and associated piping. An earthen 

berm surrounds the tanks extending beyond the fence to the south 

and west. Each storage tank has a 30,000 gallon capacity. Prior 

to waste oil storage the tanks were used for liquid petroleum. At 

present, all the tanks remain empty with the exception of STT66 

which is still in service. 

Previous soil investigations completed by Dewberry and Davis 

(Jan. 1991) demonstrated Total Petroleum Hydrocarbon (TPH) 

concentrations ranging from below detection limits to 5390 ppm. 

Laboratory results from this investigation are available in Exhibit 

B. 
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SECTION 2 - SITE ASSESSMENT 

2.01 Hvdroaeolosv 

2.01.1 Preliminarv Field Investiaation 

In order to explore the site's geologic conditions and 

identify the presence of a possible petroleum hydrocarbon plume, 

seven shallow monitoring wells, seven deep monitoring wells, four 

soil borings, and ten hydropunches were installed in the vicinity 

of Tanks STT61 - STT66 between 12 December 1991 and 11 January 

1992. 

Under the supervision of an OBG geologist, drilling operations 

were performed by ATEC Associates, Inc., of Raleigh, North 

Carolina, in accordance with the drilling procedures outlined in 

Appendix E. Figure 2 is an illustration of the various drill 

locations. 

Monitoring wells were installed in nested pairs, comprising 

one shallow well and one deep well. Each monitoring well was 

constructed of 2" ID, schedule 40, PVC, with 10 feet of 0.01 slot 

screen. Shallow wells (odd numbered) were installed to a depth 

between 12 and 15 feet below grade. Within 3 feet of each shallow 

well a deep monitoring well (even numbered) was emplaced to a depth 

between 28 to 30 feet below grade. Appendix A contains well 

construction diagrams for each well. Soil borings were terminated 

at the water table which was encountered between 4 and 8 feet below 

grade. Cuttings generated from drilling activities were contained 

in 55 gallon drums and left at the site for future management. 
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Split spoon samples were collected during the drilling of the 

7 deep wells and the 4 soil borings. Split spoon sampling occurred 

continuously from 0 to 6 feet below grade and in 5 foot intervals 

thereafter in accordance with ASTM D-1586. Detailed lithologic 

descriptions of each soil sample were recorded in the field on 

boring logs located in Appendix A. Each soil sample was screened 

for volatile organic compounds using an Hnu. Two sofl samples from 

each deep well and soil boring were selected for laboratory 

analysis as discussed in section 2.02.3. 

Each well's horizontal location and top of casing elevation 

was established to 0.01 ft. accuracy by a survey conducted by 

Robert H. Davis, RLS (Exhibit A). 

Addendum Field Investiaation 

Resultant of the preliminary site assessment, additional field 

activities were warranted to better define subsurface contamination 

identified in the vicinity of MW13 and MW14. In December 1992, 

addendum field activities were completed which included the 

installation of 6 monitoring wells, a test well, six hydropunches, 

soil and ground water sampling and analysis and the completion of 

an eight hour pump test. 

Drilling operations were completed by ATEC Associates under 

the supervision of an OBG geologist. Procedures for drilling 

activities are located in Appendix E. Figure 2 illustrates the 

location of all drilling activities. 

Three monitoring wells (MW15, MW17 and MW19) were installed at 

a maximum depth of 15 feet and three monitoring wells (MW16, MW18 
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and MW20) were installed at a maximum depth of 30 feet below grade. 

The 6" ID test well was installed at a depth of 20 feet below 

grade. Well construction diagrams of each well are located in 

Appendix A. After installation each well was developed by 

continuous low yield pumping and sampled for volatile organics by 

method 601/602. Ground water analytical results are further 

discussed in Section 2.02.4. Aquifer characteristic testing, in 

the form of in-situ permeability testing and an eight hour pump 

test was conducted on each newly installed monitoring well and the 

test well, respectively. Aquifer characteristics are presented in 

Section 2.01.3. 

Soil samples were collected during the installation of the 

three deep wells and the test well. Detailed lithological 

descriptions of each sample were recorded on bore logs presented as 

Appendix A. Two soil samples from each location were sent to ETS 

Laboratory for analysis of TPH, pH, and flash point. One sample, 

obtained from MW20, was also analyzed for TCLP to facilitate drill 

cutting disposal. Results of laboratory analyses are further 

discussed in Section 2.02.3. 

Penetrometer probes were installed in 15 foot and 30 feet 

depths. Before completing the 30 foot deep hydropunches (H12, H14 

and H16) site conditions necessitated initial augering to 20 feet 

below grade before attempting the hydropunch. An instrument survey 

was conducted by R.H.Davis (RLS) to determine the location and 

elevation of each hydropunch and well. Survey data is located in 

Exhibit A. 
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All fluids and soils generated by field activities were 

containerized and transported to a permitted disposal facility for 

subsequent disposal. 

2.01.2 Geolooic Conditions 

MCB Camp Lejeune is situated in the Atlantic coastal Plain 

Physiographic Province which, in North Carolina, is characterized 

by a broad flat surface that slopes gently to the southeast (USGS, 

1988). The MCB Camp Lejeune area overlies Cretaceous sediments of 

sands, Silts and clays that thicken towards the east and reach a 

thickness of approximately 2500 feet. The investigation at Tarawa 

Terrace, Tanks STT61 - STT66, involved the upper 30 feet of 

sediments. Split spoon samples (Appendix A) revealed a subsurface 

geology characterized by sand, silt and clays in various hues of 

gray (bluish, greenish and pinkish) and light brown. Figures 5 and 

6 present a geologic cross section of the study area along the 

downgradient direction. Split spoon samples from addendum drilling 

activities demonstrated findings consistent with the preliminary 

site investigation. A grain size analysis of soil obtained from 

the unconfined aquifer encountered during the installation of the 

test well (9 - 11 feet below grade) revealed sediments ranging from 

fine-to-medium, sandy-clay to fine-to-medium clayey-sand. Results 

of this grain size analysis, conducted by McCallum Testing 

Laboratories of Chesapeake, Va., by method ASTM D-422 are included 

in Appendix H. An Inclusive Graphic Standard Deviation (Folk) 

calculation determined the aquifer to be extremely poorly sorted. 
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2.01.3 Aauifer Testinq 

In-situ Permeability Testinq ' 

Hydraulic permeability (or conductivity) was estimated for 

each monitoring well with the performance of an in-situ 

permeability (slug) test. The test involves the removal of several 

gallons of water from each well, creating a potential for flow into 

the well from the surrounding aquifer. The rate at which the 

ground water re-enters the well is monitored until the well's 

static water level is approached. Ground water levels during the 

tests were measured with an electronic oil/water interface probe. 

Values of hydraulic conductivity were calculated based on' the 

change in water level versus the change in time using Horselov's 

formula. Appendix D contains the test data and the results are 

summarized on Table 2. Using this method, the geometric mean for 

hydraulic conductivity was estimated to be 24 gpd/ft*. 

Pump Test 

A six inch ID test well (TW) was installed at the site to 

determine the hydraulic characteristics of the aquifer including 

transmissivity, hydraulic conductivity and the pumping well's 

radius of influence. The test well was installed to a depth of 20 

feet below grade with 15 feet of 0.01 slot screen. On December 17 

1992, a pump test was performed with the constant discharge rate 

(Q) of 5.5 gallons per minute (gpm) for a duration of eight hours. 

The pumping rate was maintained by using a submersible pump with 

the pumping rate being calibrated every 30 minutes for the duration 

of the test. Water levels in the pumping well and two nearby well 
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clusters (MW3&MW4 and MW9hMWlO) were measured and recorded at 

various intervals during, and directly following the test. 

Following the pump test, ground water recovery of the test well was 

measured until the aquifer had recovered to within 95% of its 

static level. 

Using a graphical well analysis computer program, data 

collected from the in-field testing was evaluated to determine the 

aquifer's hydraulic parameters by matching the drawdown data to 

Theis type curves. Aquifer coefficients were also calculated using 

a modification of the Theis type curve matching by the Cooper &I 

Jacob (1946) straight line method, by plotting the drawdown of the 

ground water versus elapsed time and the drawdown versus distance 

from the pumping well on semi-logarithmic paper. By using these 

methods the values were determined for transmissivity, storage and 

hydraulic conductivity. Evaluation of data collected from MW9 and 

MWlO determined that the distance from MW9 and MWlO to the pumping 

test well may have been too great for the data to be utilized. 

MWlO did not demonstrate enough drawdown to be considered effective 

in the evaluation of aquifer characteristics, and was not used. 

The following values were determined for transmissivity, storage 

and hydraulic conductivity for the test well (TW), MW3, MW9 

(shallow wells) and MW4 (deep well): 
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Transmissivity Hydraulic Conductivity Storativity 
(gpd/ft) (wdlft2) 

TW-Theis 494 16 0.30 
TW-Cooper/Jacob 449 15 0.06 

MW3-Theis 2845 95 0.08 
MW3-Cooper/Jacob 2850 95 0.06 

MW4-Theis 10332 340 0.005 . 
MW4-Cooper/Jacob 10103 340 0.004 

MW9-Theis 2050 70 0.076 
MW9-Cooper/Jacob 2604 90 0.035 

l 

The hydraulic conductivity determined by the pump test differs 

from that determined by the slug test by approximately one order of 

magnitude. slug test results provide a more localized: 

interpretation of conductivity whereas the 6" ID test well is more 

likely to provide a better estimate for a site-wide hydraulic 

conductivity. 

Values in transmissivity and hydraulic conductivity appear to- 

fluctuate with depth within the aquifer suggesting a heterogeneous 

formation. Differences in conductivity between shallow and deep 

wells are larger than those calculated for vertically equivalent 

depths at greater horizontal distances. This type of layered 

heterogeneity is common in unconsolidated marine deposits. 

For the purpose of estimating the radius of influence, a 

geometric mean of transmissivity values (2000 gpd/ft) was used in 

the following equation: 

YL = Q/2Ti where: 

YL = Radius of influence 

I 
= Hydraulic gradient (0.001 ft/ft) 
= Estimated transmissivity (2000 gpd/ft) 

Q = Pumping rate (7920 gpd) 
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From this equation, the radius of influence, using Theis type 

curves, is calculated to be approximately 2200 feet. Calculations 

utilizing.values from the Cooper & Jacob straight line method 

approximate the radius of influence to be 2000 feet. These two 

values appear to be in agreement with one another. Data generated 

from the pump test can be reviewed in Appendix F. 

2.01.4 Ground Water Flow . 

On December 17 1992, ground water elevations were gauged in 

all of the monitoring wells at the site. Using an electronic 

oil/water interface probe, ground water was measured to be between 

4 and 8 feet below the top of the well casing. After installation, 

each well was surveyed to establish top of casing elevations 

relative to 100.00 feet. From these elevations, the ground water 

elevation in each well can be determined. Using the elevational 

data summarized on Table 1, ground water contour maps were derived. 

Figure 3 depicts the ground water flow across the study area as 

monitored by the shallow wells. Figure 4 illustrates the ground 

water flow monitored by the deep wells. Ground water appears to be 

flowing in an overall southerly direction. Variances in ground 

water elevations north of the railroad tracks suggest a possible 

re-charge boundary in the shallow ground water system, created by 

the railroad tracks and compacted path around the tank area. 

Differences in coarseness and compaction of shallow subsurface 

materials can produce a re-charge effect, especially during times 

of increased precipitation. The deeper monitoring wells do not 

appear to be affected by such shallow factors. With an estimated 
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hydraulic gradient of 0.001 ft/ft and an effective porosity of 

0.40, the flow velocity of the ground water can be approximated at 

0.008 ft/day or 3 ft/yr. 

2.02 Environmental Assessment 

2.02.1 Free Product Characterization 

With an electronic oil/water interface probe each well was 

monitored for the possible presence of free product on at least two 

occasions. Free product was not detected in any of the wells 

during preliminary or addendum field events. 

2.b2.2 Air Characterization 

During all field operations ambient air and sample head space 

was monitored for volatile organics using an Hnu or PID 

(photoionization detector). At no time did the workers' breathing 

zone or the ambient air quality exceed 1 ppm. As each soil and 

liquid sample, was collected the Hnu/PID was used to detect 

volatile emissions. Only one soil sample (MW12) demonstrated 

volatile organic levels above 5 ppm (a reading of 9 ppm was 

recorded). Hnu/PID values for'soil samples were recorded on the 

bore logs included in Appendix A. All the liquid samples 

registered below 5 ppm on the Hnu/PID. 
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2.02.3 Soil Characterization 

Preliminary Field Investiqation 

Two soil samples from each soil boring and deep monitoring 

well were selected for laboratory analysis. At each location a 

sample from the water table and five feet above the water table was 

sent to Environmental Testing Services, Inc., in Norfolk, Virginia, 

for TPH analysis (California method). Five water table samples 

(MW2, MW4, MW6, MW8, and MW14) were also analyzed for flash point 

(Pensky-Martin closed cup technique) and pH. Three water table 

samples (MW2, MW6, and MW8) and a composite sample (obtained from 

directly beneath the tanks) were selected for Toxicity 

Characteristic Leaching Process (TCLP) analysis (EPA Manual SW-846 

Method 1311). Laboratory results are presented in Appendix C. 

Total Petroleum Hydrocarbons (TPH) for the 22 samples 

collected ranged from below method detection limits to 13.2 mg/kg. 

The geometric mean concentration was 2.31 mg/kg and only one water 

table sample (MW6) was above 10 mg/kg. Flash point testing on five 

soil samples was negative at the maximum temperature tested 

(11OOC). Of the forty TCLP parameters, two constituents were found 

above method detection limits. Barium and Pentachlorophenol were 

present, however neither represented concentrations above 

regulatory levels. 

Addendum Field Investiqation 

TWO soil samples from each deep well and the test well were 

submitted to ETS Laboratory for analysis of TPH by methods 3550 and 

5030, Flash Point by method 1010 and pH by method 9045. Only one 
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soil sample exhibited TPH above laboratory detection limits. Soil 

obtained from O-2 feet below grade from the test well contained 12 

mg/kg TPH by method 3550. Analysis by method 5030 of the same 

interval did not demonstrate TPH values above laboratory detection 

limits. For the purpose of soil disposal, a TCLP analysis was 

conducted on soil collected from lo-12 feet below grade from MW20. 

Barium was the only parameter to be detected above laboratory 

detection limits. The detected concentration of Barium (0.641 

mg/l) was below the regulatory level of 100 mg/l. 

Flash point and pH analyses were conducted on three soil 

samples collected at the water table of each deep monitoring well. 

In each instance, flash point was less than 140OF. Measurements of 

pH ranged from 4.70 to 5.31. Laboratory results are presented in 

Appendix C. 

2.02.4 Ground Water Characterization 

Preliminary Field Investigation 

Between January 7 and 11 1992 ground water samples were 

collected from each monitoring well and hydropunch. Hydropunch 

sampling was accomplished by the methods previously described in 

Section 2.01.1 Ground water samples from each monitoring well were 

obtained by using a stainless steel bailer and following the 

procedures dictated in Appendix G. Prior to sample collection, 

each monitoring well was purged of three times the well's volume. 

Ground water samples were sent to OBG Laboratories in Syracuse, 

N.Y. for analysis by EPA methods 8010, 8020, 8100 and TCLP. EPA 

methods 8010, 8020, and 8100 are derived from, and equivalent to, 
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EPA methods 601, 602 and 610, respectively. They utilize the same 

technique and include the same parameters. Laboratory results are 

available for review in Appendix B. 

Of all the parameters analyzed, only benzene was found to 

exist in concentrations over North Carolina Ground Water Standards. 

Monitoring well MW14 and hydropunches Hl, H3 and H4 contained 

benzene concentrations ranging from 0.007 mg/l (H3 and H4) to'0.023 

mg/l (MWI4), compared to the State standard of 0.001 mg/l. 

Trichlorofluoromethane, and 1,l dichloroethane were present in two 

sample locations (MWlO and Hl), however, there are no regulatory 

standards listed for these analytes. 

At the time of sampling specific conductivity and pH 

measurements were obtained from each of the monitoring wells. 

These measurements are summarized on Table 3. 

Addendum Field Investiaation 

In December 1992, ground water from each newly installed 

monitoring well and hydropunch was collected and sent to OBG 

Laboratory for analysis by method 601/602 for volatile organics. 

Benzene, toluene, ethylbenzene, xylene (BTEX), 

trichlorofluoromethane, l,l-dichloroethane, l,l,l-trichloroethane, 

tetrachloroethene and chloroform was found to exist in the ground 

water in concentrations above laboratory detection limits. Six 

sample locations exhibited benzene in concentrations ranging from 

0.001 mg/l (MW20) to 0.042 mg/l (H13). Monitoring well MW15, H12 

and H13 were the only sample locations to demonstrate toluene, 

ethylbenzene and xylene above laboratory detection limits. MW15 
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contained toluene, ethylbenzene and xylene values of 0.009 mg/l, 

0.010 mg/l and 0.019 mg/l, respectively. H12 demonstrated toluene, 

ethylbenzene, xylene concentrations of 0.10 mg/l, 0.03 mg/l and 

0.17 w/L respectively. Toluene, ethylbenzene, xylene 

concentrations in H13 were 0.008 mg/l, 0.003 mg/l and 0.012, 

respectively. The toluene, ethylbenzene, xylene values were at or 

below*the State Ground Water Standards. MW16 demonstrated a 0.002 

mg/l concentration of chloroform. H12 and H13 were the only sample 

locations to exhibit the presence of trichlorofluoromethane. 

Concentrations were found to be 0.055 mg/l (H12) and 0.001 mg/l 

(H13). H12 was the only sample location to demonstrate l,l- 

dichloroethane (0.002 mg/l), l,l,l-trichloroethane (0.009 mg/l) and 

tetrachloroethene (0.002 mg/l) above laboratory detection limits. 

Ground water laboratory results are located in Appendix B. 

Specific conductivity, measured at the time of sampling, 

ranged between 98 and 135 umhos/cm. Measurements of pH varied 

between 5.27 and 6.75 (standard units). Field measurements are 

included in Table 3. 

2.03 Qualitv Assurance/Quality Control 

Throughout field operations steps were taken to maintain 

quality assurance and quality control (QA/QC). Field instruments 

such as the Hnu/PID, pH meter and specific conductivity meter were 

calibrated on site. The Hnu/PID was calibrated to 100 ppm 

isobutylene. Specific conductivity and pH meters were calibrated 

with standardized solutions. 
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Sampling equipment was decontaminated by using a series of 

rinses involving distilled water, non-phosphate detergent, methanol 

and dilute nitric acid. A rinse blank (field blank) was included 

in the analysis to confirm the decontamination process 

effectiveness. 

Standard laboratory QA/QC procedures were applied in 

accordance with the referenced EPA Methods. In addition, trip 

blanks and duplicate samples were used. 
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SECTION 3 - RISK ASSESSMENT , 
. 

3.01 Introduction 

This section presents an evaluation of the risk to human 

health associated with the former operation of aboveground waste 

oil storage tanks STT61 through STT66, located at Tarawa Terrace, 

MCB Camp Lejeune, North Carolina. This risk assessment 

specifically addresses the risk to human health related to 

identified environmental contamination in the immediate area of the 

tanks, resulting from the past operation of the tanks. The results 

of this risk assessment are used in developing a corrective 

action/remedial action strategy, as presented in Section 4 of this 

report. 

The associated field investigations for this project are 

previously described in Sections 1 and 2 of this report. 

This risk assessment has been prepared for the Naval 

Facilities Engineering Command, Atlantic Division and 

Lejeune. MCB Camp Lejeune will submit this document to 

Carolina Department of Environment, Health and Natural 

(DEHNR). The DEHNR will then make a determination 

MCB Camp 

the North 

Resources 

regarding 

potential corrective action requirements, as discussed in Section 

4 of this report. Criteria discussed and/or used in this risk 

assessment are drawn from DEHNR and parallel U.S. Environmental 

Protection Agency (EPA) regulations and/or guidelines, where 

applicable. This document is consistent with typical goals of 

performing risk assessments related to environmental contamination. 

The primary guidance document applied is the EPA's "Risk Assessment 
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Guidance for Superfund, Volume I: Human Health Evaluation Manual". * 

This manual details methodology for analysis of potential site- 

related acute and chronic health risks to on-site and off-site 

receptors, under both current and future use scenarios. 

3.02 Site-Specific Descriptive Information 

3.02.1 History 

The six, 30,000 gallon, tanks were installed in 1942 for 

liquid petroleum storage. In approximately 1980, the tanks were 

changed over to waste oil storage. Currently, tanks STT61 through 

STT65 are empty; tank STT66 is still in service and contains 

variable amounts of waste oil. 

The tanks are located just south (approximately 75 feet) of 

Highway 24 and north of railroad tracks running parallel to the 

highway. The tank area is enclosed by a locked fence. A berm 

surrounds the tanks, extending past the fence on the south and west 

sides. Within the fenced area is a small building with a boiler 

inside. Insulated piping lines run from the boiler to each of the 

six tanks. 

Deliveries of petroleum were offloaded from rail cars to the 

tanks. Liquid petroleum was subsequently pumped from the tanks to 

waiting delivery trucks which serviced the Base. 

According to Tom Morris, Environmental Management Dept. MCB 

Camp Lejeune, tank STT66,had a pipe freeze and break approximately 

five years ago. Mr. Morris stated that materials spilled during 

this incident were cleaned up. 
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Preliminary site investigations were conducted in November 

1990 by Dewberry and Davis. This investigation included hand 

augering and soil boring sampling in the area of the tanks. Data 

from this investigation indicate some TPH contamination in soils, 

in excess of the North Carolina action level of IO mg/kg. Also, 

benzene, toluene, ethylbenzene, xylene, styrene .and 1,1,1- 

trichloroethane were detected as soil contaminants. 

3.02.2 Site and Surroundinq Area Descriotion 

The tanks are located approximately 200 feet west of Tarawa 

Terrace, MCB Camp Lejeune. The immediate area of the tanks is 

undeveloped, and covered by wooded and brush areas. The ground 

cover within the fence consists of. grassy and coarse vegetative 

covers, with some gravel near the fence line. According to 

Environmental Management Dept. personnel the area is not serviced 

by underground utilities. An out of service fire hydrant was 

observed adjacent to the west side of the fenced-in area. 

Residential family housing is located approximately 1600 feet 

away, toward the north. 

Previous inspection notes, supplied by Mr. Morris, indicated 

that structure cracks were observed in the concrete cradles 

supporting the tanks. 

No surface contamination, nor surface drainage pathways, were 

observed in the tank area. There are no water supply wells 

operating within 1500 feet of the study area. 

A map of the site is presented as Figure 2. 
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3.02.3 Demographics 
. w 

The population at MCB Camp Lejeune includes military personnel 

and their families, as well as civilian employees. The tank area 

itself is unoccupied; it is entered once per week for inspection. 

3.03 Current Site Data 

The site investigations involved the installation, development 

and sampling of ten shallow monitoring wells and ten deep 

monitoring wells, four soil borings (B1 - B4), and sixteen 

hydropunches (Hl - H16). These are described in detail in Section 

2.01 of this report. 

3.03.1 Soil Data 

Two soil samples from each of the four soil borings, and two 

soil samples from each of the deep monitoring wells were selected 

for laboratory analyses for TPH by gas chromatograph/flame 

ionization detector (GC-FID). Deep samples were collected at the 

water table, and shallow samples were collected five feet above the 

water table. Eight deep soil samples (MW2, MW4, MW6, MW8, MW14, 

MW16, MW18 and MW20) were analyzed for flash point and pH. Four 

deep soil samples (MW2, MW6, MW8, MW20) and a composite (from 

underneath the tanks) were selected for full-scan toxicity 

characteristic leaching procedure (TCLP) analyses. 

The pH results ranged from 4.1 to 5.4; flash point tests were 

negative; the TCLP results were below EPA regulatory criteria for 

this procedure. Barium and pentachlorophenol were detected above 

the analytical detection limits. The presence of pentachlorophenol 

I 

w 

w 
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(PCP) in the TCLP leachate from MW6 indicates that PCP is present 

in the site subsurface soils. 

Soil TPH results ranged from non-detectable to 13.2 mg/kg in 

MW4 (9 - 11 feet depth). Two soil samples exceeded 10 mg/kg TPH, 

as follows: 

Sample #J Samole Location TPH (ma/kg) 

MW4 . 9' - 11' 13.2 
MW6 14' - 16' 12.3 
TW 0' - 2' 12.0 

All other soil samples analyzed, including samples from other 

depths at MW4 and MW6, and samples from borings (Bl and B2) which 

lie between MW4 and MW6, were less than 10 mg/kg. 

3.03.1.1 Soil Data Evaluation 

Sixteen of the 30 samples were non-detectable, while detected 

concentrations ranged from 1.16 mg/kg to a maximum of 13.2 mg/kg. 

