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,- EXECUTIVE SUMMARY 

This document was prepared by Baker Environmental, Inc. (Baker) to report on the activities and findings 
of the Remedial Investigation (RI) conducted at Operable Unit No. 9, Site 65 - Engineer Area Dump, in the 
spring of 1995.. 

The purpose of the RI is to evaluate the nature and extent of the threat to public health and the environment 
caused by the release or threatened release of hazardous substances, pollutants, or contaminants (USEPA, 
1988). The RI at Site 65 was conducted through the sampling of several media (surface and subsurface soil, 
groundwater, surface water, sediment, and benthic and aquatic species), evaluating the resultant analytical 
data, and performing human health and ecological risk assessments @As). This RI has been conducted in 
accordance with the requirements delineated in the National Oil Hazardous Substance Pollution Contingency 
Plan (NCP) for remedial actions [40 Code of Federal Regulations (CFR) 00.430]. The USEPA’s document 

. . . . . 
ce for CCd Feas&&tv Stu&s Under CFRCLA (USEPA, 1988a) 

has been used as guidance for preparing this document. 

. on and &story 

Marine Corps Base (MCB), Camp Lejeune is located within the Coastal Plain Physiographic Province in 
Onslow County, North Carolina, approximately 45 miles south of New Bern and 47 miles north of 
Wilmington. The facility covers approximately 236 square miles. The military reservation is bisected by 
the New River, which flows in a southeasterly direction and forms a large estuary before entering the 

P--+-. Atlantic Ocean. The eastern border of MCB, Camp Lejeune is the Atlantic shoreline. The western and 
northwestern boundaries are US Route 17 and State Route 24, respectively. The City of Jacksonville, North 
Carolina, borders MCB, Camp Lejeune to the north. 

Operable Unit No. 9 is located in the Courthouse Bay area of MCB, Camp Lejeune, south of Hadnot Point, 
on the eastern shore of the New River. Site 65, the Engineer Area Dump, is a primarily wooded area located 
immediately west and north of the Marine Corps Engineer School which occupies property between Site 65 
and Courthouse Bay north of the site is NC Route 72. The eastern edge of Site 65 is bordered by a several 
acre parcel used by the Engineer School to conduct heavy equipment training activities. To the east of the 
heavy equipment training area are two small ponds. Portions of the area surrounding the ponds are marshy. 

Site 65 reportedly operated from 1952 to 1972. Two separate disposal areas have been reported including: 
(1) a battery acid disposal area; and, (2) a liquids disposal area. There are no historical maps or figures 
which depict the location of the disposal areas, and neither area is currently discernible due to heavy 
overgrowth. Aerial photographs, dating from 1956 through 1993, are available at the base Forestry Division 
and through the United States Department of Agriculture. Aerial Photography Field Office. The photos 
through 1983 depict disturbed areas east of the Engineer School which represent perhaps the best available 
means for approximately locating the site. In addition, Camp Lejeune base maps, available via Computer- 
Aided Design Drafbng, indicate the location of a burn area which was identified as part of Site 65,under the 
Initial Assessment Study (IAS) by Water and Air Research (WAR, 1983). Like the disposal area, the 
location of the burn area is not currently discernible from the surrounding landscape. 
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. . . Invest 

The following is a summary of the previous investigations performed at Site 65. 

Initial Assessment Study 

MCB, Camp Lejeune was placed in the National Priority List (NPL) on October 4, 1989 after the IAS in 
1983 identified 76 potentially contaminated sites at the base (Water and Air Resources, 1983). Site 65 was 
mentioned in the report as a site which did not warrant fu ’ ’ ’ . . rth!zmvestrgatron Sampling and analysis of 
environmental media was not conducted during e IAS The IAS did not indicate that hazardous wastes 
were disposed of at Site 65. 

f$ 

kz? NUS Corporation prep Site Ins-0 Proiect Plans in the spring of 199 1 (NUS, May 1991). This 
report identified both petroleum, oil, and lubricant wastes and batteries as having been disposed of at Site 
65. The basis upon which it was concluded that battery disposal occurred at Site 65 is unknown. Baker 
conducted an SI at Site 65 in July and August, 1991, and published the Final Site Inspection Report on 
January 3 1, 1994. The objectives of the SI were to: (1) determine whether there was a release or potential 
release of hazardous substances and the nature of the associated threats; (2) preliminarily assess the extent 
of contamination and the volume/type of wastes at the site; and, (3) determine if further action or 
investigations are required. 

Groundwater samples collected from the three shallow monitoring wells all exhibited elevated metal 
concentrations (e.g., arsenic, beryllium, chromium, copper, lead and manganese) above either North Carolina 
groundwater regulatory levels and/or federal primary/secondary drinking water standards. Organic 
contaminants in groundwater were limited to one detection of a pesticide below regulatory levels. Low 
levels of polynuclear aromatic hydrocarbons (PAHs) were detected in two of the eight surface soil samples. 
Various pesticides were also detected in three of the eight surface soil samples and one subsurface soil 
sample. Aroclor-1254, a polychlorinated biphenyl (PCB), was detected in one subsurface soil sample 
(65SB0212) at 230 @kg. 

Federal surface water standards were exceeded for lead, copper, and iron, while barium and chromium 
exceeded state surface water standards. Sediment samples collected from the ponds exhibited low levels of 
phenolic constituents (76 yg/kg of phenol and 930 pg/kg of 4-methylphenol). Sediment screening values 
for the protection of biota were exceeded in the marsh sample for copper, lead, zinc, and pesticides dichloro- 
diphenyl-dichloroethane (4,4’-DDD) and dichloro-diphenyl-dichloroethylene (4,4’-DDE). 

The SI recommended that: (1) a Remedial Investigation/Feasibility Study be conducted to provide data for 
the evaluation of the nature and extent of soil and groundwater contamination, and a baseline human health 
and ecological risk assessment; (2) historical aerial photographs be obtained to determine the locations where 
disposal activities occurred; (3) background and upgradient shallow groundwater quality be assessed to better 
determine whether inorganic contamination of the shallow aquifer is due to disposal operations; and (4) 
groundwater quality in the deeper portions of the shallow aquifer as well as the Castle Hayne be assessed 
including the possible influence of the supply wells on groundwater flow. 

ES-2 



. . InvestlgELtura 

The RI field program at Site 65 consisted of: a soil investigation; a groundwater investigation; surface water 
and sediment investigations; an ecological investigation; a site survey; and investigation derived waste 
(IDW) handling. The RI field activities conducted were initiated April 3 and concluded May 25, 1995. 
Additional work (IDW management, surveying, and groundwater elevation measurements) was conducted 
between May 26 and August 2 1, 1995. All field activities were performed in accordance with the Field 
Sampling and Analysis Plan (FSAP) (Baker, 1995), and USEPA Region IV Standard Operating Procedures. 

Soil Investigation 

A soil investigation was conducted at Site 65 to assess the nature and extent of previously detected 
contamination and to assess human health, ecological, and environmental risk associated with contact, 
inhalation and possible ingestion of surface and subsurface soil particles. The soil investigation included 
soil borings and test pit excavation. 

Baker supervised the advancement of 14 soil borings for the purpose of sample collection, geologic 
identification and description, and monitoring well installation. One surface soil sample was collected from 
each boring/well cluster location, a total of 13, from zero to 12 inches below the ground surface. A total of 
13 subsurface soil samples were also taken, each from immediately above the soil/groundwater interface. 
Drilling and soil boring sampling activities at the site were initiated on April 4, 1995, and were completed 
on April 20, 1995. All drilling was performed using a truck-mounted drill rig supplied and operated by 
Parrott Wolff, Inc. 

As part of the soil investigation, Baker conducted an exploratory test pit investigation at Site 65 to determine 
the presence and nature of buried material in the debris piles at the southwestern portion of the site. 
Observations of waste disposal such as fill material, debris or depressions were used in locating the test pit 
excavations. Six test pits were excavated, and one subsurface soil sample was taken from each pit. 

The analytical program initiated for the soil investigation at Site 65 focused on the suspected contaminants 
of concern which were based on previous disposal practices, site activities and findings of previous 
investigations. In general, soils at the site, including quality assurance/quality control (QA/QC) samples, 
were analyzed for Target Compound List (TCL) organic compounds and Target Analyte List (TAL) metals. 
In addition, a single soil sample was submitted for engineering parameters analyses. For a complete 
summary of soil samples taken during the RI, refer to Appendix B. 

Groundwater Investigation 

The groundwater investigation at the Site 65 consisted of several activities including construction of shallow 
and deep monitoring wells, well development, groundwater sampling, static water measurement and aquifer 
testing. The investigation was designed to confbm the presence or absence of shallow and deep groundwater 
contamination, evaluate the horizontal and vertical extent of potentially impacted groundwater, and evaluate 
the shallow and deep groundwater flow patterns in the area. 

Seven of the soil borings advanced as part of the soil investigation were drilled to be converted into 
groundwater monitoring wells. Four Type II shallow monitoring wells were installed and three Type III deep 
monitoring wells. Two well clusters, one shallow and one deep groundwater monitoring well, were 
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established, two by setting deep wells next to existing shallow wells (65-DWOl and 6%DW02) and one as 
an upgradient, background well cluster (65MW04 and 65-DW04). 

-. 

The remaining three shallow monitoring wells (65~MWO5,65-MW06, and 65-MW07) were spaced across 
the study area. After being properly developed, a single round of groundwater samples was collected from 
each of the seven newly installed wells and the three existing wells to confirm the presence or absence of 
contamination in the surticial and Castle Hayne aquifers. 

Three rounds of water levels were collected at Site 65 on April 20,23, and August 21, 1995 to establish 
shallow groundwater flow in the Engineer Area Dump region. Measurements were collected within a four- 
hour time period during each event. Hydraulic conductivity testing was conducted on three shallow wells 
at Site 65 to evaluate shallow groundwater flow characteristics. Monitoring wells 65-MWO4,65MWO5 and 
65-MW07 were tested on May 22 and 23,1995. 

Ten groundwater samples, plus QA/QC samples, were analyzed for TCL organics, and TAL metals. In 
addition, one sample was collected for the analysis of engineering parameters. For a complete summary of 
groundwater samples taken during the RI, refer to Appendix B. 

Surface Water/Sediment Investigation 

A surface water and sediment investigation was perf’ormed in Courthouse Bay Pond and Powerline Pond to 
assess possible impacts from Site 65 and to assist in human health and ecological RAs. A single sample 
location was established in each pond. Sample 65SW/SD-04 was collected from the middle of Courthouse 
Bay Pond and Sample 65SW/SD-05 was collected from the eastern portion of Powerline Pond. Two 
additional sample locations in the marshy area near the ponds were not sampled due to the particularly dry 
season and lack of surface water. 

__ 

Surface water/sediment samples were analyzed for TCL organics, TAL metals and total organic carbon 
(TOC). In addition, the zero- to six-inch sample for each location was analyzed for TOC and particle-size 
distribution. A complete summary of the sample numbers and analytical parameters is provided in 
Appendix B . 

Ecological Investigation 

Baker conducted an ecological investigation at Site 65 to provide data to support the ecological RA. 
Biological samples collected as part of this investigation included fish and benthic macroinvertebrates from 
Courthouse Bay Pond and Powerline Pond. The samples were collected to obtain population statistics for 
fish and benthic macroinvertebrates and to obtain fish tissue samples for chemical analysis. A total of nine 
fish samples were collected; four fillet samples and five whole-body samples. One benthic 
macroinvertebrate sample was taken from each pond. 

Whole-body and fillet samples were collected from the fish and analyzed for TCL organics and TAL metals. 
The samples were prepared in accordance with USEPA Region IV protocols by the laboratory. Refer to 
Appendix B for a complete summary of the sample numbers and analytical parameters. The benthic 
macroinvertebrate samples were analyzed for species density in individuals per square meter. 
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the Studv Area 

The physical characteristics of Site 65 were evaluated during all phases of the RI. These characteristics 
include: surface features, climatology and meteorology, hydrology, geology, soils, hydrogeology, land 
usage, ecology, and the water supply for the area. The site specific information was obtained from the RI 
field activities. Information regarding regional characteristics was taken from available literature pertaining 
to MCB, Camp Lejeune. 

Topography and Surface Features 

The topography of Site 65 is gently pitched to the southeast. The site has numerous areas where the natural 
topography has been modified by the removal and redistribution of earth materials (i.e., training exercises) 
or by past dumping practices. A 4.5~percent grade exists between monitoring wells 65DW-04 (located near 
the ponds east of the site) and 65DW-02 (located on the southeastern edge of the site). Infiltration is high 
at the site due to the lack of man-made drainage ditches and impervious surfaces such as paved roads, 
parking lots or buildings. 

Surface Water Hydrology 

Due to the sandy surface soils at Site 65, there is relatively little stormwater runoff. The limited surface 
water runoff tends to drain radially to the east, south, and west, away from the site or collect in local surface 
depressions. 

The ponds located east of Site 65 have not been classified by NC DEHNR. The ponds are freshwater ponds 
not used for consumptive purposes, and are not used for primary recreation. They were, therefore, assigned 
a Class C classification. This classification is reserved for freshwater bodies in which aquatic life 
propagation and survival, fishing, wildlife, secondary recreation and agricultural uses may occur. During 
the wet seasons, a marshy area exists near these two ponds. 

Geology 

Soil conditions are generally uniform throughout the study area. In general, the shallow soils consist of 
unconsolidated deposits of sand and silty sand. These soils represent the Quatemary age “undifferentiated” 
deposits which overlay the River Bend Formation. Sands are primarily very fine to fine grained and contain 
varied amounts of silt and clay. Underlying these soils is a loose to medium dense, greenish gray, fine sand 
containing little clay (approximately lo-35%) and trace silt. This soil unit constitutes the Belgrade 
Formation in the semi-confining unit separating the Quatemary sediments from the Castle Hayne aquifer. 
The semi-confining unit appears to be approximately 7.5 to 15 feet thick, generally thickening toward the 
north. Beneath this unit resides the River Bend Formation. Borings were only advanced 10 to 15 feet into 
this formation during the RI, therefore providing limited knowledge of specific details regarding the 
condition of the River Bend beneath the study area. The upper portion of the River Bend was described as 
a partially cemented, gray, fine sand with some shell fragment and limestone fragments encountered 
periodically. 
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Hydrogeology 

Hydrogeologic characteristics in the vicinity of the site were evaluated by reviewing existing information 
and installing a network of shallow and deep monitoring wells. Groundwater was encountered at varying 
depths during the drilling program. This variation is primarily attributed to topographical changes. In 
general, the groundwater was encountered between 7.5 and 11 bgs feet during field activities performed at 
the site. 

Three rounds of groundwater level measurements were obtained on April 20,23 and August 2 1,1995, from 
the shallow and deep monitoring wells within the study area. Using the data from August 21,1995, shallow 
groundwater flow patterns were evaluated. The data indicates that the groundwater flow is toward the south- 
southwest, with an average gradient of 9.7 x 10V3 ft/fi. The southwestern portion of the site has a steeper 
gradient (an average of 1.2 x 1 O-* ft/ft) than the rest of the site (an average of 8.2 x 10” I?,/@. Hydraulic 
conductivity tests were performed at the site on May 22, 1995. The average conductivity for the surficial 
aquifer is 0.722 Nay (2.55 x lOA cm/set). 

Groundwater elevations and flow patterns for the upper portion of the Castle Hayne aquifer were also 
evaluated. Given the limited number of points, groundwater flow direction and gradient is estimated to flow 
in a southern to southwestern direction with a gradient of 2.3 x lo-O3 to 2.7 x 10” IWt. 

Water Supply 

Potable water for MCB, Camp Lejeune is supplied entirely by groundwater. All of the water supply wells 
utilize the Castle Hayne aquifer. Five active wells are located within a one-mile radius of Site 65. 
Production well BB44 is located approximately 1,200 feet west of the site. The total depth of this well is 
62 feet bgs and is screened from 32 to 62 feet bgs. This well is suspected to have been impacted by surficial 
groundwater infiltration due to its relatively shallow screen. 

Ecological Characteristics 

During May 15 to 24,1995, Baker conducted a qualitative habitat evaluation of the terrestrial environment 
at Site 65. The site and surrounding areas are dominated by a mixed forest composed of pine and deciduous 
trees. Cleared, sandy areas are located to the south and southeast of the site. Buildings, mowed grass, and 
paved surfaces are located to the west, and an earth moving training area is located east of Site 65. Mixed 
forest extends across Site 65, and is interspersed around the aforementioned zones. The following four 
habitat types are present at Site 65: forested areas, two separate wetland areas, and a low-lying drainage 
area. 

. : 
Nature and Extent of Co- 

The nature and extent of contamination at Site 65 was determined based on the analytical results of the 
surface soil, subsurface soil, test pits, groundwater, surface water, sediment, and fish sampling performed. 
A summary of site contamination, by media, is provided in Table 4-3. The Data Frequency Summaries for 
all media at Site 65 are presented in Appendix 0. 
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,- Soils 

A total of 13 surface soil samples were collected from various locations across Site 65. Six of the samples 
were collected near the waste piles and bum area. The remaining samples were collected from other 
locations potentially impacted by historical activities at the site. 

Six volatile organic compounds (VOCs) were detected in the surface soil samples, although four of the 
compounds were determined to be laboratory contaminants. The two remaining VOCs detected at low levels 
in surface soils were ethylbenzene and total xylenes. The concentrations of these compounds do not indicate 
a specific source, but may have originated from vehicles and heavy equipment passing through the site. 

A total of 19 semivolatile organic compounds (SVOCs) were detected in surface soils. SOVCs were detected 
in 12 of 13 surface soil samples. The most widespread compound was bis(Zethylhexy1) phthalate which was 
detected at nine locations, with a maximum concentration of 875 &kg. This phthalate is a common 
plasticizer in rubber and plastic products, such as tires. All of the sample locations with estimated 
concentrations of these phthalates are near roads or equipment training areas. Polynuclear aromatic 
hydrocarbon (PAI-I) constituents were detected in three samples, all near existing or previously existing 
debris piles. The suspected source of the PAH contamination is the debris and historic burning at the site. 
The highest PAH concentrations were found in Sample 65-DWOl-00, the sample location closest to the 
former burn area. Di-n-butyl phthalate was detected at two locations near the waste piles, with a maximum 
concentration of 3905 pg/kg. A specific source for this contaminant cannot be identified. 

Pesticides were detected in all areas of the site. The levels detected in the samples are similar to base-wide 

F--. concentrations from the historical use of pesticides at Camp Lejeune. PCB compound Aroclor 1260 was 
detected in one location near the bum area and the southernmost debris piles. The compound was detected 
in sample 65DWO l-00 at a concentration of 525 pg/kg. Historical records do not indicate the disposal of 
PCBs; however, PCBs were detected in a subsurface soil sample collected from soil boring 65SB-02 during 
the SI conducted in 1991 (Baker, 1994). The detection of PCBs within the vicinity of the debris piles 
indicates that some product containing PCBs may have been spilled or disposed at the site. 

Surface soil sample analytical results for TAL metals were compared to a screening level of two times 
average background concentrations as listed in Appendix L. Seven of 13 sample locations exceeded two 
times average base background for one or more elements. The contamination was observed in the heavy 
equipment training area and the southernmost debris pile. The distribution of the metals indicate that the 
contamination may be the result of rusting metal debris disposed at the site and the heavy equipment used 
for training. 