Three samples yielded TPH results in excess of the North Carolina 

criterion. While.these data do not indicate a l*pocket" area of 

contamination, nor relatively high concentrations of TPH, as a 

conservative approach the presence of TPH in subsurface soils in 

three samples, at concentrations up to 13.2 mg/kg will be addressed 

as a potential source. 

3.03.2 Ground Water Data 

No free product was detected in the twenty ground water 

monitoring wells, nor was free product detected in the sixteen 

hydropunches or test well. 

Ground water samples from each monitoring well and hydropunch 

were analyzed for volatile organic compounds by SW-846 methods 8010 

21 



and 8020. In addition, samples from MWl, MW3 and MW7 were analyzed 

by EPA SW-846 method 8100 (polynuclear aromatic hydrocarbons; 

PAHs). Ground water samples from MW3 were analyzed for full scan 

TCLP compounds. Section 2 of this report provides additional 

details on the analytical scheme. 

TCLP results were less than detection limits; PAH results were 

less than the detection limits. 

The 8010/8020 results were below method detection limits, with 

the exception of the following compounds: 

Detected 
Comoound 
benzene 

Sample 
MWlO 
MW14 
MW18 
MW20 
Hl 
H3 
H4 
H12 
H13 
H14 
H16 

toluene 

ethyl benzene 

Results NC Standard MCL 
0 I s/l) 
0.014 OmOOl 
0.023 
0.007 
0.001 
0.022 
0.007 
0.007 
0.010 
0.042 
0.002 
0.002 

MWlO 0.003 
MW15 0.009 
Hl 0.190 
H4 0.003 
H12 0.100 
H13 0.008 

MWlO 0.004 
MW15 0.010 
Hl 0.017 
H4 0.002 
H12 0.030 
H13 0.003 
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Detected 
Compound 

xylene (total) 

Sample 

'iJIWl0 
MW15 
Hl 
H3 
H4 
H12 
H13 

tri- MwlO 
chlorofluoromethane Hl 

H12 
H13 

l,l-dichloroethane Hl 
H12 

llltrichloroethane H12 

Tetrachloroethene H12 

The NC standards are 

Results NC Standard MCL 
0 (ms/l) 0 

0.017 0.4 10 * 
0.019 
0.062 
0.003 
0.012 
0.170 
0.012 

0.005 
0.001 
0.055 
0.001 

0.002 
0.002 

n/a 

n/a 

n/a 

n/a 

0.009 0.200 

0.002 0.0007 

the water quality standards 
applicable to the ground waters of North Carolina, as 
dictated in Title 15,.Subchapter 2L, Section 0.0200, of 
the North Carolina Administrative Code, dated 12/l/89. 
The standard applies to Class GA waters, which are 
considered to be drinkable in their natural state (i.e., 
potable water supplies). 

MCL's are the Maximum Contaminant Level allowable for 
drinking water, under the National Primary Drinking Water 
Regulations. Those marked with the * indicate proposed 
limits; all others are final and current limits. 

"n/aV1 indicates that North Carolina has not established 
a criterion for this chemical. 

3.03.2.2 Ground Water Data Evaluation 

Benzene was detected at or above North Carolina Standards in 

four wells and seven hydropunches. Benzene was in excess of 

Federal MCL criteria in three wells and five hydropunches. 

Tetrachloroethene was also present in the ground water above N.C. 

Standards. The other organic compounds detected in the ground 

water samples are within regulatory limits, as presented on the 
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above table. .The only exceptions are trichlorofluoromethane and 

l,l-dichloroethane, for which no regulatory limits have been 

established to date. 

As no criteria for trichlorofluoromethane and 1,l 

dichloroethane exists, these compounds, along with benzene, 

tetrachloroethene and toluene will be considered in'assessing the 

potential risk related to the presence of these organic compounds 

in the ground water. 

Ground water flow, based on data collected from the twenty 

monitoring wells, is in a southerly direction; ground water flow 

velocity is calculated to be approximately 3 feet/year. 

3.03.3 Ambient Air Data 

Ambient air quality was monitored during field activities with 

a photoionizing organic vapor detector (PID) with a 10.2 eV lamp. 

PID readings were recorded from the breathing zone of the on-site 

workers and at the ground surface every 15 to 30 minutes. The PID 

readings did not exceed the detection limit of the PID (1 ppm) at 

any time during the ambient air monitoring. 

3.04 Identification of Chemicals and Media of Concern 

Based on the results of the site investigation, as described 

in the previous section, the environmental contaminants to be 

considered in the following exposure scenarios are benzene, 

trichlorofluoromethane and l,l-dichloroethane in the ground water, 

and TPH in the subsurface soils. 
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3.05 Risk Assessment Approach 

3.05.1 Introduction 

This risk assessment addresses the potential for exposure to 

the ground water and TPH-contaminated subsurface soils in the area 

of tanks STT61 - STT66, under current and reasonably anticipated 

future conditions and site uses. Four potential exposure pathways 

are considered in assessing potential risk related to the 

identified contamination: 1) air, 2) surface water, 3) ground 

water, and 4) soil. 

In the analysis of each exposure pathway, three key components 

are considered: 

1. known source; 
2. mechanisms for release and medium/vehicle for transport 

of contaminant(s); 
3. potential receptor populations. 

If an exposure pathway has these three components, it is 

considered as a complete exposure pathway. If an exposure pathway 

lacks one of these necessary components it is concluded that there 

is no potential for exposure via that incomplete pathway, and 

therefore no risk. Each pathway is analyzed separately in the 

following sections. Each analysis includes the following: 

1. a description of the waste source; 
2. mechanisms for release and transport of contamination in 

the environment; 
3. the time frame of potential releases (i.e., continuous or 

episodic); 
4. the existence of potential receptor populations; 
5. potential exposure scenarios; 
6. potential uptake routes (ingestion, inhalation, dermal 

absorption); 

Should all of the above be present, it is determined that the 

exposure pathway is complete. Further quantitative analysis is 
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then made. Exposure point concentrations are estimated, followed 
a: 

by exposure intakes. 

Exposure scenarios may include current and future use L 

conditions, children and adult exposures, and both carcinogenic and 

non-carcinogenic effects of chemicals involved in the exposure, as I' 

applicable. The calculated exposure intake is then compared to 
m 

human-health based reference data. An assessment of the potential 

for adverse health effects is then made. Details of this m 

quantitative analysis process are presented for the exposure 

pathway(s) to which it is applied. 

3.05.2 Air Exposure Pathway 

Three potential mechanisms for release of identified 

contamination to the air are considered in assessing potential 

risks related to the air exposure pathway: 

1) episodic fugitive dust emissions of contaminated soil 
particulates; 

2) continuous emissions of volatile components of soil 
contamination, through the soil, to the ambient air at 
the site; and 

3) continuous emissions of volatile components of soil 
contamination, through soils, into subsurface structures 
at the site. 

3.05.2.1 Potential Exposure to Fuqitive Dust Emissions 

Episodic releases of contaminated fugitive dusts to the 

general atmosphere would result if contaminated surface and/or sub- 

surface soils were exposed to surface scouring action (e.g., wind, 

vehicle traffic, foot traffic, heavy equipment operation). No 

surface contamination was visually observed. The area surrounding 

tanks STT61 through STT66 is covered by vegetation (grass and 
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weeds). Traffic in the area of the tanks is limited to foot 

traffic, which is controlled by the locked gate, and occurs only 

once per week, likely for less than one-half hour per inspection. 

Therefore, there is limited potential for exposure to fugitive dust 

emissions. 

Contamination was detected between 9 - 16 feet below grade. 

Based on the available analytical information, fugitive emissions 

would require scouring actions on subsurface contaminated soils at 

least nine feet below grade. However, there is at least nine feet 

of cover, with vegetative cover preventing erosion, over the 

detected soil contamination, thus eliminating the potential for 

regular site activities (limited foot traffic) to result in 

scouring actions on subsurface contaminated soils. Based on this 

information, the potential.for fugitive dust emissions in the area 

is eliminated under current use conditions. 

Based on information provided by Tom Morris, there are no 

plans to alter the study area; use of the area will not undergo 

substantial change with respect to land use, operations, or 

materials in the foreseeable future. Based on this, there is no 

potential for scouring actions to impact existing contaminated 

subsurface soils under future anticipated conditions. 

3.05.2.2 Potential Exposure to Volatile Emissions in the General 

Atmosnhere 

Volatilization involves evaporation of volatile components 

from contaminated media. Vapors can then migrate up through the 

soils to release at the soil surface under certain conditions. 
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The identified ground water contaminants are benzene, l,l- 

dichloroethane and trichlorofluoromethane. These compounds are 

volatile and soluble in water, as evidenced by the following data: 

Vapor Pressure Solubility in Water 
(mm WI OWl) 

Benzene 95.2 1791 
l,l-dichloroethane 227 5060 
trichlorofluoromethane 803 1080 

As such, these compounds would be expected to be present in 

ground water (based on solubility), and readily volatilized from 

the ground water (based on vapor pressures). However, 

volatilization of trace concentrations of benzene, l,l- 

dichloroethane and/ortrichlorofluoromethane from the ground water, 

through approximately 15 feet of soil, would result in 

insignificant quantities entering the ambient atmosphere. 

Volatilized portions would then be subject to dilution and 

dispersion by the general atmosphere. As such, potential exposure 

to these organic vapors volatilized from site ground water through 

subsurface soils would be insignificant. 

Additionally, volatilization from TPH contaminated subsurface 

soils is possible. Based on the available information on the 

nature of the waste oils (likely from diesel engines), such oils 

may contain trace amounts of volatile organic compounds. Such 

waste oils were formerly contained in tanks STT61 through STT66, 

and are currently contained in STT66. It is assumed that the low 

TPH concentrations detected in the soil samples from MW4 and MW6, 

near the tanks, indicate the presence of waste oils, and therefore 
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may indicate the potential presence of trace amounts of volatile 

organic compounds. However, at least nine feet of soil cover would 

both inhibit and dilute such volatilization, to the extent that the 

release of such vapors into the general atmosphere would be 

insignificant. Soil interactions such as adsorption and 

degradation, as indicated by environmental degradation half-lives, 

as well as dilution and dispersion actions of ambient air movement, 

would result in minimal concentrations of such vapors with respect 

to concern for human exposure. Field monitoring supports this. 

The ambient air monitoring conducted throughout the field 

activities, which temporarily disturbed and exposed subsurface 

soils, indicated that no volatile organic compounds were detected, 

with a detection limit of 1 ppm in the breathing zone of the 

workers. 

Based on the above discussions, no significant vapor emissions 

related to subsurface soil contamination are reasonably expected in 

the area of the tank. Thus, the risk potentially associated with 

volatile emissions from subsurface soils is negligible. 

3.05.2.3 Potential Exposure to Volatile Emissions Released into 

Subsurface Structures 

There are no subsurface structures located at the Tarawa 

Terrace tank site. The shed is a small, above-ground structure, 

apparently constructed and placed on the ground surface. In 

general, there are no subsurface structures at MCB Camp Lejeune, 

due to the high water table. Therefore, most buildings are 

constructed on slab. 
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Thus, no identified receptor populations exist to complete 

this exposure pathway. Based on this, the exposure pathway for 

Volatile constituents of site contaminants that might migrate 

through soils into on-site subsurface structures is incomplete. As 

such, there is no risk of exposure via this mechanism. 

3.05.2.4 Conclusion on Air Exposure Pathway 

There is no significant risk of exposure via the air exposure 

pathway. 

3.05.3 Surface.Water Exposure Pathway 

Two mechanisms for release of identified contamination to 

surface waters are considered in assessing risks related to the 

surface water exposure pathway: 

1) contamination of surface water by contact with surface 
contamination; and 

2) contamination of surface water by ground water discharge. 

There are no identified surface water streams within the study 

area. The nearest surface water is Northeast Creek, located 

approximately 5,000 feet to the south. 

3.05.3.1 Potential Exposure to Contaminated Surface Water in 

Contact with Surface Contamination 

There was no observed surface contamination in the immediate 

area of the tank. As stated above, there are no permanent surface 

water bodies, including streams, within the study area. As there - 

is no observable surface contamination, nor is there surface water 

at the study area to serve as either a source or a transport 

vehicle, this potential exposure pathway is incomplete; therefore, 

there is no risk associated with this pathway. 
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3.05.3.2 Potential Exnosure to Contaminated Surface Water via 

Ground Water Discharge 

Based on information obtained from this investigation, the 

following ground water discharge-to-surface water scenario is 

possible. The ground water flows southerly at a slow rate of 

approximately 3 feet/year; the nearest downgradient surface water 

body t Northeast Creek, is approximately 5,000 feet to the south. 

As such, ground water from the study area would likely flow via 

natural migration pathways and discharge to Northeast Creek over an 

extended period of time. The potential for exposures occurring in 

surface water contaminated by ground water flowing from the site to 

Northeast Creek far in the future (1700 years) is beyond both the 

current and reasonably anticipated future use/conditions scenarios. 

In addition, the trace concentrations of benzene would have 

decreased by natural mechanisms such as degradation and 

volatilization, such that prolonged migration of such a low 

concentration of benzene would lead to negligible concentrations 

over such a distance. 

Therefore, the potential impact of site-related ground water 

on surface water is negligible. 

3.05.3.3 Conclusion on Surface Water Exposure Pathway 

There is no significant human health risk, based on current 

and reasonably anticipated future use scenarios, via the surface 

water pathway. 
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3.05.4 Ground Water Exposure Pathway 1 
TWO mechanisms for release of identified contamination to or 

through ground waters are considered in assessing risks related to 

the ground water exposure pathway: 

1) Direct withdrawal and use/consumption of contaminated 
ground water (contamination, as detected, or 
contamination via leaching from subsurface soils); and 

2) Exposure to ground water during subsurface disturbance. 

3.05.4.1 Potential Exoosure via Contaminated Ground Water 

Use/Consumotion 

There are no identified shallow ground water users within the 

study area. According to Tom Morris, the ground water of the 

shallow aquifer at MCB Camp Lejeune is not used for human 

consumption or other operations/purposes which might lead to 

potential human exposure. Potable ground water use in the area is 

limited to a deeper aquifer (known as the Castle Hayne aquifer) 

approximately 150' below 

users/uses of the shallow 

no receptor population. 

Based on the lack of 

the ground surface. There are no known 

aquifer (15' below grade). Thus there is 

a receptor population, under both current 

and future use consideration, this exposure pathway is incomplete, 

and therefore there is no risk to human health related to 

use/consumption of the ground water at the tank area. 

3.05.4.2 Potential Exposure via Disturbance/Contact with Ground 

Water 

Based on information provided by Tom Morris, there are no 

current or anticipated plans to change the use of the study area; 
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i.e., there are no known or anticipated subsurface disturbance 

activities to take place in the study area. Therefore, there is no 

potential for exposure via contact with ground waters. 

3.05.4.3 Conclusion on Ground Water Pathwav 

There is no potential for exposure, and therefore no 

significant risk related to the ground water exposure pathway. 

3.05.5 Soil Exposure (Direct Contact) Pathwav 

One mechanism for exposure related to identified contamination 

is considered in assessing risks related to 'the soil exposure 

pathway: 

1. Direct contact. 

Subsurface soil contamination was detected at the site at depths 

ranging from 9 - 16 feet, to a maximum concentration of 13.2 mg/kg. 

3.05.5.1 Potential Exposure via Direct Contact with Contaminated 

Subsurface Soils 

There is no current or anticipated disturbance of contaminated 

subsurface soils (see also discussion in Sections 3.05.02.1 and 

3.05.04.3). 

contaminated 

conditions. 

Thus there is no potential for direct contact with 

subsurface soils under current or anticipated future 

In summary, under current and anticipated future conditions, 

there is no potential for exposure related to direct contact with 

the contaminated subsurface soils. 
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3.06 Conclusion 

Based on the above assessment, there is no significant risk 

associated with the TPH-contaminated subsurface soils and ground 

water contamination in the area of tanks STT61 through STT66 at 

Tarawa Terrace, MCB Camp Lejeune, North Carolina. 
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SECTION 4 - REMEDIATION ASSESSMENT 

4.01 Remedial Reauirements 

The Risk Assessment has indicated that there is no risk 

associated with the contamination found in the subsurface at tanks 

STT61 - STT66 at Tarawa Terrace. Laboratory results indicate that 

contamination present at tanks STT61 - STT66 is in a limited area. 

Three locations, MW4, MW6 and TW, exhibited soil TPH concentrations 

above the North Carolina action level of 10 mg/kg (13.2 ppm and 

12.3 ppm, 12.0 ppm, respectively). Based on the Site Sensitivity 

Evaluation (SSE), found in "Groundwater Section Guidelines for the 

Investigation and Remediation of Soils and Groundwatertt, published 

by the North Carolina Department. of Environment, Health and 

Natural Resources, the llMaximum Soils Cleanup Level" for this site 

is 320 ppm of TPH (Exhibit C). There are no soils present at the 

site exhibiting TPH concentrations above 320. ppm, therefore, 

remediation of contaminated soil is not warranted at this time. 

Only one ground water pollutant was discovered to exist above 

regulatory standards. Benzene was present in 11 of the 36 sample 

locations (Hl, H3, H4, H12, H13, H14, H16, MWlO, MW14, MW18 and 

MW20). Concentrations ranged from 0.001 ppm to 0.023 ppm compared 

to the North Carolina Standard of 0.001 ppm. Due to the extremely 

low hydraulic gradient (0.001 ft/ft), producing a very slow flow 

rate (3 ft/yr), it is not expected that ground water will readily 

provide transportation for benzene migration. While no risk has 

been established as a result of the benzene presence in the ground 

water, the contaminant does exist above regulatory standards. 

35 



Therefore, it is possible that remediation of the ground water may 

be necessary. Given the distance from the tanks and the depth of 

the benzene occurrences, the following remedial technologies have 

been considered if corrective action is deemed necessary. 

4.02 Remedial Alternatives for Ground Water 

Aerobic Biodearadation 

This process involves stimulating microflora to decompose 

petroleum hydrocarbons in soils and ground water. This is a 

naturally occurring process which can be accelerated by the 

addition of nutrients, oxygen or specialized microbes. There are 

several factors that dictate the appropriateness of biodegradation. 

These include, but are not limited to the following: availability 

of oxygen and nutrients;type of hydrocarbon present and 

characteristics of the contaminated soils. 

To implement in-situ biodegradation, wells and infiltration 

galleries a-re used to transport oxygen and nutrients to 

contaminated soils and ground water. Due to the distances between 

contaminant occurrence at the site this technology is not 

recommended for remediation. 

Ground Water Extraction and Treatment 

This system requires the installation of a treatment facility 

and a number of recovery wells within the contaminant plume to 

remediate dissolved hydrocarbons in the ground water. The wells 

commonly screen the water table and extend several feet in the 

saturated zone. Ground water that is removed generally contains 

dissolved petroleum hydrocarbons and may require treatment before 
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being either injected back into the ground or discharged. The 

advantages of this system include the removal of contaminants from 

the ground water and the prevention of down gradient migration of 

the contaminants. This option could be considered as a remedial 

technology. 

Ground Water Containment 

Ground water containment is a process by which an area of 

concern is separated from the surrounding environment thereby 

minimizing the potential migration of hydrocarbon compounds. The 

separation may be accomplished by the installation of grout 

curtains, cut-off walls, and/or slurry walls. Recovery wells would 

then be installed to remove contaminants. Due to the distance 

between contaminant occurrence this technology is not recommended 

for this site 

4.03 Recommendations 

Concentrations of benzene, toluene, and tetrachloroethene 

detected in monitoring wells near the tank farm exceed North 

Carolina State Ground Water Standards. Laboratory results 

indicated that of these constituents, benzene is the most 

prevalent. As illustrated on Figure 7, benzene, concentrations 

decrease with distance from the site. Ground water quality, 350 

feet down gradient (MW20), meets North Carolina Standards. It is 

suspected that the natural processes of biodegradation, attenuation 

and dispersion account for the decrease in concentrations. 

Additionally, an identifiable source (e.g. free product or TPH 

laden soils) has not been detected in the ground water system. 
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Based on the fact that the risk assessment has determined that no 

risk has been identified as a result of benzene in the ground 

water, it appears that the most appropriate course of action would 

be to initiate a ground water sampling and monitoring program. A 

ground water monitoring and sampling program is suggested to verify 

the continuing affect of attenuation, dispersion and natural 

degradation of benzene and other parameters within the ground water 

system. A semi -annual frequency for a minimum duration of five 

years is recommended due to low hydraulic gradients and subsequent 

slow ground water flow velocities at the site. 

If the results of this ground water sampling and monitoring 

program indicate that the aforementioned processes are not as 

effective as anticipated, or if site conditions change over the 

course of time, ground water remediation may be warranted. In that 

event, ground water extraction and treatment would appear to be the 

most appropriate technology for this site. 
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Table 1 
Groundwater Elevations 

Tanks STT61-66, Tarawa Terrace, MCB Camp Lejeune 
December 17 1992 

~ Top of Casing 
Elevation 
(relative) 

Groundwater 
Elevation 

Well # Depth to Water 
(in feet) 

MWl 5.75 100.88 

100.81 MW2 6.36 

6.14 MW3 101.09 

100.99 MW4 6.62 

MW5 101.53 6.24 

MW6 101.61 7.06 

6.56 

MW8 7.22 

95.42 5.66 101.08 

100.98 6.62 

6.14 ,101.63 

7.22 

100.18 

4.96 

MW16 99.65 

98.70 

’ 99.74 

'100.36 

3.38 

MW18 

MW20 100.47 6.36 



TABLE 2 

IN-SITU PERMEABILITY SUMMARY 
TANKS STT61 - 66 

Tarawa Terrace, MCB Camp Lejeune, North Carolina 



a /  111 I 

TABLE 3 
SPECIFIC CONDUCTIVITY AND pH MEASUREMENTS 

Tanks STT61 - 66 
Tarawa Terrace, MCB Camp Lejeune, North Carolina 

WELL # 
(STANDARPdiuNITS) 

SPECIFIC CONDUCTIVITY 
(uMHOS/CM) 

Mwl 7.50 200 

Mw2 7.00 700 

Mw3 8.00 200 

Mw4 7.50 100 

Mw5 7.50 100 

MW6 7.50 100 

M.w7 7.50 100 

MW8 8.50 300 

Mw9 7.50 100 

MwlO 7.00 300 
I 

Mwll 6.50 100 

Mw12 7.50 100 

MW13 I * I 100 II 

Mw14 * 400 

Mw15 6.65 135 

MW16 6.75 122 

Mw17 5.27 122 

MW18 6.04 111 

Mw19 5.68 142 

Mw20 6.20 98 

* = not measured 



TABLE 4 
Hydropunch Analytical Results,' in ppb 

Tanks STT61-66 
Tarawa Terrace, MCB Camp Lejeune, N.C. 

COMPOUND Hl H3 H4 H12 H13 H14 H16 

Benzene 22 7 7 10 42 2 2 

1lDichloroethane 2 2 

Ethylbenzene 17 2 

Toluene 190 3 100 8 

Trichlorofluoromethane 1 55 1 

Total Xylene 62 3 12 170 12 

1llTrichloroethane 9 

NOTE: Hydropunch locations not on the table did not exhibit 
compounds above laboratory detection limits. 

Compounds not represented on the table were not present 
in concentrations above laboratory detection limits. 

I 

a 

E 
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TABLE 5 
Monitoring Well Analytical Results, in PPB 

STT61-66 
Tarawa Terrace, MCB Camp Lejeune, N.C. 

COMPOUND MWlO MW14 MW15 

Benzene 23 

Ethylbenzene 4 10 

Toluene 3 9 

Trichlorofluoromethane 5 

Total Xylene 17 19 

Chloroform 2 I I 

NOTE: Monitoring wells not identified on the table did not 
contain compounds above laboratory detection limits 

MW16 1 MW18 1 MW20 

7 1 

A---F 

Compounds not represented on the table were not 
demonstrated in the groundwater above laboratory 
detection limits. 
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TABLE 6 
SOIL ANALYTICAL RESULTS in MG/KG 

STT61-66 
Tarawa Terrace, MCB Camp Lejeune, N.C. 

Sample Sample Depth TPH in mg/kg Barium in mg/l 
Location in feet below grade 

MW2 9-11 9.76 

14-16 9.58 0.933 

MW4 9-11 13.2 

14-16 9.69 

MW6 9-11 6.97 

14-16 12.3 0.822 

MW8 9-11 2.16 

MW14 o-2 2.77 

4-6 1.16 

MW20 10-12 0.641 

TW o-2 12 

4-6 ND 

Bl o-2 1.85 

4-6 ND 

B3 2-4 1.78 

6-8 1.37 

B4 o-2 1.77 

4-6 3.91 

NOTE: Drill locations not on the table did not exhibit 
constituent concentrations above laboratory detection 
limits. 

Analytical parameters not represented on the table were 
not demonstrated above laboratory detection limits. 

m 

‘m 
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Tarawa Terrace 
Marine Corps Base 

Camp LeJeune, North Carolina 

SUMMARY OF RISK ASSESSMENT 

i - 

IS PATI&ViY 
COMPLETE? 

c- , 

RISK? COMME’NTS ExPo??fmllE 
PATHWAY 
- 

AIR fugitive dusts subsurface (9’-16’) 
contamination; soil and 
vegetative covei; minimal 
use 

none 

volatile emissions to 
ambient air 

Yes negligible based on concentration, 
soil interactions, soil & 
vegetative cove& 
dilution/dispersion by 
ambient air 

no none no subsurface structures; 
therefore no receptor 
DOiIltS 

volatile emissions to 
subsurface structures 

SURFACE 
WATER 

contact with surface 
contamination 

no none no surface water; no 
identified surface 
contamination 

due to distance, ground 
water flow rate, 
degradation, dilution, soil 
interactions 

ground water discharge to 
surface water 

Yes negligible 

GROUND 
WATER 

ground water use none no receptor points; 
shallow ground water not 
used/drawn for drinking 
or other purposes. 

exposure during 
subsurface disturbance 

no none no plans for disturbance 

direct contact no contaminated soils are 
subsurface; soil and 
vegetative cover exists; no 
plans for disturbance 

1 
- 
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FIGURE 3 

TARAWA TERRACE 
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FIGURE 4 
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FIGURE 5 

TARAWA TERRACE 
CAMP LEJEUNE, NORTH CAROLINA 

GEOLOGIC CROSS-SECTION A-A’ 
LOCATION - JAN. 1992 4 

I I 

I I 
/ \ u - _ _ _ ~,-~-~-~-x-x-x-x-x-x-x-x?, 

- DIRT ROAD MW 7s - - - 
I ----- 

x 

J, 

L 

11 

1 

zl 

I 

Lx--x-x-x-x-x-x-)‘-x-x-x 
HS H4 
A . 

e 
/ m--_-L BEFdM 

8 83 8 82 
_____---___---------- 

Mw 3&4 A 

0 

HZ 

A MW o&lo H6 H7 
MW 11&12 

0 A 8 

H10 H9 
A A 

LEGEND: 

@ l.i$J$YI$G WELL NEST 

A HYDROPUNCH LOCAJJONS 

8 SOIL BORING LOCATIONS 

MW 13a14 

APPROX. SCALE; 
w40 

,“=40’>02~ 

- ------. - ---- 
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APPENDIX A 

BORE LOGS AND WELL 
CONSTRUCTION DIAGRAMS 

. 
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- RISER PIPE 

MATERIAL: PVC 

SCHEDULE: 00 

INSIDE DIA. 2 

CEMENT/BENTONITE 

-GROUT 

4 --- SENTONITE SEAL 

a------- SAND PAcK 

SLOI-iED SCREEN 

MATERIAL: E 

SCHEDULE: 40 

INSIDE DIA. __~ IN. 2 

SLOT NO.. .01 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

Tarawa Terrace 

MW-1 

12/12/W 



YBrien & Gere 

ingineers, inc. 
Boring Log/Protective Casing Well 

Report of Boring No. MW-2 

Sheet 1 of 1 

Location: 7~61-66 SAMPLER Ground Water Depth 
Client: Navy Type: T  0.0 Split Spoon 

Drilling Type: ~dbw stet~ Hammer: 14oR Fall: w File No. 

Boring Co.: ATH: 
Foreman: Tim Willlams 

OBG Geologist T. 6kxwwf 

Dates: 

Started: 12/13/91 Ended: z/13/91 

MPth 

Sample 

Blows PNl&/ PID 

Sample 

1 Description 

Depth. @ -f-Y value 

0 O-2 7/7/6/i’ 24110 Slack topsoil with sand. Roots. 

Interbedded gray clay witLl course 
gray sands. 

Coarse gray sand with clay 

Greenish-gray. coarse sand with 
Clay, fading to cuarse, gray 
sand with clay, orange., 

Gray, medium sand with streaks of 
greenish-gray. 

Monitoring Well Specifications 

u 

I 

ml 

I 

I 

c 

I 

/ ‘.1-i. I : _ 

1.1 :i -44 8LomD-EN 

/ / /- - .-. 
- ‘.’ - t.ulERUM / 



/ , I  I  , ,,, 111. I 

Topofseal 

Top of Sand 

Top ol 
soreen 

. 
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Borehole 

DEPTH: 

, 15 

15 

. 
. 

. . . 
. . 

. 
. 

’ . 
. 

. 

+ 
/ 
& 
0. . . ’ 

7 
/ 
/. 
/ 

, 

1 

$’ - l ** - 
.’ - . . - 
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MATERIAL PVC 

SCHEWLE: 40 

INSIDE DIA. 2 

l . 

. CEMENTBENTONITE 

. ‘ GROUT 

. 

d- BENTONITE SEAL 

SLOll-ED SCREEN 

SCHEDULE: -40 

INSIDE DIA. -2. IN. 

SLOT NO.: 2 

l :*. :..* .*: . 

0. l m r* 9. :4 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

Tafawa Terrace 

MW-3 

12/l 2/91 

. - ..-. _” -> 



O’Brien & Gere Report of Boring NO. law-4 

Engineers, Inc. 
Boring Log/Protective Casing Well 

Sheet 1 of 1 

Location: I-w-66 SAMPLER Ground Water Depth 
Client: Navv Type: 2’ O.D. Spit S+ 

Drilling Type: HOIIOW Stem Hammer: 140# Fall: 3~ File No. 

Boring Co. : AEC 
Dates: 

Foreman: Tom Swwtlng 

Started: 12/13/91 Ended: 12/13/91 
OBG Geologist T. Bicwstaff 

Sample 
Sample 

Descriotion Monitoring Well Specifications 

29 29-31 241 Running sands. 

Black topsoil. 

Light brown. medium sand. 

Black, tar-like at top, medium 
to fine sand with clay and sitt. Moist 

Intefbedded clay and coame sand 
laminae with silt, gray. Wet. 

Gray, coarse and medium sand. 

Coarse, gray sand. Some silt and 
clay. A few greenish streaks. 

Gray, medium sand. T  laminae of 
greenish-gray sir in middle of spoon. 

! 



DEF’TH: 

Top of seal ’ F 
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Top of 
Screen - 
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sottom of 
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15 

sottom of 
!- 15 
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, . 

INSIDE DIA. 

PVC 
40 

2 

b- EENTONITE SEAL 

l f +-SAND PACK 
. . I 

SLOTTED SCREEN 

SCHEDULE: 40 

INSIDE DIA. 2 IN. 

SLOT NO.: .01 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

Tarawa Terrace 

MW-5 

12/12/91 



O’Brien & Gere 

Engineers, Inc. 
Boring Log/Protective Casing Well 

Report of Boring No. MW-6 

Sheet 1 of 1 

Location: 1-w-66 
Client: Navy 
Drilling Type: HOI~OW ste 

SAMPLER Ground Water Depth 
Type: z? 0.0. Split Spoon 

Hammer: 140x Fall: 3~ File No. 

Boring Co.: ATEC 

Foreman: Tom Sweating 

OBG Geolo&t T. Bi~kecstatf 

Dates: 

Started: Q/13/91 Ended: 12/13/91 

Sample 
Sample 

Description Monitoring Well Specifications 

bpm IF -cry VSllle 

I 
0 o-2 ) 5/?111/12 24/20 Dark brown topsoil, heavy clay content 

I 
I I I I 1 

2 2-4 1 O/6/6/7 24/20 Dark brown, medium sand with 
clay mephatic. 

Moist black clay with sand mephatic. 

Top l/2 black clay. Bottom l/2 wet. 
grwnish-gray. coat-s8 sand with clay. 

Gray, coarsa sand with clay. 
Silt at top of sppan mephatic. 

MEdium and coarse gray sand. 

Running sands 

E 

6 



DEPTH: 

Top of SeaI 

. 
. 

. 
. 

. 
. . 

. 
. 

l . 

. 

. 

. 

v 

g 

l 5 

l * . 
. ’ 

T. / 
T. 5 

% 
. 

. 
, 

l c l * - 
- 

.%r - - 
, l - 

. . 
.‘.* - 

l II 
- 

:: - 

) l .* II 
l . - 

l * - - l *. - 
.’ - 

‘* - Botlom of 
Screen 

Sottomof 
Sorehole 

, 15 

15 

\ 

I- 

/ , 

- RISER PIPE 

MATERIAL: PVC 

SCHEDULE: 40 

INSIDE DIA. 2 

CEMENTiBENTONITE 

~GROUT 

*------- BENTONITE SEAL 

a------- SAND PACK 

SLOlTED SCREEN 

MATERIAL. __ PVC 

SCHEDULE: 40 

INSIDE DIA. __ IN. 2 

SLOT NO : .Ol 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

Tarawa Terrace 

MW-7 

1 I7192 

-.. .-.- --- - .- 



O’Brien 81 Gere 
Boring Log/Protective Casing Well 

Report of Boring No. Mw-8 

Engineers, Inc. Sheet 1 of 1 

Location: ‘TTSl-66 SAMPLER 

Client: Navy Type: 2’ O.D. S@t Stxon 
Ground Water Depth 

Drilling Type: HOIIOW Stem Hammer: 14Odt Fall: w File No. 

Boring Co.: ATEC 

Foreman: Gery QJpel=ld 
Dates: 

OBG Geologist T. mket-swf 
Started: l/8/92 Ended: 118192 

Medium brown sand mottled wtth 
bleck, medium Band. 

Gray, fine sand with clay. Modst 

Saturated, gre8nishgray, medium 
sand with clay. 4’ bed of coarse, gray 
sand toward bottom. 

Fine, gray sand. Scxne silt 
towardtopofspoon. 

Gray, very &orly sorted saney- 
clay to coarse sand. 

Gray, medium sand. 

Gray, medium sand. 

w 

m *_ 

w 

w  

w  

n 
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- RISER PIPE 

MATERIAL: PVC 
SCHEDULE 40 ~~~ __ 

INSIDE DIA. 2 

CEMENT/BENTONITE 

-GROUT 

a- EENTONITE SEAL 

a------- SAND PACK 

SLOTTED SCREEN 

MATERIAL. wwL 

SCHEDULE: &m 

INSIDE DIA. 2 IN. 

SLOT NO.. A!!- 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

Tarawa Terrace 

MW-9 

118/92 



O’Brien & Gere 

Engineers, Inc. 

Location: ~~61-66 
Client: MvV 
Drilling Type: Hdlow sterr 

Boring Log/Protective Casing Well 

SAMPLER 
Type: T  0.0. Split Spoon 

Hammer: 140# Fall: m 

Report of Boring No. WV-10 

Sheet 1 of 1 

Grbund Water Depth 

File No. 

Boring Co.: ATEC 
Foreman: Gary Copeland 

OBG Geologist T. kkew&f 

Dates: 

Started: l/6/92 Ended: l/9/92 

Sample I Sample 
Descriotion Monitoring Well Specifications 

Depth 

O-2 

Perletr/ 

@-w 

24110 

PID 

ValW 

0 Orange-red sand on top of black 
organic, medium sand. 

0 

, I I I T 

24 6/6/9/l 3 24124 0 Medium gray and light brown sand 

4-6 1 2/4/5/4 1 24120 1 0 1 Gray,mediumsandwRhcIay.Wet 

S-11 3/1/2/l 24/l 0 0 Gray clay with coarw to fine sand. 

14-16 2/2/2/2 24/24 4 Poorly sorted, medium gray sand 
with heavies. 

19-21 5/0/6/S 24124 0 Greenish-gray, medium sand. Odor. 

14 

24 

41 Running sands. 



1 
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R’SER P’PE MATERIAL: PVC 

SCHEDULE. 40 

INSIDE DIA. 2 ____ 

l .  

CEMENTiBENTONITE 

. ‘. +--GROUT 

e--------- BENTONITE SEAL 

ti . . SAND PACK 
. 

. . 

..- SLO-ITED SCREEN 

PVC MATERIAL. - 

SCHEDULE: 40 

iNSiDE MA. 2 IN. 

SLOT NO.: .Ol 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

Tarawa Terrace 

MW-11 

1 /B/92 



O’Brien & Gere MW-12 

Engineers, Inc. 
Boring Log/Protective Casing Well 

Report of Boring No. 
Sheet 1 of 1 

Location: 7-nw36 SAMPLER Ground Water Depth 
Client: hvv Type: P O.D. Split Spoon 

Drilling Type: HOIIOW sterr Hammer: 140x Fall: 3~ File No. 

Boring Co.: ATEC 
Dates: 

Foreman: Gary Copeland 

Gray clay grading to bluish-gray. 
coarse sand with clay silt and fines 

Interbedded strata of coaree. gray 
sand with silt and clay, greenish-gray. 

Coarse, gray sand with clay stringers. 
Medium sand and gray clay at Up. 

Coarse grained. greenish-gray sand. 

R 
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- RISER PIPE 

MATERIAL: PVC 

SCHEDULE: 40 

INSIDE DIA. 2 

CEMENTIBENTONITE 

+GROlJT 

*------ BENTONITE SEAL 

a------- SAND PACK 

SLOlTED SCREEN 

MATERIAL. - PVC 

SCHEDULE: 40 

INSIDE DIA. __ IN. 2 

SLOT NO. 01 A 

TYPICAL OVERBURDEN MONITORING WELL 
N.T.S. 

Tarawa Terrace 

MW-13 

1 I9192 
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YBrien & Gere Report of Boring No. MW-14 

Zngineers, Inc. 
Boring Log/Protective Casing Well Sheet 1 of 1 

Location: 17+66 SAMPLER Ground Water Depth 
Client: Navy Type: T  O.D. Split SPCKWI 

Drilling Type: HOIIOW stem Hammer: 140X Fall: 3~ File No. 

Boring Co.: ATEC 
Dates: 

Foreman: Garv -W=‘d 
Started: 1 /g/92 Ended: l/9/92 

Wet Gray.msdium sand with 

Gray. medium to warse sand 
with sik and clay. 

Coarse, greenishgray sand. 4. strata 
ol orangish-brown. medium sand in 

Gray, coarse sand with grsenish- 
gray clay stringers. Odor. 

Gray, warse sand with greenish- 
gray clay stringers. Odor. 

Gray, coarse sand with greenish- 
gray clay stringers. Odor. 



O’Brien & Gere 

Enaineers. Inc. 
Boring Log/Protective Casing Well* 

Report of Boring No. MWIS 
Sheet 1 of 1 

Location: Tarawa Terrace 
Client: Navv 
Drilling Type: HOIIOW stem 

SAMPLER 
Type: Off-flbhb 

Ground Water Depth 

Hammer: Fall: File No. 

Boring Co.: ATEC 

Foreman: Barlford Sweetlng 

OBG Geoloaist T. Bickertwf 

Dates: 

Started: 12/9/s2 Ended: 12/9/92 

Sample 
Sample 

Description 

WPth BIOWS PWletr/ PID 

mm IV -w VeltM 

0 o-3 Off-flights 
I 

Dark brown, sandy day. 

-1 =Iound water encountered. 

Gray, sandy clay. 

Grayish-white. medium sand with silt 
Small amount d clay. 

Grayish-white, medium sand with silt 
Small amounl of clay. 

Sottom of well. 

I I I I 

Monitoring Well Specifications 

I I -_ 
7 
L 



7 
E 

YBrien & Gere 

Ingineers, inc. 

Location: Tarawa Terrace 

Client: Navy 
Drilling Type: Hollow Stem 

Boring Co.: ATEC 

Foreman: Chip Lefever 

Boring Log/Protective Casing Well 

SAMPLER 
Type: T  O.D. Split Spoon 

Hammer: 140# Fail: 30 

Report of Boring No. ~~1s 
Sheet 1 of 1 

Ground Water Depth 

File No. 

Dates: 

Started: I 219/w Ended: 12/g/92 

Medium to fine sands with clay 

Fine to medium sand, buff with Clay. 
Bottom 3’ medium, buff sand, 

Interbedded medium to coar~ sand 
and gray clay. Sand is very moist 
clay is not Tip is wet 

Grayish-white, very fine to medium 
sand. Small amount of clay. 

Grayish-white, very fine to medium 
sand. Small amount of clay. Some 
marse grains and granules. 

Gray and green, fine to coarse sand. 
Some coarse grains and granules. 

in middle of spoon, approx l/Z’ thick. 

No sample. Running sands are too bad 

Bottom of well. 

m. 

w  

w  

w  



O’Brien & Gere 

Engineers, inc. 

Location: Tarawa Termce 

Client: Navy 
Drilling Type: Hollow Stem 

Boring Log/Protective Casing Well 
Report of Boring No. Mw17 

Sheet 1 of 1 . 

SAMPLER 
Type: off-flights 
Hammer: Fall: 

Ground Water Depth 

File No. 

Boring Co.: ATEC 

Foreman: Chip Lefever 

OBG Geologist T. Bickerstaff 

Dates: 

Started: 12/w%? Ended: 12/11/92 

Sample I Sample ’ 
Descrbtion 

Depth 

DaPm 

Blows 

I6 
PeneW 

FkSCOV0l)J 

PID 

V&J8 

0 o-3 Off-flights Topsoil and gray, sandy clay. 

3 3-5 Off-flights Gray, sandy silt and clay. 

5 5-6 0%flights Ground water encountered. 

6 6-10 Off-flights Gray, clayey sand. 

10 10-14 Off-flights Gray, fine to medium sand with small 

m0uti of sin 

14 Off-flights Bottom Of well. 

Monitorinq Well Specifications 

n 



O’Brien & Gere 
Boring Log/Protective Casing Well 

Engineers, inc. 

Location: Tarawa Terrace SAMPLER 

Client: Navy Type: 2’ O.D. Split Sp~~fl 

Drilling Type: Hollow Stem Hammer: 140# Fall: 30 

Boring Co.: ATEC 

Foreman: Sanford Swaeting 

OBG Geologist T. wwstaff 

Report of Boring No. MWVJ 
Sheet ~ 1 of 1 

Ground Water Depth 

File No. 

Dates: 

Started: 12/9/92 Ended: 12/g/92 

Orange and gray, sandy clay. 

Gray, fine sand on top of grayish-white, 
medium sand with silt Tip is wet 

Gray, sandy silt on top of grayish-white 
fine to coarse sand with silt 

Green-gray. fine to coarss sand. 

Grayish-white, fine to medium sand 
with thin l/8’ laminae of green silt 

Swarr:~ 
Medium. gray sand with small amount hl8aECU.L 

SLOT NO.: --D’ 

Bottom of well. 



3’6rien & Gere 
Boring Log/Protective Casing Well 

Report of Boring No. Mwls 

%gineers, Inc. Sheet 1 of 1 

Location: ~~&$~ce SAMPLER 
Client: Navy 

Ground Water Depth 
Type: Oft-flights 

Drilling Type: callow sterr Hammer: Fall: File No. 

Boring Co. : ATEC 

Foreman: Chip Lefever 
Dates: 

OBG Geologist T. eick=&&f Started: Q/15/%2 Ended: 12/l 5192 

Lbrk gray clay with silt. 

Gray clayey, medium sand. 

Light gray, fine to medium sand with 
sckErnu& 
HsaEoU~ 

f3otbm of well. cEuENTmENlcuIE 
-- 



O’Brien & Gere 

Engineers, Inc. 
Boring Log/Protective Casing Well 

Report of Boring No. MWZO 
Sheet 1 of 1 

Location: Tarawa Terrace SAMPLER Ground Water Depth 
Client: Navy Type: 2’ O.D. Split Spmn 

Drilling Type: Hollow Stem Hammer: 140# Fall: 30 File No. 

Boring Co.: ATEC 
Dates: 

Foreman: Chip Lefever 

Started: 12J9/92 Ended: 12J9/92 
OBG Geologist T. Bickerstaff 

Depth 

qample 

MOWS Penetrf 

16’ 
-Very 

PID 

Value 

Sample 
Description 

I O I O-4 1 OfWghts( / 1 Darkgrayclayardsilt 

4 4-6 312/2/3 24112 0 Black silt on top of gray, sandy, 
silty clay. 

)I Grayish-white, silty clay 

lnterbeddsd silt and medium sand, 
whitish-gray. 

Gray, fine to coarse sand, some silt 
wet. 

Dark gray silt on top of whitish-gray 
medium sand with silt and clay. 

3/4/m 24124 Gray, medium sand with clay on top of 
green-gray, medium sand. Tip is gray, 
medium to fine sand. 

Gray, silty sand on top of gray, fine 
to medium sand. 

Top 8’ gray clay with silt Bottom 6’ 
tan to gray, medium sand with silt 
and clay. 

Bottom of well. 

Monitoring Well Specifications 



Drilling Type: Hollow Stem 
TYP*: r’ 0.0. Split Spoon 
Hammer: 140 # 

Qravd on top of 12’ black, aandy wil 
with piecon of wood. 

Top is black, sandy soil. Bottom 2’ 
gray, medium sand with Mt. Wet. 

Interbedded 4’ beds of gray, silty clay 
and gray, silty, clayey, medium to 

Gray, flm to medium sand with silt. 

Gray, fine to medium sand with silt. 
Some coarss grain. 

Bottom of well. 



I  /  , “ I  I  

YBrien & Gere 

Engineers, Inc. 

Project Location: Tarawa 

Client: Navy 
Drill Type: Hollow stem 

SOIL BORING LOG 

SAMPLER 
Type: T O.D. Split Spoon 

Hammer: 1401 Fall: m 

Report of Boring No. B1 
Sheet 1 of 1 

Ground Water Depth 

File No. 

Boring Co.: ATEC 

Foreman: Doug Ybulg 

OBG Geoloaist T. Bkww&f 

Dates: 

Started: l/10/92 Ended: l/10/92 

Sample Sample 
Description , 

Depth Blows PerleW PID 

BPth ,e mry value 

0 O-2 24110 1.2 Topsoil berm material, very coarse 
sand and gravel. 

Gray, coras8 sand and berm material 
grading to black, medium sand. 

Wet. Dark brown to black, medium sand 
with clay. Tip is gray, fine to very fine sand. 

Stratum 
Change General 

Description 

1 



3’Brien & Gere 

Engineers, Inc. 
SOIL BORING LOG 

Report of Boring No. 62 
Sheet 1 of 1 

Project Location: T=wa SAMPLER 

Client: Navy Type: T 0.0. Split Spoon 

Drill Type: Hollow Sam Hammer: 1.w Fall: w 

Ground Water Depth 

File No. 

Boring Co.: ATEC 

Foreman: Doug young 

OBG Geologist T. Bickerstatf 

Sample 

Dates: 

Started: 1 I9192 Ended: l/9/92 

Sample 
Stratum 

Qescription 
Change General 

Description 

6 6-6 24/24 .4 

Black organic, medium sand. 
Topsoil with roots and pieces of wood. 

Dark brown, medium sand 

Dark fading to light brown, fine 
sand with silt. 

Tip is wet Greenish-gray, warsa sand 
with silt and clay. Odor 

I 



O’Brien & Gere 

Engineers, Inc. 

Project Location: T=awa 
Client: Navv 
Drill Type: Hollow Stem 

SOIL BORING LOG 

SAMPLER 
Type: T 0.0. Split Spoon 

Hammer: 14X Fall: 3~ 

Report of Boring No. 83 

Sheet 1 of 1 

Ground Water Depth 

File No. 

Boring Co.: ATEC 

Foreman: Doug Young 

OBG Geoloaist T. akkerstaff 

Dates: 

Started: 1 I9192 Ended: 

Sample 

I 

Sample 
Description 

Stratum 
Change General 

Description 

21 2-4 6/5/5/5 1 24/20 / 2.0 I 

Gravel and topsoil. 

Black and brown. medium sand 

Gray, medium sand, with silt and clay 
Very moist. 

Saturated gray, coarse sand with 
silt and clay 



3’Brien & Gere 
SOIL BORING LOG 

Report of Boring No. 6.1 

Engineers, Inc. Sheet 1 of 1 

Project Location: Taram SAMPLER Ground Water Depth 
Client: Navy Type: r O.D. Split Spoon 

Drill Type: Hollow Stem Hammer: 14~ Fall: 30- File No. 
I 

I 
Boring Co.: 
Foreman: 

ATEC 

Doug Young 
I I Dates: 

OBG Geologist T. eickwstaff 

Sample 

mm BIOWS Pen&r/ PID 

-pth /6’ Recovery “ah 

0 o-2 21/19/17/12 24116 1 

Started: 

Sample 
Description 

Gravel and medium, brown send. 

l/10/92 Ended: l/10/92 

Stratum 
Change General 

Description 
t 

I 

Dark brown, medium sand with 50% clay. 

Wet. Dark brown caiy with sand and 
silt. Some gray, fine sand at tip. 