Subsurface Soil 

A total of 13 subsurface soil samples were collected from the same locations within Site 65 as the surface 
soil samples. 

Five VOCs were detected in the subsurface soil samples, although four of the contaminants were determined 
to be laboratory contaminants. Xylene was the only remaining VOC detected in subsurface soils and it was 
detected at five locations with a maximum concentration of 3 J pg/kg. Xylenes are a constituent of petroleum 
products which may have been deposited by heavy equipment. 
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Sixteen SVOCs were detected in the subsurface soils at 11 locations. The most widespread compound was 
bis(2-ethylhexyl) phthalate which was detected at all 11 locations, with a maximum concentration of 
370 pg/kg. The source of this contaminant is assumed to be the same as for detections in surface soil 
although this compound is also commonly a laboratory and field contaminant. Di-n-butyl phthalate was 
detected at the same two locations as it was detected in the surface soils with the maximum concentration 
at 3405 pg/kg. The remaining 14 SVQCs, all PAH constituents, were detected at 65SB-06 at a depth of three 
to five feet. The total PAH concentration was 1,635 pg/kg. Twelve of the 16 SVGCs detected in subsurface 
sample 65SB-06 were also present in the surface soil sample for this location. 

Pesticide results for subsurface soil samples included detections at four of 13 locations. Detections mainly 
occurred in areas where the soils have been either disturbed by excavation or disposal. The occurrence of 
pesticide contamination may be attributed to the historical use of pesticides at MCB, Camp Lejeune. PCBs 
were not detected in the subsurface soil samples collected during the field investigation. 

Nine of 13 subsurface soil sample locations exceeded two times the average base background for one or 
more metals. The majority of the metal contamination occurred in either the heavy equipment training area 
or the debris piles. The suspected source of contamination is rusting metal. 

Test Pits 

A total of six subsurface soil samples were collected from test pits near the waste piles and burn area. 

Three VOCs were detected in the soil samples from the test pits, although all of the compounds were 
detected in the QA/QC blanks and determined to be laboratory contaminants. Fifteen SVGCs were detected 
in the subsurface soil samples from six test pit locations. The most widespread compound was di-n-butyl 
phthalate which was detected at all six test pit locations at a maximum concentration of 280 pg/kg. 
Bis(Zethylhexy1) phthalate was detected at four test-pit locations. The remaining 13 SVOCs were all 
detected at 65TP-07 at a depth of 10 feet. All of these compounds are PAHs with a total concentration of 
1,873 dkz. 

Pesticide results for subsurface test-pit soil samples included detections at four of six locations. All six test 
pit sample locations exceeded two times the average base background for two or more elements. The 
suspected source of the metal contamination is the rusting debris disposed of in these piles. 

Groundwater 

One round of groundwater samples was collected from the three existing and seven newly installed 
monitoring wells at Site 65. 

Carbon disultide was the only VGC detected in the groundwater samples that was not detected in any of the 
blank samples collected during the RI. It was detected in one upgradient sample location at a concentration 
of 5J pg/L. The SVOC naphthalene was detected in one sample collected at the site at an estimated 
concentration of 35 pg/L. As with the detection of carbon disulfide, naphthalene was detected in an 
upgradient location and is suspected to have originated from an off-site source. Groundwater samples 
collected from the monitoring wells contained no detectable concentrations of pesticides or PCBs. 
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Metal concentrations were, on average, one or two orders of magnitude below the base background levels 
for groundwater (Baker, 1994). Only two of the elements were detected at concentrations that exceed the 
state and/or federal standards. Iron concentrations in five samples exceeded the North Carolina Water 
Quality Standards (NCWQS) of 0.3 mg/L (300 @L) with the highest detected level being 6,580 ug/L. 
Manganese values exceeded the NCWQS of 0.05 mg/L (50 pg/L) in six samples. The highest detected 
concentration was 186 Pg/L. Neither iron nor manganese concentrations exceeded the federal Maximum 
Contaminant Level value in any of the samples collected at the site. 

Surface Water 

A total of two surface water samples were collected from Powerline Pond and Courthouse Bay Pond during 
the RI at Site 65. There were no organic compounds detected in surface water which were not attributable 
to laboratory contaminants. A total of 13 of the 23 TAL metals were detected in the surface water samples 
collected at the site. Aluminum, barium, copper, iron, lead, manganese, vanadium and zinc exceeded the 
lowest Surface Water Screening Value (SWSV). All of the detected element concentrations except iron 
exceeded the average reference station concentration established at Camp Lejeune. The only sources of 
recharge for the ponds are groundwater and stormwater runoff. Water evaporation and soil erosion are 
suspected causes of elevated metals in the ponds. 

Sediment 

A total of four sediment samples were collected from Courthouse Bay Pond and Powerline Pond during the 
field investigation at Site 65. Two VQCs not attributable to laboratory contaminants were detected in 
sediment samples. Carbon tetrachloride and tetrachloroethene were detected in two of four samples with 
maximum concentrations of 18 pg/L and 1 SJ pg/L, respectively. The sources of these contaminants have 
not been determined. The detected levels do not exceed sediment screening values. Only a single SVOC, 
di-n-butylphthalate, was detected in the sediment samples in all four samples with a maximum concentration 
of 1,600J pg/L. This phthalate ester was detected in blank samples collected during the RI. However, the 
concentrations within the blanks were substantially lower than the results obtained from the sediment 
samples. Only one sample contained concentrations of di-n-butylphthalate that exceeded the Lower Effects 
Range criteria. 

Pesticides were detected in all four sediment samples. Beta-BHC was detected in only one sample at a 
concentration of 8.3NJ pg/L and 4,4’-DDD and 4,4’-DDE were detected in two samples with maximum 
concentrations 845 ug/L and 19NJ pg/L, respectively. All of these compounds exceeded the lowest SSV and 
the average reference concentration. These concentrations are similar to the concentrations detected in the 
surface soils across the site. 

Thirteen of 23 TAL metals were detected in the sediment samples collected during the field investigation. 
Copper, lead and zinc were detected at a concentration exceeding the lowest SSV only one time; however, 
all of the elements exceeded the average reference concentration at least one time. The elemental 
contamination detected in the sediments of the two ponds is suspected to be the result of precipitation of the 
metals contained within the surface water as evaporation occurs. In addition, the surrounding soils may 
contribute to the sediments via erosion, especially considering the turbidity of Courthouse Bay Pond, thus 
increasing the contamination within the sediments. 

ES-9 



A total of nine fish samples were collected from the two ponds located east of the site. Four samples were 
collected for fillet analysis and five for whole-body analysis. 

The only organics detected in the fillet samples were acetone and 4,4’-DDD. Acetone was detected in two 
samples with a maximum concentration of 7,900 pg/kg. 4,4’-DDD was detected in one sample at a 
concentration of 5.75 @kg. Twelve of the 23 TAL metals were detected in the fish fillet samples collected 
during the RI. Aluminum, barium, calcium, copper, magnesium, manganese, mercury, potassium, selenium, 
sodium, thallium, and zinc were the detected inorganic elements. 

Four VOCs were detected in the whole-body samples collected during the field investigation, which are 
probably attributed to laboratory conditions. There were no SVOCs detected in the samples; but there were 
two pesticides detected. 4,4’-DDE was detected in a single sample at a concentration of 15 J @kg; 4,4’-DDD 
was detected twice with a maximum concentration of 405 ug/kg. No PCBs were detected in any of the 
whole-body samples. Seventeen of the 23 TAL metals were detected in the whole-body samples. The 
elements detected were aluminum, antimony, arsenic, barium, beryllium, calcium, copper, iron, lead, 
magnesium, manganese, mercury, potassium, selenium, sodium, thallium, and zinc. Mercury contamination 
is not related to Site 65 or the local environment. Other potential sources for mercury in fish could be that 
these fish may be transported to these ponds or that bioaccumulation is occurring through a food chain. 

. . 
Basehe Fisk Assessment 

The baseline risk assessment (BRA) evaluates environmental media at Site 65, in terms of human health 
risks, current and future, due to contaminants of potential concern (COPCs). The BRA process examines 
the data generated during the sampling and analytical phase of the RI and identifies COPCs with respect to 
the geographic, demographic, physical, and biologic characteristics of the study area for each media. COPCs . 
for Site 65 were selected according to the USEPA’s -Assessment for Sum (USEPA, 
1989a). A list of these COPCs is presented in Table 6- 10. 

Potential receptors at Site 65 include future residential children and adults, current military personnel 
(trainees and recreational users), fisherman (adult and child), and future construction workers. Total site 
Incremental Cancer Risk (ICR) and Hazard Index (HI) per receptor group is estimated by summing the ICRs 
and HIS for each specific exposure pathway likely to affect the given receptor. 

The total site ICR and HI values associated with current and future receptors at Site 65 are presented in 
Table ES- 1. All incremental lifetime cancer risk estimates for the five receptor groups were between 
8.2E-09 and 2.8E-06, thus all cancer risks are either insignificant or within the acceptable USEPA range of 
1 .OE-06 to 1 .OE-04. The HI value for a young child consuming fish exceeded the reference value of 1 .O 
primarily due to mercury in fish tissue. The remaining estimated HIS for noncarcinogens were all less than 
0.47. 
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TABLE ES-l 

TOTAL SITE RISK 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Surface 
Soil Groundwater Water/Sediment Fish Tissue Total 

Receptors ICR HI ICR HI ICR HI ICR HI ICR HI 

Current Military Personnel 7.3B07 0.06 NA NA NA NA NA NA 7.3E-07 0.06 
- Trainee (100) ww 

Current Military Personnel 3.5E-07 co.01 NA NA NA NA NA NA 3.5B07 co.01 
- Recreational User uw ww 

Future Child Resident 3.7E-06 0.01 -- 8.2E-09 0.36 NA NA 3.7E-06 0.47 
(99.8) (2) (y) (<I) (78) 

Future Adult Resident 2.8E-06 co.01 -- 0.04 9.5E-09 0.06 NA NA 2.8E-06 0.1 
(99.7) WI (40) w (60) 

Future Construction 1.3E-07 0.08 NA NA NA NA NA NA 1.3E-07 0.08 
Worker (100) (100) 

Fisherman - NA NA NA NA 8.2E-09 0.36 -- 1.3 8.2E-09 1.7 
Child Receptor (100) (22) (78) 

Fisherman - NA NA NA NA 9.5E-09 0.06 -- 0.27 9.5E-09 0.33 
Adult Receptor ww (18) (82) 

ICR = Incremental Lifetime Cancer Risk 
= 

(“,’ = 
Hazard Index 
Approximate percent contribution to the total ICR or HI values 

Total = Soil + Groundwater + Surface Water/Sediment + Fish Tissue 
NA = Not Applicable 
-- = No carcinogenic COPCs selected 



. . 
Ecol0g.d Wsk 

The objective of the environmental risk assessment (ERA) was to evaluate if past reported disposal practices 
at Site 65 are potentially adversely impacting the aquatic and terrestrial communities on, or adjacent to, the 
site. 

Aquatic Ecosystem 

Based on the results of the field investigation and the ERA evaluation, a change in the structure of the 
benthic macroinvertebrate communities and/or a potential reduction of an aquatic receptor population or 
subpopulation may be attributable to contaminants detected in the surface water and/or sediment, although 
none of these contaminants are thought to be site-related. The low number of species and benthic 
macroinvertebrates in Courthouse Bay Pond most likely is due to the low dissolved oxygen concentration 
(2.0 ppm) and suspended solids in the pond. Since one benthic macroinvertebrate species collected in 
Powerline Pond is indicative of excellent water quality, and another is indicative of good to fair water 
quality, the benthic macroinvertebrate population in this pond does not appear to be adversely impacted. The 
decreased fish population in Courthouse Bay Pond also is most likely due to the high suspended solids 
concentration in this pond. 

Overall, there is a moderate potential risk to aquatic life in Courthouse Bay Pond, with most of the risk 
associated with the non-site-related suspended solids in the surface water. There is only a slight risk to 
aquatic life in Powerline Pond due to pesticide contamination. Based on the ERA, no further investigations 
are deemed necessary. However, it is recommended that controls be established to prevent runoff from the 
heavy equipment training area to Courthouse Bay Pond. _-. 

Terrestrial Ecosystem 

The ERA concluded that some potential impacts to soil invertebrates and plants may occur as a result of site- 
related contaminants in surface soil. It should be noted that there is much uncertainty in the surface soil 
screening values. A potential decrease in the terrestrial vertebrate population from site-related contaminants 
is not expected based on the terrestrial intake model. 

Overall, the conclusion of the Site 65 RI is that there are no releases of hazardous substances from the waste 
disposal areas that result in a risk to human health or the environment. Based upon the conclusions of the 
RI, Baker recommends no further studies at this site, including no Feasibility Study. Although a “no action” 
Feasibility Study could be performed, there is no benefit to the environment or the administrative process. 

The next step in the administrative process appears to be a proposed plan describing the no action alternative 
for review and concurrence by the Department of the Navy, United States Environmental Protection Agency, 
and North Carolina Department of Environment, Health and Natural Resources. 
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1.0 INTRODUCTION 

Marine Corps Base (MCB), Camp Lejeune was placed on the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) National Priorities List (NPL) on October 4, 
,1989 (54 Federal Register 41015, October 4, 1989). Subsequent to this listing, the United States 
Environmental Protection Agency (IJSEPA) Region IV, the North Carolina Department of the 
Environment, Health and Natural Resources (NC DEHNR), and the United States Department of the 
Navy (DON) entered into a Federal Facilities Agreement (FFA) for MCB, Camp Lejeune. The 
primary purpose of the FFA is to ensure that environmental impacts associated with past and present 
activities at MCB, Camp Lejeune are thoroughly investigated and appropriate CERCLA 
response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives are 
developed and implemented as necessary to protect the public health, welfare, and the environment 
(FFA, 1989). 

Tbe Fiscal Year 1995 Site Management Plan for MCB, Camp Lejeune, a primary document 
referenced in the FFA, identifies 27 sites that require Remedial Investigation/Feasibility Study 
(RI/FS) activities. Six additional sites have been identified since the distribution of the Site 
Management Plan, bringing the total number of sites to 33. These 33 sites have been divided into 
17 operable units to simplify proceeding with RI/FS activities. Operable Unit (OU) No. 9, 
comprised of Sites 65 and 73, is the general focus of this report. This report specifically addresses 
Site 65 and a separate RI report addresses Site 73. Figures 1-l and l-2 depict MCB, Camp Lejeune 
and the location of Site 65. (Note that tables and figures are provided at the back of each section.) 

The purpose of the RI is to evaluate the nature and extent of the threat to public health and the 
environment caused by the release or threatened release of hazardous substances, pollutants, or 
contaminants (USEPA, 1988). The RI at Site 65 was conducted through the sampling of several 
media (surficial and subsurface soil, groundwater, sediment, surface water, and benthic and aquatic 
species), evaluating the resultant analytical data, and performing a human health risk assessment 
(RA) and ecological I& Furthermore, the RI report provides information to support a Feasibility 
Study (FS) and Record of Decision (ROD) for a final remedial action. 

This RI Report was prepared by Baker Environmental, Inc. (Baker) for submittal to the Naval 
Facilities Engineering Command, Atlantic Division (LANTDIV); MCB, Camp Lejeune 
Environmental Management Division @ID); USEPA Region IV; NC DEHNR; and the Navy 
Environmental Health Center (NEHC), for their review. 

The following subsections describe the characteristics and history of Site 65. In addition, 
Section 1.1 provides an overview of the RI Report Organization. 

1.1 &mort Oreanizatios 

Volume I of this RI report for Site 65 is comprised of text, tables, and figures separated into the 
following sections: 

1.0 Introduction (includes OU and site descriptions, and site histories) 
2.0 Study Area Investigation 
3.0 Physical Characteristics of the Study Area 
4.0 Nature and Extent of Contamination 
5.0 Contaminant Fate and Transport 
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6.0 Baseline Risk Assessment 
7.0 Ecological Risk Assessment 
8.0 Conclusions and Recommendations 

The appendices that complete this RI report for Site 65 are contained in Volume I and Volume II. 
The appendices provide field investigation data, sampling data, statistical data, reference data, and 
risk assessment models, calculations and data. 

1.2 Onerable Unit Descri~tipar 

Operable units are formed as an incremental step toward addressing individual site concerns and to 
simplify the specific problems associated with a site or a group of sites. The total number of sites 
under the Installation Restoration Program (IRP) at MCB, Camp Lejeune is 33, which have been 
grouped into 17 operable units. Site 65 is one of two sites within OU No. 9, both located in close 
proximity to each other. OU No. 9 includes the Amphibious Vehicle Maintenance Area (formerly 
known as Courthouse Bay Liquids Disposal Area) - Site 73, between Courthouse Bay and Sneads 
Ferry Road, and the Engineer Area Dump (Site 65) which is approximately one mile east/southeast 
of Site 73. Courthouse Bay is located south of Hadnot Point, on the eastern shore of the New River. 
The area is accessible via Marine’s Road and North Carolina Route 172. Courthouse Bay was 
selected for the Engineers’ School and the 2nd Amphibious Tractor (AMTRAC) Battalion because 
of its protected natural harbor with direct water access. 

The 255 acres of development at Courthouse Bay are distributed on the northwest and southeast 
sides of the bay itself, with major land uses in three clusters on the southeastern side. Training 
facilities, which account for the largest single land use, cover about 73 acres of land. Classroom 
training facilities and supply and storage buildings for heavy equipment are located in two irregular 
areas on the southeastern side of the bay, while personnel support, administration, medical facilities, 
and some supply buildings overlook the New River. Two clusters of troop housing facilities exist 
at Courthouse Bay. One overlooks the New River, while the other is on the western edge of the bay. 
Nine family housing quarters are sited along the New River on a peninsula of land which forms the 
entrance to the bay. Large land areas for heavy equipment training are located further to the 
southeast and are used by the Engineers’ School (Site 65). An area of maintenance and supply 
buildings located on the northwestern side of the bay are solely used by the 2nd AMTRAC Battalion 
for maintenance and storage of large vehicles (Site 73). The area includes a wharf along the bay and 
a boat ramp. 

1.3 Site Description and History 

Site 65 is a primarily wooded area located immediately west and north of the Marine Corps Engineer 
School which occupies property between Site 65 and Courthouse Bay. The school is used for 
maintenance, storage, and operator training of amphibious vehicles and heavy construction 
equipment. The school also utilizes a several acre parcel located just east of Site 65 to conduct 
heavy equipment training activities. 

Site 65 is situated in a topographically high area that is gently pitched to the south-southeast with 
an average elevation of about 40 feet above mean sea level (msl). Due to the sandy surface soils, 
there is relatively little storm water runoff. The limited surface water runoff tends to drain radially 
to the east, south, and west, away from the site or collect in local surface depressions. Immediately 
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east of Site 65 is the equipment training area which occupies the area between Site 65 and two small 
ponds located to the southeast. Portions of the area surrounding the ponds are marshy. 