APPENDIX B 

LABORATORY RESULTS 
LIQUID 



Volatile Organics 
Method 8010/8020 

CLIENT U.S. NAVY JOB NO. 3543.001.517 

DESCRIPTION Tarawa Terrace-Camp Lejeune, NC 

MATRIX: Water 

DATE COLLECTED l-10,11-92 DATE RECEIVED 1-15-92 DATE ANALYZED l-23-92 

DESCRIPTION: 

I MW-l I MW-2 
SAMPLE NO.: 

P1015 

Benzyl chloride 

Bromobenzene 

Bromoform 
methane ..- 

Carbon tetrachloride 

Chloroethane 

Chloroform 

Chloromethane 

P-Chlorotoluene 

Dibromochloromethane 

l.P-Dichlorobenzene 

1,4-Dichlorobenzene 

OBG Laboratories, Inc., an O’Brien & Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I (315) 437-0200 

MW-3 

P1016 

MW-4 

P1017 

Cl. 

<lO. 

am. 

<5. 

a* 

<lO. 

410. 

<l. 

I 
<IQ. 

<l. 

: ai% 

<lO. 

C180, 

<5. 

; :. <s-a 

<l. 

-* &L 

<5. 
;.;.,vT ,- ii( .:, 

'. I 
-CD+. 

MW-5 

P1018 

Cl. 

<lO. 

<SW. 

<5. 

<l. 

<lO. 

<IQ. 

<l. 

1 
<l@. 

<l. 

at‘!. 

<lO. 

croo. 

<5. 

(5, 

<l. 

aa. 

<5. 

I 
ii@. 

MW-6 

P1019 

<I. 

(10. 

<500. 

<5. 

(1. 

<lO. 

(10. 

<l. 

! 
<ICI. 

<l. 

aa. 

(10. 

<lOO. 

<5. 

<!i* 

<l. 

(10. 

<5. 

i . 1 
&I. 

Page lof 2 

Authorized: 

Date : February 24, 1992 



Volatile Organics 
Method 801018020 

LABORATORIES, INC. 

CLIENT U.S. NAVY JOB NO. 3543.001.517 

DATECOLLECTED l-10,11-92 DATE RECEIVED 1-15-92 DATE ANALYZED l-23-92 

DESCRIPTION: 

SAMPLE NO.: 

r;t -mM 

1 ,P-Dichloroethane 

$5 
. 

1,2-Dichloroethylene (total) 

1,2-Dichloropropane 

trans-1,3-Dichloropropylene 

1,1,2,2-Tetrachloroethane 

MW-2 m-3 Mw-4 m-5 MW-6 

P1015 P1016 P1017 P1018 P1019 

a. (1. (1. <l. a. 
/ 
I 

i 
I 

I I 
I 

/ 

) 1 

i / 

I ! 

Tetrachloroethylene 

la 

l,l,l -Trichloroethane 

1.R 

Trichloroethylene 

1,2,3-Trichloropropane 

Xylene (total) 

Commenbr: Metllodology : USEPASW-946, November 1986, 3rd Edition 

Certlfkatlon No. : 3 15 

Unlts: P&i/l 

Page 2 of 2 

OBG Laboratories, Inc., an O’Brien& Gem Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I (315) 437-0200 

Authorlzed: 

Date:c 



Volatile Organics 
Method 8010 1.8020 

LABORATORIES, INC. 

CLIENT U.S. NAVY JOB NO. 3543.001.517 

DESCRIPTION Tarawa Terrace-Camp Lejeune, NC 

MATRIX: Water 

DATECOLLECTED 1-10,11-g2 DATE RECEIVED 1-15-92 DATE ANALYZED l-23,24-92 

DESCRIPTION: 

SAMPLE NO.: 

Benzyl chloride 

Bromobenzene 

Bromoform 

Carbon tetrachloride 

c-e 

Chloroethane 

Chloroform 

1-a- 

Chloromethane 

2-Chlorotoluene 

4-ch~lwcwte 

Dibromochloromethane 

l,P-Dichlorobenzene 

1,4-Dichlorobenzene 

Page 1 of 2 

. 
Authorized : / 

OBG Laboratories, Inc., an O’Brien&Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 Date: February 24, 1992 



Volatile Organics 
Method 8010/8020 

CLIENT U.S. NAVY JOB NO. 3.543.001.517 

DESCRIPTION Tarawa Terrace-Camp Lejeune, NC 
MATRIX: Water 

DATE COLLECTED l-10 9 1 1 -g 2 DATE RECEIVED 1-15-92 DATE ANALYZED l-23,24-92 

DESCRIPTION: 

SAMPLE NO.: 

1,2-Dichloroethane 

- r;r- 

1,2-Dichloroethylene (total) 

1,2-Dichloropropane 

ala-%a- 

trans-1,3-Dichloropropylene 

-a 

1,1.2.2-Tetrachloroethane 

Tetrachloroethylene 

l,l,l -Trichloroethane 

‘l,%,z- 

Trichloroethylene 

TticMorofiwwwnettta 

1,23-Trichloropropane 

Xylene (total) 

Comments: 

MW-7 MW-8 

P1020 P1021 

(1. I (1. 

I I 
-_ 

I I 

I 
I 
I 

V & 

<3. <3. 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 

MW-9 MW-10 

P1022 

<I. 

P1023 

<l. 

" 
4. 

(1. 

I + 
3. 

<l. 

1 
5. 

(1. 

1 
17. 

MW-11 

P1024 

(1. 

i 

I 

I 

1 

v 

<3. 

MW-12 

P1025 

(1. 

1 
(3. 

Methodology: USEPASW-646. November 1966, 3rd Edition 

CeftlflcaMon No.: 315 

Units: l.lg/l 

Page 2 of 2 

Authorized: 

Date: February 24, 1992 
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--- E--B e --- ---w 

--- 
LABORATORIES, INC. 

Volatile Organics 
Method 801 O/8020 

CLIENT U.S. NAVY 

DESCRIPTION Tarawa Terrace-Camp Lejeune, NC 

DATE COLLECTED 1-11-92 DATE RECEIVED 1-15-92 

JOB NO. 3543.001.517 

MATRIX: Water 

DATE ANALYZED l-24-92 

DESCRIPTION: 

SAMPLE NO.: 

Benzyl chloride 

Bromobenzene 

Bromoform 

Carbon tetrachloride 

Chloroethane 

Chloroform 

Chloromethane 

2-Chlorotoluene 

4-CMarobrdwne 

Dibromochloromethane 

1,2-Dichlorobenzene 

- . i.’ 
1,4-Dichlorobenzene 

QC Trip 
Blank 

P1030 

a . I 
<lO. 1 

<5. I 

<l. 1 

Page 1 of 2 

Authorized : 
OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 Date : February 24, 1992 



Volatile Organics 
Method 801018020 * 

LABORATORIES, INC. 

CLIENT U.S. NAVY 

DESCRIPTION Tarawa Terrace-Camp Leieune, NC 

DATE COLLECTED 1-11-92 DATE RECEIVED 1-15-92 

JOB NO. 3543.001.517 

MATRIX: Water 

DATE ANALYZED l-24-92 

DESCRIPTION: 

SAMPLE NO.: 

t;c-43 

1,2-Dichloroethane 

MW-14 MW-14 Field QC Trip 
Field Blank Blank 

Duplicate 

P1027 P1028 P1029 P1030 

* a. Cl, (1, <I. 

I 

1,2-Dichloroethylene (total) 

1,2-Dichloropropane 

trans-1,3-Dichloropropylkne 

1,1,2,2-Tetrachloroethane 

Tetrachloroethylene 

w;ruene 

! 
I 

1 
, 

I 

1 ,l ,l -Trichloroethane 

1JSMeh 

Fichloroethylene 

1,2,3-Trichloropropane 

vkt$-- 

Comments: MdlOdObgy: USEPASVV-846, November 1966, 3rd Edition 

Certlflcatlon No. : 315 

Units: M!/l 
n* 

Page 2 of 2 

OBG Laboratories, Inc., an O’Brien & Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 / Syracuse, NY 13221 I (315) 437-0200 

Authorized: 

Date: February 24, 1992 

YE. 



. 

--- 
--- I--- --- =--- 

--- 

Laboratory 
Report 

LABORATORIES, INC. 

CLIENT U.S. NAVY 

DESCRIPTION Tarawa Terrace-Camp Lejeune, NC 
JOB NO. 

3543.001.517 

MATRIX: Water 

Date Analyzed l-24-92 DATE COLLECTED 
l-10,11-92 

DATE RECEIVED 
1-15-92 

Description: 

Sample # 

ACENAPHTHENE 

ACENAPHTHYLENE 

ANTHRACENE 

BENZO(a)ANTHRACENE 

BENZO(a)PYRENE 

BENZO(b)FLUORANTHENE 

BENZO(k)FLUORANTHENE 

BENZO(g,h,i)PERYLENE 

CHRYSENE 

DIBENZO(a,h)ANTHRACENE 

, FLIJORANTHENE 

FLUORENE 

INDEN0(1,2,3xd)PYRENE 

NAPHTHALENE 

PHENANTHRENE 

PYRENE 

MW-3 

PlOll 

(11. 

Y 

MW-7 

P1012 

<ll. 

MW-1 

P1013 

(11. 

J 

Certification No. : 

Unite: 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 

315 

M/l 

Authorized: 1 

Date: 
February 24, 1992 



Laboratory 
Report 

w 

LABORATORIES, INC. w  

CLIENT 
U.S. NAVY JOB NO. 

3543.001.517 

DESCRIPTION Tarawa Terrace-Camp Lejeune, NC w 

Toxicity Characteristic Leaching Procedure MATRIX: Water 

DATE COLLECTED 
1-11-92 

DATE RECEIVED 
1-15-92 w _ 

Description: 

Sample # 

TCLP Pesticides/Herbicides: 

CHLORDANE 

ENDRIN 

ffEPTACHLOR 

HEPTACHLOR EPOXIDE 

LINDANE 

METHOXYCHLOR 

TOXAPHENE 

2,4-D 

2,4,5-TP (SILVEX) 

Analytical Record: 

Date Leachate Created l-22-92 

Date Herbicide Extracted l-28 

Date Pesticide Extracted X-29 

Date Herbicide Analyzed 2-3-9 

Date Pesticide Analyzed 2-3-9 

Comments: 

Mw-3 

PlOlO 

(0.01 

<0.005 

<0.005 

<0.005 

<0.005 

<O.Ol 

(0.05 

(0.1 

<O.l 

32 

>2 

Certification No. : 3 15 

Units: mg/l 

OBG Laboratories, Inc., an O’Brien & Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437.0200 

Authorized: w 

Date: February 24, 1992 

mkf 



, , /  I  I .  1. 

Laboratory 
Report I 

LABORATOFUES, INC. e 

CLIENT U.S. NAVY 

DESCRIPTION Tarawa Terrace-Camp Leieune, NC 

Toxicity Characteristic Leaching Procedure 

DATE COLLECTED 1-11-92 

JOB NO. 3543.001.517 

MATRIX: Water 

DATE RECEIVED 1-15-92 

Description: MW-3 

Sample # PlOlO 

TCLP Volatile Organics: 

BENZENE 
CARBON TETRACHLORIDE 

CHLOROBENZENE 

CHLOROFORM 

1,2-DICHLOROETHANE 

l,l-DICHLOROETHYLENE 

METHYL ETHYL KETONE 

TETRACHLOROETHYLENE 

TRICHLOROETHYLENE 

VINYL CHLORIDE 

Analytical Record: 
Date Leachate Created 2-3-92 

Date AnaIyzed 2-10-92 

Comments: 

(0.05 

(0.05 

(10.0 

<0.60 

<0.05 

<0.07 

(20.0 

<0.07 

<o .os 

<0.02 

Certification No.: 315 

Units: w/l 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 

. 
Authorized: u 

Date: February 24, 1992 

_ _, _. -__-.~- .-_ 



LABORATORIES, INC. 

Laboratory 
Report 

CLIENT 
U.S. NAVY 

DESCRIPTION 
Tarawa Terrace-Camp Lejeune, NC 

Toxicity Characteristic Leaching Procedure 

DATE COLLECTED _ 
1-11-92 

JOB NO. 
3543.001.517 

MATRIX: Water 

DATE RECEIVED 
1-15-92 

Description: MW-3 

Sample # 

TCLP Semivolatile Organics: 

o-CRESOL 

m-CRESOL 

p-CRBSOL 

TOTAL CRESOL 

1,4-DICHLOROBENZENE 

2,4-DINITROTOLUENE 

HEXACHLOROBENZENE 

HEXACHLOROBUTADIENE 

HEXACHLOROETHANE 

- NITROBENZENE 

PBNTACHLOROPHENOL 

PYRIDINE 

2,4,5-TRICHLOROPHENOL 

2,4,6-TRICHLOROPHENOL 

Analytical Record: 

Date Leachate Created l-22-92 

Date Extracted l-23-92 

Date Analyzed l-24-92 

Comments: 

PlOlO 

(0.1 

Y 
(0.5 

<l.O 

<0.5 

<O.l 

Certification No. : 

Units: 

315 

mg/l 

c 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I (315) 437-0200 

Authorized: II; 

Date: February 24, 1992 

I 
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Description: MW-3 

Sample # 

- 

- 

- 

- 

Laboratory 
Report 

--- 
- = -a_ I--B ---- 

--- 
LABORATORIES, INC. 

CLIENT U.S. NAVY 

DESCRIPTION Tarawa Terrace-Camp Leieune, NC 

Toxicity Characteristic Leaching Procedure 

DATE COLLECTED 1-11-92 

JOB NO. 3543.001.517 

MATRIX: Water 

DATE RECEIVED 1-15-92 

Total Metals: 

-&NiC- x=. 

BARIUM 

--~ --CADMIUM 

CHROMIUM 

., ..I. LENT‘ 
MERCURY 

__ _ i.,__a~_ _j ._).., . . 
- SELENIUM 

, 
SILVER 

ri-B -ie,"._(.~ -. s ., 

-,-.-. . ,, 

Comments: 

OBG Laboratories, Inc., an O’Brien & Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 

PlOlO 

<0.5 

<lO. 

<O.l 

<o.s 

<0.5 

<o .0005 

(0.1 

<0.5 

Certification No. : 3 15 

Units: mg/l 

(315) 437-0200 

Authorized: 

Date: February 24, 1992 



Volatile Organics 
Method 8010/8020 

LABORATORIES, IN. 

CLIENT 
U.S. NAVY 

JOB NO. 3543.001.517 

DESCRIPTION. 
Tarawa Terrace - Camp Lejeune, NC 

MATRIX: Water 

DATE COLLECTED 
l-7-92 

DATE RECEIVED 
1-9-92 

DATE ANALYZED 
1-17-92 

DESCRIPTION: 

SAMPLE NO.: 

Benzyl chloride 

Bromobenzene 

Bromoform 

Carbon tetrachloride 

Chloroethane 

Chloroform 

%chtoroh- 

Chloromethane 

2-Chlorotoluene 

Dibromochloromethane 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

Page 1 of 2 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
Authorized: 

5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 Date: January 28, 1992 
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LABORA-, INC. 

Volatile Organics 
Method 8010/8020 

CLIENT 
U.S. NAVY 

JOB NO. 
3543.001.517 

DESCRIPTION Tarawa Terrace - Camp Lejeune, NC 

MATRIX: Water 

DATE COLLECTED l-7-92 
DATE RECEIVED 

l-9-92 
DATE ANALYZED 1-17-92 

DESCRIPTION: I Hl I H2 I H3 I H4 I H5 I H6 

SAMPLE NO.: 

1,2-Dichloroethane 

PO768 

a* 

PO769 

Xl. 

PO770 

Cl. 

1,2-Dichloroethylene (total) 

1,2-Dichloropropane 

tram-1,3-Dichloropropylene 

. 

1,1,2,2-Tetrachloroethane 

-i&? .- _ 
Tetrachloroethylene 

l,l,l -Trichloroethane 

Trichloroethylene 

1,2,3-Trichloropropane 

tzr&rMa. 

Xylene (total) 
v  Y * 

12. <3. (3. 

h L 

Comments: Methodology: USEPASW-84, November 1986, 3rd Edition 

Certlfkatlon No. : 3 15 

Unlt8: Nit/l 

Page 2 of 2 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
Aulhorfzed: 

5000 Brittonfield Parkway / Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437.0200 Date: January 28, 1992 
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LABORATORIES, INC. 

Volatile Organics 
Method 8010/8020 

CLIENT U.S. NAVY JOB NO. 3543.001.517 

DESCRIPTION Tarawa Terrace - Camp Lejeune, NC 

MATRIX: Water 

DATE COLLECTED l-7-92 DATE RECEIVED l-9-92 DATE ANALYZED 1-17-92 

DESCRIPTION: 

SAMPLE NO.: 

Benzyl chloride 

Bromobenzene 

Bromoform 

Carbon tetrachloride 
Wm.. 

Chloroethane 

Chloroform 

1-m 

Chloromethane 

2-Chlorotoluene 

4-chlorotolm 

Dibromochloromethane 

l,P-Dichlorobenzene 

1,4- Dichlorobenzene 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 

H9 .HlO 

PO773 PO774 

a. <I. 
<lO. <lO. 

(SW. <soo. 

(5. <5. 

<I. : a i 

(10. I (10. 

<l . <l. 

-atI. <IO, 

<l. <l. I I 
<lOk " am, 

Page 1 of 2 

Authorized: 

Date : January 28, 1992 
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LABORATOUlES, INC. 

Volatile Organics 
Method 801018020 

CLIENT U.S. NAVY 

DESCRIPTION Tarawa Terrace - Camp Leieune, NC 

DATE COLLECTED l-7-92 DATE RECEIVED l-9-92 

JOB NO. 3543.001.517 

MATRIX: Water 

DATE ANALYZED 1-17-92 

DESCRIPTION: 1 H7 i H8 / H9 ( HlO / 1 

SAMPLE NO.: 
PO772 PO773 PO774 

(1. (1. <I. 
1,2-Dichloroethane 

/, “i_ 

1,2-Dichloropropane 

1,1,2,2-Tetrachloroethane 

Tetrachloroethylene 

1.1,1 -Trichloroethane 

Trichloroethylene 

1,2,3-Trichloropropane 

Xylene (total) 

Comments: Methodology: USEPA,SW-946, November 1996, 3rd Edition 

Certification No. : 3 15 

Unite: P&!/l 

Page 2 of 2 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 

m 

Authorized: G/ 

Date: January 28, 1992 



Purgeable Organics 
Method 601/602 

LABORATORIES, INC. 

CLIENT U.S. NAVY JOB NO. 3543.001.517 

DESCRIPTION Camp Lejeune-Bagae, NC 

Tarawa Terrace MATRIX: Water 

DATE COLLECTED 12-11-92 DATE RECEIVED 12-14-92 DATE ANALYZED 12-17,21,22-92 

DESCRIPTION: H-11 

SAMPLE NO.: 
R1318 

Chloromethane 

Bromomethane 

Dichlorodifluoromethane 

Vinyl chloride 

Chloroethane 

Methylene chloride 

Trichlorofluoromethane 

1,l -Dichloroethene 

1,l -Dichloroethane 

1,2-Dichloroethene (total) 

Chloroform 

l,P-Dichloroethane 

l,l,i-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1.2.Dichloropropane 

cis-19-Dichloropropene 

Trichloroethene 

Benzene 

Dibromochloromethane 

1,1,2-Trichloroethane 

trans-1,3-Dichloropropene 

2-Chloroethylvinyl ether 

<lO. 

<l. 

(10. 

H-12 

R1319 

<lO. 

<l . 

55. 

(1. 

2. 

<l. 

9. 

<l. 

.LO. 

<l. 

! 
<lO. 

H-13 

R1320 

(10. 

<l. 

1. 

<l. 

42, 

(1. 

(10. 

Page 1 of 2 

Authorized: 
OBG Labcratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway /Suite 300, Box 4942/Syracuse, NY 13221 /(315)437-0200 Date: January 6, 1993 



Purgeable Organics b 
Method 6011602 mm 

CLIENT U.S. NAVY JOB NO. 
3543.001.517 IF 

DESCRIPTION Camp Lejeune-Pllga, NC 

Tarawa Terrace MATRIX: Water 
m 

DATE COLLECTED 
12-11-92 DATE RECEIVED 12-14-92 DATE ANALYZED 

12-17,21,22-92 

DESCRIPTION: H-11 H-12 H-13 

SAMPLE NO.: 

. . . . .,;. .I 

1 ,1.2,2-Tetrachloroethane 

en% 

Toluene 

Ethylbenzene 

x&5?ie(tQtal~ ’ 

1,2-Dichlorobenzene 

w 

lP-Dichlorobenzene 

. 

Commenb: Methodology: Federal Register - 40 CFR, Part 136. October 26, 94 

Certttkation No. : 3 15 ml 

Units: w/l Page 2 of 2 

Authorized: #--hznhu cE 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 Date: January 6, 1993 
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LA&ORATORIES, INC. 

Purgeable Organics 
Method 601 I602 

CLIENT U.S. NAVY JOB NO. 3543.001.517 

DESCRIPTION Tarawa Terrace, Camp Lejeune, NC 

MATRIX: Water 

DATE COLLECTED 12-14,17-g2 DATE R 

DESCRIPTION: 

SAMPLE NO.: 

Chloromethane 

Bromomethane 

Dichlorodifluoromethane 

Vinyl chloride 

Chloroethane 

Methylene chloride 

Xchlorofluoromethane 

1,l -Dichloroethene 

1,l -Dichloroethane 

1,2-Dichloroethene (total) 

Chloroform 

1,2-Dichloroethane 

1 ,l ,I -Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1.2~Dichloropropane 

cis-l$Dichloropropene 

Trichloroethene 

Benzene 

Dibromochloromethane 

1,1,2-Trichloroethane 

trans-1,3-Dichloropropene 

Z-Chloroethylvinyl ether 

H-14 

R1651* 

<lO. 

I 
<l. 

" 
2. 

<l. 

'I 
(10. 

:EIVED 12-21-92 DATE ANALYZED 12-29,30-92 

H-15 

R1652 

<lO. 

I 

<l. 

V 

(10. 

OBG Laboratories, Inc., an O'Brien&Gere Limited Company 
5000 Brittonfield Parkway/Suite 300, Box 4942/Syracuse, NY 13221 /(315)437-0200 

H-16 

R1653 

2. 

<l. 

<lO. 

MW-15 

R16.54 

<lO. 

I 
<l . 

d 
<lO. 

MW-16 

R165.5 

(10. 

I 
a. 

. 

v' 
2. 

<l. 

d 
(10. 

MW-17 

R1656 

<lO. 

i 
<l. 

i 
<lO. 

Page 1 of 2 

Date: January 19, 1993 



Purgeable Organics 
Method 6011602 

CLIENT U.S. NAVY JOB NO. 
3543.001.517 

DESCRIPTION Tarawa Terrace, Camp Lejeune, NC 
MATRIX: Water 

DATE COLLECTED 12-14,17-92 DATE RECEIVED 12-21-92 DATE ANALYZED 12-29,30-92 -- 

DESCRIPTION: 

SAMPLE NO. : 

,,, 

S,.” . ~-. 
1,1,2,2-Tetrachloroethane 

,; .i 

Toluene 

Ethylbenzene 

_ ifq$mmt&F’ -. 

1,2-Dichlorobenzene 

t,4-Dichlorobenzene 
. :’ . . 

MW-15 MW-16 MW-17 

R1654 R1655 

(10. 
1 

<l. I 

(1. 

9. I 

(1. I 
10. I 

19, 
I 

<5. I 

.I I 

R1656 

(10. 

<l. 

I 
t 

I 
i 

(3. 

(5. 

1 
L 

comm,3ntr:XAnalyzed 1 day beyond prescribed holding time.Mathodo,ogy: Federal Register - 40 CFR, Part 136, October 26, $4 

Certitlcatlon No. : 3 1 5 

Units: aF 
Page 2 of 2 

w 

OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I (315) 437-0200 

Authorized: wt 

Date: January 19, 1993 

Ill& 
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Purgeable Organics 
Method 601/602 

LABORATORIES, INC. 

CLIENT U.S. NAVY 

DESCRIPTION Tarawa Terrace, Camp Lejeune, NC 
JOB NO. 3543.001.517 

MATRIX: Water 

DATE COLLECTED 12-17-92 DATE RECEIVED 12-21-92 DATE ANALYZED 12-30,31-92 

DESCRIPTION: MW-18 

SAMPLE NO.: 

Chloromethane 

Bromomethane 

Dichlorodifluoromethane 

Vinyl chloride 

Chloroethane 

Methylene chloride 

Trichlorofluoromethane 

1.1 -Dichloroe!hene 

l,l-Dichloroethane 

1,2-Dichloroethene (total) 

Chlbroform 

1,2XJichloroethane 

1,l.l -3ichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

cis-1,SDichloropropene 

Trichloroethene 

Benzene 

Dibromochloromethane 

1,1,2-Trichloroethane 

trans- 1,3-Dichloropropene 

2Xhloroethylvinyl ether 

R1657 

<lO. 