Site 65 reportedly operated from 1952 to 1972. Two separate disposal areas have heen reported 
including: (1) a battery acid disposal m and, (2) a liquids disposal area. There are no historical 
maps or figures which depict the location of the disposal areas, and neither area is currently 
discernible due to heavy overgrowth. Aerial photographs, dating from 1956 through 1993, are 
available at the base Forestry Division and through the United States Department of Agriculture 
(USDA) Aerial Photography Field Office. Enlargements of four of these photographs have been 
included as Figures l-3 through l-6, for the years 1956, 1970, 1983, and 1993. The photos up 
through 1983 depict disturbed areas east of the Engineer School which represent perhaps the best 
available means for approximately locating the site. In addition, Camp Lejeune base maps, available 
via Computer-Aided Design Drafbng (CADD), indicate the location of a bum area which was 
identified as part of Site 65 under the Initial Assessment Study (IAS) by Water and Air Research 
(WAR, 1983). Like the disposal area, the location of the burn area is not currently discernible from 
the surrounding landscape. Beginning in 1970, nearly the full extent of the current heavy equipment 
training area appears disturbed. 

The types of liquids which were reportedly disposed at Site 65 include petroleum, oil, and lubricant 
products (POL). The IAS did not indicate that hazardous wastes were disposed at Site 65. Site 
Inspection (SI) Project Plans prepared by NUS Corporation (NUS, May 1991) identify both POL 
wastes and batteries as having been disposed at Site 65; however, the basis for the inclusion of 
batteries is not known since no other background report or document references the disposal of 
batteries at this site. 

1.4 . . Summarv of Previous Investuzations 

As indicted previously, Site 65 is mentioned in the lAS Report (WAR, 1983) as a site not requiring 
further confirmation. However, a decision to perform an SI was subsequently made by the DON in 
1991. 

On January 3 1,1994, Baker published the results of the Final Site Inspection that was conducted for 
Site 65 in July and August, 1991. The objectives of the SI were to: (1) determine whether there was 
a release or potential release of hazardous substances and the nature of the associated threats; 
(2) preliminarily assess the extent of contamination and the volume/type of wastes at the site; and, 
(3) determine if further action or investigations are required. 

Figure l-7 identifies the sample locations for activities conducted during the SI at Site 65. The 
activities included the installation of three shallow monitoring wells to approximately 20 feet bgs 
and the advancement of five, 1 5-foot deep soil borings. Soil samples were collected from each of 
the monitoring well borings and the soil borings. The wells were developed and subsequently 
sampled. Three surface water/sediment samples were also collected from the two on-site ponds and 
the adjacent marsh area. 

Each of the groundwater, soil, surface water and sediment samples were analyzed for Target 
Compound List (TCL) organics and the Target Analyte List (TAL) inorganics (Level IV data 
quality). Validation of all samples was in accordance with USEPA protocols. 
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Groundwater samples collected from the three monitoring wells all exhibited metal contaminants 
(e.g., arsenic, beryllium, chromium, copper, lead and manganese) above either North Carolina 
groundwater regulatory levels and/or federal primary/secondary drinking water standards. No 
organic contaminants were detected in the groundwater samples with the exception of dichloro- 
diphenyl-dichloroethane (4,4’-DDD at 0.53 I&L) in well MW02. Low levels of polynuclear 
aromatic hydrocarbons (PAHs) were detected in two of the eight surface soil samples. The 
pesticides 4,4’-DDD, dichloro-diphenyl-dichloroethylene (4,4’-DDE) and dichloro-diphenyl- 
trichloroethane (4,4’-DDT) were detected in three of the eight surface soil samples at levels ranging 
from 18 to 72 pg./kg. One subsurface soil sample exhibited low levels of 4,4’-DDD (58 pg/kg). 
Atoclor-1254, a polychlorinated biphenyl (PCB), was also detected in one subsurface soil sample 
(65SB02 12) at 230 pg/kg. The distribution of organic contaminants found during the SI is presented 
in Figure l-8. 

- 

Federal surface water standards were exceeded for lead, copper, and iron. Barium and chromium 
exceeded state surface water standards. One sediment sampled collected from the marsh was 
contaminated with low levels of 4,4’-DDD and 4,4’-DDE and elevated levels of metals. Sediment 
samples collected from the ponds exhibited low levels of phenolic constituents (76 pg/kg of phenol 
and 930 pgkg of 4-methylphenol). Elevated metals, which were observed in the marsh sediment, 
were not observed in either pond. Sediment screening values for the protection of biota were also 
exceeded in the marsh sample for copper, lead, zinc, 4,4’-DDD and 4,4’-DDE. The SI Report (Baker, 
1994) identities the sediment sample locations and results. 

The SI recommended that: (1) a remedial investigation/feasibility study be conducted to provide 
data for the evaluation of the nature and extent of soil and groundwater contamination, and a 
baseline human health and ecological risk assessment; (2) historical aerial photographs be obtained 
to determine the locations where disposal activities occurred; (3) background and upgradient shallow 
groundwater quality be assessed to better determine whether inorganic contamination of the shallow 
aquifer is due to disposal operations; and (4) groundwater quality in the deeper portions of the 
shallow aquifer as well as the Castle Hayne be assessed including the possible influence of the 
supply wells on groundwater flow. 

Aerial photographs of the site from 1962 through 1989 were reviewed by Baker staff at the base 
Forestry Department. Five aerial photographs from 1956 through 1993 were also ordered from the 
USDA Aerial Photography Field Offtce. Particular observations were as follows: 

0 Aerial photographs from 1956 (see Figure l-3) and 1964 appear mostly unchanged. 
A large kidney-shaped disturbed training area and a smaller rounded disturbed 
training area to the east are visible in the general area where Site 65 was reportedly 
located. In the 1956 photograph, it appears as though there were four small ponds 
to the east of the site, but by 1962 backfilling of one pond seems to have begun. 

0 The aerial photograph from 1970 (see Figure l-4) depicts for the first time a 
disturbed area which nearly matches the limits of today’s equipment training area. 
Roadways to the area are not as obvious as in earlier views. The number of small 
ponds to the east of the site is down to two by 1970. The two southern and 
westernmost ponds appear to have been backfilled. The waste disposal area in 1970 
is located along the southern perimeter of the western heavy equipment area (see 
Figure l-9). 
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0 The aerial photograph from 1973 depicts a very distinctive “heavy equipment 
training area” (track marks are evident) that is slightly larger than the same area 
noted in the 1970 photograph. The kidney-shaped disturbed area to the west of the 
training area is beginning to recede in size. The kidney-shaped disturbed area 
continues to be visible up through 1983, but becomes more overgrown (see 
Figure l-5). 

0 In the most recent aerial photographs available, dated 1989 and 1993 (Figure l-6), 
the heavy equipment training area is clearly visible; however, the kidney-shaped 
disturbed area is indistinguishable. A mound of soil (containing debris based on 
visual reconnaissance) appears at the western comer of the training area. 

Upon review of available information, data limitations at Site 65 were identified. One of the most 
significant data limitations, although contamination was detected in some soils and groundwater 
samples, was that the extent of the contamination has not been adequately defined. In addition, data 
from other media (i.e., surface water, sediments, biota, etc.) was also required to support the Risk 
Assessment. Listed below are the various media from which additional data was needed: 

Surficial soil 
Subsurface soil 
Waste Piles 
Surficial groundwater 
Deeper Groundwater 
Surface Water 
Sediments 
Biota 

Specific data needs are listed below: 

l Determine the physical and chemical characteristics of surface and subsurface soil 
within the boundaries of Site 65, in the area downgradient of Site 65, in the adjacent 
heavy equipment training area, and in an upgradient location. This data is needed 
to determine the nature and extent of contamination (if any) in soil and to support 
a human health and ecological risk assessment and evaluation of remedial 
alternatives. 

0 Determine the extent of PCB contamination in the vicinity of existing soil boring 
65SB02 where, during the SI, PCBs (230 pg/kg of Aroclor-1254) were detected at 
12 to 14 feet bgs. 

l Determine the physical composition and chemical characteristics of the various 
piles of earth and debris located within the Site 65 boundary. This data is needed 
to afford an evaluation of the debris piles as a potential source of contamination, to 
support a human health and ecological risk assessment, and evaluation of remedial 
alternatives. 
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Obtain surface water, sediment, fish and benthic samples from the surface water 
bodies (i.e., ponds, marsh, and intermittent stream) located east of the site. This 
data is needed primarily to support a human health and ecological risk assessment 
as well as to afford an evaluation of the presence or absence of contamination in 
these media. 

Obtain additional data regarding the presence or absence of contamination in 
shallow (i.e., at the water table surface) groundwater downgradient (south) of 
Site 65 and west of existing shallow monitoring well 65MWO2. A shallow 
monitoring well in this area is needed to add confidence that the downgradient 
perimeter of Site 65 has been sufficiently investigated. 

Obtain shallow groundwater data from the area east of Site 65 and west of the 
surface ponds. This data is needed to evaluate the environmental impact of ongoing 
activities at the heavy equipment training area. If contamination is identified in the 
surface water bodies west of Site 65, this data will be used to evaluate whether the 
source is Site 65 or the heavy equipment training area. 

Obtain shallow groundwater data from an upgradient location to provide for a 
comparison to data obtained from other locations potentially impacted by Site 65. 

Determine the chemical characteristics of the groundwater zone situated below 
shallow (water table surface) groundwater at three locations across the site 
including near the center of the suspected Site 65 disposal area, and downgradient 
and upgradient of Site 65. This data is needed to confvm the presence or absence 
of the vertical migration of contaminants from the shallow zone to a deeper zone. 
Ideally the deeper zone to be investigated should correspond to the upper-most 
screened intervals of the nearest water supply wells. Data from this zone will also 
be used to support a human health risk assessment since supply water is drawn from 
this zone from nearby wells for human consumption. 

From these site-specific data needs, RI objectives were established to meet the data deficiencies for 
Site 65. RI objectives are presented in the following section, 

1.6 Remedial Investieatioa Obiectiveq 

The purpose of this section is to defme the RI objectives aimed at characterizing releases of 
hazardous substances from past waste disposal activities at Site 65, assessing potential impacts to 
public health and environment, and providing feasible alternatives for consideration during 
preparation of the ROD. The RI objectives presented in this section have been identified through 
review and evaluation of existing background information and the previous investigation, assessment 
of potential risks to public health and environment, and consideration of feasible remediation 
technologies and alternatives. Table l-l presents both the RI objectives identified for Site 65 and 
the criteria necessary to meet those objectives. In addition, the table provides a general description 
of the study or investigation efforts required to obtain the necessary information. 
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TABLE 1-l 

RX OBJECTIVES FOR OPERABLE UNIT NO. 9 
REMEDIAL INVESTIGATION STUDY, CTO-0312 

SITE 65 - ENGINEERING AREA DUMP 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Medium or 
Area of Concern RI&S Objective Criteria for Meeting Objective Proposed Investigation/Study 

I. Site 65 - Soil la Assess the extent of soil Characterize contaminant levels in surface and Drill soil borings and obtain surface 
contamination in the former dump subsurface soils at ‘the former dump area, the and subsurface soil samples 
area, the area near the ponds and the area near the ponds, and the heavy equipment 
area presently used for heavy training area 
equipment training. 

lb. Assess human health and ecological 
risks associated with exposure to 
surface soils at the site. 

Characterize contaminant levels in surface and Conduct human health and 
subsurface soils at the site. ecological risk assessment 

lc. 

Site 65 - Groundwater 2a. 

2b. 

Determine the composition and Observe the internal materials comprising the Excavate test pits and obtain soil 
chemical nature of debris piles located debris piles and obtain soil samples. SampIeS 
throughout the site. 

Determine whether soil contamination Characterize shallow groundwater quality Install shallow groundwater wells. 
is migrating to groundwater. across the site. 

Assess the extent of shallow and deep Determine the horizontal and vertical extent of Install shallow and deep 
groundwater contamination across the shallow groundwater contamination; determine groundwater wells. 
site. if shallow contamination has migrated vertically 

to a lower zone. 

2c. Define hydrogeologic characteristics 
for fate and transport evaluation and 
remedial technology evaluation, if 
required. 

Estimate hydrogeologic characteristics of the 
shallow aquifer (flow direction, hydraulic 
conductivity, permeability, etc.). 

Perform field aquifer tests. 

2d. Assess health risks posed by potential Evaluate groundwater quality and compare to Conduct human health risk 
future usage of the shallow and ARARs and health-based action levels. assessment. 
intermediate zone groundwater. 



TABLE l-1 (Continued) 

RI OBJECTIVES FOR OPERABLE UNIT NO. 9 
REMEDIAL INVESTIGATION STUDY, CT04312 

SITE 65 - ENGINEERING AREA DUMP 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Medium or 
Area of Concern RI/FS Objective Criteria for Meeting Objective Proposed Investigation/Study 

3. Site65 - Surface 3a - Assess the presence or absence of Characterize surface water quality. Obtain surface water samples from 
Water surface water contamination in the the unnamed creek and ponds. 

unnamed creek and ponds. 

4. Site 65 - 
Sediment 

4a Assess human health and ecological 
risks associated with exposure to 
sediments in the unnamed creek and 
ponds. 

Characterize nature and extent of contamination Obtain sediment samples from the 
in sediment. unnamed creek and ponds. 

Conduct a risk assessment. 

5. Site 65 - 
Biota 

Sa Assess potential ecological impacts 
posed by contaminated surface water 
or sediments in the unnamed creek 
and ponds. 

Qualitatively evaluate stress to benthic and fish 
communities. 

Obtain fish and benthic samples 
from the unnamed creek and ponds. 
Conduct an ecological risk 
assessment. 
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AERIAL PHOTOGRAPH, FEBRUARY 1 ,  1956 
SITE 65 - ENGINEER AREA DUMP 
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i----. 2.0 STUDY AREA INVESTIGATION 

The field program at Site 65 was initiated to characterize potential environmental impacts and 
threats to human health, ecology and the environment resulting from previous activities. The 
investigation conducted at the site was generally designed to define potential impacts to surface and 
subsurface soil, groundwater, sediments and surface waters. Specifically, this study was intended 
to provide: 

0 Data regarding the nature and extent of environmental impact on aquatic and 
benthic species in two surface ponds located east of the site adjacent to the heavy 
equipment training area. 

0 Additional soil and groundwater data to support a quantitative, site-wide 
environmental risk assessment. 

0 Soil and groundwater data sufficient to afford an evaluation of the source, nature, 
and extent of potentially impacted groundwater and the shallow and deep 
groundwater flow patterns in the area. 

The RI field activities conducted at Site 65 were initiated April 3 and concluded May 25, 1995. 
Additional work (primarily waste management, surveying, and groundwater elevation 
measurements) was conducted between May 26 and August 21,1995. The field program consisted 
of: a soil investigation; a groundwater investigation; surface water and sediment, and ecological 
investigations; a site survey; and investigation derived waste (IDW) handling. All field activities 
were performed in accordance with the Project Plans (submitted by Baker, March 1995). A 
summary of these activities and details of any modifications to the plans, are discussed in the 
following sections. 

2.1 Soil InvestiPation 

A soil investigation was conducted at Site 65 to assess the nature and extent of previously detected 
contamination and to assess human health, ecological, and environmental risk associated with 
contact, inhalation and possible ingestion of surface and subsurface soil particles. The following 
subsections describe the drilling procedures, sample locations, sample methods and analytical 
program for the site. 

Baker supervised the advancement of 14 soil borings (65-SB06, -SB07, -SB08, -SB09, -SBlO, - 
SB 11, -SB12,65-DWOl, -DWO2, -DW04, -MWO4, MWO5, -MWO6 and -MWO7) for the purpose 
of sample collection, geologic identification and description, and monitoring well installation. 
Drilling and soil sampling activities at the site were initiated on April 4, 1995, and were completed 
on April 20,1995, using a truck-mounted drill rig supplied and operated by Parrott Wolff, Inc. Soil 
cuttings obtained during the drilling program were contained and handled in accordance with 
procedures outlined in Section 2.5. Drilling and sampling activities were performed using Level D 
personal protection and operations were continuously monitored with a photoionization detector 
(PID) and lower explosive limit/oxygen meter. All soil boring/monitoring well locations are shown 
on Figure 2- 1. 

e---x i The soil borings were advanced to three ranges of depth. Procedures varied depending upon the type 
of soil boring needed at each location. Seven borings were advanced for soil classification and 
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sample collection purposes only and were terminated at the water table. These borings were 
designed for collection of information pertaining to soil contamination in areas where groundwater 
monitoring wells were not practical due to training activities conducted at the site or in areas where 
information was needed concerning soils only. 

._I 

Baker supervised the completion of four soil borings as shallow Type II groundwater monitoring 
wells extending approximately 10 to 15 feet below the water table. These borings were terminated 
at approximately 21 to 23 feet bgs using 6.25-&h inside diameter (ID), hollow-stem augers. In 
some cases, these wells were not logged by the site geologist due to the close horizontal proximity 
of an adjacent deep boring. The borings were designed to allow construction of monitoring wells 
with screens that intersect the water table. 

Additionally, Baker supervised the advancement of three deep soil borings for the purpose of 
installing Type III monitoring wells. The deep monitoring wells were extended 10 to 15 feet into 
the Castle Hayne aquifer terminating at approximately 56 to 70 feet bgs. The deep borings were 
advanced using fluid (bentonite slurry) rotary drilling methods. 

Each boring was advanced using 4-l/4-inch ID, hollow-stem augers to the appropriate completion 
depth (shallow borings/monitoring wells) or to the top of a stratigraphic segregating layer (deep 
wells). Those borings designated for monitoring well completion were reamed with 6- l/4-inch ID, 
augers. Shallow well construction was performed through the larger augers. In the deeper borings, 
six-inch ID, steel casing was installed through bentonite-cement grout to seal off the surficial aquifer 
from the underlying Castle Hayne aquifer. The steel casing was set approximately two feet into the 
a semiconfming unit above the Castle Hayne aquifer. 

All borings were continuously sampled to the water table (approximately 7.5 to 11 feet bgs) and then 
every five feet until termination of the boring with a split-spoon sampling device following methods 
outlined in ASTM 1586-84 and the Field Sampling and Analysis Plan (FSAP) (Baker, 1995). The 
sampling protocols were modified in some cases where the site geologist needed more information 
about a particular soil type or if the formation appeared to be unstable at a particular interval. Soils 
were considered unstable if problems occurred during drilling that were indicative of borehole 
collapse. When unstable soils were encountered, samples were not collected until the borehole was 
advanced beyond the problem interval. 

Each split-spoon soil sample was classified by the site geologist. Soils were classified and field 
screened with a PID. The results were recorded in the field logbook and later transposed onto boring 
log records. Classification included characterization of soil type, grain size, color, moisture content, 
relative density (from Standard Penetration Test “blow counts”), plasticity and other pertinent 
information such as indications of contamination. Lithologic descriptions of site soils are provided 
on the Test Boring and Well Construction Records in Appendix A. 

2.1.1 Surfme and Subsurface Soils 

Surface and subsurface soil samples were collected from soil boring locations across the site in order 
to delineate the vertical and horizontal extent of contamination and provide data for human health 
and ecological risk assessments. As described in the Work Plan (Baker, 1995), selection of soil 
boring/monitoring well locations was based on Camp Lejeune historical records, previous site 
investigations and existing boring data. A summary of the sample numbers, sample depths and 
analytical parameters is provided in Appendix B. 