I 

<l. 

v 
7. 

<l. 

I 
(10. 

MW-19 

R1658 

<lo. 

I 
<l . 

9 
(10. 

OSG Laboratories, inc., an O’Brien&Gere Limited Company 
5000 Srittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 

MW-20 

R1659 

<lO. 

I 
<l. 

Y 
1. 

<l. 

! 
<lO. 

MW-20 
luplicate 

i 
1. 

<l. 

i 
A 

(10. 

Field 
Blank 

" 
<lO. 

QC Trip 
Blank 

R1662 

Authorized: 

Date: January 19, 1993 

. r 

<lO. 

.I 
<l. 

J 
<lO. 

Page 1 of 2 
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LABORATORIES, INC. 

Purgeable Organics = 
Method 601 I602 

I 
CLIENT U.S. NAVY JOB NO. 

3543.001.517 

DESCRIPTION Tarawa Terrace, Camp Lejeune, NC Ir 

MATRIX: Water 

DATE COLLECTED 12-17-92 DATE RECEIVED 12-21-92 DATE ANALYZED 
12-30,31-92' Ic 

DESCRIPTION: 

SAMPLE NO. : 

. 

1,1,2,2-Tetrachloroethane 

Toluene 

MW-18 MW-19 

R1657 R1658 

<lQ. (10, 

(1. <l. 

Ethylbenzene 

1,2-Dichlorobenzene 

t g&io- 

1,4-Dichlorobenzene 

MW-20 MW-20 Field 
Duplicate Blank 

R1659 R1660 R1661 

(10. / <x0* / '(10. 

<l. 1 <l. 1 (1. - ! ../ 1 
<3. (3. (3. 

<5. 1 <5. 1 a. 

1 1 I 

Qc Trip I Blank 

R1662 Ic 

(10. 

<l. m 

m 
Methodology: Federal Register - 40 CFR. Part 136, October 26, 1964 

Certltlcation No. : 3 15 

Units: m 
Page 2 of 2 

Authorized : 
OBG Laboratories, Inc., an O’Brien& Gere Limited Company 
5000 Brittonfield Parkway I Suite 300, Box 4942 I Syracuse, NY 13221 I(315) 437-0200 Date : January 19, 1993 

say 
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i!NViROikENlAL TESTING SERVICES, INC. 

w P.O. Box 12715 l 888 Norfolk Square l Norfolk, Virginia 23502 l (804; 481 -ETSI (3874) . Fax (804) 461-0379 

January 16. 1992 
Page 1 of 6 

Customer: 
?ls . Tina Bickerstaff 
O'Brien 6i Gere Engineers. Inc. 
440 Viking Drive 
Virginia Beach, Virginia 23452 

RESULTS 

AXALYTICAL SERVICES REPORT SHEET 

Sample Description: 
6 soil samples delivered on 
December 13, 1991 designated 
as Tarawa Terrace. 

I. Total Petroleum HvdrocarbonG: California Method, GC/FID. 

Sample ID TPH in me/kg 
NW2 14-16(TT) 9.58 
MW2 9-ll(TT) 9.76 
?lK4 14-16(TT) 9.69 
MW4 9-ll(TT) 13.2 
?iW6 14-16(TT) 12.3 
?lW6 9-ll(TT) 6.97 

XM~ S. Burnett 
Quality Control Officer 

The information presented in the report represents the laboratory analyses 
performed on the samples provided to Environmental Testing Services, Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to anv person or entity without 
written authorization from its client. Any 'Liability on the part of 
Environmental Testing Services, Inc. shall not esceed the sum 
to Environmental Testing Services. Inc for the work performe s 

aid by the client 
. 



ENVIRONMENTAL TESTING SERVICES, INC. 

P-0. Box 12715 l 888 Norfolk Square l Norfolk, Vibinia 23502 l (804) 461.ETSI (3874) l Fax (804) 461-0379 

Page 2 of b 

II. pH Analvsis: EPA Method 150.1. 

Sample ID 
MW2 14-16(TT) 
YSi4 14-16(TT) 
MW6 14-lb(TT) 

III, Flashpoint: EPA SW-846 Method 1010. 

SamRle ID 
NW2 14-16(TT) 
?iW4 14-16(TT) 
MW6 14-16(TT) 

-IaL 
4.14 
5.31 
4.99 

Results 
Negative to llO°C 
Negative to llO°C 
Negative to llO°C 

IV. Toxicity Characteristic Leaching Process (TCLP): EPA SW-846 Method 1311. 

SamDle ID Results 
NW2 14-16(TT) See attached compound list 
FfW6 14-16(TT) See attached compound list 

n 
I 

Anne S. Burnett 
Quality Control Officer 

The information presented in the report represents the laboratory analyses 
performed on the samples provided to Environmental Testing Services. Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to an 
written authorization from its client. Any I- 

person or entity without m 
iabilitv 

Environmental Testing Services, 
on the part of 

Inc. shall not exceed the sum aid by the client 
to Environmental Testing Services, Inc for the work performe d". 

I 



ENVIRONMENTAL TESTING suwc~s, INC. 

P.O. Box 12715 l 688 Norfolk Square l Norfolk, Virginia 23502 l (804)461-ETSI(3874) l Fax(804)461-0379' 

Page 3 of 6 

TOXICITY CRARACTRRISTICS LRACRING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

Toxicity Characteristic Leaching Process (TCLP): EPA.Manual SW-846 Method 1311. 

Sample ID: MW2 14-16(TT) 

Comoound 
Arsenic 
Barium 
Benzene 
Cadium 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
2,4-D 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
l,l-Dichloroethylene 
2,4-Dinitrotoluene 

Concentration (mfdl1 peP;ulatorv Level (mQ/lI. 
<0.050 5.0 
0.933 100.0 

<0.009 0.5 

<O.OlO 1.0 

<0.005 0.5 

<0.008 0.03 

<o.oos 100.0 
<0.005 6.0 

<0.050 5.0 
<0.020 200.0 
<0.040 200.0 
<0.040 200.0 
<0.005 200.0 
<O.OlO 10.0 
<0.005 7.5 
<0.005 0.5 
<0.005 0.7 
<0.008 0.13 

Anne S. Burnett 
Quality Control Officer 

The information presented in the report represents the laboratory analyses 
performed on the samples provided to Environmental Testing Services, Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to an 
written authorization from its client. 
Environmental Testing Services, 

Any P- 
person or entity without 

lability on the part of 
Inc. shall not exceed the sum paid by the client 

to Environmental Testing Services, Inc. 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 888 Norfolk Square l Norfolk, Virginia 23502 0 (804) 461-ETSI (3874) * I& (804) 461-0379 

Page 4 of 6 

TOXICITY CHARACTERISTICS LEAC'RING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

CONTINUED 

Sample ID: MW2 14-16cTT) 

Comoound Concentration (ma/l) 
Endrin -co.005 
Heptachlor (and its hydroxide) <0.004 
Hexachlorobenzene <O.OlO ,, 
Hexachloro-1,3-butadiene <O.OlO 
Hexachloroethane <O.OlO 
Lead <O.OlO 
Lindane co.002 
Mercury to.002 
Methoxychlor <O.OlO 
Methyl ethyl ketone <0.005 
Nitrobenzene (0.010 
Pentachlorophenol CO.020 
Pyridine <O.OlO 
Selenium <0.050 
Silver <O.OlO 
Tetrachloroethylene <0.005 
Toxaphene <O.OlO 
Trichloroethylene CO.005 
2,4,5-Trichlorophenol <O.OlO 
2,4,6-Trichlorophenol <O.OlO 
2,4,5-TP (Silvex) <0.005 
Vinyl chloride <O.OlO 

AMe S. Burnett 
Quality Control Officer 

The in formation nt-ec@n+d 
performed ^-----I---- on. fhe.samples 

report represents the laboratorv analyses 
provided to Environmental Testing Services, Inc. in 

accu~uance with the test methods requested and described above 
Testing Services, Environmental Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to an 
written authorization from its 

person or entity without 
l$r~ron.mental Testing Services, 

client, Any 1. lability on the part of 
LU rlll’ 

Inc. shall not exceed the sum paid by the client 
-vironmental Testing Services, Inc. 

pesulatorv Level (ma/l) 
0.02 
0.008 
0.13 
0.5 
3.0 
5.0 
0.4 
0.2 

10.0 
200.0 

2.0 
100.0 

5.0 
1.0 
5.0 
0.7 
0.5 
0.5 

400.0 
2.0 
1.0 
0.2 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 888 Norfolk !5quare l Norfolk, Virginia 23502 l (604) 461-ETSI (3974) l Fax (804) 461.0379 

Page 5 of 6 

TOXICITY CRARACTRRISTICS LEACHING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

1 EPA Manual SW-846 Method 1311. Tox'c' 

Sample ID: MW6 14-16(TT) 

Compound 
Arsenic 
Barium 
Benzene 
Cadium 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
244-D 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
l,l-Dichloroethylene 
2,4-Dinitrotoluene 

Concentration (mg/ll Berrulatorv Level (ma/l) 
<0.050 5.0 
0.822 100.0 

to.009 0.5 
<O.OlO 1.0 
co.005 0.5 
co.008 0.03 
co.005 100.0 
<o.oos 6.0 
CO.050 5.0 
co.020 200.0 
co.040 200.0 
(0.040 200.0 
<o.oos 200.0 
<O.OlO 10.0 
<0.005 7.5 
<o.oos 0.5 
<0.005 0.7 
<0.008 0.13 

AAh A --&&&a+ 
Anne S. Burnett 
Quality Control Officer 

The information presented in the report represents the laboratory analyses 
performed on the samples provided to Environmental Testing Services, Inc.. 
accordance with the test methods requested and described above. Environment:? Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to an 
written authorization from its 
Environmental Testing Services, 

client. Any 
person or entitv without 

liability on the‘ part of 
Inc. shall not exceed the sum paid by the client 

to Environmental Testing Services, Inc. 



ENVIRONMENTAL TESTING SERVICES, INC. 

w - P.O.Box12715 l 688 NorfolkSquare l Norfolk,Virginia23502 l (804)461XTSI(3874) l Fax(804)461-0379 
Page 6 of 6 

TOXICITY CHARACTERISTICS LEACEING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

CONTINUED 

Sample ID: MW6 14-16(TT) 

Compound Concentration (merll) 
Endrin <0.005 
Heptachlor (and its hydroxide) (0.004 
Hexachlorobenzene to.010 
Hexachloro-1,3-butadiene <O.OlO 
Hexachloroethane <O.OlO 
Lead <O.OlO 
Lindane <o.ooz 
Mercury to.002 
Methoxychlor <O.OlO 
Methyl ethyl ketone <0.005 
Nitrobenzene <O.OlO 
Pentachlorophenol 0.179 
Pyridine <O.OlO 
Selenium CO.050 
Silver <O.OlO 
Tetrachloroethylene <0.005 
Toxaphene <O.OlO 
Trichloroethylene <0.005 
2,4,5-Trichlorophenol <O.OlO 
2,4,6-Trichlorophenol <O.OlO 
2,4,S-TP (Silvex) <o.oos 
Vinyl chloride to.010 

Anne S. Burnett 
Quality Control Officer 

Pesulatorv Level (mnll) 
0.02 
0.008 
0.13 
0.5 
3.0 
5.0 
0.4 
0.2 

10.0 
200.0 

2.0 
100.0 

5.0 
1.0 
5.0 
0.7 
0.5 
0.5 

400.0 
2.0 
1.0 
0.2 

performed on. the samples provided to Environmental Testing Services, 
The information presented in the report represents the laboratory a%&yses 

m. 
accordance with the test methods requested and described above 
Testing Services Environme&$? , Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to an 
written authorization from its client. Any r - 

person or entity without 
Environmental Testing Services lability on the part of 

, Inc. shall not exceed the sum paid by the client e 
to Environmental Testing Services, Inc. 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 888 Norfolk Square l Norfolk, Virginia 23502 l (804) 481~ETSI (3874) l Fax (804) 481-0379 

January 23, 1992 
Page 1 of 6 

ANALYTICAL SERVICES REPORT SHEET 

Customer: Sample Description: 
Ks. Tina Bickerstaff 17 &oil samples delivered on 
O'Brien & Gere Engineers, Inc. January 14, 1992 designated 
440 \'iking Drive as Tarawa Terrace Sampling 
Virginia Beach, Virginia 23432 Program. 

RESULTS 

I. Total Petroleum Hydrocarbons: California Xethod, GCIFID. 

Sample ID 
Bl O-2 
Bl 4-G 
B2 2-4 
B2 6-8 
B3 2-4 
B3 6-8 
B4 O-2 
E4 4-6 

%8 4-6 
Mw8 9-11 
MWlO o-2 
?lWlO 4-6 
W12 o-2 
W12 4-6 
MW14 o-2 
W14 4-6 

Anne S. Burnett 
Quality Control Officer 

TPH in ma/kg 
1.85 

cl.00 
<l.OO 
Cl.00 

1.78 
1.37 
1.77 
3.91 

(1.00 
<l.OO 
Cl.00 
<l,OO 
<l.OO 
<l.OO 

2.77 
1.16 

The information presented in the report represents the laboratory analyses 
performed on the samples provided to Environmental Testing Services. Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services. Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results tzn\ian-.person or entity- without 
written authorization from its client. 7 i iabllltv on the part of 
Environmental Testing Services. Inc. shall not e?tceed the sum aid by the client 
to Environmental Testing Services, Inc for the work performe 8 . 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 888 Norfolk Square l Norfolk, Virginia 23602 0 (804) 461 -ETSI (3874) l Fax (804) 461-0379 

Page 2 of 6 

II, pE Analysis: EPA Nethod 150.1. 

Sample ID -IL 
XW14 4-6 4.80 
Yw8 9-11 5.41 

III. Flashpoint: EPA SW-546 Method 1010. 

Sample ID 
MW14 4-6 
MW8 9-11 

Flashpoint 
Negative- to 1lOOC 
Ne%ative to llO°C 

IV. Toxicitv Characteristic Leachina Process (TCLP): EPA SW-846 Yethod 1311. 

Sample ID Results 
?iW8 9-11 See attached compound list 
Composite See attached compound list 

Xnne S. Burnett 
Quality Control Officer 

The information presented in the report represents the laboratory- analyses 
performed on the samples provided to Environmental Testing Services, Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to anv person or entity without 
written authorization from its client. Xnv liabilitv the Dart of 
Environmental Testing Services, Inc. shall not eiceed the s&n z?d by the client 
to Environmental Testing Services, Inc for the work performe it a 



ENVIRONMENTAL TESTlNG SERVICES, INC. 

P.O. Box 12715 l 888 Nodolk Square l Norfolk, Virginia 23502 l (604) 465ETSI (3874) l Fax (804) 461-0379 

Page 3of6 . 

TOXICITY CHARACTERISTICS LEACElING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

Toxicity Characteristic Leachiw Process (TCLP): EPA Manual SW-846 Yethod 1311. 

Sample ID: YK8 9-11 

Compound 
Arsenic 
Barium 
Benzene 
Cadium 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
2,4-D 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
l.l-Dichloroethylene 
2,4-Dinitrotoluene 

hnne S. Burnett 
Quality Control Officer 

Concentration (mg/l) 
<0.050 
2.16 

to.009 
<O.OlO 
(0.005 
to.008 
CO.005 
to.005 
CO.050 
CO.020 
<0.040 
(0.040 
CO.005 
(0.010 
-CO.005 
to.005 
CO.005 
(0.008 

Reuulatorv Level (ma/l) 
5.0 

100.0 
0.5 
1.0 
0.3 
0.03 

100.0 
6.0 
5.0 

200 # 0 
200.0 
200.0 
200.0 
10.0 

7.5 
0.3 
0.7 
0.13 

The information presented in the report represents the laboratory analyses 
performed on the samples provided to Environmental Testing Services, Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to any person or entity without 
written authorization from its client. Any liability on the part of 
Environmental Testing Services, Inc. shall not exceed the sum paid by the client 
to Environmental Testing Services, Inc. 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 888 Norfolk Square l Norfolk, Virginia 23502 l (804) 461-ETSI (3874) a Fax (804) 461-0379 

Page 4 of 6 

TOXICITY CFIARACTERISTICS LEACHING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

CONTINUED 

Sample ID: ?lW8 9-11 

Compound Concentration (m911) 
Endrin <0.005 
Heptachlor (and its hydroxide) to.004 
Hexachlorobenzene to.010 
Hexachloro-1.3-butadiene <O.OlO 
Hexachloroethane <O.OlO 
Lead to.010 
Lindane CO.002 
Yercury to.002 
?iethoxychlor <O.OlO 
Methyl ethyl ketone <0.005 
Yitrobenzene to.010 
Pentachlorophenol to.020 
Pyridine to.010 
Selenium -co,050 
Silver <O.OlO 
Tetrachloroethylene CO.005 
Toxaphene <O.OlO 
Trichloroethylene <0.005 
2.4,5-Trichlorophenol <O.OlO 
2,4,6-Trichlorophenol <O.OlO 
2.4,5-TP (Silvex) <0.005 
Vinyl chloride to.010 

Anne S. Burnett 
Quality Control Officer 

IL 

c 

1 

Regulator\- Level (mgjlj 
0.02 II- 
0.008 
0.13 
0.5 
3.0 
5.0 
0.4 
0.2 

10.0 
200.0 

2.0 
100 IO 

5.0 
1.0 
5,O 
0.7 
0.5 
0.5 

400.0 
2.0 
1.0 
0.2 

m 

111, 

A 

F 

The information presented in the report represents the laboratory analyses m. 
performed on the samples provided to Environmental Testing Services. Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services. Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to any person or entity without m 
written authorization from its client. 
Environmental Testing Services, 

Any liability on the part of 
Inc. shall not exceed the sum paid by the client 

to Environmental Testing Services, Inc. 
ml 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 988 Norfolk Square l Notfolk, Virginia 23502 l (804) 461~ETSI (3874) l Fax (904) 461-0379 

Page 5 of 6 

TOXICITY CFIARACTERISTICS LRACEING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

Toxicity Characteristic Leachi ng Process (TCLP): EPA Manual SK-846 Yethod 1311. 

Sample ID: Composite 

Comoound 
Arsenic 
Barium 
Benzene 
Cadium 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
2.4-D 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
l.l-Dichloroethylene 
2,4-Dinitrotoluene 

Anne S. Burnett 
Quality Control Officer 

Concentration (mgll) Regulatory Level (mu/l) 
<o.oso 5.0 

1.12 100.0 
<0.009 0.5 
(0.010 1.0 
<0.005 0.5 
<0.008 0.03 
<0.005 100.0 
<0.005 G,O 
to.050 5.0 
CO.020 200.0 
CO.040 200.0 
CO.040 200.0 
<0.005 200.0 
to.010 10.0 
CO.005 7.5 
to.005 0.5 
<0.005 0.7 
to.008 0.13 

The information presented in the report represents the laborator)- analyses 
performed on the samples provided to Environmental Testing Services, Inc. in 
accordance with the test methods requested and described above. Environmental 
Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to anv person or entity without 
written authorization from its client. Any liability on the part of 
Environmental Testing Services, Inc. shall not exceed the sum paid by the client 
to Environmental Testing Services. Inc. 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 888 Norfolk Square l Norfolk, Virginia 23502 l (804) 461-ETSI (3874) l Fax (804) 461-0379 

Page 6 of 6 

TOXICITY CRARACTRRISTICS LRACRING PROCESS (TCLP) 
CONSTITUENT AND REGULATORY LEVELS 

CONTINUED 

Sample ID: Comoosite 

Comoound Concentration (meril) peeulatorv Level (mall) 
Endrin (0.005 0.02 
Heptachlor (and its hydroxide) <0.004 0.008 
Hexachlorobenzene <O.OlO 0.13 
Hexachloro-1,3-butadiene <O.OlO 0.5 
Hexachloroethane <O.OlO 3.0 
Lead to.010 5.0 
Lindane <0.002 0.4 
Mercury (0.002 0.2 
Methoxychlor <O.OlO 10.0 
Methyl ethyl ketone <0.005 200.0 
Nitrobenzene (0.010 2.0 
Pentachlorophenol <0.020 100.0 
Pyridine <O.OlO 5.0 
Selenium <o.oso 1.0 
Silver <O.OlO 5.0 
Tetrachloroethylene <0.005 0.7 
Toxaphene co.010 0.5 
Trichloroethylene <o.oos 0.5 
2,4,+Trichlorophenol <O.OlO 400.0 
2,4,6-Trichlorophenol (0.010 2.0 . 
2,4,5-TP (Silvex) CO.005 1.0 
Vinyl chloride to.010 0.2 

Anne S. Burnett 
Quality Control Officer 

The information presented in the re ort 
performed on the samples provided to l? 

represents the laboratory analyses rr 
nvironmental Testing Services, Inc. in 

accordance with the test methods requested and described above. Environmental 
Testing Services, Inc. is not responsible for any use of this information by its 
clients and shall not reveal these results to an 
written authorization from its client. 

person or entity without 
Any liability on the part of I 

Environmental Testing Services, Inc. shall not exceed the sum paid by the client 
to Environmental Testing Services, Inc. 

E 



ENVIRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 l 888 Norfolk Square l Norfolk, Virginia 23502 l (804) 461~ETSI (3974) l Fax (604) 461-0379 

-: 
Ms. Tina Bickerstaff 
O’Brien & Gere Engineers, Inc. 
440 Viking Drive 
Virginia Beach, Virginia 23452 

25198 Mw 164-6 
25109 MWl6&8 
25199 MWl668 
25109 MWl668 
25100 MWl66-8 

25200 
25200 

Mw18&8 
Mw18&8 

MW 18 lo-12 
MW 18 lo-12 
MW 18 lo-12 
MW 18 lo-12 

25201 
25201 
25201 

25202 
25202 
25203 

25203 
25203 

MW 20 6-8 
Mw 20 6-8 

Mw 20 lo-12 
Mw 20 lo-12 
Mw 20 lo-12 
Mw 20 lo-12 

25204 Tw O-2 
25204 7-w o-2 
25205 Tw4-6 
25205 TW46 

TPH 
TPH 
TPH 
Flash 

PH 

TPH 
TPH 
TPH 
TPH 

PH 

TPH 
TPH 
TPH 
TPH 
Flash 

PH 

TPH 
TPH 
TPH 
TPH 

CEMlFXCATE OF ANALYSI!S 

Method 
5030/8020 

355018015 mod. 
5030/8020 

3550/8015 mod. 
1010 
!a045 

5030/8020 
3550/8015 mod. 

503Oi8020 
3550/8015 mod. 

1010 
9046 

5030/8020 
355018015 mod. 

5030/8020 
3550/8015 mod. 

1010 
9045 

503OBO20 
355uSOI5 mod. 

5030/8020 
355003015 mod. 

U = Not detected above quantitation limit 

&.?p 

U 
U 
u 

> 1400 
4.86 

U 
U 
U 
U 

> 1400 
4.70 

U 
U 
U 
U 

> 1400 
5.31 

U 
?2 
U 
U 

E 
1 
1 
1 
1 

- 

1 
1 
1 
1 

- 
- 

1 
1 
1 
1 

- 

1 
1 
1 
1 

January 5,1993 
Pagelof2 

. . . le D~Dtion: 
Designation: Tarawa Terrace 
Sample site: MCB Lejeune 
Sampled by: TB 
samples collected: 
December 9 t 11,1902 
Matrk8oil 
No. of samples: 8 

OF 
- 

m&f 
mglfcg 
mg/kg 
mdh3 

Date/ 
$Yme Analvxed 
12-18-B/15:37 
12-21-92/11:00 
12-l&92/17:00 
12-21-92/11:00 
12-15-92/12:30 
12-15-92/12:00 

Anal-vst 
PK 
Lx 
PK 
Lax 
DF 
MS 

12-18-%?I- PK 
12-21-fwll:OO Lx 
12-18-B/19:48 PK 
12-21-92/11:00 Lx 
12-15-92/12%-l DF 
12-189202:OO MS 

12-18-92/21:13 PK 
12-21-9201:OO Lx 
12-18-92i22:37 PK 
12-21-@all:00 Lx 
12-15-92/12:30 DF 
12-15-92/12:00 MS 

12-lo-92/00:01 
~2”2~“09/1 l.n(j “-” .” 
12-N-92/01:24 
12-21-92/11:00 

PK 
Lx 
PK 
Lx 

The information presented in the report represents the laboratory analyses performed on the samples provided to EnvironmentaI 
Testing Services, Inc. In accordance with the test methods requested and described above. Environmental Testing Services, Inc. is 
not responsible for any use of thin information by its clients and shall not reveal these results to any person or entity without written 
authorization from its client. Any Iiabilky on the pnrt of Environmental Testing Services, Inc. shall not exceed the sum paid by the 
client to Environmental Testing Services, Inc. 