- 
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Surface soil samples were collected from 14 borings (see Figure 2-1) using a decontaminated 
stainless steel spoon to extract each soil sample and place it in an aluminum pan. Samples were 
collected from zero to 12 inches after the first few inches of top soil and matted roots were scrapped 
away with a stainless steel trowel. The volatile organic compound (WC) samples were placed 
directly into the appropriate laboratory supplied containers immediately after collection. The 
remaining portion of the sample was composited in an aluminum pan and mixed to homogenize the 
sample; then the sample was placed into the appropriate sample containers. All samples were 
temporarily stored in ice-filled coolers until shipment to Quanterra Environmental Services for 
analyses. The stainless steel spoons were decontaminated prior to sample collection according to 
the procedures outlined in the FSAP (Baker, 1995). 

Soil sampling protocols specified in the FSAP called for two soil samples to be collected from each 
boring/well cluster location where less than six feet of unsaturated conditions were encountered. 
These samples were to be collected at the ground surface and directly above the soil/groundwater 
interface. If greater than six feet of saturated soil conditions were encountered, three samples were 
to be collected, with the third sample interval to be based on visual observations, field screening 
using a PID or midway between the surface and the water table. However, the protocols were 
modified in the field. It was determined that 10 feet of unsaturated soil conditions would better 
warrant additional samples to be collected. This modification was incorporated into the plans in 
order to reduce the possibility of collecting an overabundance of unnecessary samples from shallow 
soil borings. 

A vadose zone, subsurface soil sample was collected from directly above the water table in each 
boring. An additional sample was collected between the surface soil sample depth and the water 
table from borings in which the depth to water was greater than 10 feet. The intermediate soil 
samples were collected based on positive PID readings and/or visual contamination. However, if 
no reading or visible contamination was found, samples were taken from the middle of the (surface 
to water table) soil column. All subsurface samples were collected via a two- or three-inch diameter, 
stainless steel, split-spoon sampler. Analytical samples were composited and prepared in the same 
manner as surface soil samples. 

2.1.2 Exploratory Test Pit Investigation 

Baker conducted an exploratory test pit investigation at Site 65 to determine the presence and nature 
of buried material in the debris piles at the southwestern portion of the site (Figure 2- 1). Potential 
test pit locations were identified through visual site inspection. The site inspection sought to identify 
the extent of the debris piles and the area historically used as the burn area. Observations of waste 
disposal such as fill material, debris or depressions were used in locating the six test pit excavations. 

The investigation employed the use of a backhoe and Level B personal protective equipment (e.g., 
supplied air). Generally, the soil and debris were removed in lifts of six to 12 inches. The overall 
dimensions of the test pits were approximately 10 to 15 feet in length and two to three feet in width. 
The depth of the pits varied depending on the depth of the water table at each location. 

.f@---. 

Information regarding the type of materials, drums, or possible contamination was recorded in the 
Test Pit Logs (included in Appendix C) by the site geologist. Additionally, a sketch of each test pit 
was made to illustrate the location of miscellaneous debris encountered during the excavation. The 
operations were continuously monitored using a PID and lower explosive limit/oxygen meter during 
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excavation activities. All excavation and sampling equipment was decontaminated prior to and after 
each test pit excavation following the procedures outlined in the FSAP (Baker, 1995). 

A single sample was collected from each of the excavations and submitted for analysis. Each 
sample was collected from the backhoe bucket following sampling procedures located in Section 
5.1.3 of the FSAP (Baker, 1995). Samples were collected from the bottom of each excavation 
because no visually contaminated soils and/or positive PID readings were observed. Upon 
completion of sample collection, the excavations were backfilled with materials and soils removed 
from each pit as per the FSAP (Baker, 1995). 

2.13 Analytical Program for Soils 

The analytical program initiated for the soil investigation at Site 65 focused on the suspected 
contaminants of concern which were based on previous disposal practices, site activities and fmdings 
of previous investigations. In general, soils at the site were analyzed for Target Compound List 
(TCL) organic compounds and Target Analyte List (TAL) metals. In addition, a single soil sample 
was submitted for engineering parameters analyses including total phosphorous, total organic carbon 
(TOC), alkalinity, chemical oxygen demand (COD), microbial count, Total Kjeldahl Nitrogen 
(TKN), Atterberg Limits, and particle size distribution. The engineering parameters were obtained 
to assist in selecting potentially applicable remedial technologies during an FS. 

All soil samples retained for analysis were prepared and handled according to USEPA Region IV 
Standard Operating Procedures (SOPS) as outlined in the FSAP (Baker, 1995). Chain-of-Custody 
documentation, which includes information such as sample numbers, date, time of sampling, and 
sampling party accompanied the samples to the laboratory and is provided in Appendix D. Samples 
were shipped via overnight courier to Quanterra Environmental Services in Knoxville, Tennessee. 

2.2 Groundwater Investkation 

The groundwater investigation at the Site 65 consisted of several activities including construction 
of shallow and deep monitoring wells, well development, groundwater sampling, static water 
measurement and aquifer testing. The investigation was designed to confirm the presence or 
absence of shallow and deep groundwater contamination, evaluate the horizontal and vertical extent 
of potentially impacted groundwater, and evaluate the shallow and deep groundwater flow patterns 
in the area. 

The field procedures and sampling methods were implemented in accordance with USEPA 
Region IV SOPS. Specific sampling procedures are detailed in the FSAP (Baker 1995). The 
following sections summarize the procedures for monitoring well construction, well development, 
static water level, measurements, aquifer testing, groundwater sampling, and analytical program. 

2.2.1 Shallow and Deep Well Construction 

Both deep and shallow wells were constructed of two-inch nominal diameter, Schedule 40, flush- 
jointed and threaded, polyvinyl chloride (PVC) casing with 1 O-slot screen. The shallow wells were 
constructed with a 15-foot section of screen and the deep wells were constructed with a 1 O-foot 
section of screen. The deep wells required casing to seal off the upper aquifer from the aquifer 
below. A six-inch ID, 3/l 6-inch thick, steel casing was installed from the surface and was seated 
into the first confining unit. A fine-grained sand pack (No. 1 sand) was placed in the annulus 
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between the screen and the borehole wall extending above the screen interval about two feet. The 
shallow wells were installed with a sodium bentonite seal approximately two feet thick placed on 
top of the sand pack to prohibit intrusion of grout or surface runoff into the sand pack. The deep 
wells were installed with a sodium bentonite seal placed on top of the sand pack continuing two to 
three feet inside the protective casing to prohibit intrusion of grout into the sand pack or the aquifer. 
The bentonite seal provides additional protection against surficial ground water penetrating the 
Castle Hayne aquifer. 

The remaining annular space between the bentonite seal and the surface was filled with 
cementientonite grout. Each well was protected from the damage and tampering by a locking 
protective cover, well pad and cement-filled ballards. Well tags containing information regarding 
the construction of each well and the notation “Caution Not Potable Water” were affixed to the 
wells. Well construction details are summarized in Table 2-l for shallow and deep wells. 

Baker installed four Type II, groundwater monitoring wells (wells without casing sealing off a 
confining layer) into the water table aquifer to determine the horizontal extent of contamination (if 
any) existing within the aquifer, and evaluate the shallow groundwater flow patterns. The shallow 
wells were installed with a portion of the screen above the water table so that floating organics (if 
any) may enter the well. The screen intervals were designed to compensate for seasonal fluctuation 
in the water table. The shallow wells were constructed in accordance with the FSAP (Baker 1995) 
and USEPA Region IV SOPS. A well construction diagram for a typical Type II well is included 
as Figure 2-2. 

Baker supervised the installation of three Type III, groundwater monitoring wells (wells installed 
with an outer casing to seal out the shallow aquifer), one in each of the deep soil borings. These 
wells were designed to: 

l Evaluate the vertical and horizontal extent of contamination (if any) residing in the 
Castle Hayne aquifer; 

0 Determine if the marker bed between the surficial sediments and the River Bend 
Formation is confining, semi-confming, or not confining and; 

0 Evaluate the groundwater flow patterns of the deep aquifer. 

A typical Type III well construction diagram is presented in Figure 2-3. Type III well screens were 
placed in a position to intercept the upper portion of the Castle Hayne aquifer. 

Upon completion and curing of the grout, each newly installed well was developed to remove fine- 
grained sediment from the screen and to establish hydraulic communication between the well and 
the formation. A minimum of three to five well volumes were removed from each well until the 
groundwater was essentially sediment-free. Groundwater recovered during development was 
contained and handled in accordance with procedures outlined in Section 2.5. The wells were 
developed by a combination of surging and pumping techniques. Hoses used for development were 
dedicated to each well to minimize the potential for cross contamination and discarded upon 
completion of development. Measurements of pH, turbidity, conductivity and temperature were 
recorded frequently to assist in evaluating well stabilization. The wells were considered stable when 
three consecutive measurements of pH, conductivity and temperature were within 10 percent of the 
previous measurements. Turbidity stabilization was established when a sample was measured and 
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a value under 10 Nephelomebic Turbidity Units (NTUs) was obtained. If turbidity did not stabilize 
within three hours of purging, the well was considered developed. Well development forms listing 
all the development parameter measurements are provided in Appendix E. 

Three rounds of water levels were collected at Site 65 on April 20, 23, and August 21, 1995 to 
establish shallow groundwater flow in the Engineer Area Dump region. In addition, two staff gauge 
readings were collected from Powerline Pond and Courthouse Bay Pond. The groundwater 
measurements were recorded from the top of the PVC casing using an electronic measuring tape to 
the nearest 0.01 foot. Measurements were collected within a four-hour time period during each 
event and can be found on Table 2-2. 

Hydraulic conductivity testing was conducted on three shallow wells at Site 65 to evaluate shallow 
groundwater flow characteristics. Monitoring wells 65MWO4, 65-MW05 and 65-MW07 were 
tested on May 22 and 23, 1995. Details regarding the results of these tests are discussed in 
Section 3 .O of this report. 

2.2.2 Groundwater Sampling 

A single round of groundwater samples was collected from each of the seven, newly installed wells 
and three existing wells to confirm the presence or absence of contamination in the surficial and 
Castle Hayne aquifers. Prior to collecting the samples, the wells were purged of three to five well 
volumes of water using a low flow, low turbulence pump. Water recovered during the groundwater 
sampling program was contained and handled as described in Section 2.5. Temperature, 
conductivity, turbidity and pH measurements were collected after each well volume was removed 
to determine when the groundwater had stabilized prior to sampling. The defmition of stabilization 
is the same for development and purging. Table 2-3 summarizes the groundwater sampling field 
parameter measurements. 

Samples were collected using a peristaltic pump and teflon tubing. Flow rates were set at about 
0.25-gallons per minute (gpm) to establish low flow purging. This method of purging creates less 
disturbance within the water column, thus capturing fewer sediments during sampling. High 
sediment content water creates a false impression of elevated metals in groundwater. In addition, 
the potential for organic compound volatilization is decreased. The teflon tubing was 
decontaminated prior to sampling and was discarded after sampling any well suspected of being 
contaminated and at the end of each day’s sampling events. 

Groundwater samples were introduced directly from the tubing into the appropriate laboratory 
supplied sample container and stored on ice in a cooler. Preparation of the samples for shipment to 
the laboratory incorporated similar procedures as to those described for soil samples and are outlined 
in the FSAP (Baker, 1995). Chain-of-Custody documentation (provided in Appendix D) 
accompanied the samples to the analytical laboratory. 

2.2.3 Analytical Program for Groundwater Samples 

Ten groundwater samples, plus quality assurance/quality control (QA/QC) samples, were analyzed 
for TCL organics, and TAL metals. In addition, one sample was collected for the analysis of 
engineering parameters including COD, TOC, TKN, alkalinity, microbial count, and total 
phosphorus. As with the soils, the engineering parameters were intended to assist in selecting 
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.F=---. potentially applicable remedial technologies. A summary of the sample numbers and analytical 
parameters is provided in Appendix B. 

2.3 . . \ 

p”- 

Baker collected surface water and sediment samples from Courthouse Bay Pond and Powerline Pond 
to assess possible impacts from the site and assist in human health and ecological RAs. The surface 
water/sediment investigation was conducted between May 5 and 22,199s. Four sampling locations 
were proposed in the FSAP (Baker, 1995). A single sample location was established in each pond 
(Figure 2-l). Sample 65SW/SD-04 was collected from the middle of Courthouse Bay Pond and 
Sample 65SW/SD-05 was collected from the eastern portion of Powerline Pond. Sampling locations 
were determined in the field and corresponded roughly with the aquatic/ecological sampling 
locations. One surface water and two sediment samples (0 to 6 inches and 6 to 12 inches below the 
sediment surface) were collected from each location. 

The additional samples 65SW/SD-06 and 65SW/SD-07 were to be collected from the marshy area 
adjacent to Courthouse Bay Pond and the drainage way leading from Courthouse Bay Pond in the 
southwestern direction, respectively. Sample 65SW/SD-06 was not collected because only a small 
amount of puddled water existed at the sample location and, therefore, it could not be classified as 
surface water. Sample 65SW/SD-07 was not collected because the drainage way was dry in the 
location that the sample was to be collected at the time of the sampling activities. Other surface 
water sample locations were investigated. Water was present in the drainage way several hundred 
feet downstream of the proposed location, after receiving runoff from other locations not associated 
with the site. However, it was determined that if samples were collected from the drainage way at 
this new location that they would not be representative of Site 65. 

2.3.1 Surface Water Sample Collection 

Baker collected the surface water samples consistent with the procedure described in the FSAP 
(Baker, 1995). Samples were collected from the approximate mid-vertical point in the pond using 
a sub-surface grab sampler. A clean laboratory-supplied l-liter amber sample bottle was attached 
to the sampler via a clamp. Baker sampling personnel lowered the bottle to the mid-vertical point, 
twisted off the lid with a suction cup attachment, and allowed the bottle to fill with water. After the 
bottle was filled, the lid was secured and the bottle was removed from the water. The contents of 
the bottle were transferred into the remaining sample bottles in accordance with the FSAP (Baker, 
1995). 

Care was taken when transferring surface water samples for analysis of VOCs to avoid excessive 
agitation that could result in loss of VOCs. VOC samples were collected prior to obtaining samples 
for analysis of other parameters. The sample bottles were filled by pouring down the side of the 
container until it was completely filled leaving no headspace. Each filled bottle was checked for 
bubbles and rejected if encountered. 

Each sampling location was marked by placing a wooden stake and bright colored flagging at the 
nearest bank. The sampling location was marked with indelible ink on the stake. In addition, the 
distance from the bank and the approximate location of the sample was estimated and recorded in 
the field log book of one of the Baker personnel. Photographs were taken to document the physical 
and biological characteristics of the sampling location. 
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2.3.2 Sediment Sample Coiiection - 

At each sediment sampling station samples were collected at a depth of zero to six inches and six 
to 12 inches. The samples were collected using a decontaminated, stainless-steel, sediment corer 
fitted with a new, disposable, plastic liner and a decontaminated plastic nosecone. If necessary, an 
eggshell catcher was used to minimize loss of the sample. Sampling personnel pushed the sediment 
corer, using the necessary extension poles, between 15 and 20 inches into the sediment. The 
sediment corer was then withdrawn and the plastic liner was removed from the corer. Sediment 
deeper than 12 inches was extruded from the liner and the zero- to six- and six- to 12~inch sediment 
intervals were placed into separate clean aluminum pans. 

Baker collected the samples for the VOC analysis with a clean, stainless-steel spoon. The remaining 
sediment was homogenized and transferred into their respective sample jars. This process was 
repeated until enough sediment was obtained to fill all the sample jars. 

2.3.3 Surface Water/Sediment Sample Analysis 

Surface water/sediment samples were analyzed for TCL organics, TAL metals and TOC. In 
addition, the zero- to six-inch sample for each location was analyzed for TOC and particle-size 
distribution. A summary of the sample numbers and analytical parameters is provided in 
Appendix B. The samples were prepared and handled in accordance with the FSAP (Baker 1995) 
and USEPA Region IV SOPS. 

2.4 ~colovical Investigation 

Baker conducted an ecological investigation at Site 65 to provide data to support the ecological RA. 
Biological samples collected as part of this investigation included fish and benthic 
macroinvertebrates. These were collected to obtain population statistics for fish and benthic 
macroinvertebrates and to obtain fish tissue samples for chemical anaiysis. 

2.4.1 Fish Sample Collection 

Baker personnel collected fish in Powerline Pond (sample number 65FS-05) using a Smith-Root 
Inc., backpack electrofisher powered by a 5,000-watt, portable generator. A DC current was applied 
utilizing the boat as the cathode and a hand-held electrode as the anode. The length of shocking time 
per subsection was recorded as seconds of applied current. Stunned fish were collected with one- 
inch mesh or smaller dip nets handled by members of the field sampling team. 

Baker was not very successful collecting fish via electrofishing for several reasons. Most of the 
pond was overgrown with a thick algae preventing the fish from surfacing after they were “shocked”. 
The areas of the pond not overgrown with algae were covered with water lily preventing the fish 
from being visually observed after being “shocked”. Baker did not attempt to electrofish Courthouse 
Bay Pond because the visibility in the pond was approximately one-inch due to the high 
concentration of suspended sediment. 

In addition to t&e electrofisher, fish samples were collected in Powerline Pond and Courthouse Bay 
Pond (sample number 65FS-04) using hoop nets. The nets ranged from two to four feet in diameter 
and 14 to 16 feet in length. Either lo-, 25- or 40-foot wings were attached to the nets at 45-degree 
angles to direct the fish into the nets. The nets were deployed with the tail end at the shore and the 

- 
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openings facing the middle of the pond. Minnow traps baited with cat food were also deployed; 
however, no minnows were collected in the traps. 

The samples were wrapped in foil and placed in a clean plastic bag for temporary storage in an 
on site freezer. The samples were subsequently shipped to the laboratory in a cooler packed with 
dry ice. 

2.4.2 Fish Tissue Sample Analysis 

Whole body and fillet samples were collected from the fish and analyzed for TCL organics and TAL 
metals. The samples were prepared in accordance with USEPA Region IV protocols by the 
laboratory. 

2.43 Benthic Macroinvertebrate Sample Collection 

Baker collected benthic macroinvertebrates proximate to the respective adjacent sediment and 
surface water sampling locations. Samples 65BN-04 and 65BN-05 were collected from Courthouse 
Bay Pond and Powerline Pond, respectively. The samples were collected from a boat using a 
standard ponar grab samples in accordance with the FSAP (Baker, 1995). The dimensions of the 
standard ponar are 0.229 x 0.229 meters (9 x 9 inches) for a sampling area of 0.0523 square meters 
(81 inches). The sampling area of the ponar is used to calculate the species density in individuals 
per square meter. 

2.5 Jnvestieation Derived Waste 

Investigation derived waste (IDW) was generated during the field program at OU No. 9. The IDW 
generated includes soil and mud cuttings, purge and development groundwater, used personal 
protective equipment, and spent decontamination fluids. The following paragraphs describe the 
procedures for IDW management for Site 65. 

Soil cuttings (and drilling mud) generated during soil boring and monitoring well installation, and 
spoil generated from test pit excavation were placed back into the boring or test pit in the same order 
in which it was taken out, or spread out on the ground surface where wells were constructed in the 
borehole. The philosophy of this methodology is that if the soil cuttings were contaminated, they 
would be remediated with the soils at the remediation stage of the remedial action process. 