IDX ETS 
26203 
25203 
26203 

26203 
25203 
26203 
26203 
26203 
26203 
26203 
25203 
26203 
26203 
26203 
26203 

25203 
26203 
26203 
26203 
26203 
26203 
26203 
26203 
26203 
26203 
26203 

26203 
25203 
26203 
26203 

26203 
26203 
25203 
26203 

- AlUdYSiS Method Results 
Mw 20 10-12 Amenic 1311 U 
Mw 20 lo-12 Elarium 1311 0641 
Mw 20 lo-12 Henxene 1311. U 
Mw 20 lo-12 cadmium 1311 U 
Mw 20 lo-12 Carbon tetrachloride 1311 U 
Mw 20 lo-12 CNordane 1311 U 
Mw 20 lo-12 Chlorobenzene 1311 U 
Mw 20 lo-12 CNoroform 1311 U 
Mw 20 lo-12 Chromium 1311 U 
Mw 20 IO-12 oGreso 1311 U 
Mw 20 lo-12 mCreso1 1311 U 
Mw 20 lo-12 p-ClesOl 1311 U 
Mw 20 IO-12 cresol 1311 U 
Mw 20 lo-12 2,4-D 1311 U 
Mw 20 lo-12 1,4DicNorobenzene 1311 U 
MW 20 lo-12 1 ,P-DicNoroethane 1311 U 
Mw 20 lo-12 1, 1-DicNoroethylene 1311 U 
Mw 20 10-12 2,CDinitrotoluene 1311 U 
Mw 20 lo-12 ElUbin 1311 U 
Mw 20 lo-12 HeptacNor 1311 U 
Mw 20 lo-12 HexacNorobenzene 1311 U 
Mw 20 lo-12 HexacNoro-1,3ne 1311 U 
Mw 20 lo-12 HexacNoroethane 1311 U 
Mw 20 IO-12 Lead 1311 U 
MW 20 lo-12 Lindane 1311 U 
Mw 20 10-12 Mercury 1311 U 
Mw 20 10-12 MethoxycNor 1311 U 
MW 20 lo-12 Methylethylketone 1311 U 
MW 20 lo-12 Nitrobenzene 1311 U 
Mw 20 lo-12 Pentachlorophenol 1311 U 
Mw 20 10-12 Pyridine 1311 U 
Mw 20 10-12 Selenium 1311 U 
Mw 20 10-12 Silver 1311 U 
MW 20 lo-12 TetracNoroethylene 1311 U 
Mw 20 IO-12 Toxaphene 1311 U 
Mw 20 lo-12 Trichloroethylene 1311 U 
Mw 20 lo-12 2,4,S-TricNorophenol 1311 U 
Mw 20 lo-12 2,4,%-McNorophenol 1311 U 
Mw 20 lo-12 2,4,S-TP (Silvex) 1311 U 
Mw 20 10-12 Vinyl chloride 1311 U 

Ig 
0.006 
O.OOQ 
0.01 

0.006 
0.008 
0.006 
0.006 
0.05 
0.02 
0.04 
0.04 

0.006 
0.010 
0.006 
0.005 
0.006 
0.008 
0.006 
0.004 
0.010 
0.010 
0.010 
0.01 

0.002 
0.002 
0.010 
0.006 
0.010 
0.020 
0.010 
0.06 
0.01 

0.006 
0.010 
0.005 
0.010 
0.010 
0.006 
0.010 

Page2of2 

Regulatory 
w 

5.0 
100.0 

0.5 
1.0 
0.5 
0.03 

100.0 
6.0 
6.0 

200.0 
200.0 
200.0 
200.0 

10.0 
7.6 
0.5 
0.7 
0.13 
0.02 
0.008 
0.13 
0.5 
3.0 
6.0 
0.4 
0.2 

10.0 
200.0 

2.0 
100.0 

5.0 
1.0 
6.0 
0.7 
0.5 
0.5 

400.0 
2.0 
1.0 
0.2 

U - Not detected above quantitation limit 

The information presented in the report represents the laboratory analyses performed on the samples provided to Environmental 
Testing Services, Inc. in accordance with the test methods requested and described above. Environmental Testing Services, Inc. is 
not responsible for any use of this information by its clients and shall not reveal these results to any person or entity without written 
authorization from its client. Any liability on the part of Environmental Testing Services, Inc. shall not exceed the sum paid by the 
client to Environmental Testing !kvkes, Inc. 

a 



APPENDIX D 

IN-SITU PERMEABILITY 



IN-SITU HYDRAULIC CONDUCTIVITY TEST PROTOCOL 

Introduction 

The following presents the methods and procedures to be 

employed in completing in-situ hydraulic conductivity (K) tests, 

The purpose of the test is to obtain estimates of aquifer 

permeability which in turn will be used to estimate ground water 

flow velocity. A.Quality Control/Quality Assurance (QA/QC) program 

for the K-tests has also been formulated and is presented herein. 

Testina Methods and Procedures 

Potential Hydraulic Difference Creation: 

To complete an in-situ hydraulic conductivity (K) test, a 

potential hydraulic difference must be created between the well 

being monitored and the surrounding aquifer. This will be 

accomplished by rapidly inserting a solid piece of one-inch (1") 

diameter PVC into the well's water column, thereby displacing the 

water column upward and creating a potential for flow from the well 

to the surrounding aquifer. The rate of decline of the water level 

in the well will be monitored as it comes into equilibrium with the 

aquifer. Subsequent to the well water level approaching the 

hydraulic head static level, the displacing rod will be removed. 

This will result in a water level in the well that is lower than 

the surrounding aquifer and therefore will create a potential for 

flow from the aquifer into the well. This recovery will also be 

monitored until the static level is approached. 

Revised 
6/26/91 
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Ground Water Level Monitoring Equipment and Time Sequence: 

Ground water levels during the tests will be monitored using 

an Enviro-Labs Data Logging System which employs a conventional 

analog signal generating pressure reducing that directly measures 

feet of hydraulic head to the one-hundredth (0.01) of a foot. 

During the tests, ground water level (hydraulic head) data will be 

collected for both the head decline and recovery periods according 

to the following time schedule: 

Time After Time Between 
Potential Difference Induced Water Level Readinus 

Step 

0 - 1 minutes 2 seconds 
l- 3 minutes 5 seconds 
3 - 5 minutes 15 seconds 
5- 10 minutes 30 seconds 
10 - 30 minutes 60 seconds 

Note: It is anticipated that the well's water level will be 
near the pre-test measured static level after thirty (30) 
minutes. 

by Step Testing Procedure: 

1. Install pressure transducer and couple to data logging 
unit, noting depth installed. 

2. Measure and record static ground water level in well to 
be tested. 

3. Insert displacing rod. 

4. Monitor water level declines to static level. 

5. Remove displacing rod. 

6. Monitor water level recovery. 

Manual Methods 

Under some field conditions, it may be appropriate to conduct 

in-situ conductivity testing manually without the aid of an 

Revised 
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electronic data logger. In these instances, the following 

procedures will be utilized: 

1. 

2. 

3. 

4. 

5. 

The depth to ground water will be measured. 

A potential hydraulic difference will be created by 
bailing or pumping ground water from the well to be 
measured. 

Subsequent ground water recovery will be measured at 
appropriate intervals as determined by the field 
geologist. 

Depth.to ground water will be measured to the nearest 
0.01 foot. 

Measurements will be obtained until ground water has 
recovered to its static level or, if site conditions 
warrant, a minimum of 90% of the static level. 

r, Eauipment Decontamination 

Following each respective test, equipment coming in contact 

with ground water will be decontaminated. This will be 

accomplished using a mild soap solution wash followed by a control 

source water rinse. 

Qualitv Assurance/Oualitv Control Proaram 

The objective of the Quality Assurance/Quality Control program 

is to ensure that the in-situ hydraulic conductivity (k) test data 

is of a known and acceptable quality. This will be accomplished by 

completing the following: 

1. Daily manufacturer-specified pressure transducer and data 
logging instrument calibration, 

2. Periodic physicalgroundwater level measurements collected at 
five (5) minute intervals during the test to cross check 
pressure transducer readings. 

Revised 
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Data Analysis 

Values of hydraulic conductivity will be calculated from the change 

in head versus the change in time data using Hvorselv's formula. 

Revised 
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IN-SITU PERMEABILITY TIEi’ 

IXELD LQG 
PROJECT-JThi- 66’ 
WELL NUMBER m 
DATE I-g -9% 

4 

I+- 
//// 

STATIC HEAD (H) 62~~ . . 
t=- 

F- ‘,‘.Pk’i RADIUS (r) ’ .08 

t * 
SCREEN RADIUS (R) .e 35 

SCREEN LENGTH (L) 1s 

t=o -e INITIAL HEAD (Ho) . lio.0 
-. 
= -: -- T 

*I HYDRAULIC CONDUCTIVITY : - . . - .- 
= * _ :* ’ L 
=* *I 

.’ = . . IL 
K=r%(L/R) 

I-R 2LTo < \I F&73/ \  ̂

I  

LOCATION -b4(4 WQ kc6tcg 
ELEVATION 

WATER 
H-h 

TIME~C DEPM &i-n h 
s 
H-Ho - 

A I I r7 I / /- 1 I 

I , CI- I .h 

1.0 
0.9 

0.8 

0.7 

0.6 

T u 1 0.37 

_- 
0.3 

0.2 

5 ,, 



/ ‘. c ‘, IN-SITU PERMEABILITY TEST .. ..4 
FIELD LOG i 

PROJECT 7 [ii I-h6 LOCATION =-@a Tim-a Q2. ml 
WELL NUMBER \M ELEVATION 

DATE ~-pm 

-- 

STATIC HEAD (H) m . . 

‘,PIp RADIUS (r) ’ A 

SCREEN RADIUS (R) a& 

SCREEN LENGTH (L) * 

INITIAL HEAD (Ho) ti 

HYDRAULIC CONDUCTIVITY : 

K=r%(L/R) 
m, T- 

m 

WATER H-h I 

To ) 

.b 



IN-SITU PERMEABILITY TESi’ 
E’IELD LOG 

* 
i 

PROJECT 7-i’- 6 I- 6th 
WELL NUMBER 
DATE 

LOCATION 
ELEVATION 

‘IC HEAD (H) 6,67 STAT . . . . 
.PIPE RADIUS (r) .d 

SCREEN RADIUS (R) ,& 

SCREEN LENGTH (L) $133 
. 

INITIAL HEAD (Ho) m 

HYDRAULIC CONDUCTIVITY : 

K=r%(L/R) 

WATER 
H-h 

t=- 

t-0 

2LTo \r /s1;5/ \ 
DATUM 

1.0 ..- 
0.9 
0.8 

0.7 ..- 
0.6 

0.5 

‘I J 1 0.37 

-- 
0.3 

-._ 
0.2 



/ ‘., c ’ IN-SITU PERMEABILITY TEST 
‘. ._d 

E’IELD LOG * i 
PROJECT 
WELL NUMBER 

LOCATION Tar&u ~WXQ L’ 

ELEVATION 

DATE I-Ql-Ci% 

-- 
H 

-m 

-- -- 

STATIC HEAD (H) b / 

‘,PIbk RADIUS (r) ’ 

SCREEN RADIUS (R) ti 

SCREEN LENGTH (L) -@ 

INITIAL HEAD (Ho) ’ lfFL 

HYIXAULIC CONDUCTWIN : 

K=r%(L/R) 

WATER H-h . I 
h H-Ha-721 t 



‘t 

‘. ..d IN-SITU PERMEABIi,ITY TESi’ 
l?IELD LOG i 

PROJECT rbl-- b6 
WELL NUMBER wd5 
DATE 1-9 -42 

4 k--r r 
I t==J 

? I- 

t 
-- 

t=o - -. *I - *. -. - . . -f- - .a 

1 = .*’ ’ L 
= :.I = .* - . . -L 

STATIC HEAD (H) LT.7 .I . . 

‘-PIPE RADIUS (r) ’ ‘0% 

SCREEN RADIUS (R) .a 

SCREEN LENGTH (L) ~%!iii$ 

INITIAL HEAD (Ho) ’ ti 

HYDRAULIC CONDUCTIVITY : 

K=r%(L/R) 

2L-h h,,,, ‘; 

ELEVATION 

H-h 

h 

LO) 
- 



,,’ .. 
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‘...d 

IN-SITU PERhiEABILITY TESi’ 
FIELD LOG , 

PROJECT --t-7Ib i - LOCATION -bi b.dara, 
WELL NUMBER vw (0 ELEVATION 
DATE I -q-qA 

To ) 

STATIC HEAD (H) m . e 

‘,PIbk RADIUS (r) . 

SCREEN’ RADIUS (R) di 

SCREEN LENGTH (L) ,f& 

INITIAL HEAD (Ho) a.,&. 

HYDRAULIC CONDUCTIVIN : 

K=?ln(L/R) 

WATER 
H--h 
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IN-SITU PERMEABILITY TEStI? 
FIELD LQG 

PROJECT -m-or--66 

WELL NUMBER uv\Ih) 
DATE I-s-?a 

-77-z le-r 
/I// 

t=- 5- 

t 

t=o 

-. -I = :* -- 7 - . . - .* I = .* .* = .. I L = ,’ 
1-L - *. 

I-R 
DATUM 

STATIC HEAD (H) 6 $64 ’ . . 

,PIbk RADIUS (r) ’ *OS 

SCREEN RADIUS (R) ~& 

SCREEN LENGTH (L) %& 

INITIAL HEAD (Ho) ’ Ik -0 

HYDRAULIC CONDUCTIVIIY : 

K=r%(L/R) 

, 

LOCATION 
ELEVATION 

WATER 
U-h 

P ,  



/ ‘. 
L ‘b IN-SITU 

PROJECT 
WELL NUMBER 
DA-j-E w 

-4 k 

7r t=- F- 
TI I 

To) 

PERMEABILITY TIE? 
F’IELD LQG 

STATIC HEAD (H) 
.  a 

.PIkb RADIUS (r) 

SCREEN RADIUS m 
SCREEN LENGTH (L) 

l.q3 
L2L 
Lx 
lo , 

ELEVATION 

INITIAL HEAD (Ho) J!L. #O 

HYDRAULIC CONDUCTIVIM : 

K=r%dL/R) 

2LTo / Ih / \ 

WATER H-h m 

.07 

I, 

t t t I I 

I 

1 

1 

I 



PROJECT fl6/-1;6 
WELL NUMBER bw 7 
DATE ! - 9-92 

I ‘, 
‘...d IN-SITU PERMEABILITY TESi’ 

E’IELD LOG i 
LOCATION -h&Wa --r&m@ 
ELEYATION 

To 1 

t DATUM 

STATIC HEXI (H) . . 

‘,Pikk RADIUS (r) 

SCREEN RADIUS (R) 

SCREEN LENGTH (L) 

INITIAL HEAD (Ho) 

WATER 
H-h 

TlME g/ DEPTH *&in, h -- 
H-Ho -1 

l4.0 I 
//I P //, 0 # 62 



r3 IN-SITU PERMEABILITY TICkI 
F’IELD LQG 

PROJECT 
WELL NUMBER pi$$- 
DATE I-Y-%& 

STATIC HEAD (H) id!& 

‘.‘fJ@E RADIUS (r) ’ 

SCREEN RADIUS (R) & 

SCREEN LENGTH (L) e.& 

INITIAL HEAD (Ho) 

HYDRAULIC CONDUCTIVIN : 

K=r%(L/R) 

2LTo , , -y 

WATER H-h I 

J’jMEy& DEPTH tii,q h H-Ho- 
I I A I I 

d 

I 

I 



I ’ IN-SITU PERMEABILITY TIE? 
l?IELD LOG ; 

. ._- 

PROJECT T--% ah7 
WELL NUMBER_ \ 
DATE I 

4. pr /f //I/ t=- 3- 3- -- -- 
-- -- 

-- -- 

u- 
4 I-R 

DATUM 

To 1 

STATIC HEAD (H) @I I . . 

‘,PIb’E RADIUS (r) ’ 10% - 

SCREEN RADIUS (R) i% 

SCREEN LENGTH (L) %i!Q 

INITIAL HElAD (Ho) 1114 

HYDRAULIC CONDUCTIVITY : 

K=r%(L/R) 
71 Tn 

H--h 

H-Ho -4 

l ~~ I I I 



IN-SITU PERMEABILITY TEST 
FIELD LOG I’ 

PROJECT y-?b:(- 66 

WELL NUMBER, 
DATE 

-- 

-r 
r,,, 

STATIC HEAD(H) 330 
. . 

t=- 
‘.‘,PIPk RADIUS (r) . 

t * 
SCREEN RADIUS (R) ,35 

SCREEN LENGTH (L) Ib’ 

t=o INITIAL HEAD (Ho) ?LQ- 1 

y-f- HYDRAULIC CONDUCTIVI-IY : 
:.;I 1 

I 
LI K=r%(L/R) 

rll T- 

ELEVATION 

II 

m 

I 

WATER 
H-h 

1.0 
0.9 

0.8 

0.7 

0.6 

0.5 



IN-SIT,U PERMEABILITY TES? 
I?IELD LQG 

i 0 ) 

STATIC HEAD (H) . . 
. 
,PIPk RADIUS (r) 

SCREEN RADIUS (R) 

SCREEN LENGTH (L 

INITIAL HEAD (Ho) 

HYDRAULIC CONDU 

K=r%(L/R) 

I  

> 

LOCATION 
ELEVATION 

&a- l 

WATER 
H-h 

TIMEQx OEPTH + .w,f-) h - H-Ho - 

n 0 .Gw f  

4 , 07 . !I 9 I 8% 

CTIVITY : I I I 
I 1 

l=f=l-lA 
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IN-SITU PERMEABILITY TEST 
E’IELD LOG I’ 

PROJECT rtk+66 
WELL NUMBER M 

LOCATION nTI;cLcldi Te.cfQ t&e 

ELEVATION 

ro 1 

H 

I 

I I . * . . . 
I 
* . ’ . : : * : . . ,. : 

It DATUM 

STATIC HEAD (H) 6441 
. . 

‘.PIPk RADIUS (r). d?!. 

SCREEN RADIUS (R) ii& 

SCREEN LENGTH (L) 10 

INITIAL HEAD (Ho) * i@ 

HYDRAULIC CONDUCTIVIN : 

K=r%(L/R) 

2LTo /. , \ 

WATER 
H-h 

-7 

1.0 
0.9 
0.8 

0.7 

0.6 

0.5 
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*  

IN-SITU 

PROJECT -r-rbi-L(i’ 
WELL NUMBER B&i 
DATE 1 $k+--?-~~ 

I 

I 
h 

PERMEABILIr.Y TEST 
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APPENDIX E 

DRILLING PROCEDURES 



UST MONITORING WELL CONSTRUCTION 

AND 

FIELD OPERATIONS 

REQUIREMENTS 

Well permits required by state agencies are the responsibility of the contractor. 
All monitoring wells will be installed in accordance with the following Navy UST 
monitoring well-specifications. 

DRILLING 

During the drilling program, boreholes will be advanced using conventional hollow 
stem auger drilling methods. If it is the opinion of the contractor that air or mud 
rotary drill methods are necessary, approval must be obtained from the EIC. 
Presentation of justification for a boring method change shall be presented prior to 
drilling. 

The wells will be constructed of flush joint threaded PVC well screen and riser 
casing depending on conditions encountered during borehole completion. 

Weil construction details are shown in Figures A-l and A-2, A drill mounted on an 
All-Terrain-Vehicle (ATV) may be required for access to remote areas. Each rig will 
use necessary tools, supplies and equipment supplied by the contractor to drill each 
site. Drill crews should consist of an experienced driller and a driller assistant 
for work on each rig. A geologist, experienced in hazardous waste site 
investigations, shall be on site to monitor the drillers efforts and for air 
monitoring/safety control. Additional contractor personnel may.be needed to 
transport water to the rigs, clean tools, assist in the installation of the security 
and marker pipes, construct the concrete aprons/collars and develop the wells. A 
potable water source on base will be designated by the Government. 

Standard penetration tests will be performed in accordance with ASTM D-1586. 
Standard penetration tests will be performed at the following depths: O.O-foot to 
1.5-foot; 1.5-foot to 3.0-foot; 3.0-foot to 4.5-foot; and S-foot centers thereafter. 
A boring log of the soil type, stratification, consistency and groundwater level 
will be prepared. 

Groundwater sampling using a Hydropunch penetrometer (or similar penetrometer probe) 
and the corresponding laboratory analysis will be used to help define the lateral 
and horizontal extent of the contamination. The Hydropunch sample shall be obtained 
from either the upper or lower portion of the aquifer as needed. The use of 
augering to provide a pilot hole shall not be used. The Hydropunch operation shall 
not produce soil debris or excess groundwater. The proposed location of Hydropunch 
penetrometer sampling shall be detailed in the preliminary well location plan. 

Attachment (b) 
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SAMPLING 

Two soil samples will be obtained from each boring/well in accordance with ASTM 
Method D-1586 for split barrel sampling. The first sample will be obtained from 2 to I 
5 feet below ground surface. The second soil sample will be from the water table to 
5 feet above the water table. Each soil sample will be screened in the field using 
an HNu photoionizer, organic vapor detector or similar type direct readout 
instrument to identify the presence of petroleum product within the soils. 

w 
This 

field screening will provide a preliminary indication of the vertical and horizontal 
extent of petroleum contamination in order to select the optimum locations of other 
monitoring wells during the drilling program. Based on the field screening, I 

monitoring wells will be installed at the locations where the most significant 
accumulation of fuel is encountered. Groundwater sample shall be obtained from 
each well and penetrometer probe after development is completed per the instructions - 
below. 

DEVELOPMENT 

After completion of the soil sampling and drilling to the specified depth, 2-inch or 
4:inch (as required by the EIC) I.D. flush-threaded Schedule 40 PVC (Schedule 80 in 
traffic areas) monitoring wells with slotted screens and well casings will be I 
installed in the borehole. A 5 to 15-foot section of 0.01 inch slotted PVC well 
screen should be used in each well. Deep/shallow well pairs are to be used to 
obtain samples from'both the upper and lower portions of the surficial aquifer. A 
sand pack will be placed around each slotted well screen extending to 2 feet above F 

the top of the screen. A bentonite seal (minimum thickness - 1 ft.) will be placed 
on top of the sand pack. Finally, a ground mixture of two parts sand and one part 
cement, thoroughly mixed with the specified amount of potable water, will be placed m 
in the borehole and rodded to insure a proper seal. 

All wells will be developed following their installation to remove fine ground II: 
materials that may have entered the well during construction. This will be 

accomplished by either bailing or continuous low yield pumping. Equipment used for 
well installation, that may have come in contact with potentially contaminated 
material'will be decontaminated with a high pressure steam clean wash followed by a m 
potable supply water rinse. For the purpose of this scope of work, it is assumed 
that all fluid generated from well development and equipment decontamination can be 
disposed of on the ground at each respective well site. I 

. 
After development, ‘a standard slug permeability test will be done at each 
2" monitoring well that does not contain product. 

Soil removed from the borehole will containerized in DOT approved barrels and 
properly identified. It is expected that sampling required for this effort will 
suffice for determining if the material is hazardous. The drill equipment and tools I 
will be cleaned prior to drilling each well using a portable decontamination 
system/operation supplied by the contractor. Wash water at the sites will not be 
contained, unless otherwise directed by the Government, and may seep into the ground or 
locally. 

Supplies and equipment will be transported to the lay-down area designated on the 
station by the Government. Any office apace, trailers, etc., required for drilling, I! 

subsequent sampling and shipping shall be arranged and provided by the contractor. 
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WELL HEAD COMPLETION 

A 4-inch diameter security pipe with a hinged locking cap will be installed on the 
well casing top having an embedment depth of 2.5 feet into the grout. 

There are two acceptable methods of completing the wellheads. 

In non-traffic areas the acceptable method of finishing a wellhead is shown in 
figure A-l. Each well will be marked with three Schedule 40 steel pipes, 3-inch 
I.D., imbedded in a minimum of 2.5-foot of 3,000 psi concrete. (The concrete used 
to secure the three pipes will be poured at the same time and be an integral part of 
the S-foot by S-foot by O-S-foot concrete apron described above.). The security 
pipes will extend a minimum 2.5 feet and maximum 4.0 feet above the ground surface. 
The steel marker pipes will be filled with concrete and painted day-glo yellow or an 
equivalent. 

In traffic-areas (and non-traffic areas where required), a "flush" manhole type 
,cover shall be built into a concrete pad as shown in figure A-2. If the well as 
installed through a paved or concrete surface, the annular space between the casing 
and the bore hole shall be grouted to a depth of at least 2.5 feet and finished with 
a concrete collar. If the well was not installed through a concrete or paved medium 
and still finished as a high traffic area well, a concrete apron measuring S-foot by 
S-foot by 0.5 foot will be constructed around iach well. This apron/collar will be 
constructed of 3,000 psi ready-mixed concrete. The concrete will be crowned to 
provide and to meet the finished grade of surrounding pavement as required. The 
concrete pads can be constructed within five days after all of the weils have been 
installed. 