Spent decontamination fluids and groundwater generated during well development and purging was 
managed in one of two ways. Groundwater collected from monitoring wells 65MW-01, -03, -04, 
-06, -07,65DW-01 and -04 was discharged onto the ground surface. The groundwater collected 
from these wells did not exhibit visual contamination (e.g., nonaqueous-phase liquid or oily sheen) 
or unusual odors (e.g., fuel or sulfur odors) and were located in an upgradient direction from the 
southernmost debris piles (the suspected source of possible contamination at the site). Groundwater 
collected from downgradient monitoring wells 65MW-02, -05 and 65DW-02, and spent 
decontamination fluids were combined with groundwater from Site 73 and temporarily contained 
in two, 5,000-gallon, stainless-steel tankers and a l,OOO-gallon polytank. A sample was collected 
from each of the storage containers and analyzed for TCL organics, TAL metals, and RCRA 
hazardous waste characteristics. A correspondence letter is included in Appendix F which discusses 
the results of the analyses and the fate of groundwater contained in each one of the storage tankers. 
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Used personal protective equipment (e.g., nitrile gloves, tyvek, etc.) were double bagged, labeled 
and disposed as solid waste in an on-site refuse container which subsequently was emptied at a 
sanitary landfill. If the equipment would have been exposed to potentially hazardous substances or 
excessively contaminated soil or groundwater, the equipment would have been placed in a drum and 
disposed at a hazardous waste landfill. 
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TABLE 2-1 

SUMMARY OF GROUNDWATER MONITORING WELL CONSTRUCTION DETAILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

msl = Mean Sea Level 
‘w = Below Ground Surface 
NA = Not Applicable 

! Stick-Up (feet, Steel Casing Screen Depth to Sand Depth to 
above ground Boring Depth Well Depth Depth Interval Depth Pack Bentonite 

surface) (feet, bgs) (feet, W (feet, bgs) (feet, bgs) (feet bgs) (feet, bgs) 

1.94 23 23 NA 6.0-23.0 6.0 4.0 
2.28 23 22 NA 7.0-22.0 5.0 . 3.0 
2.16 21 20 NA 5.0-20.0 3.0 2.0 
2.27 23 23 NA 8.0-23.0 6.0 4.0 
2.07 66.0 66.0 42.0 56.0-66.0 54.0 39.0 
1.90 56.0 54.0 39.0 44.0-54.0 42.0 37.5 
2.06 70.0 68.0 50.0 58.0-68.0 56.0 44.0 



TABLE 2-2 

SUMMARY OF GROUNDWATER LEVEL MEASUREMENTS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Well No. 

65-MWO 1 

65-MW02 

65-MW03 

65-MW04 

65-MW05 

65-MW06 
65-MW07 

65-DWOl 

65-DW02 

65-DW04 

Depth to Depth to Depth to 
Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater 

Top of PVC (feet, below top (feet, below top (feet, below top Elevation Elevation Elevation 
Casing Elevation of casing) of casing) of casing) (feet, above msl) (feet, above msl) (feet, above msl) 
(feet, above msl) April 20, 1995 April 23, 1995 August 21,1995 April 20, 1995 April 23,1995 August 21,1995 

34.64 12.95 11.58 13.07 21.69 23.06 21.57 

25.21 7.43 6.53 8.09 17.78 18.68 17.12 

39.61 13.05 12.19 14.01 26.56 27.42 25.60 

44.84 15.44 14.54 16.75 29.40 30.30 28.09 

30.28 11.70 10.82 12.29 18.58 19.46 17.99 

34.71 9.33 8.42 10.34 25.38 26.29 24.37 
36.74 13.29 12.38 13.85 23.45 24.36 22.89 

32.07 24.11 22.83 24.01 7.96 9.24 8.06 

25.40 17.65 16.97 18.33 7.75 8.43 7.07 

44.49 34.10 33.28 34.82 10.39 11.21 9.67 

Notes: 

msl = Mean Sea Level 



Well Number 

65-MWOl 

65-MW02 

65-MW03 

65-MW04 5117195 24.57 

TABLE 2-3 

SUMMARY OF GROUNDWATER SAMPLING FIELD PARAMETERS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Field Parameters 
Well Purge Well Specific Cond. 

Sampling Depth Volume Volume Cond.(*) Temp.“’ TeL:!’ Turbidity 
Date (It)(‘) (gal) (umhoskm) $;a 

(deg. ‘3 (deg. c) (NTUp 
5/8/95 21.48 I.5 0 820 6.87 22.0 20.0 NA 

I 820 6.94 19.0 21.0 NA 

I I 3 2 820 820 6.83 6.90 21.0 21.0 20.0 20.0 II.09 1.52 

1.4 0 385 6.35 20.0 19.0 5.80 
1.5 330 6.15 19.0 19.0 6.73 

3 310 6.09 19.0 19.0 4.73 
19.0 19.0 2.63 I I I 4.5 I 300 I 6.10 I 

I 

519195 1 
I 

I.6 0 170 5.67 18.0 17.0 6.33 
I 270 6.09 18.5 18.0 2.05 
2 265 6.06 19.5 18.0 1.67 
3 260 6.08 19.5 18.0 1.10 

1.6 0 73.8 5.55 18.1 19.0 6.7 
I 76.7 5.76 18.1 17.6 1.9 
2 76.5 5.65 17.9 17.9 1.2 
3 75.3 5.60 17.8 17.4 0.3 
4 73.6 5.45 17.7 17.1 0.2 

73.8 5.48 17.7 17.0 0.2 
I 73.8 I 5.47 I 17.8 I 17.1 I 0.2 I 

Notes: 

t’) - Measured from top of PVC Casing @) - SU = Standard Units 

(‘)- Specific Conductance at 25 deg. C t’) - Temperature Measured with Cond. Meter 

The bold and italicized parameters where taken immediately prior to sampling the well. 

(‘) - Temperature Measured with pH Meter 

t6) - NTU = Nephelometric Turbidity Units 



Well Number 

65-MWOS 

65-MW06 

65-MW07 

65-DWOI 

65-DW02 

Sampling 
Date 

S/9/95 

519195 

5/9/95 

518195 

519195 

iotes: 

Q, - SU = Standard Units (‘) - Temperature Measured with pH Meter (‘I - Measured from top of PVC Casing 

(‘) - Specific Conductance at 25 deg. C (‘I -Temperature Measured with Cond. Meter 

The bold and italicized parameters where taken immediately prior to sampling the well. 

TABLE 23 (Continued) 

SUMMARY OF GROUNDWATER SAMPLING FIELD PARAMETERS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Well 
Depth 
(ft)(” 
24.82 

21.36 

24.72 

67.88 

55.49 

Field Parameters 

Volume 1 Volume 1 Cond.“’ 1 DH 1 TernI).“’ I Tema 
Purge Well 1 Specific 1 1 Cond. 1 PH 

I 1 1 (!k)(3) 1 (deg:C) .‘* (9 Turbidity 
(gal) 

(umhoskm) 
(deg. c) (NTU)W 

20.0 18;O 4.82 2.2. 0 227 -5.75 : 

1 220 5.73 19.0 18.0 13.38 

2 237 5.75 19.0 18.0 IO.12 
3 240 5.78 19.0 18.0 6.04 

1.8 1 0 I 190 ~~~~ I 5.01 I 18.5 I 17.0 1 32.90 1 

1 I35 4.99 19.0 16.5 38.60 

2 130 4.93 18.5 17.0 18.30 

3 130 4.94 18.5 17.0 10.12 

I 4 1 235 1 4.96 1 28.0 1 27.0 1 8.28 1 
I 

1.9 0 245 5.67 19.0 19.0 6.39 
I .25 262 5.85 19.0 18.0 3.99 

2 260 5.74 19.0 20.0 3.07 
3 I 260 5.72 19.0 19.0 2.49 

7.3 0 700 8.53 22.5 19.0 10.59 

I 1 I 270 I 8.45 I 20.0 I 18.0 1 5.52 1 

I 3 2 I 275 275 I 8.42 8.37 I 19.0 19.5 I 18.0 18.0 I 2.93 3.81 i 

6.2 I 0 I 440 I 6.61 I 19.5 I 18.0 I 11.28 

1 550 6.38 19.5 17.5 3.28 

I 3 2 I 500 550 I 6.44 6.48 I 19.5 19.5 I 17.5 17.5 I I.22 1.19 I 

(‘) - NTU = Nephelometric Turbidity Units 



Well Number 

65-DW02 

Sampling 
Date 

5/I tit95 

6%DW04 5116195 69.7 1 

TABLE 2-3 (Continued) 

SUMMARY OF GROUNDWATER SAMPLING FIELD PARAMETERS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Wel! Purge 
Depth Volume 
(fty” (gal) 
55.60 6.3 

Field Parameters 
Well Specific Cond. 

Volume Cond.(*) 
(sgf3) 

Temp.“) Te::!” Turhidi 
(umhoskm) (deg. c) (deg. c) 

‘r (NTU)‘6 
I 

1 620 6.95 19.1 21.3 1.98 
I 

2 605 7.10 18.9 20.2 2.08 
3 600 I 7.12 19.0 20.2 1.21 

6 0 226.3 8.76 20.4 21.6 6.9 
1 223.2 8.87 19.9 20.2 3.5 

2 221.4 8.89 20.2 20.4 2.8 
221.6 8.94 19.5 20.0 3.0 

I t 
219.5 8.99 19.2 19.2 1.5 

5 I 219.5 1 8.98 1 19.3 I 19.2 I I.9 I 

t t 6 219.4 

(I) - Measund from top of PVC Casing (v - SU = Standard Units 

(2)- Specific Conductance at 25 deg. C (” - Temperature Measured with Cond. Meter 

The bold and italicized parameters where taken immediately prior to sampling the well. 

8.98 I 19.4 I 19.4 I 2.1 t 

(‘) - Temperature Measured with pH Meter 

@) - NTU = Nephelometric Turbidity Units 
F 
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3.0 PHYSICAL CJURACTERISTICS OF THE STUDY AREA 

This section presents a discussion of the physical characteristics of Site 65, Engineer Area Dump 
including: surface fm climatology and meteorology, hydrology, geology (regional and site), 
soils, hydrogeology (regional and site), land usage, ecology (regional and site), and a water supply 
well inventory of the area. This information was obtained from available literature pertaining to 
MCB, Camp Lejeune and from the RI field activities. 

3.1 Torxqmhy and Surface Featureg 

The generally flat topography of MCB, Camp Lejeune is typical of the North Carolina Coastal Plain, 
Elevations on the base vary from sea level to 72 feet above mean sea level (msl); however, the ’ 
elevation of most of Camp Lejeune is between 20 and 40 feet msl. 

Drainage at Camp Lejeune is generally toward the New River, except in areas near the coast which 
dram through the Intracoastal Waterway. In developed areas, natural drainage has been altered by 
asphalt cover, storm sewers, and drainage ditches. Approximately 70 percent of Camp Lejeune is 
in broad, flat interstream areas. Drainage is poor in these areas and the soils are often wet 
(WAR, 1983). 

The U.S. Army, Corps of Engineers has mapped the limits of loo-year floodplain at Camp Lejeune 
at 7.0 feet above msl in the upper reaches of the New River; this increases downstream to 11 feet 
above msl near the coastal area (WAR, 1983). Since Site 65 elevations range between 20 and 40 
feet msl, it does not lie within the loo-year floodplain of the New River. 

The surface of the study area is primarily covered with vegetation except for the heavy equipment 
training area and vehicular trails that bisect the site. Two ponds (Courthouse Bay and Powerline 
Ponds) are located east of the Heavy Bquipment Training Area. 

The topography of Site 65 is gently pitched to the southeast. The site has numerous areas where the 
natural topography has been modified by the removal and redistribution of earth materials 
(i.e., training exercises) or by past dumping practices. A 4.5-percent grade exists between 
monitoring wells 65DW-04 (located near the ponds east of the site) and 65DW-02 (located on the 
southeastern edge of the site). Infiltration is high at the site due to the lack of man-made drainage 
ditches and impervious surfaces such as paved roads, parking lots or buildings. 

3.2 Surface Water H?rdroloPy 

The following summary of surface water hydrology was originally presented in the IAS report 
(WAR, 1983). The dominant surface water at MCB, Camp Lejeune is the New River. It receives 
drainage from most of the base. The river is short, with a course of approximately 50 miles on the 
central Coastal Plain of North Carolina. Over most of its course, the New River is confmed to a 
relatively narrow channel entrenched in Eocene and Oligocene limestones. South of Jacksonville, 
the river widens as it flows across less resistant sands, clays, and marls. At MCB, Camp Lejeune, 
the New River flows in a southerly direction into the Atlantic Ocean through the New River Inlet. 
Several small coastal creeks dram into the area of MCB, Camp Lejeune not associated with the New 
River and its tributaries. The New River, the Intracoastal Waterway and the Atlantic Ocean 
converge at the New River Inlet. 
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Water quality criteria for surface waters in North Carolina have been published under Title 15 of the 
North Carolina Administration Code. The following classifications were assigned to the New River, 
Courthouse Bay and the two ponds located east of Site 65. 

At MCB, Camp Lejeune, the New River falls into two classifications: estuarine waters not suited 
for body-contact sports or commercial shell fishing (SC) and estuarine water suited for commercial 
shellfishing primary recreation, aquatic life propagation and survival, fishing, wildlife, and 
secondary recreation (SA). The portion of the river that is nearest to the site, as well as Courthouse 
Bay are classified as Class SA. 

The ponds located east of the site have not been classified by NC DEHNR. Therefore, the ponds 
were assigned a classification by a process of elimination. The ponds are freshwater ponds not used 
for consumptive purposes, and are not used for primary recreation. Therefore, they were assigned 
a Class C classification. This classification is reserved for freshwater bodies in which aquatic life 
propagation and survival, fishing, wildlife, secondary recreation and agricultural uses may occur. 

3.3 GeoloPv and Soil 

33.1 Regional 

MCB, Camp Lejeune is situated within the Tidewater region of the Atlantic Coastal Plain 
physiographic province. The sediments of the Atlantic Coastal Plain consist mostly of interbedded 
sands, silts, clays, calcareous clays, shell beds, sandstone and limestone. These sediments are 
layered in interfingering beds and lenses that gently dip and thicken to the southeast to a combined 
thickness of approximately 1,500 feet. These sediments were deposited in marine or near-shore 
environments and range in age from early Cretaceous to Quatemary time. Regionally, they comprise 
IO aquifers and 9 confining units which overlie igneous and metamorphic basement rocks of the 
pre-Cretaceous age. Seven of these aquifers and their associated confining units are present in the 
MCB, Camp Lejeune area. Table 3-l presents a generalized stratigraphic column for Jones and 
Qnslow Counties, North Carolina, and geologic cross sections of the MCB, Camp Lejeune area are 
presented on Figures 3-l and 3-2. 

3.3.2 Site-Specific 

Information regarding surface soil classifications was obtained from a study entitled Soil Survey, 
Camp Lejeune, North Carolina (Barnhill, 1984). The soils at the site fall into three different 
classifications: Baymeade fine sand (BmB), Pits (Pt) and Leon fine sand (Ln). 

The soils located north of the site (i.e., north of the Heavy Equipment Training Area) and west of 
the site are classified as Baymeade fme sand, This soil is we11 drained and occurs in large areas with 
moderately convex slopes near major drainageways. Typically ranging from 25 to 300 acres in size, 
most of the acreage is woodland. Infiltration is rapid and surface runoff slow while permeability is 
moderately rapid with low water capacity. In the absence of ground cover, the soil is susceptible 
to accelerated erosion. 

The portions of the site used for Heavy Equipment Training and past dumping (i.e., the area where 
the debris piles are located) are classified as Pits (Pt). These soils are defined as units consisting of 
areas where the soils have been excavated, commonly to a depth of five to 15 feet bgs. - 
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The remaining soils located to the south of the site are classified as Leon fine sands. These nearly 
level, poorly drained soils are primarily located in upland areas, occurring on broad interstream 
divides. These soils range from 20 to 800 acres in size and are nearly all in woodland areas. 
Infiltration is rapid and surface run-off slow. Permeability of the surface soils is typically rapid but 
only moderate in the subsurface soils. The humus-coated sand particles are weakly cemented when 
wet and become hard and brittle upon drying. 

Subsurface soils encountered during drilling at Site 65 are representative of undifferentiated and 
River Bend Formations. Geologic cross sections for Site 65 are presented on Figures 3-3,3-4, and 
3-5. 

Numerous borings were advanced within the study area during the field investigations conducted 
by Baker. Subsurface soil descriptions are provided in the Test Boring and Well Construction 
Records in Appendix A. Additional information regarding the soils were obtained from the previous 
investigations. The following provides a detailed description of the stratigraphy underlying the 
study area. 

Soil conditions are generally uniform throughout the study area. In general, the shallow soils consist 
of unconsolidated deposits of sand and silty sand. These soils represent the Quaternary age 
“undifferentiated” deposits which overlay the River Bend Formation. Sands are primarily very fine 
to fme grained and contain varied amounts of silt and clay. Results of the standard penetrations tests 
indicate that the sands have a relative density of loose to dense. Based on field observations, the 
sands classify as silty sand (SM) and/or poorly graded sand (SP) according to the Unified Soil 
Classification System (USCS). 

Geologic cross-sections were constructed to illustrate subsurface soil beneath the study area. As 
shown on Figure 3-3, the site was traversed to provide a cross-sectional view of the study area. Two 
cross-sections were constructed: A-A’ crosses the site north to south; B-B’ crosses west to east. 

Cross-section A-A’ depicts subsurface soils to an elevation of -42.5 feet msl from the northern 
portion of the site to the southern. As illustrated on Figure 3-4, the soil underlying this portion of 
the area consists of very fine to fme sands with trace amounts of silt and clay. 

Underlying the previously described soils is a loose to medium dense, greenish gray, fine sand 
containing little clay (approximately 1 O-35%) and trace silt. This soil unit constitutes the Belgrade 
Formation in the semi-confining unit separating the Quatemary sediments from the Castle Hayne 
aquifer. The semi-confining unit appears to be approximately 7.5 to 15 feet thick, generally 
thickening toward the north. Beneath this unit resides the River Bend Formation. Borings were only 
advanced 10 to 15 feet into this formation during the RI, therefore providing limited knowledge of 
specific details regarding the condition of the River Bend beneath the study area. The upper portion 
of the River Bend was described as a partially cemented, gray, fine sand with some shell fragment 
and limestone fragments encountered periodically. 

Cross-section B-B’ depicts the subsurface soil conditions to an elevation of -35.1 feet msl 
(Figure 3-5). Overall the soils did not differ substantially from those encountered in the A-A’ cross 
section. In general, a very fine to fine sand with little clay and trace silt to an elevation of 3 to - 11 
feet msl. The semi-confining unit underlies this unit followed by the River Bend Formation. 
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Overall, the soils encountered during investigations within the study area are fairly consistent 
throughout. Note that within the study area, a laterally continuous semi-confining unit was present 
and between 3 and -11 feet msl. The location of the semi-confming unit separating the surticial 
from the Castle Hayne aquifer was encountered approximately 40 feet bgs. This is consistent with 
the range reported by the USGS, but exceeds the reported average of 25 feet bgs (Cardinell et al., 
1993). 

3.4 Hvdrogeologv 

3.4.1 Regional 

The following sections discuss the regional and site-specific hydrogeologic conditions. The 
information presented on the regional hydrogeology is from literature (Hamed, et al., 1989 and 
Cardinell, et al., 1993). Site-specific, hydrogeologic information presented is from data collected 
during field investigations. Additional information was collected from a technical memorandum 
prepared by Baker which summarizes groundwater data and aquifer characteristics for MCB, 
Camp Lejeune (see Appendix G). 

United States Geological Survey (USGS) studies at MCB, Camp Lejeune indicate that the area is 
underlain by sand and limestone aquifers separated by confining units of silt and clay. These 
aquifers include the surficial (water table), Castle Hayne, Beaufort, Peedee, Black Creek, and upper 
and lower Cape Fear. Less permeable clay and silt beds function as confming units or 
semi-confining units which separate the aquifers and impede the flow of groundwater between 
aquifers. 

The surficial aquifer consist of interfingering beds of sand, clay, sandy clay and silt that contain 
some peat and shells of Quatemary and Miocene age. These sediments commonly extend to depths 
of 50 to 100 feet bgs. Thickness of the surticial aquifer in MCB, Camp Lejeune area range from 0 to 
73 feet, and typically average 25 feet. The aquifer is generally thickest in the interstream divide 
areas and may be absent where it is cut by the New River and its tributaries.- The clay, sandy clay, 
and silt beds that occur in the surticial aquifer are thin and discontinuous throughout. A semi- 
confining unit is found in the surficial aquifer within some portions of MCB, Camp Lejeune. 

Recharge to the surficial aquifer is by rainfall. The aquifer receives more recharge in the winter than 
in the summer when much of the water evaporates or is transpired by plants before it can reach the 
water table. Most of the surticial groundwater is discharged to local streams, but some water passes 
through the underlying semi-confining unit. Recharge for the surficial aquifer is based on an 
average rainfall of 52 inches per year and an average recharge of 30 percent, or an annual recharge 
of approximately 16 inches per year. The remaining 70 percent of the rainfall is lost as surface 
runoff or evapotranspiration. Sixteen inches of recharge equates to 7,600,OOO gallons per day (gpd) 
per square mile or approximately 114,000,000 gpd for all of MCB, Camp Lejeune (based on 
150 square miles of recharge area). Water levels in the wells tapping the surficial aquifer vary 
seasonally. The water table is generally highest in the winter and spring, and lowest in the summer 
and early fall. The estimated lateral hydraulic conductivity for the surficial aquifer is 50 feet per day 
(fbd) and is based on a general composition of fine sand mixed with some silt and clay (Cardinal, 
et al., 1993). 

3-4 



Although the aquifer is classified as GA (i.e., existing or potential source of drinking water supply 
for humans), it is not used as a potable water source at MCB, Camp Lejeune because of its low 
yielding production rates (typically less than 3 gpm). 

The Castle Hayne semi-confming unit in the MCB, Camp Lejeune area is characterized as less 
permeability beds overlying the Castle Hayne aquifer that have been partly eroded or incised in 
places. This unit is composed of clay, silt, and sandy clay, with vertical hydraulic conductivity 
estimates of 1.4 x 10” to 0.41 feet/day. The range in vertical hydraulic conductivity of the semi- 
confming layers determines the degree to which the semi-confining unit transmits flow. The 
thickness of the semi-confining unit ranges from zero to 26 feet and averages about nine feet where 
present. 

The principal water supply aquifer for MCB, Camp Lejeune is the Castle Hayne aquifer. This 
aquifer primarily resides within the River Bend Formation which consists of sand, cemented shells 
and limestone. The upper portion of the aquifer is primarily comprised of calcareous sands with 
some thin clay and silt beds. The sand becomes increasingly more limy with depth. The lower 
portion of the aquifer is comprised of partially unconsolidated limestone and sandy limestone 
interbedded with clay and sand. Also, buried pale&ream channels containing various deposits exist 
within the aquifer. The top of the aquifer ranges from 10 feet above sea level to 70 feet below sea 
level and is irregular over most ofthe northern portion of MCB, Camp Lejeune. The aquifer is more 
regular in areas southeast of the New River, where it slopes southeastward. The Castle Hayne 
thickens to the east, from 160 feet in the Camp Geiger area to over 400 feet at the eastern boundary 
of MCB, Camp Lejeune. 

Estimated transmissivity, hydraulic conductivity and storage coefficient values for the Castle Hayne 
aquifer range from 6,100 to 183,300 gpd/ft, 14 to 91 feet/day and 2x10-4 to 1x103, respectively. An 
aquifer pump test conducted by ESE (1988) in the Hadnot Point Industrial Area, using an existing 
water supply well (HP-642), indicates an average transmissivity and storage coefficient of 9,600 
gpd/ft and 8.8x10d, respectively (ESE, 1988). 

Recharge of the Castle Hayne aquifer at MCB, Camp Lejeune is primarily received from the 
surficial aquifer. Natural discharge is to the New River and its major tributaries. The Castle Hayne 
aquifer provides roughly seven million gallons of water to MCB, Camp Lejeune. Groundwater 
pumping has not significantly affected natural head gradients in the aquifer. 

MCB, Camp Lejeune lies in an area where the upper part of the Castle Hayne aquifer contains 
freshwater. Saltwater is found in the bottom of the aquifer in the region and in the New River 
estuary; both are of concern in managing water withdrawals from the aquifer. Overpumping of the 
deeper parts of the aquifer or in areas hydraulically connected to estuarine streams could cause 
saltwater intrusions. The aquifer underlying most of the area contains water having less than 
120 milligrams per liter (mg/L) of chloride. 

3.4.2 Site-Specific 

The following sections describe the site hydrogeologic conditions for the surficial (water table) 
aquifer and the Castle Hayne aquifer at Site 65. Hydrogeologic characteristics in the vicinity of the 
site were evaluated by reviewing existing information and installing a network of shallow and deep 
monitoring wells. 
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Groundwater was encountered at varying depths during the drilling program. This variation is 
primarily attributed to topographical changes. In general, the groundwater was encountered between 
7.5 and ,l 1 bgs feet during field activities performed at the site. 

Three rounds of groundwater level measurements were obtained on,April20,23 and August 21, 
1995, from the shallow and deep monitoring wells within the study area. The measurements are 
recorded on Table 2-2 and groundwater contours for the surflcial aquifer are depicted on Figure 3-6. 

Shallow groundwater elevations exhibited some fluctuation over the four-month period. The water 
table increased an average of 0.97 feet in elevation between April 20 and 23, 1995. Conversely, 
between April 23 and August 21, 1995, the water table decreased an average of 1.7 1 feet in 
elevation. Typically at MCB, Camp Lejeune, a higher water table is observed in the winter and 
spring and a lower water table is noted in the summer and fall. According to historical rainfall data 
provided by the Naval Oceanography Command Detachment, rainfall increases throughout the 
summer with July recording the largest quantity per year on average. A decrease in amount of rain 
is usually observed in August; however, the month of August historically records the second highest 
quantity of rain for the entire year with the month of June recording the third highest amount (see 
Table 3-2). However, according to Headquarters and Headquarters Squadron Station Weather 
located at the Marine Corps Air Station, New River, considerably less rain was received during the 
summer months (Appendix II). Duriig 1995, the following quantities of rain were received by 
month: 

0 April 
0 May 
0 June 
l July 
0 August 

0.14 inches 
3.66 inches 
9.54 inches 
2.37 inches 
7.49 inches 

These actual quantities are well below the historical average. 

Shallow groundwater elevations and flow patterns observed on August 21, 1995 are depicted on 
Figure 3-6. Calculations for hydraulic gradient were completed using the three point method 
described in USGS Water Supply Paper No. 2220, entitled “Basic Groundwater Hydrology”. The 
data indicates that the groundwater flow is toward the south-southwest, with an average gradient of 
9.7 x 1u3 ft/ft. The southwestern portion of the site has a steeper gradient (an average of 1.2 x 10-* 
ft/ft) than the rest of the site (an average of 8.2 x 10m3 ft/ft). 

Hydraulic conductivity tests were performed at the site on May 22,1995. The average conductivity 
for the surficial aquifer is 0.722 flklay (2.55 x lOa crnkec). These values were calculated using the 
Geraghty and Miller, Aquifer Test Solver (AQTESOLV) program which uses the Bouwer and Rice 
(1976) method for unconfined aquifers. The average values are consistent with expected values of 
hydraulic conductivity for the fine sands observed at the site (Fetter, 1980). The copies of the 
AQTESOLV printouts are located in Appendix I and the results are summarized on Table 3-3. 

A study of data from other aquifer tests (pump tests) performed at MCB, Camp Lejeune was 
conducted by Baker to further evaluate aquifer characteristics and production capacities. The 
technical memorandum is provided in Appendix G. The information contained in this memorandum 
pertains primarily to the surficial aquifer. Average pumping rates range from 0.5 to 3 gpm. .- 
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Transmissivity ranges from 7.17 to 7,100 ff/day; storativity ranges from 1.5 1 x lo9 to 7.48 x 10”; 
and hydraulic conductivity ranged from 0.48 to 1.42 ft/day. 

Fluctuation of the groundwater elevations within the deep wells was observed over the three months; 
however, the change was not as significant as in the shallow wells. An average increase of 0.93 feet 
was observed between April 20 and 23, and a decrease of 1.36 feet in the groundwater elevation was 
observed between April 23 and August 21,199s. It is not uncommon for a semi-confined aquifer 
to not respond to precipitation or seasonal fluctuation with the same magnitude as an unconfined 
aquifer. The presence of the semi-confining unit serves to impede the vertical migration of 
precipitation causing a delayed and minimized effect on the head of the semi-confined aquifer. 

Groundwater elevations and flow patterns for the upper portion of the Castle Hayne aquifer are 
depicted on Figure 3-7. Given the limited number of points, groundwater flow direction and 
gradient is estimated to flow in a southern to southwestern direction with a gradient of 2.3 x 10” 
to27x10-03ft/ft. . 

3.6 . Land Use and DemoPa 

MCB, Camp Lejeune presently covers an area of approximately 236 square miles. Currently, the 
military population of MCB, Camp Lejeune is approximately 41,000 active duty personnel. The 
military dependent community is in excess of 32,000 civilian employees perform facilities 
management and support functions. The population of Gnslow County has grown from 17,738 in 
1940, prior to the formation of the base, to its present population of 121,350. 

F- During World War II, MCB, Camp Lejeune was used as a training area to prepare Marines for 
combat. This has been a continuing function of the facility during the Korean and Vietnam Conflicts 
and the recent Gulf War (i.e., Desert Storm). Toward the end of World War II, the base was 
designated as home for the Second Marine Division. Since that time, Fleet Marine Forces units also 
have been stationed here as tenant commands. 

The existing land use patterns in the various geographic areas within the MCB are described in this 
section and listed, per geographic area, on Table 3-4. In addition, the number of acres comprising 
each land use category has been estimated and provided on the table. The areas described below are 
depicted on Figure l-2. 

The Engineer Area Dump (Site 65) refers to a four- to five-acre former land disposal site situated 
in the Courthouse Bay section of MCB, Camp Lejeune. Courthouse Bay is located on the south side 
of state road 172 along the eastern shore of the New River. It is one of a series of small bays which 
are formed by the New River. 

Site 65 is a primarily wooded area located immediately east of the Marine Corps Engineer School 
which occupies property between Site 65 and the bay. The school is used for maintenance, storage, 
and operator training of amphibious vehicles and heavy construction equipment. The school also 
utilizes a several acre parcel located just east of Site 65 to conduct heavy equipment training 
activities. Two surface ponds are located immediately east of the training facilities that have 
recreational fishing available, and is stocked by the base fishery commission. Also, there are some 
physical fitness trails and exercise stops that run throughout the site and surrounding areas. Several 
wide, cleared trails for tanks and heavy equipment cross the site. 
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3.7 Climatolw and Meteorokqy 

Although coastal North Carolina lacks distinct wet and dry seasons, there is some seasonal variation 
in average precipitation (See Table 3-Z). July tends to receive the most precipitation and rainfall 
amounts during summer are generally the greatest. Daily showers during the summer are not 
uncommon, nor are periods of one or two weeks without rain. Convective showers and 
thunderstorms contribute to the variability of precipitation during the summer months. October 
tends to receive the least amount of precipitation, on average. Throughout the winter and spring 
months precipitation occurs primarily in the form of migratory low pressure storms. MCB, Camp 
Lejeune’s average yearly rainfall is approximately 52 inches. Table 3-2 presents a climatic summary 
of data collected during 35 years (January 1955 to December 1990) of observations at Marine Corps 
Air Station New River. 

Coastal plain temperatures are moderated by the proximity of the Atlantic Ocean. The ocean 
effectively reduces the average daily fluctuation of temperature. Lying 50 miles offshore at its 
nearest point, the Gulf Stream tends to have little direct effect on coastal temperatures. The southern 
reaches of the cold Labrador Current offsets any warming effect the Gulf Stream might otherwise 
provide. 

MCB, Camp Lejeune experiences hot and humid summers; however, ocean breezes frequently 
produce a cooling effect. The winter months tend to be mild, with occasional brief cold spells. 
Average daily temperatures range from 38°F to 58°F in January and 72°F to 86°F in July. The 
average relative humidity, between 75 and 85 percent, does not vary greatly from season to season. 

Observations of sky conditions indicate yearly averages of approximately 112 days clear, 105 partly 
cloudy, and 148 cloudy. Measurable amounts of rainfall occur 120 days per year, on the average. 
Prevailing winds are generally from the south-southwest 10 months of the year, and from the 
north-northwest during September and October at an average speed of 6.9 miles per hour. 

3.8 Water SueDly 

Potable water for MCB, Camp Lejeune is supplied entirely by groundwater. The base has no 
formally established groundwater preservation areas; however, because the base controls more than 
110,000 acres of land, and because much of this land has remained undeveloped, the undeveloped 
areas serve the function of groundwater preserves. Groundwater usage is roughly seven million 
gallons per day (Cardinell, et al., 1993). Groundwater is pumped from approximately 77 of 90 water 
supply wells located within the boundaries of MCB, Camp Lejeune. Water is treated at eight plants 
which have a total capacity of 15.8 million gallons per day. 

All of the water supply wells utilize the Castle Hayne aquifer. The Castle Hayne aquifer is highly 
permeable, semi-confined aquifer that is capable of yielding several hundred to 1,000 gpm in 
municipal and industrial wells in the MCB, Camp Lejeune area. The water supply wells at the base 
average 162 feet in depth; eight inches in diameter (casing); and yield 174 gpm (Hamed, et al., 
1989). The water is typically a hard, calcium bicarbonate type. Table 3-5 provides a summary of 
the supply wells within a one-mile radius of Site 65. The locations of these supply wells are 
depicted in Figure 3-8. Information pertaining to the supply wells was gathered from the Wellhead 
Management Program Engineering Study 91-36 (Geoplex, 1991), the Preliminary Draft Report 
Wellhead Monitoring Study 92-34 (Greenhome and O’Mara, Inc., 1992), and interviews with base 
personnel. 

- 
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Five active wells are located within a one-mile radius of Site 65 (BB44, BB47, BB2 18, BB220, and 
BB221). Production well BB44 is located approximately 1,200 feet from the site. The total depth 
of this well is 62 feet bgs and is screened from 32 to 62 feet bgs. This well is suspected to have been 
impacted by surficial groundwater infiltration due to its relatively shallow screen. 

Production wells BB47, BB218, BB220, and BB221 have total depths of 150,185,150, and 200 feet, 
respectively. The screen intervals for the wells (measured in feet bgs) are as follows: 

0 BB47 - <40-53 feet and 102-125 feet 
0 BB218 - +I-94 feet and 148-168 feet 
0 BB 220 - 55-70 feet; 85-95 feet; and 130-145 feet 
0 BB221 - 60-80 feet; and 135-155 feet 

3.9 Fcohg 
. . ical Cbaractembcg 

3.9.1 Regional Ecology 

Camp Lejeune covers approximately 108,800 acres, 84 percent of which is forested (USMC, 1987). 
Approximately 45 percent of this is pine forest, 22 percent is mixed pine/hardwood forest, and 17 
percent is hardwood forest. Nine percent of the base, a total of 3,587 acres, is wetland and includes 
pure pond pine stands, mixed pond pine/hardwood stands, marshes, pocosins, and wooded swamps. 
The base also contains 80 miles of tidal streams, 21 miles of marine shoreline, and 12 freshwater 
ponds. 

The base drains primarily to the New River or its tributaries. These tributaries include Northeast 
Creek, Southwest Creek, Wallace Creek, French’s Creek, Bear Head Creek, and Duck Creek. 

Because of the natural resources on the base, forested areas are actively managed for timber. Game 
species are also managed for hunting, and ponds are maintained for fishing. Game species managed 
include wild turkey, white-tailed deer, black bear, grey and fox squirrels, bobwhite quail, eastern 
cottontail and marsh rabbits, racoons, and wood ducks. 

A number of natural communities are present in the coastal plain. Subcommunities and variations 
of these major community types are also present and alterations of natural communities have 
occurred in response to disturbance and intervention (i.e., forest cleared to become pasture). The 
natural communities found in the Camp Lejeune area are summarized as follows: 

l Mixed Hardwood Forest - Found generally on slopes of ravines. Beech is an 
indicator species with white oak, tulip, sweetgum, and holly. 

l Southern Evergreen Forest - Dominated by pines, especially longleaf pine. 

l Loblolly Pine/Hardwoods Community - Second growth forest that includes loblolly 
pine with a mix of hardwoods - oak, hickory, sweetgum, sour gum, red maple, and 
holly. 

l Southern Floodplain Forest - Occurs on the floodplains of rivers. Hardwoods 
dominate with a variety of species present. Composition of species varies with the 
amount of moisture present. 
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Maritime Forest - Develop on the lee side of stables and dunes protected from the 
ocean. Live oak is an indicator species with pine, cedar, yaupon, holly, and laurel 
oak. Deciduous hardwoods may be present where forest is mature. 

_ 

Pocosin - Lowland forest community that develop on highly organic soils that are 
seasonally flooded. Characterized by plants adapted to drought and acidic soils low 
in nutrients. Pond pine is dominant tree with dense layer of evergreen shrubs. 
Strongly influenced by fire. 

Cyptiss Tupelo Swamp Forest - Occurs in the lowest and wettest areas of 
floodplains. Dominated by bald cypress and tupelo. 

Freshwater Marsh - Occurs upstream from tidal marshes and down&ream from non- 
tidal freshwater wetlands. Cattails, sedges, and rushes are present. On the coast 
of North Carolina swamps are more common than marshes. 

Salt Marsh - Regularly flooded, tidally influenced areas dominated by salt-tolerant 
grasses. Saltwater cordgrass is a characteristic species. Tidal mud flats may be 
present during low tide. 

Salt Shrub Thicket - High areas of salt marshes and beach areas behind dunes. 
Subjected to salt spray and periodic saltwater flooding. Dominated by salt resistant 
shrubs. 

Dunes/Beaches - Zones from the ocean shore to the maritime forest. Subjected to 
sand, salt, wind, and water. 