In all finishing methods, the well covers will be properly labeled by metal stamping 
on the exterior of the security pipe locking cap and by labeling vertically on the 
exterior of the security pipe or manhole cover as appropriate. The labeling shall 
consist of the letters UGW (UST Groundwater) (to describe the medium and the reason 
for the well) and a number specific to each well. 

A sign reading "NOT FOR POTABLE USE OR DISPOSAL" SHALL BE FIRMLY ATTACHED TO EACH 
WELL. 

* The contractor or project team may supplement these requirements, but may not 
modify or delete them, in total or in part, without prior approval of the 
Contracting Officer. 

.  .  
’ 

.  .  

. . 
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PUMP TEST DATA 
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SAMPLING PROCEDURES 
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, 
GROUIJDWATER SAMPLING PROTOCOL P 

, 

Use of the following procedures for sampling cf ground water 

observation wells is dependent upon the size and depth of tllc well 

to be sampled and the presence of immiscible petroleum product in 

the well. To obtain representative ground water samples from wells 

containing only a few gallons of ground water and no product 

present, the bailing procedures is preferred. 'l-0 obttnill 

representative ground water samples from wells containing more than 

a few gallons if an immiscible product layer is apparent, the 

pumping procedure generally facilitates more representative 

sampling. Each of'these procedures is explained in detail below. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

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

Put on a new pair of disposable gloves. 

Cut a slit in the center of the plastic sheet, and slip 
it over the well creating clean surface oIlto wllich tile 
sampling equipment can be positioned. 

Clean all meters, tools, equipment, etc., before placirlg 
on the plastic sheet. _ 

Using an electric well probe, measure the depth of the 
water tube and the bottom of the well. Record tliis 
information in the Ground Water Sampling Field Log. 

Clean the well depth probe with an acetone soaked towel 
and rinse it with distilled water after use. 

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

Attach enough polypropylene rope to a bailer to reach tllc 
bottom 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 rccovcr 
any oil film, if one is present on the water table. 



9. 

10. 

11. 

12. 

131 

14. 

15. 

16. 

17. 

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

sample undergo 
and is collected to observe the 

physical appearance of the ground water only. 

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

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

Initiate bailing the well from the well bottom. All 
groundwater should be dumped from the bailer into a 
graduated pail to measure the quantity of water removed 
from the well. 

Continue bailing the well throughout the water column and 
from the, bottom until three times the volume of 
groundwater in the well has been removed, or until tile 
well is bailed dry. If the well is bailed dry, allow 
sufficient time (several hours to overnight) for the well 
to recover before proceeding with Step 13. Record tllis 
information on the Groundwater Sampling Field Log. 

Remove the sampling bottles from their transport 
containers and prepare the bottles for receiving samples. 
Inspect all labels to insure 
identification. 

proper sample 
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. 

To minimize agitation of the water in the well, initiate 
sampling by lowering the bailer slowly into the well 
making ce.rtain to submerged it only far enougll to fill it 
completely. 
instructions 

Fill each sample container following tile 
listed in the Sample Containerization 

Procedures, Attachment B. Return each sample bottle to 
its proper transport container. 

If the sample bottle cannot be filled quickly, keep them 
cool with the caps on until they are filled. Ttie vials 
(3) labeled purgeable priority pollutant analysis sllould 
be filled from one bailer than securely capped. NO'l'E : 
Samples must not be allowed to freeze 

Record ti1c physical appearance of t11c yroutldwatcr 
observed during sampling on 
Field Log. 

the Groundwater Sampling 



18. 

19. 

20. 

21. 

22. 

After the last sample has been coliected, record tllc data 
and time, and, and if required, empty one baiier of water 
from the surface of the water in the well illto the 200 ml 
beaker and measure and record the pH conductivity and 
temperature of the ground water follow\ng the procedures 
outlined in the equipment operation manuals. llccorcl tllir. 
information.on tire Ground Water Sampling Field LOCI. 'I'llC 
200 ml beaker must then be rinsed with distilled water 
prior to reuse. 

Begin the Chain of Custody Record. 

Replace the well cap, and lock the well protcctioll 
assembly before leaving the well locatioll. 

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

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

Samnlina Procedures (PUMPL 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Identify the well and record the locatiorl 011 the GEUUII~ 
Water Sampling Field Log. 

Put on a new pair of disposable gloves. 

Cut a slit in the center of the plastic slleet, n~id slip 
it over the well creating a clean surface onto whicll the 
sampling equipment can be positioned. . 

Clean all meters, tools, equipment, etc., before p1aci.11~ 
on the plastic sheet. 

Using an electric well probe, measure the deptll of the 
water tube and the bottom of the well. Record this 
information in the Ground Water Sampling Field Log. 

Clean the well depth probe with an acetone soaked towel 
and rinse it with distilled water after use. 

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

Attach enough polypropylene rope to a bailer to reach the 
bottom of the well, and lower the bailer slowly into the 
well making certain to submerge it only far cnouc~l~ to 
fiil one-half full. The purpose of this is to recover 
any oil film, if one is present on the water table. 



9. 

10. 

11. 

12. 

- 

13. 

14. 

15. 

16. 

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: 
laboratory analysis, 

This sample will not undergo 
and is collected to observe 

Physical appearance of the ground water only. 
t11e 

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

Prepare the submersible pump for operation. -A pump wit11 
a packer inflated above the screened interval is 
preferred. 

Lower the bailer 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. 
is pumped dry, 

If t11c well 

allow sufficient time for the well to 
recover before proceeding with Step 16. Record. this 
information on the Ground Water Sampling Field Log. 

Remove the sampling bottles f ram tlloir t~l-nr1r:~~ol-t 
containers and prepare the bottles for rcccivillcj ~;ir~lll~lc!t. 
Inspect all labels t;o hsuro 
identification. 

proper f:illlll'J.C 
Sample bottles should be kept cool wit11 

their caps on until they are ready to receive snmplcs. 
Arrange the sampling containers to allow for convenient 
filling. 

With submersible pump raised to a level just beiow tile 
surface of the water in the well, fill each sample 
container following the instructions listed in tllc Saloplc 
Containerization Procedures. Return eacli samplillcJ bottle 
to its proper transport container. NOTE: A clear1 bottom 
loading stainless steel or Teflon bailer should be used 
to collect the sample used to fill the sample vials 
labeled purgeable priority pollutant analysis. Gently 
lower the bailer into the water to minimize agitation of 
the water. The vials (2) should be filled from one 
bailer. 

m 

I 

1 

I 

b 

I 

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 s1louJ.d 
be filled from one bailer than securely cappod- rdo'l'lr: : m 

Samples must not be allowed to freeze. 

Record tile physical appearance Of t11c CJrOllIl~~W;lk.C?L’ 

observed during sampling on tllc Groundwater G~~lliplitlg -. -- 
Field Log. 



17. After the last sample has been collected, record tllc data 
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 pIi, conductivity and 
temperature of the-ground water following the procedures 
outlined in the equipment operation manuals. Record tllis 
information on the Ground Water Sampling Field Log. 'l!lle 
200 ml beaker must then be rinsed with distilled water 
prior to reuse. 

18. Begin the Chain of Custody Record. A separate form is 
required for each well with the required analysis listed 
individually. 

19. Remove the submersible pump from the well alld clca11 tllc 
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 usilvg 
disposable towers and separate wash basins. TllC pump 
should then be returned to its covered storage box. 

20. Replace 'the well cap, and lock the well protcctiol\ 
assembly before leaving the well location. 

21. Place the gloves, towels, disposrrblo shoe c0vcrL; ald 
plastic sheet into a plastic bag for disposal. 

_ --. --. 
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TESTING LABORATORIES INC. 
Subsurface-Exploration l Geotechnicai Engineering 

January 6, 1993 

O'Brien and Gere 
440 Viking Drive 
Suite 250 
VA Beach, VA 23452 

Attention: Ms. Tina Brickerstaff 

Subject: Laboratory Test Results - 12/23/92 
Tarawa Terrace 
Camp Lajune, NC 
MTL Project 93-103 . 

Dear Ms. Brickerstaff: 

Attached are the results of Hydrometer-Grain Size Analysis Tests 
(ASTM D 422) performed on soil samples received on 12/23/92 
for the above referenced project. 

Should you have any questions concerning this report, please 
contact this office at your convenience. 

Very truly yours, 

McCALLUM TESTING &RATORIES INC. 

P.E. 

1808 HAYWARD AVENUE P.O. BOX 13337 CHESAPEAKE, VIRGINIA 233250337 
TELEPHONE (804) 420-2520 . FAX (804) 424-2874 



Mdallum Testing Laboratdes. Inl: 
1808 HAYWARD AVENUE 

P.O. Box 13337 
CHESAPEAKE, VIRGINIA 23325-0266. 

(804)420-2520 

.  .  .  .  1 

Our File Number 
93-103 

Client’s Order No, 

Client’s Req’n No 

Date l/6/93 

REPORT ON SOIL 

Lab.Na 37-l Chesapeake, Vs. 

Sample of TV proposed us? 
Sample No #l From Tarawa Terrace, Camp Lejune, NC 

Depth=- apthFtom 9' m 11' 

Deprh of Glt Height of Fii Reprrsentr 

submittai by O'Brien & Gere 

-Pled E.acivd 12/23/92 

MECHANICAL ANALYSIS (ASTM D 422) 

COARSE AC&REGATE SOIL b8ORTAR 

SIEVE ANALYSIS TOTAL 96 PASSING SIEVE ANALYSIS TOTAL % PASSING 

3-z -------------- % 

T-l&-y - ---es -w--w 9s 

1%“~1” (16 -------------, 

l"-%" w--m ------------ 70 

Y4”W -------------- 70 

w-3/8- % ---,----------, 

3/r* n/O --------------, 

Passing $#4 ------------ % 

3” 

T 

1%” 

1" 

#4- 

34" 

3/8” 

#4 

--------------w % CoatsesMd # 4 -------- m!!&&lb 

---------------- 95 WlO ------ LL% Medium Sand # 10 --------- z!!dL,% 

---------------- % #lll440 _____- !LL% # 40 ---------EL-% 

% 
Fine sand -------------- #4od200 ,,22%+-% #loo --------- z.L% 

---------------- % silt 19.0 #200 --------- _5_2_57-% 

% 
#2o&aoo5 mm% 

---------------- ~cIay-smalla 
--------------- % than 0.005 lluIL3,3,‘_7,-% 

% 
Ccilloids-SmaUa 

------m--------- thaa 0.001 mm-------% 

OTHER TEST DATA 

lkpid limit wata contux as Rcccid 

Plastic LimiPlasticiy Illdw bxs on Ignition (axtcctai) 

Specific Gnwiy Gefficienc of pamabtiy 

% 

% 

p+ per &Y 

Ranah Sample Gmtaiid 

-. 
L&t. No. 



Mdaflum Testing Laboratories, Inc. 
1808 HAYWARD AVENUE 

P.O. Box 13337 

Our File Number 

Client’s Order NO- 

Client’s Res’n NO 
CHESAPEAKE, VIRGINIA 233250266 

(804) 420-2520 

REPORT ON SOIL 

L&No 37-2 

sample of TV - 

Sample No #2 

Depth-- 
Depth of Glt 

Chesapeake, Va m 

proposed UJC 
.Prom Tarawa Terrace, Camp Lejune, NC 

Wprb Prom 9’ m 11' I 

submid by O'Brien & Gere a 
-Pled lkccival 12/23/92 

MECHANICAL ANALYSIS (ASTM D 422) m 
COARSE ACGREGATE SOIL MORTAR 

SIEVE ANAuYsIs 

3”-T --------------- % 

Y-l%” ------------- % 

lM”-1” 8 --------------, 

lW-3A" ------------% 

%"-54" -------------- % 

w-3/8 --------------yG 

3/r* 8 --------------, 

Passing R4 ------- _ ---- % 

TOTAL % PASSING SIEVE ANALYSIS TOTAL % PASSING 

3” ------- - ------- 96 coarse sand 
2- #4#10 02L~-% ----- 

---------------- % Medium Sad 
1%” ---------------- % #10-#4Q ----- z?:L% 

1” ---------------- 96 
Fine fsuki 

#40#200 2_72L -% 
%” -------------- .-% silt 7.8 

ts” ---s----w-m---B- % 
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w- 
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..--------------- than 0.001 mm, ------ % 
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# 40 --------- _6_9_12-% - 
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1200 ---------a..&-% m 

ea 

Liquid Limit Wats Conrent as R.eccived 

Plastic Limirhticiy Ida Lou on Ignition (coffad) 

Specific Gtavity cocfficialr of permeability 

clasifiifl . 



U. 5 SlAMOAR SIM OPf#Iwo IN mCHLS U. S. STANDAltO SIEVE NUMBERS 

Sample No. 

37-l 
Lkv 0’ ooplh lIzbull&(kn NdwX 11 
9' to 11' Yellowish brown siltv N/A 

v---$-e pwl O'Brien & Gere ---- - _-- -- 
fine to medium sandv clav Tarawa Terrace 

kc0 * Camp Leiune, NC __- 
,BmlnaNo. Ti'/ . 

GRADATION CURVES Dd. l/6/93 
. 

p 



U. S. SIANDARD U. S. SMNDARD SIEVE NUMBERS . 
3 6 I 10 I4 16 2D- -m 40 so 10 100 140 
I-r-7 

I-P- 

?y!-t~l!qqzzl: 

i 005 O( 0003 01 
GRAIN SIX Y( MlllMEIERS . 

I 

I 
-_ ---._ 

SAND 
mf mulnJ YcMm IOU I 

Sk1 OR CLAY 
I 

Smplr No. Ekv OI Depth ClCSSRkOOOO Nelw% 11 

37-2 9' to 11' Yellowish brown siltv -JIbLN/A 
JyA L plOlut ~~;;;;nT~r~~;; ___-. 

clayey fine to medium 
sand 

.-__-_ 
--- &r * Camp Lejune, NC 

* @@g No. Tw 

GRADATION CURVES QPIIJ l/6/93 
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EXHIBIT A 

SITE SURVEY DATA 
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ROBERT H. DAVIS, RLS -W- 

SURVEYORS AND PLANNERS _ 

7 175 HIGHWAY 70 EAST CALCULATED BY KdD BATE CL’/ -c .‘ 7 . V’I: 

NEW BERN. NORTH CAROLINA 28562 . m’- 

919-636-2109 
CHECKED BY 7&%&o D*,E CJ/ . cJ.7 -sts 

POINT NORTHXNG EASING ELEVATION POXNT 

GW 01 

/ GW 02 
I’ 

GW 03 

GW 04 

GW 05 

GW 06 

GW 07 

GW 00 

GW 09 

GW IO 

GW ii 

GW I2 

GW I3 

GW I4 

HW I5 

MW I6 

nw I7 

HW I0 

HW I9 

nw 20 

4’ TW 

1245.1 $069.3 100.88 

1245.1 1068.3 100.81 

1152.0 1145.0 101.09 

1152.0 1145.0 100.99 

1248.1 1215.5 101.53 

1249.1 1215.5 101.61 

1299.7 1145.6 101.74 

1299.7 1145.6 101.70 

1125.5 1065.7 101.00 

1125.5 1065.7 100.98 

1125.4 1207.2 101.63 

1125.4 1207.2 IOI .54 

1017.1 1135.2 100.20 

1017 .,I 1135.2 100.19 

II&.3 1262.8 100.29 

1017.3 1231.6 99.65 

1068.2 1028.1 98.70 

1004.3 IO5i.5 99.74 

899.9 1074.1 100.36 

931.0 1133.3 100.47 

1159.5 1118.3 98.64 

HP 01 

HP 02 

HP 03 

HP 04 

HP 05 

HP 96 

HP 07 
/ 

HP 08 

HP 09 

HP IO 

HP ii 

HP 12 

HP 13 

HP I4 

HP 15 

HP I6 

/  I  

NORTHXNG ,<EASTXNG 

1182.7 

1132.0 

i188.4 

1186.5 

1187.8 

1158.9 

1124.7 

1123.9 

1085.3 

1006.6 

$155.6 

1157.9 

I067.1 

972.8 

1062.2 

066.6 

// 

1092.5 

1038. I 

1132.7 

1162.6 

Ii98.9 

1243.6 

1168.1 

1124.1 

Il61.2 

1109.7 

1048.9 

995.5 

1130.1 

IO95.9 

1256.2 

1200 l 2 

ELEVATXON 

100.00 

97.65 

:00.15 

100.00 

100.48 
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99.16 

99.39 

99.30 

98.&s 

98.2 

97.4 

97.0 

98.1 

96.9 

97.0 

m m  

a 

DATA FROM FIELO SURVEY PERFOAHEC JANUARY 15. 1992 6 DECEMBER 18. 1992 
a 

ELEVATIONS BASED ON TBW AT SITE HARKED 100.00' ASSUHEO 
ACTUAL TEH ELEVAtION MOULO BE APPROXIMATELY 30’ CISL 
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TECHNICAL MEMORANDti NO. 2 
RESULTS OF FIELD INVESTIGATION 

Prepared for: 

Public ‘Works Division 
Maxine Corps Base, Camp Lejeune 

Contract N62470-C090-6796 

D&D Project No: LZ682-O00001-93160-DO86 

Prepared by: 

Dewberry & Davis 
5238 Vaileypointe Parkway 

Suite One-B 
Roanoke, Virginia 24019 

(703) 362-7725 

January 1991 

$3 Dewberry & Davis 



8.0 TARAWA TERRACE 

8.1 Tank Contents, The results for the laboratory testing on the sample from the Ta.rawa 
Terrace tank are presented in Table 10. The tank sampled was designated SIT-66. At the 
time of sampling (11/26/90), there was approximately 3 inches of product in the tank, for 
an approximate volume of 450 gallons. The other tanks (SIT-61, 62, 63, 64 and 65) each 
had approximately 1 to 3 inches of product. The tank was sampled utilizing a clean sample 
bag lowered on a rope. The leachate extraction procedure was not applicable to the waste 
oil sample, therefore, the TCLP parameters are total concentrations and many of the 
detection limits are above the regulatory levels. 

The VOC’s that were detected in the sample above their detection levels included l,l- 
Dichloroethane,Tetrachloroethene,l,l, l-TrichloroethaneTrichlorofIuoromethane,Benzene, 
Toluene, Ethylbenzene and Total Xylenes. For those detected VOCs with established 
maximum contaminant levels (MCL) or maximum contaminant level goals (MCLG), the 
concentratioti in the waste oil exceed those MCL/MCLG’s on the order of 3 to 600 times, 
All of the de@ted VOCs are commonly associated with petroleum and chlorinated solvents. 

The TCLP &stituents detected in the sample above their detection limits i&luded 
Benzene, Methyl Ethyl Ketone, Tetrachloroethylene, Arsenic, Barium, Cadmium, Chromium, 
Lead and Mercury. Those that exceeded their regulatory levels included Benzene (3.,15 ppm 
vs. 0.50 ppm), Tetrachioroethylene (5.12 ppm vs. 0.70 ppm), Cadmium (1.74 ppm vs 1.0 
ppm), Chromium (95.0 ppm vs. 5.0 ppm), and Lead (25.0 ppm vs. 5.0 ppm). Mercury was 
detected at its regulatory level of 0.2 ppm. 

The sample did not contain PCBs above the detection limit of 5.0 ppm and it was not 
hazardous by reactivity, ignitability or corrosivity indicators. 

8.2 The site was investigated by six hand augers and nine soil borings 
advanced to a depths of 05 to 5 feet. The test locations are shown on the Tarawa Terrace 
Site sheet in the sleeve at the back of this report. The general Iocations are as follows: 

Soil borings TTSB-1, 2 and 3 are along the piping from the boiler house to 
the tanks 

Soil boring TlYSB-4 is near the piping between tanks SIT-65 and 66 

Soil borings TTSB 5,6,7,8 and 9 are along the underground piping from the 
pump house to the railroad loading station and the piping along the railroad 
loading station 

Technical Memorandum No. 2 January 8, 1991 
Camp Lejeune Waste Oil Tank Sites Page 40 
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TABLE 10 I 

CAMP LEJEUNE HAZARDOUS WASTE OIL TANKS 

- 



TABLE 10 
(CONTINUED) 

CAMP LEJEUNE HAZARDOUS WASTE OIL TANKS 
LABORATORY RESULTS OF TANK CONTENTS 

:::li:.+‘-~:~ i’. DATE SAMPLED’-:: 

,: ,Y’~ :~,.;:.-,-ANK DESIGNATION 

‘:“.TOTAL HYDROGEN SULFIDE 

1) ALL RESULTS ARE PRESENTED IN PARTS PER MILLION (PPM), 
WHICH IS ANALOGOUS TO MILLIGRAMS PER KILOGRAM FOR THE 
VOC’S, PCB’S, REACTlVlPl AND THE TCLP FOR HOLCOMB, NEW 
RIVER AND TARAWA. PPM IS ANALOGOUS TO MILLIGRAMS PER 
LITER FOR THE TCLP FOR MIDWAY. FLASHPOINT IS IN DEGREES 
FAHRENHEIT(F) AND pH IS IN STANDARD UNITS. 

2) VOLATILE ORGANIC COMPOUNDS (VOC) IS A PARTIAL LiST 
CONSISTING OF 34 CHEMICALS. THOSE NOT INCLUDED IN THE 
TABLE WERE BELOW THEIR DETECTION LIMITS. THE DETECTION 
LIMIT FOR VOC’S WERE 0.125 PPM AT MIDWAY AND 0.500 PPM AT 
THE OTHER SITES. 

3) TOXICITY CHARACTERISTIC LEACHING PROCEDURE (TCLP) WAS 
WAS ONLY APPLICABLE TO THE MIDWAY SITE; THE OTHER SITES 
CONSISTED OF 01L SAMPLES FOR WHICH THE EXTRACTION 
WAS NOT APPLICABLE. THEREFORE, THE RESULTS FOR THOSE 
THREE SITES ARE FOR TOTAL CONCENTRATIONS IN THE WASTE OIL, 
WHILE THE RESULTS FOR MIDWAY ARE FOR THE LEACHATE FROM 
THE SLUDGE SAMPLED. 

4) ND - NOT DETECTED: “<” - LESS THAN THE DETECTION LIMIT. 
5) “0.294/l .9” FOR MIDWAY INDICATE RESULTS FROM FIRST AND 

SECOND LABORATORIES. 
6) S.U. - STANDARD UNITS 
7) F - DEGREES FAHRENHEIT 
8) MCL - MAXIMUM CONTAMINANT LEVEL 

1 



, 

Hand auger TX-IA-2 is near a valve which is dripping into a 55 gallon drum 

- Hand ayger TTHA-3 is next to a pump 

m  Hand auger ITHA- is next to piping between tanks STT-62 and 63 

Hand auger ‘lTHA-5 is under overhead piping between tanks SIT-62 and 63 

Hand auger TTHA-6 is in a low spot adjacent to two pipes with valves next 
to the pump house. 

The soils encountered at each of the test locations are described in Table 11. A generalized 
subsurface is presented in Figure 2. The soils conditions encountered consisted primarily 
of 1 to 3 feet of fine to coarse sand with varying amounts of silt, which is underlain by up 
to 1.5 feet of soft, black organic silt and peat with varying amounts of sand, except at the 
railroad loading station where the organic silt/peat is absent. Below the organic silt/peat 
or the silty sand where the organic layer is absent is either a very silty sand to sandy silt on 
the north and east sides of the site or a fine sand with little silt to the south side of the site. 
Groundwater was not encountered within the depth investigated. Decaying odors were 
prevalent in much of the sand above and below the organic layer. These odors may be due 
to the decomposing organ&. 

8.3 Laboratoq Results, The laboratory test results for the soil samples obtained at the 
Tarawa Terrace site are presented in Table 12. TPH levels were recorded above the 
detection limit of 10 ppm for the following samples: 

- m-1: 56 ppm by GC as diesel 

m  ‘ITHA-2: 308 ppm by GC as diesel and 5390 ppm by IR at the second 
laboratory L 

m  ‘ITHA-3: 21 ppm by GC as diesel 

The samples from the other soil borings indicated TPH levels below the detection limit sf 
10 PPm. 

Technical A4emorandum No. 2 
Camp Lejeune Waste Oil Tank Sites 
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1.5’-2’ 

2’-2.3’ 
2.3’4’ 

O’-2’ 

2’-2.5’ 

2.5’-3’ 
3’4’ 

O’-0.3’ 
0.3’-1.7’ 

1.7’-2’ 
2’-4’ 

O’-0.5’ 

0.5' 
O'-0.5 

0.5’-2.5’ 

2.5’-3’ 
3’-3.5’ 

3.5’4’ 

O’-1.5’ 

1.5’-2.5’ 

2.5’-3.3’ 
3.3’-3.7’ 
3.7’-4’ 

TABLE 11 

SOIL DESCRIPTIONS 
TARAWA TERRACE WASTE OIL TANKS 
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TAN TO GREY FINE SAND, LITTLE SILT, SLIGHT 
DECAYING ODOR, MOIST. 