‘- 

Ponds and Lakes - Low depressional areas where water table reaches the surface or 
where ground is impermeable. In ponds rooted plants can grow across the bottom, 
Fish populations managed in these ponds include redear, bluegill, largemouth bass, 
and channel catfish (USMC, 1987). 

Open Water - Marine and estuarine waters as well as all underlying bottoms below 
the intertidal zone. 

3.9.2 Site-Specific Ecology 

During May 15 to 24, 1995, Baker conducted a qualitative habitat evaluation of the terrestrial 
environment at Site 65. The site and surrounding areas are dominated by a mixed forest composed 
of pine and deciduous trees. Cleared, sandy areas are located to the south and southeast of the site. 
Buildings, mowed grass, and paved surfaces are located to the west, and an earth moving training 
area is located east of Site 65. Mixed forest extends across Site 65, and is interspersed around the 
aforementioned zones. Topography is primarily broad and flat with scattered depressions. 

Four habitat types are present at Site 65. These include forested areas, two separate wetland areas, 
and a low-lying drainage area. These areas are depicted on Figure 3-9, and are demarcated by an 
abbreviation (i.e., the forested areas are identified as Fl). In addition to the aforementioned habitat 
types, two heavy equipment areas with close proximity to Site 65 are also identified on Figure l-2. 
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Areas identified by Fl, encompass the majority of land at Site 65. These areas are found within the 
site boundary, and are located in all directions away from Site 65. The following is a listing of the 
tree and shrub species identified within the Fl area: 

0 Loblolly Pine-b ti 
0 Red Maple-u Nbnun 
0 Sweetgllm-~** 
0 Southern Red Oak-Quercu &@.& 
l Water Oak-N M 
l Sumac-~ spp. 
l Tulip Poplar-WodendrQn v 
l Green Ash-a m 
l Redbay-Persea borbc& 
l Sweetbay-- m 
l American Holly-b nop~~a, 
l Yaupon Holly-&x vomitoria 
l InkberN-& ijJa!xa 
l Privet-w sinense 
l Wild Grape-m sp. 
l Fetterbush-- lucida 
l Blueberry-a sp. 
l Briar (various>&&& spp. 

Because of the large wooded area surrounding Site 65, the following birds were observed or 
expected to occur at Site 65: 

Robin-Turdus migratorious 
Carolina Wren-Thrvrothorus ludovicianus 
Red-bellied Woodpecker-m carolinus 
Blue-gray Gnatcatcher-Polioptila caerulee 
Morning Dove-7& macrow 
Summer Tanager-Piran@ ti 
Northern Mockingbird-Mimus p~lvplottas 
Saw Grey Heron or King Fisher (observed) 

Five mammal species were identified at Site 65 based upon field signs, and are listed below: 

l Raccoon-Procvon lotor 
l Whitetail Deer-Odocoileus y&gj&~~ 
l Gray Squirrel-Sciurus -ensis 
l Opossum-Didelnhis mars- 
l Striped Skunk-Me&& IJE&.& 

Six reptile and one amphibian species were identified at Site 65 based on observations, and are listed 
below: 

l Snapping Turtle-~ smntina 
l Pastern Painted Turtle-mm && a 
0 Eastern Box Turtle-Terrapew catolina carolina 
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l Five-lined Ski&E;umeces hiatus 
0 Green Anole+.nolis carolmensiS Farolinensis 
0 Water Snake-specie unidentified 
0 Copperhead Snake - &&istrodon contortrix 
0 Frogs-species unidentified 

Two wetland areas (i.e., freshwater ponds), located several hundred feet to the east of Site 65 are 
shown on Figure 3-9. These areas are identified as W 1 and W2. Wetland area Wl, is known as 
Courthouse Bay Pond and wetland area W2, as Powerline Pond. 

Area Wl is surrounded by a forest mixture similar to that described above. On the western side of 
area W 1, vegetation forms a narrow (approximately 25 feet) forested buffer between the heavy 
equipment training area, used ‘for earthmoving exercises and the water. The water within area W 1 
is very silty, and visibility is less than one inch. The source of the silt is believed to be from the 
earth moving exercises that take place on the western edge of area Wl . In addition, area W 1 is 
located within a depression area with slopes to the south, east, west, and north. Furthermore, an F 1 
area surrounds area W 1 on the northern, eastern, and southern sides. The following is a listing of the 
tree and shrub species identified within the WI area: 

0 Loblolly Pine-u&& 
0 Sweetgum--bar stvraciflua 
0 Black Willow-m a 
0 Southern (Wax) Myrtle-w cerifera 
0 Watershield-J3raseM schreberi 

During the time of the ecological and habitat investigations, a fish investigation was conducted in 
Courthouse Bay Pond. Hoop nets were deployed in four different areas of the pond to assist in 
capturing fish. These nets were checked at least once daily. Blue gill (6 ponius macrochirus) and 
Redear Sunfish (6 ponius microlophus) were the only types of fish captured during the investigation. 

Area W2 is located approximately 200 feet to the east of area Wl. Similar to area Wl, area W2 is 
also located within a depressional area. Large amounts of fragrant water lilly (Nvmnhaea odorata) 
and miscellaneous algae and grasses were present in Powerline Pond during sampling activities. 
Furthermore, an Fl area surrounds area W2 in all directions. The following is a listing of the tree 
and shrub species identified within the W2 area: 

Sweetgum-midambar stvraciflua 
Water Oak-M m 
Black Willow-$& Q& 
Cordgrass-Sparti sp. 
Briars (various)-Smilax spp. 
Fragrant Water Lilly-Nvmphaea odorata 
Water Pennywort-flvdrocotvle umbellata 
Misc. algae and grasses 

As with area Wl, a fish investigation was also conducted. Hoop nets were deployed in three 
different areas of Powerline pond to assist in capturing fish. These nets were checked at least once 
daily. The following is a list of the fish species that were captured during the investigation: 
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0 Bluegill-m w 
0 Redear sunfish-J epomh &rolom 
0 Largemouth bass-J&rot&n@ &id= 

The last area, is the low lying drainage area (Dl). This area is adjacent to and is located to the 
southwest of area Wl (Courthouse Bay Pond). Area Dl appears to accept run-off from the pond 
during periods of heavy rainfall. Although Dl was dry during surf&x water and sediment sampling 
activities, an earlier site visit did confirm the presence of pond-overflow water within this area. 
Also, water marks lefi on trees within Dl was another contributing fact that this area becomes 
flooded during rain events throughout the year. The western side of Dl is bordered by the engineer 
training area, and the eastern and southern sides are bordered by Fl forest. The following is a listing 
of the tree and shrub species identified within the Dl area: 

0 Loblolly Pine-b && 
0 Sweetgum-Ligyidambar styraciflua 
0 Red Maple-&er rub= 
0 Southern Red Oak-Ouercus falca& 
l Black Willow-&& m 

3.10 Water Bodv DescrintiQp_ 

.- 

Both Courthouse Bay Pond and Powerline Pond are designated by the NC DEHNR as “C” (NC 
DEHNR, 1993). The C classifies the water bodies as fresh water, which allows for aquatic life 
propagation and survival, fishing, wildlife, secondary recreation, and agriculture (NC DEHNR, 
1993). 

3.11 $ensitive Environmenti 

This section describes the sensitive environments that were evaluated at Site 65. These include 
wetlands, threatened and endangered species, and other potentially sensitive environments. 

3.11.1 Wetlands 

The NC DEHNR’s Division of Environmental Management @EM) has developed guidance 
pertaining to activities that may impact wetlands (NC DEHNR, 1992). In addition, certain activities 
affecting wetlands also are regulated by the U.S. Corps of Engineers. The U.S. Fish and Wildlife 
Service has prepared National Wetlands Inventory (NWI) maps for the Camp Lejeune, North 
Carolina area by stereoscopic analysis of high altitude aerial photographs (USDI, 1982). 

Wetland areas Wl and W2 are included on the NWl maps. According to the NWI maps, both 
wetland areas have been identified as a Palustrine system, with an unconsolidated bottom class, and 
a permanently flooded water regime. Information from the NWI maps was transferred to site- 
specific biohabitat map (Figure 3-9). 

3.11.2 Other Sensitive Environments 

In addition to wetlands and protected species, other sensitive environments, including those listed 
in 40 CFR Part 300, were evaluated during Hazard Ranking System evaluations. These sensitive 
environments and their presence or absence at Site 65 are discussed below. 
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Marine Sanctuary - Site 65 is not located within a Marine Sanctuary (NCMFC, 
1994). 

National Park - Site 65 is not located within a National Park (NPS, 1993a). 

Designated Federal Wilderness Area - Site 65 is not located within a Designated 
Federal Wilderness Area (WS, 1989, 1993). 

Areas Identified under the Coastal Zone Management Act - The North Carolina 
Coastal Area Management Act (CAMA) regulates various types of Areas of 
Environmental Concern including estuarine waters, coastal wetlands, public trust 
areas, and estuarine shoreline through the establishment of unified policies, criteria, 
standards, methods, and processes (CAMA, 1974). 

Sensitive Areas Identified under the National Estuary Program or Near Coastal 
Waters Program - Site 65 is not located within a Sensitive Area identified under the 
NEP or NCWP (NCMFC, 1994). 

Critical Areas Identified under the Clean Lakes Program - Site 65 is not located 
within a Critical Area identified under the Clean Lakes Program (NPS, 1993). 

National Monument - Site 65 is are not located near a National Monument (NPS, 
1993). 

National Seashore Recreational Area - Site 65 is not located within a National 
Seashore Recreational Area (NPS, 1993). 

National Lakeshore Recreational Area - Site 65 is not located within a National 
Lakeshore Recreational Area (NPS, 1993). 

National Preserve - Site 65 is not located within a National Preserve (NPS, 1991). 

National or State Wildlife Refuge - Site 65 is not located within a National or State 
Wildlife Refuge (NCWRC, 1992). 

Unit of the Coastal Barrier Resource Program - Site 65 is not located within a unit 
of the Coastal Barrier Resource Program (USDI, 1993). 

Administratively Proposed Federal Wilderness Area - Site 65 is not located within 
an Administratively Proposed Federal Wilderness Area (WS, 1989, 1993). 

Spawning Areas Critical for the maintenance of fish/shellfish species within river, 
lake, or coastal tidal waters (USMC, 1993). 

State land designated for wildlife or game management - Site 65 is are not located 
within a State game land (NCWRC, 1992). 

State designated Natural Area - Site 65 is not located within a State designated 
Natural Area or Area of Significant Value (LeBlond, 1991). 

-. 
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0 State designated areas for protection or maintenance of aquatic life - No areas 
within the boundaries of Site 65 are designated as primary nursery areas or are 
unique or special waters of exceptional state or national recreational or ecological 
significance which require special protection to maintain existing uses (NC 
DEHNR, 1994). 

0 Areas of Significant Value - Site 65 is not located within a State Area of Significant 
Value (LeBlond, 1991). 

0 State Registered Natural Resource Area - Site 65 is not located within a State 
Registered Natural Resource Area (LeBlond, 199 1). 

3.113 Threatened and Endangered Species 

Certain species have been granted protection by the U.S. Fish and Wildlife Service under the Federal 
Endangered Species Act (16 U.S.C. 153 1-l 543), and/or by the North Carolina Wildlife Resources 
Commission, under the North Carolina Endangered Species Act (G.S. 113-33 1 to 113-337). The 
protected species fall into one of the following status classifications: Federal or State endangered, 
threatened, or candidate species; State special concern; State significantly rare; or State watch list. 
While only the Federal or State threatened or endangered and State special concern species are 
protected from certain actions, the other classified species have the potential for protection in the 
future. 

Surveys have been conducted to identify threatened or endangered species at Camp Lejeune and 
several programs are underway to manage and protect them. Table 3-6 lists protected species 
present at the base and their protected classifications. Of these species, the red-cockaded 
woodpecker, American alligator, and sea turtles are covered by specific protection programs. 

The red-cockaded woodpecker is classified as being state endangered. This species requires a 
specific habitat in mature, living longleafor loblolly pine trees. The birds live in family groups and 
young are raised cooperatively. At Camp Lejeune, 2,5 12 acres of habitat have been identified and 
marked for protection. Research on the bird at Camp Lejeune began in 1985 and information has 
been collected to determine home ranges, population size and composition, reproductive success, 
and habitat use. An annual roost survey is conducted and 36 colonies of birds have been located. 

The American alligator is considered threatened in the northern-most part of its range, which 
includes North Carolina. The alligator is found in freshwater, estuarine, and saltwater wetlands in 
Camp Lejeune. Base wetlands are maintained and protected for the alligator. Signs have been 
erected where alligators are known to live. Amtual surveys of Wallace, Southwest, French, Duck, 
Mill, and Stone Creeks have been conducted since 1977 to identify alligators and their habitats on 
base. 

Two protected sea turtles species, the Atlantic loggerhead and Atlantic green turtle, nest on Onslow 
Beach at Camp Lejeune and are both classified as threatened species. The green turtle was found 
nesting in 1980; the sighting was the first time the species was observed nesting north of Georgia. 
The Mle returned to nest in 1985. Turtle nests on the beach are surveyed and protected, turtles are 
tagged, and annual turtle status reports are issued. 
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Three bird species, piping plover, Bachmans sparrow, and peregrine falcon have also been identified 
during surveys at Camp Lejeune. The piping pIover and peregrine falcon are classified as threatened 
species. The Bachmans sparrow is classified as special concern (state). The piping plover is a shore 
bird. Piping plovers prefer beaches with broad open sandy flats above the high tide line. Piping 
plovers feed along the edge of incoming waves. Bachmans sparrows are very specific in their 
habitat requirements. They live in open stretches of pines with grasses and scattered shrubs for 
ground cover. Bachmans sparrows were observed at numerous locations throughout the southern 
portion of Camp Lejeune. 

-. 

In addition to the protected species that breed or forage at Camp Lejeune, several protected whales 
migrate through the coastal waters off the base during the spring and fall. These include the Atlantic 
right whale, fmback whale, sei whale, and sperm whale. Before artillery or bombing practice is 
conducted in the area, aerial surveys are made to assure that whales are not present in the impact 
areas. 

A natural heritage resources survey was conducted at Camp Lejeune (LeBlond, 1991) to identify 
threatened or endangered plants and areas of significant natural interest, the results of this survey 
are included in Appendix J. From this list, the rough-leaf loosestrife was the only plant that is both 
a Federal and State endangered specie. In addition, one state candidate plant specie was identified 
at Site 65, from this survey. This specie is the Blackfiuit Spikerush (Eleocharis. melanocaroa) and 
is located within the wetland areas of Site 65. However its exact location could not be determined 
based on the scale of the survey map. 
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TABLE 3-1 

GEOLOGIC AND HYDROGEOLOGIC UNITS IN THE 
COASTAL PLAIN OF NORTH CAROLINA 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

System 

Quatemary 

GEOLOGIC UNITS 

Series 

Holocene/Pleistocene 

Pliocene 

WDROGEOLOGIC UNITS 

Formation Aquifer and Confining Unit 

Undifferentiated Surficial Aquifer 

Yorktown Formation(*) . Yorktown Confining Unit 

Yorktown Aquifer 

Eastover Formation(‘) 

Tertiary 

Miocene Pungo River 
Formation(*) 

Belgrade Formation(*) 

Pungo River Confining Unit 

Pungo River Aquifer 

Castle Hayne Confining Unit 

Oligocene River Bend Formation Castle Hayne Aquifer 

Cretaceous 

Eocene 

Palocene 

Upper Cretaceous 

Castle Hayne Formation Beaufort Confining Uniti3) 

Beaufort Aquifer 
Beaufort Formation 

Peedee Confining Unit 
Peedee Formation 

Peedee Aquifer 

Black Creek Confining Unit 
Black Creek and 

Middendorf Formations Black Creek Aquifer 

Upper Cape Fear Confining Unit 

Upper Cape Fear Aquifer 
Cape Fear Formation 

Lower Cape Fear Confining Unit 

Lower Cape Fear Aquifer 

Lower Cretaceou0 Unnamed Deposits(‘) - 
Lower Cretaceous Confining Unit 

Lower Cretaceous Aquifer(‘) 

Pre-Cretaceous Basement Rocks -- 

0) Geologic and hydrologic units not present beneath Camp Lejeune. 
(*I Constitutes part of the surficial aquifer and Castle Hayne confining unit in the study area. 
c3) Estimated to be confined to deposits of Paleocene age in the study area. 
Source: Cardinell, et al., 1993 



TABLE 3-2 

CLIMATIC DATA SUMMARY 
MARINE CORPS AIR STATION, NEW RIVER 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Precipitation Temperature Mean Number of Days With 
(Inches) Relative (Fahrenheit) 

Humidity Precipitation Temperature 

Maximum Minimum Average (Percent) 
Maximum Minimum Average +O.Ol” >=0.5” -9OF >~75F <=32F 

hVlUU~ 7.5 1.4 4.0 79 54 34 44 11 2 0 1 16 

February 9.1 .9 3.9 78 57 36 47 10 3 0 2 11 
March 8 .8 3.9 80 64 43 54 lo- 3 * 5 5 
April 8.8 .5 3.1 79 73 51 62 8 2 1 13 * 

May 8.4 .6 4.0 83 80 60 70 10 3 2 25 0 

June 11.8 2.2 5.2 84 86 67 77 10 4 7 29 0 

Note: 

* = Mean no. of days less than 0.5 days 
Source: Naval Oceanography Command Detachment, Asheville, North Carolina. Measurements obtained from January 1955 to December 1990. 



TABLE 3-3 

SUMMARY OF HYDRAULIC CONDUCTIVITY TESTS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

I Hydraulic Conductivity 

I 
Hydraulic Conductivity 

Failing Head Test Rising Head Test I 

Well No. M&Y 

65-MW04 0.532 

65MWO5 0.293 

65-MWo7 0.293 

cmhec 

1.88 x IO4 

1.03 x 10-l 

1.03 x 10-4 

W&Y cmkec 

0.436 1.54 x 104 

0.819 2.89 x lo-’ 

0.911 3.22 x lo4 

Average Hydraulic Conductivity for shallow wells: 

Entire Site: 0.722 fthiay (2.55 x IO4 cmhec) 

Notes: 

Hydraulic conductivity test results were analyzed using Bouwer and Rice method as presented in the 
Geraghty and Miller “AQTESOLV” program, version 1.10. 

Hydraulic conductivity tests were conducted on May 22 and 23,1995, using an In-Situ Environmental 
Data Logger (Model SE-2000C) and pressure transducer. 

Falling Head Test data was not used in the calculation of the average hydraulic conductivity for shallow 
wells. Falling Head Test data are inappropriate for partially penetrating wells. The data is presented 
for comparison purposes only. 

The following formulas were used for calculations and conversions: 

. To change ft/min to ftday, the results were multiplied by 1440 mm/day. 

. To convert R/day to cmkec, the results were multiplied by 3.53 x lOA. 



TABLE 3-4 

LAND UTILIZATION: DEVELOPED AREAS LAND USE”’ 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Geographic Area Oper. 
Training 
(Instruc.) Maint. 

SUPPlY/ 
Storage Medical Admin. 