GRADING GREYISH TAN, TRACE DECAYING ODOR. 
BLACK ORGANIC SILT AND SAND, WOOD, MOIST. 
DARK BROWN TO GREY FINE SAND AND SILT, SLIGHT 

DECAYING ODOR, MOIST. 
TAN TO GREY FINE SAND, LITTLE SILT, SLIGHT 

DECAYING ODOR, MOIST.‘* 

BLACK ORGANIC SILT AilD PEAT, MOIST. 
DARK BROWN TO GREY FINE SAND AND SILT, MOIST. 
GREY FINE SAND, SOME SILT, DECAYING ODOR. 
WHITE FINE TO COARSE SAND. 
TAN TO GREY FINE SAND, Ll7TLE SILT, SLIGHT 

DECAYING ODOR, MOIST. 

BROWNISH GREY FINE SAND, SOME SILT, MOIST. 
TAN TO GREY FINE SAND, LIITLE SILT, NO ODOR, 

MOIST. 
TAN TO GREY FINE SAND, LITTLE SILT, NO ODOR, 

MOIST. 

REFUSAL ON CONCRFTE (TANK FOUNDATION). 
BROWNISH GREY FINE TO COARSE SAND AND CRUSHED 

GRAVEL. 
TAN TO GREY FINE SAND, Lll-l-LE SILT, SLIGHT 

DECAYING ODOR, MOIST. 
BROWN FINE SAND, SOME SILT, NO ODOR, MOIST. 
DARK BROWN FINE SAND AND ORGANIC SILT, SOME 

ROOTS. 
BROWNISH GREY FINE SAND, SOME SILT, LITTLE 

ORGANICS, MOIST. 
TAN TO GREY FINE SAND, LI-ITLE SILT, NO ODOR, 

MOIST. 
DARK BROWN FINE SAND, SOME SILT, NO ODOR, 

MOIST. 
BLACK ORGANIC SILT, PEAT AND FINE SAND, MOIST. 
DARK BROWN FINE SAND, SOME ORGANIC SILT, MOIST. 
GREY FINE SAND, SOME SILT, DECAYING ODOR. 

O’-4’ 

308 PPM 
DIESEL 

5390 PPM 
TOTAL 

0’4’ 

21 PPM 

DIESEL 

O’-0.5’ 

~10 PPM 

0’4’ 

cl0 PPM 

0’4’ 

cl0 PPM 
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SOIL DESCRIPTIONS 
TARAWA TERRACE WASTE OIL TANKS 
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GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. 
BROWN TO GREY FINE SAND, LITTLE SILT, NO ODOR, 

MOIST. 
BLACK ORGANIC SILT, SOME FINE SAND, MOIST. 
DARK BROWN FINE SAND, SOME SILT, NO ODOR, 

SOFT, MOIST. 
(GREY FINE SAND AND SILT, NO ODOR, MOIST. 
DARK GREY SILT AND FINE SAND, ~0 bD0R, MOIST. 
GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. 
TAN TO GREY FINE SAND, LITTLE SILT, NO ODOR, 

MOIST. 
BLACK ORGANIC SILT AND FINE SAND, SOME PEAT, 

MOIST. 
BLACK SILT AND FINE SAND, MOIST. 
GREY FiNE SAND, SOME SILT, NO ODOR, MOIST. 
GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. 
TAN TO GREY FINE SAND, Ll-iTLE SILT, NO ODOR, 

MOIST. 
BROWN TO BLACK ORGANIC SILT AND PEAT, MOIST. 
GREY FINE SAND AND SILTY CLAY, NO ODOR, SOFT, 

MOIST. 
GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. 
TAN TO GREY FINE SAND, LITTLE SILT, NO ODOR, 

MOIST. 
DARK BROWN AND GREY FINE SAND, SOME SILT, NO 

ODOR, MOIST. 
WOOD. 
BLACK ORGANIC SILT, SOME FINE SAND, MOIST. 
GREY SILT, SOME FINE SAND, NO ODOR, MOIST. 
GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. 
TAN TO GREY FINE SAND, LITTLE SILT, NO ODOR, 

MOIST. 
DARK GREY FINE SAND, SOME SILT, SLIGHT 

DECAYING ODOR, MOIST. 
LIGHT GREY FINE SAND, LITTLE SILT, SLIGHT 

DECAYING ODOR, MOIST. 
GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. 
GREY FINE SAND, Lll’TLE SILT, MOIST. 
DARK EROWN FINE SAND AND ORGANIC SILT, LITTLE 

PEAT, MOIST. 
BROWNISH GREY FINE SAND, LllTLE SILT, SLIGHT 

DECAYING ODOR. MOIST. 

0’45’ 
<lO PPM 

0.5’4’ 
a0 PPM 

O’-2’ 
<lo PPM 

O’-2’ 
<lo PPM 

3’-5’ 
<lo PPM 

3’-5’ 3’-5’ 
<lo PPM 2-3-3-3 

3’-5’ 
3-44-6 

O’-2’ 
2-S-6-7 

3’-5’ 
2-l -2-2 

O’-2 
3-5-S-6 

3’-5’ 
l-2-3-3 

l ’-3’ 
1 l-6-7-7 
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,,pB-7 ,. O’-0.5’ GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. O’-2’ >‘:.>: ,..,. .:.. ,. .::‘.;:::: 
::.: : ,‘::,‘zI:i:;: 0.5’~2’ DARK BROWN FINE SAND, SOME ORGANIC SILT, MOIST. 1’4’ l-2-3-5 :: : ,. ., : ,.. :;: :;; ” .:.. i:::’ :. . . 3’-3.7’ BROWN AND GREY FINE SAND, SOME SILT, NO ODOR, cl0 PPM 3’-5’ 
::. : ,, ‘:‘I::.:;:, . . . . . . (. .:.:. :.:., ,, . . . . . ‘;:‘j+ MOIST. 2-3-2-3 ,. :.. (.’ .. ,, .:,. .:, :.. 

; 1::: ,: .:. ‘, ..;i;$$ 3,7’-5’ LIGHT GREY FINE SAND, LIlTLiZ SILT, SLIGHT . i ,: :, >I...1 .., .,::::: . DECAYING ODOR, MOIST. 
,,,.~SB-l3 .:i!, O’-0.2’ GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. O’-2’ O’-2’ 

: :, : ; :.:::: :. . . . . ,. :..,; j.::j, .. ‘.j .,., ,. .,.:.p, 0.2’-1’ DARK BROWN FINE SAND, SOME SILT, .MOIST. : : ., .: : : ., _. ( ., j, . . <lo PPM 2-24-6 ‘. :; :,..:> :.?...,, : . ...:: ,.,/) ;,i, ,; i ., ;,;::: . : .,I y.: ij, l ’-2’ BROWN AND GREY FINE SAND, LITTLE SILT, NO ODOR, 
. ;, >:.,:I : : ‘.’ ‘: ,,,,,:_.: . . . . ..j._ : .: .,: .’ ! ,: : ,..’ ?: .,.” MOIST. 

: > 3’-5’ LIGHT GREY FINE SAND, LITTLE SILT, SLIGHT 3’-5’ ‘. : ,. :. : . . ::.. : . . . . : ., ..,,. ,.‘: DECAYING ODOR, MOIST. 344-3 

:;.p-9. :, O’-O-2’ GREY FINE TO COARSE SAND AND CRUSHED GRAVEL. O’-2’ O’-2’ 
.: ,.: ‘: ,,.,: ‘.> :’ 0.2’-2’ BROWN AND GREY F!NE SAND, Ll-t-l-LE SILT, NO ODOR, 40 PPM 2-2-5-6 ..:., ..;..: .,.. . .‘.“’ .,,. 
‘(. :.:.:.: ‘.. ,.... MOIST. . :..: : . . . . :.:,.: .: :. :. ‘. ._ ,.. ..; ‘::‘,, 3’-5’ LIGHT GREY FINE SAND, LllTLE SILT, TRACE _.:. ,’ :. ‘... 3’-5’ 3’-5’ :. ,‘. I,!,‘. ..‘.:.~.,” :’ .,..., :.: ,: ..’ “: . . . . .:. DECAYING ODOR, MOIST. <lO PPM 2-344 

NOTES: 1) DEPTHS ARE APPROXIMATE. 
2) TPH -TOTAL PETROLEUM HYDROCARBONS. 
3) PPM- CONCENTRATION IN PARTS PER MILLION, WHICH IS 

ANALOGOUS TO MILLIGRAMS PER KILOGRAM. 
4) BLOW COUNTS ARE THE NUMBER OF BLOWS REQUIRED TO DRIVE 

A STANDARD SPLIT SPOON 2 FEET IN 6 INCH INCRIMENTS. 



TABLE 12 

TARAWA TERRACE WASTE OIL TANKS 
LABORATORY RESULTS OF SOIL SAMPLES 

~~~~~~:~~~~~ 
~~~~:~~ .,. ._. . . .c:;:::, 

I_-~HA-l,:;,‘::,:- O’-4 -- -- -- Be -- -- -- -- -- 

yy+::$;: . . . . ...’ 0’-4 308 D 0.011 0.088 0.149 0.475 0.063 0.022 0.044 0.034 0.346 0.304 
n.. .::, >: :.::.: . . 
+>:..,>.. .)..+:. : .,i.,., ..yy . . . . . ..~.. . . . :> . . . . 5390 IR’ -- -- -- -- SW -- -- -- -- -- 

TTHA-3 .c:. 0’-4 210 -- -- WV -- -- -- -- we -- -- 

: l-l-HA-4 :., O’-0.5’ ND we a- -- -- -- -- Mm a- -- -- 

lTHA-ii:, 0’-4 ND -- -- -- -- mm -- we a- -- -- 

ITHA- ” O’-4 ND -- -- we LW -a -- -- we mm -- 

l-rSE-1 ,: O’-5’ ND -- - -a -- -- -- -- -- -- -- 

TTSB-2 0.5’-4’ ND -- -- -- SW -- -- -. se me -- 

T-TSB-3 O’-2’ ND -- -- -- -- -- -- -- -- -- a- 

:TTSB-4 . O’-2’ ND -- -- -- em -- -- - -- a- -- 

‘mSB-5. .’ 3’-5’ ND -- -- we -- -- - WV me -- -- 

l-rSB-6 : 3’-5’ ND -- L- -- -- -- -- - -- -- -- 

TTSB-7 1’-4’ ND we -- -- -- -- -- - SW -- a- 

TTSB-8 .’ O’-2 ND -- we me -a -- -- -- -- mm -- 

TTSB-9A O’-2’ ND -- -- me -- me WV - -- -- -- 

lTSB-9B 3’-5’ ND -- -- -- -- we -- -- -- -- -- 

NOTES: 1) ALL RESULTS ARE PRESENTED IN PARTS PER MILLION (PPM), WHICH IS ANALOGOUS TO MILLIGRAMS PER 
KILOGRAMS. 

2) TPH - TOTAL PETROLEUM HYDROCARBONS. TEST METHOD IS BY GAS CHROMATOGRAPH (GC); ‘D’ INDICATES 
DIESEL, “IR” - INDICATES INFRARRED SPECTROPHOTOMETRY METHOD IN LIEU OF OR IN ADDITION TO 
GC METHOD. “** - INDICATES TEST RESULTS FROM SECOND LABORATORY, 

3) VOLATILE ORGANIC COMPOUNDS (VOC) ARE 34 COMMON PRIORITY POLLUTANTS. V17 MEHYLENE CHLORIDE, 
V19 - TETRACHLOROETHENE, V20 - 1 ,l ,l TRICHLOROETHANE, V23 - TRICHLOROFLUOROMETHANE, 
V25 - 1,1,2 TRICHLOROTRIFLUOROETHANE (FREON), V32- STYRENE. INCLUDES BENZENE, TOLUENE, 
ETHYLBENZENE, TOTAL XYLENE (BTEX). ALL OTHER COMPOUNDS WERE BELOW THEIR DETECTION LIMITS. 

4) “ND” - NOT DETECTED. DETECTION LIMITS: TPH IN SOIL = 10 PPM, VOC AND BTEX IN 
SOIL = 0.005 PPM. 
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Sample TTHA-2 was tested for VOC,s and indicated detectable limits of Methylene 
Chloride, Tetrachloroethene, l,l,l-Trichloroethane, Trichlorofluoromethane, 1,1,2- 
Trichlorotrifluoroethane (Freon), Styrene, Benzene, Toluene, Ethylbenzene and Total 
Xylenes. For those VOCs for which maximum contaminant levels (MCL) or maximum 
contaminant level goals (MCLG) have been established some compounds exceed them and 
some do not. These were: 

l,l,l-Trichloroethane: 0.044 ppm vs. 0.20 ppm. 
Benzene: 0.011 ppm vs. 0.005 ppm. 
Toluene: 0.088 ppm vs. 2.0 ppm. 
Ethylbenzene: 0.149 ppm vs. 0.68 ppm. 
Total Xylenes: 0.475 vs. 0.440 ppm ppm. 
Styrene: 0.304 ppm vs. 0.140 ppm. 

It should be noted that these MCL/MCLG apply to contaminants in water. Methylene 
. . . Chloride commonly contaminates s‘amples via diffusion through the sample container septum 

during shipment and storage. Furthermore, in lieu of an established MCL, a calculated 
‘:. health based level (Representative Regulatory Equivalent Number), for Methylene Chloride 

\ *.: in potable water is 0.046 ppm, which is less than the soil sample concentration of 0.063 ppm. 
No such calculated number exists for the other detected VOCs. 

3.4 Asbestos, A total of twelve samples were collected, with nine testing positive by PLM 
for ACM. 

Sample No, Location Materid ACM Content 

TWO7 

TWO8 
< 

Two9 

TwlO 

TWll 
z 
, TW12 v s 

Tw13 

Bldg. T-I’47 Boiler Cover 

Bldg. T-T47 

Bldg. ‘IT47 

Boiler Cover 

Boiler Cover 

Pipes 

Pipes 

Pipes 

Pipes 

Insulation 

Insulation 

Insulation 

Mudded 
Joints 

5% Chrysotile 
40% Amosite 
5% Chrysotde 
40% Amosite 
5% ChrysotiIe 
45% Amosite 
5% Chrysotile 
45% Amosite 
10% Chrysotile 
40% Amosite 
20% Chrysotile 
30% Amosite 
25% Chrysotile 
25% Amosite 
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, 
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I 
d 
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Tw14 

Tw15 

Tw18 

Pipes 

Pipes 

Pipes 

Mudded . 
Joints . 
Mudded . 
Joints 
Mudded ’ 
Joints 

60% Chrysotile 

5% Chrysotile 
30% Amosite 
75% Chrysotile 

Based on the foregoing, the following @.mntities of asbestos removal are projected: 

Boiler Cover 175 square feet 
Pipe Insulation 280 linear feet 
Mudded Joints 25 each 

Due to the nature of the boiler cover and potential for building contamination, the entire 
building will have to be contained and closed as a part of the boiler cover removal. Piping 
a.nd,.mudded joints may be abated with a. glove bag with negative air pressure. 

55 Lad Based Paint, Three paint samples for percentage of lead testing,were taken, me 
results are: -, I I; 

. . 
SamDle Identifkatioq 

STT-64 19.38 
SIT-66 22.23 
SIT-62 11.29 

The above results were a test performed on the coatings only. The current guidelines are 
a percentage of lead by weight. Including the base metal in this test procedure will 
dramatically decrease the percentage of lead by weight. Based upon this criteria, it appears 
that the IeveIs of lead in the tank coating are below trigger levels. The Contractor should 
be made aware that lead is a part of the existing coating system, and that caution should be 
exercised to minimize release of lead powders, particularly in cutting operations. 
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EXHIBIT C 



and greater than 250 ppm oii & grease, as detected by EPA method 9071. Remedial activities 
will generally not be required on soil exhibiting Tpm levels of less than or equal to (<) 10 
ppm TPFH (EPA Method 5030), levels of 5 40 ppm TPFH (EPA method 3550), or O&G 
levek of 1. 250 ppm (EPA Method 9071). However, in cases where groundwater has been 
contaminated or other snecial site conditions exist. a lower cleanup level and/or additional 
investipation mav be required by the DEM. 

In any case, whenever soil remediation is necessary, the treatment/disposal technologies 
that are used should be cost effective and provide adequate protection of human health 
and the environment. 

61 A SITE SENSITIVITY EVALUATION (SSEj 

STEP 1: Site Characteristics Evaluation (See Table 1) 

The sensitivity of groundwater to contamination from petroleum contaminated soils is 
evaluated by assessing five specific site characteristics. These characteristics are rated in 
accordance with their potential for contributing to the contamination of groundwater, the 
greater the potential contribution, the higher the score. The overall sensitivity of a site is 
determined by a numerica value representing the sum of values for each site characteristic. 

Complete the SSE score sheet (Table 1) and proceed to step 2. 

EXPLANATION OF SITE CHAIWCTEFUSTICS 

Grain Size - The main objective of this analysis is to estimate soil permeability, potential for 
contaminant attenuation, and the presence of zones which restrict contaminant migration. 

Sample Collection and Location: The sample collected for determination of grain size 
should be representative of the predominant soil type found in the area of the 
deepest contaminated soils located beneath the source, or in proximity to the source 
(in the apparent downgradient direction). Retaining this soil sampie for future 
reference is advisable. 

Sample Classification: The soil sample collected as described above should be 
classified according to the Unified Soil Classification System (ASTM designation D- 
2487) or the U.S. Department of Agriculture’s method of soil classification. (A visual 
and textural field inspection will suffice.) 

NOTE: SSl?s and sample collection and clussifcation should be performed by u quulified 
person, who through a combination of training and expa?ence is competent to evuluate the 
conditions exkting at the contamination site. including the physicai and chemical conditions 
of the subsurface. ‘4 geologist. soil scientist, or engineer experienced and active in the 
environmental field will be considered qualified. 
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Relict structures, sedimentarv structures, and/or textures present in the zone of 
contamination and underlving “soiW- These include structures in soils that may 
significantly increase the permeability such as quartz veins, fractures, or textures with coarse 
grained sandy beds in clays and silts, weathered coarse grained igneous intrusions, etc. 

Distance from location of deepest contaminated soil to seasonal hiah water table - The 
determination may be based upon water levels in shallow water table wells in the immediate 
vicinity, mottling of the soil, an auger hole in the area of contamination or immediate 
vicinity, or specific knowledge of an area. If an auger hole penetrating the water table is 
made, it shall immediately be grouted with neat cement. Compaction of soil located on the 
ground surface is acceptable for .borings that do not penetrate the water table as long as the 
compaction of the borehole soils’ has the same (or lower) permeability as the original soil. 

Location of the water table relative to bedrock or transmissive indurated sediments - Is 
the top of bedrock or top of transmissive indurated sediments (shell limestone, fractured shale 
or sandstone, etc.) located closer to the surface than the water table? 

Artificial conduits present within the zone of contamination - Are there water lines, sewer 
lines, telephone cables, product dispensing piping, etc., in the area of contamination? 

STEP 2: Initial Cleanup Level (See Table 2) 

Once the SSE score has been obtained, select the corresponding initial cleanup level based on 
the test method(s) (i.e. 5030, 3550 or 9071) for determining the type of fire1 product (low or 
high boiling point, or heavy fuels) released on site. Proceed to step 3. 

STEP 3: Final Cleanup Level (See Table 2, Table 3. [SSE Site Category Descriptions]) 

Determine and document the site category (A, B, C,’ D, or E) based on field evaluations. Use 
Tables 2 and 3 (SSE Site Category Descriptions), to select the final cleanup level. Based on 
the final cleanup level, determine the quantity of soil that requires remediation. Evaluate 
several treatment/disposal technologies and their associated costs.* 

Submit data and other evidence used in the determination of the final cleanup level to the 
appropriate regional office. They will verify the site’s final cleanup level upon review of the 
information provided. However, the responsible party should begin soil remediation without 
waiting for regional office verification. Upon completion of the SSE, the responsible party 
should immediately begin remediation of soils containing TPFH or O&G concentrations in 
excess of the final proposed cleanup level, utilizing cost effective treatment/disposal 
technologies that will provide protection of human health and the environment. The 
responsible party should maintain accurate records of the remediation process and be 
prepared to just@ all remediation activities and costs. 

NOTE:*See Section 8 “Limiting Quantities and Costs of Soil Treatment/Disposal. ” 
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Grain Size* 

Site Sensitivity Evaluation (SSE) 
Site Characteristics Evaluation (Step 1) 

. . 

Are relict structures, 
sedimentary structures, 
and/or textures present 
in the zone of 
contamination 
and underlying “sofls”? 

Distance f?om location of 
deepest contaminated 
soil** to water table. 

Is the top of bedrock or 
transrn&sive indurated 
sediments located above 
the water table? 

Artificial conduits present 
Wbin the zone of 
Contamination. 

Gravel 150 
Sand 100 
silt 50 
Clay 0 

Present and intersecting the 
water table. 

Present but not intersecting 
the water table. 

None present. 

. Characteristic Condition Rati* 

0 -5 feet 
(C, D & E sites only) 

5 - 10 feet 
A0 - 40 feet 

> 40 feet 

Yes 
No 

Present and Intersecting 
the water table. 
Present but not intersect- 
ing the watexble. 
Not present. 

Total Site Characteristics Score: \a0 
l &edod,t grain size based on Utied Soil Classification System or U.S. Dept. of Agriculture’s 

soti Classification Method. 
** (>lo ppm PFH by Method 5030; >40 ppm TPFH by Method 3550; >250 ppm O&G by Method 

9071) 
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Site Sensitivity Evaluation (DDJSJ 
Initial Cleanup Level Find Cleanup Level 

(Step 2) I 

r 

>150 SlO 
121-150 20 
91-120 40 
61-90 60. 
31-60 8U 

O-30 100 

Initial Cleanup 
Level TPFH (ppm) 

1 

Select 
Site 

Category’ 

(Step 3) 

La& . 
Category A & B 
(Multiply tnltiai 1 x- = mm 
cleanup level by 1) r 

Category C & D 
(Multiply initial 2 x -= wm 
ckariup level by 2) r 

Category E 
(MulUpIy initial 3 x- = mm 
cleanup level by 3) r 

Total Site 
Characteristics 

Score 

! I I 

CleanuD T 

Total Site 
Characterisucs 

Score 

Initial Cleanup 
Level VFH (ppml 

- 
>150 s40 

121- 150 80 
91-120 160 
61-90 240 
31-60 320 

O-30 400 

Selict 
Site 

Category’ 

Level * 

Category A & B 
(Multiply initial 1 X-= wm 
cleanup level by 1) 

T 

Category 
(MultlpIy frI*z 

8L 

cleanup level by 2) 

Category E 
(Multiply inftkd 3 x -= wm T 
cleanup level by 3) 

Total Site 
Characteristics 

Score 

rnitial Cleanup 
Level O&G (ppm) 

>150 1250 
121-150 400 
91- 120 550 
61-90 700 
31-60 850 

O-30 1000 

Select 
Site J Category’ 

Level 
Category A & B 
(Multiply fnttfal 1 x -= mm 
cleanup level by 1) T 
Category C & D 
(Multiply initial 2 x -= PPm 
cleanup Icvcl by 2) T 
Category E 
(Multiply fnftial 3 x -= PPm 
cleanup lcvcl by 31 T 

I I 
I 

l See Site Category Descriptions. Table 3 
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TABLE 3 

SSE SITE CATEGORY DESCRIPTIONS 

CATEGORY A (Site meets any one of the criteria) 

1. Water supply well(s) contaminated and not served by accessible public water supply. 

2. Vapors present in confined areas at explosive or health concern Ievels. 

3. Treated surface water supp!y in violation of the safe drinking water standards. 

CATEGORY B (Site meet3 any one of the criteria) 

1. Water supply well(s) contaminated, but served by accessible public water suppiy. 

2. Water supply well(s) within 1500 feet of site, but not contaminated and not served by 
accessible public water supply. 

3. Vapors present in confined areas but not at explosive or health concern levels. 

CATEGORY C (Site meels && of the criteria) 

1. No known water supply well(s) contaminated. 

2. Water supply well(s) greater than 1500 feet’ from site but not served by accessible 
public water supply. 

CATEGORY D (Site meets & of rhe criteria) 

1. No known water supply well(s) contaminated. 

2. Water supply well(s) within 1500 feet of site but served by accessible public water 
supply * 

CATEGORY E (Site meets &I& of the criteria) 

1. No known water supply well(s) contaminated or within 1500 feet of site. 

2. Area served by accessible public water supply. 

3/10/93 
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