Family 
Housing 

Troop 
Housing CM co Retreat. Utility Total 

Hadnot Point (lb, 1.5 154 157 10 122 
(11.3) (2’0) 

196 115 36 182 40 
(1.4) (14.3) (14.4) (0.9) 

1,080 
(18.1) (10.7) (3.3) (16.9) (3.7) (100) 

Paradise Point 1 
343 19 31 610 2 

(0) 3 i, (0.4) 
1,010 

(34) (1.9) (3.1) (60.4) (0.2) (100) 

Berkeley Manor/ 406 41 1 57 2 
Watkins Village 

507 
(80) (8.1) (0.2) (11.2) (0.5) (100) 

Midway Park 1 2 2 248 8 3 4 1 269 
(0.4) (0.7) (0.7) (92.2) (3.0) (1.1) (1.5) (0.4) (100) 

Tarawa Terrace I 3 1 428 55 11 47 8 
and II 

553 
(0.5) (0.3) (77.4) (9.9) (2.0) (8.5) (1.4) (100) 

Knox Trailer 57 57 
(100) (100) 

French Creek 8 1 74 266 3 7 122 22 6 74 583 
(1.4) (0.2) (12.7) (45.6) (0.5) (1.2) (20.9) (3.8) (1.0) (12.7) (100) 

Courthouse Bay 73 28 14 12 12 43 15 4 43 11 255 
(28.6) (10.9) (5.5) (4.7) (4.7) (16.9) (5.9) (1.6) (16.9) (4.3) (100) 

Onslow Beach 6 1 3 2 1 2 12 25 8 62 
(9.8) (1.6) (4.8) (3.2) (1.6) (3.2) (322) (19.3) (40.3) (13.0) (100) 

Rifle Range 1 1 7 1 7 30 1 
(1.3) (1.3) (8.8) (1.3) (653) (8.8) (37.5) (653) 

9 13 80 
(1.3) (11.3) (16.3) (100) 

Camp Geiger 4 15 (i.i) 50 23 54 27 (lT0) 16 6 216 
(1.9) (6.9) (23.1) (10.6) (25.0) (12.5) (7.4) (2.8) (100) 

Montford Point 6 48 2 4 2 9 82 20 1 49 10 233 
(2.6) (20.5) (0.9) (1.7) (0.9) (3.9) (35.2) (8.6) (0.4) (21.0) (4.3) (100) 

Base-Wide Misc. 
(0!8) (20) (233) (1:8) (1E) 

128 
ww 

TOTAL & 155 287 590 $8) 186 
(3.1) (5.7) (11.7) (3.7) 

(‘)Upper number is acres, lower number is overall percent. 

1,523 548 370 
(E) 

1,116 119 5,033 
(30.2) (10.8) (7.4) (22.2) (2.4) (100) 



TABLE3-5 

SUMMARY OF SUPPLY WELLS IN THE VICINITY OF SITE 65 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Well No. USGS I.D. No. 

Approximate 
Distance/Direction Year Depth 

Site to Well Drilled (feet) 

BB-43 3434550772148.1 1,630 feet 1942 60 
southwest 

BB-44 3435040772143.1 1,200 feet west 1942 62 

BB-22 1 3435220772122.1 1,500 feet northeast 1974”’ 200 

BB-218 3500010772049.1 3,000 feet east 1985 185 

Driller 

Layne Atlantic Company 

Screen 
Interval 

(feet below 
surface) 

30-69 

Layne Atlantic Company 

East Coast Construction 
Company 

Carolina Well and Pump 
Company 

32 - 62 

40 - 55 
102 - 125 

55 - 70 
x5 - 95 

130 - 145 

Carolina Well and Pump 
I 

60 - 80 
Comnanv 135 - 155 

Carolina Well and Pump 
Company 

64 - 94 
148 - 168 

Well 
Diameter 
(inches) 

8 

Static 
Water 
Level 
(feet 

below 
land 

surface) 

~ 10.4 

8 I 13.4 I active 

-q-q& 
s(1) I 33*5 I active 

,, 

(‘) As per conve r sa tions with Mac Farzelle, General Forman, Water Treatment, MCB, Camp Lejeune. 



TABLE.34 

PROTECTED SPECIES WITHIN MCB, CAMP LEJEUNE 
SlTE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Species I Protected 
Classification I 

1 Animals: I I 
American alligator (Alligator g&g&&&& SC 
Bachmans sparrow (Aimobhilia g&y&) FCan, SC 

Green (Atlantic) turtle (Chelonia 81. Midas) ‘W T(s) 
Loggerhead turtle (Caret@ c_aretta) T(f), ‘Us) 
Peregrine falcon &&o oerei&~s) E(f), E(s) 
Piping plover (Charadriu melodus) T(f), T(s) 
Red-cockaded woodpecker cpicoides borealis) W.h E(s) 
Southern Hognose Snake (J-Ieterodon &RR& FCan, SR 

Diamondback Terrapin (Malaclemvs terraDin) FCan, SC 

Carolina Gopher Frog m gg&~ m F&n, SC 
Cooper’s Hawk (AcciDitet coor>erii) SC 

Eastern Diamondback Rattlesnake (Crotalus adarnanteu SR 

Eastern Coral Snake (Jvlicrurus fulvius) SR 

Pigmy Rattlesnake &strums miliari@ SR 

Black Bear r[Jrsus pmericat& SR 

Plants: 
Rough- leaf loosestrife Qlvsimachjg plspemlifolia) 

Seabeach Amaranth (Amaranthus- 

I 

E(f), E(s) 

T(f), T(s) 
Chapman’s Sedge (catex chaDmanii) 

Hirst’s Witchgrass CDichanthelium sp.) 

FCan 
FCan 

Pondspice (Litsea wtivalis) 

Boykin’s Lobelia (Lobelia bovkinii) 

Loose Watermilfoil (MvrioDhvllum laxurn) 

Awned Meadowbeauty (Rhexia g&@& 
Carolina Goldenrod (solidaeo Dulchra) 

Carolina Asphodel (Tofieldia gl&g) 
Venus Flytrap (Dionaea m 

Flaxleaf Gerardia (Aealinis linifolia) 
Pinebarrens Goober Grass (Ambhicamum e 
Longleaf Three-awn (Aristida oalustris) 

Pinebarrens Sandreed (calamovilfa breviDilis) 

Warty Sedge (carex vermcosa) 
Smooth Sawgrass (cladium &scoideQ 
Leconte’s Flatsedge (cvberus lecont& 

FCan 

FCan 

FCan,T(s) 
FCan,T(s) 

F&n, E(s) 
FCan 
F&l 

SR 

SR 
SR 

E(s) 
SR 

SR 
SR 



TABLE 3-6 (Continued) 

PROTECTED SPECIES WITHIN MCB, CAMP LEJJHJNE 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Species 
Protected 

Classification 
I 
1 

1 I 

Erectleaf Witchgrass (Dichanthelium erectifoliurg) SR 

Horsetail Spikerush @leochd eauisetoides) SR 

Sand Spikerush (Eleocharis Epontevide&) SR 

Flaxleaf Seedbox &udwi& linifoli9) SR 

Torrey’s Muhley (Muhlenbereiq forrev- E(s) 
Southeastern Panic Grass Q)anicm w SR 

Spoonflower (Peltandra sag&&&$ SR 

Shadow-witch (Ponthieva racem& SR 

West Indies Meadowbeauty @hexia cuber@ 
Pale Beakmsh m Dallida) 

Longbeak Baldsedge wra scimoideS) 

Tracy’s Beakrush (RhvnchosDoratracui) 
Canby’s Bulrush m etuberculatus) 
Slender Nutrush @leti m 

Lejeune Goldenrod (SolidagQ sp.) 

I 

SR 
SR 

SR 

SR 
SR 

SR 

SR 

Dwarf Bladderwort (Utricularia plivacea) 

Elliott’s Yellow-eyed Grass (&As elliottii) 
Carolina Dropseed (Sporoboluq sp.) 

T(s) 
SR 

T(s) 

Legend: 
E(f) = Federal Endangered 
T(f) = Federal ‘lkqatened 
Fcan = Candidate for Federal Listing 
E(s) = State Endangered 
T(s) = State Threatened 
SC = State Special Concern 

Source: LeBlond, 1994 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

This section presents and evaluates the results of the RI conducted at Site 65. The objectives of the 
section are to characterize the nature and extent of contamination at the site. The characterization was 
accomplished through environmental sample collection and laboratory analysis of soil, groundwater, 
surface water and sediments. The detection summary tables and figures referenced in the text are 
located at the end of Section 4. 

Analytical parameters can be segregated into two broad categories: organic compounds and inorganic 
elements. Most of the organic parameters included in the analytical program do not occur naturally. 
Therefore, any organic compounds detected in the samples collected from the site may be attributed 
to either site or sampling/laboratory contamination. However, many of the inorganic elements 
included in the analytical program occur naturally. In order to accurately present the nature and extent 
of contamination, the detected parameters that are either common laboratory contaminants or are 
naturally occurring on site must be segregated from those that may be attributed to site or off-site 
activities. 

4.1 Data Manapement and Trackinz 

Analytical data generated during the RI was submitted for third-party validation to Heartland 
Environmental Services, Inc. Procedures established by the National Functional Guidelines for 
Organic (USEPA, 1991) and Inorganic (USEPA, 1988) Analyses were followed during the validation 
process. Validation of the analytical data, through established procedures, served to reduce the 
inherent uncertainties associated with its usability. Data qualified as “J” were retained as estimated. 
Estimated analytical results within a data set are common and considered usable by the USEPA. Data 
may be qualified as estimated for several reasons including: an exceedence of holding times; high or 
low surrogate recovery; intra-sample variability; or the reported value is below the Contract Required 
Detection Limit (CRDL) or the Contract Required Quantitation Limit (CRQL). 

Additional data qualifiers were employed during the data validation (see Appendix K). The “NJ” 
qualifier denotes that a compound was tentatively identified, but the reported value may not be 
accurate or precise. Compounds which were not detected and had inaccurate or imprecise quantitation 
limits were assigned the “UJ” qualifier. The “B” qualifier identifies a compound that was detected in 
the method blank associated with the sample. If the sample result has serious deficiencies with regard 
to the ability to analyze the sample and meet quality control criteria, the compound is assigned the “R” 
qualifier and the data is rejected. No data acquired during this RI was rejected. 

The management and tracking of data from the time of field collection to receipt of the validated 
electronic analytical results is of primary importance and reflects the overall quality of the analytical 
results. Field samples and their corresponding analytical tests were recorded on the chain-of-custody 
sheets, included as Appendix D. The chain-of-custody forms were checked against the FSAP (Baker, 
1995) to determine if all designated samples were collected for the appropriate parameters. Similarly, 
the validated information was compared to laboratory information as a final check. In summary, the 
tracking information was used to identify the following items: 

0 Identify sample discrepancies between the analysis plan and the field investigation. 

0 Verify that the laboratory received all samples and analyzed for the correct 
parameters. 
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l Verify that the data validator received a complete data set. 

0 Ensure that a complete data set was available for each media of concern prior to 
entering results into the database. 

4.2 Non-Site Related Analvtical Results 

Many of the organic and inorganic constituents detected in soil, groundwater, surface water and 
sediments at Site 65 are attributable to non-site related conditions or activities. Two primary sources 
ofnon-site related results include laboratory contaminants and naturally-occurring inorganic elements. 
In addition, non-site related operational activities and conditions may contribute to “on-site” 
contamination. A discussion of non-site related analytical results for the site is provided in the 
following subsections. 

4.2.1 Laboratory Contaminants 

Blank samples (i.e., rinsate, field, trip) provide a measure of contamination that has been introduced 
into a sample set during the collection, transportation, preparation and/or analysis of samples. To 
remove non-site related contaminants from further consideration, the concentrations of the same 
chemicals detected in environmental samples. 

Common laboratory contaminants (i.e., acetone, 2-butanone, chloroform, methylene chloride, toluene, 
and phthalate esters) were considered as positive results only when observed concentrations exceeded 
ten times the maximum concentration detected in any blank. If the concentration of a common 
laboratory contaminant was less than ten times the maximum blank concentration, then it was 
concluded that the chemical was not detected in that particular sample (USEPA, 1989a). The 
maximti concentrations of detected common laboratory contaminants in trip, field and rinsate blanks 
were as follows: 

___ 

0 acetone 93J clg/L 
l methylene chloride 1J I-ML 
0 2-butanone 75 Y& 
l toluene 4J P&J 
0 bis(2-ethylhexyl)phthalate 25 PI& 
l di-n-butyl phthalate ~JIv& 

Chloroform was detected at 30 pg/L in a potable water field blank (73-FB-03), but is probably not due 
to laboratory contamination. 

Organic constituents contained in blanks that were not considered common laboratory contaminants 
were considered as positive results only when observed concentrations exceeded five times the 
maximum concentration detected in any blank (USEPA, 1989b). All TCL compounds less than five 
times the maximum level of contamination noted in any blank were considered to be not detected in 
that sample. The maximum concentrations of all other detected blank contaminants were as follows: 

0 1, I-dichloroethene 
0 1 ,Zdichloroethane 
0 trichloroethene 
0 4,4-DDT 

2J IQ& 
2J K& 
2J cl& 
o-3 YglL 
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l bromodichloromethane 18ld-L 
a dibromochlorormethane 6J PLgn, 

A limited number of solid environmental samples that exhibited high concentrations of tentatively 
identified compounds (TICS) underwent additional sample preparation. Medium level sample 
preparation provides a corrected CRQL based on the volume of sample used for analysis. The 
corrected CRQL produces higher detection limits than the low level sample preparation. A 
comparison to laboratory blanks used in the medium level preparation was used to evaluate the relative 
amount of contamination within these samples. 

4.2.2 Naturally-Occurring Inorganic Elements 

In order to differentiate inorganic contamination due to site operations from naturally-occurring 
inorganic elements in site media, the results of the sample analyses were compared to information 
regarding background conditions at MCB, Camp Lejeune. The following guidelines were used for 
each media: 

Soil: MCB, Camp Lejeune Background Soil Samples - Appendix L 
Groundwater: Evaluation of Metals in Groundwater - Appendix M 
Surface Water: Off-Base Reference Stations (White Oak River Basin) - Appendix N 
Sediment: Off-Base Reference Stations (White Oak River Basin) - Appendix N 

The following subsections address the various comparison criteria used to evaluate the analytical 
results from soil, groundwater, surface water and sediment samples collected at Site 65. 

4.2.2.1 &iJ 

In general, chemical-specific standards and criteria are not available for soil. As a result, base-specific 
background concentrations have been compiled from a number of locations throughout MCB, Camp 
Lejeune to evaluate background levels of inorganic elements in the surface and subsurface soil. 
Organic contaminants, unlike inorganic elements, do not occur naturally. Therefore, it is probable that 
all organic contaminants detected in the surface and subsurface soil are attributable to activities which 
have previously occurred or are currently taking place within or surrounding the study area. 

Site background and base background concentration values for inorganic elements in surface and 
subsurface soil at MCB, Camp Lejeune (which includes results from background samples collected 
at Site 65) are presented in Tables 4-l and 4-2, respectively. The tables provide a comparison 
illustrating whether the results from background samples collected at Site 65 are within the range of 
concentrations collected throughout the base. The base background ranges are based on analytical 
results of background samples collected in areas not known to have been impacted by site operations 
or disposal activities at MCB, Camp Lejeune. In subsequent sections, which discuss the analytical 
results of samples collected during the soil investigation, only those inorganic parameters with 
concentrations exceeding base background ranges will be considered. Appendix L contains the base 
soil background database for metals. 

4.2.2.2 Groundwater 

A shallow and deep monitoring well cluster was installed upgradient of the site to assess background 
groundwater conditions. Background wells are often installed to assess the natural state and quality 
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of groundwater. Natural, in this sense, implies that the groundwater has not been altered due to human 
activity. In some cases, these monitoring wells provide data that is representative of naturally 
occurring conditions. In other cases, these wells may not be representative of naturally occurring 
conditions, if other base-related activities have altered the natural state of groundwater. In the latter 
case, the well samples would be classified as “control” samples. Control samples are samples which 
may not represent background conditions, but represent the current state of groundwater quality 
upgradient of the site. During the past few years, a number of background wells have been installed 
throughout the base as part of individual site investigations. Most of the background wells installed 
throughout the base provide control samples. The samples collected from these wells have generated 
data that is representative of base-wide groundwater quality. 

‘^ 

Chemical-specific standards and criteria are available for evaluation of groundwater analytical results. 
In the subsequent sections, which address the analytical results of samples collected during the 
groundwater investigation, only those inorganic parameters with concentrations exceeding applicable 
federal and/or state regulations will be discussed. In order to supplement comparison criteria, a 
number of base-specific background (i.e., upgradient) samples were compiled as part of a study to 
evaluate levels of inorganic elements in groundwater at MCB, Camp Lejeune. Appendix M presents 
Baker’s Draft Report Evaluation of Metals in Groundwater, June 1994, prepared for the DON, Atlantic 
Division Naval Facilities Engineering Command. 

Groundwater samples were analyzed for total and dissolved metals parameters. One sample (10%) 
was analyzed for dissolved metals. The concentrations for the dissolved metals were generally found 
to be higher than total metals, particularly for metals such as calcium, magnesium and sodium. The 
only metals which exhibited lower results in the dissolved metals than the total metals were cadmium 
and iron. A 0.45-micron filter was used in the field to remove small particles of silt and clay that 
would otherwise be dissolved during sample preservation and generate an unrealistically high apparent 
value of metals in groundwater. The total metals, or unfiltered samples, thus reflect the concentrations 
of inorganic in the natural lithology and inorganic elements dissolved in the groundwater. 

_ 

USEPA Region IV requires that unfiltered inorganic concentrations be used in evaluating ARARs and 
risk to human health and the environment. In the subsequent sections, which discuss the groundwater 
sample analytical results, both total and dissolved inorganics (which exceed applicable federal and/or 
state standards) will be presented and discussed. 

Groundwater in the MCB, Camp Lejeune area is naturally rich in iron and manganese often exceeding 
the federal Maximum Contaminant Levels (MCLs) and North Carolina Water Quality Standards 
(NCWQS) of 300 and 50 pg/L, respectively. Elevated levels of iron and manganese, at concentrations 
above the MCL and NCWQS, were reported in samples collected from a number of the potable water 
supply wells at the base, which were installed at depths greater than 162 feet bgs (Greenhome and 
CYMara, 1992). Iron and manganese concentrations in several monitoring wells at Site 65 exceeded 
the MCL and NCWQS, but fell within the range of concentrations for samples collected elsewhere 
at the base. Based upon the widespread occurrence of iron and manganese at similar levels, it is 
assumed that these two metals are naturally-occurring in groundwater, and their presence is not 
attributable to site operations. 

4.2.2.3 Surface Water and Sediment 

Offsite surface water and sediment samples were collected from three tributaries of the White Oak 
River as a part of a background investigation, White Oak River Basin Reference Study. These 
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tributaries were generally located between Swansboro and the Croatan National Forest and were 
believed not to be impacted by previous activities that were conducted at current Base IR sites. As 
a part of this study a total of ten surface water and 20 sediment samples were collected from nine 
reference stations and analyzed for TAL metals. A summary of metals results for surface water and 
sediment are included in Appendix N. Reference stations were located in the following areas of the 
White Oak River Basin: 

0 Webb Creek - two reference stations 
0 Hadnot Creek - four reference stations 
l Holland Mill Creek - three reference stations 

4.3 State and Federal Criteria and Standards 

Contaminant concentrations can be compared to contaminant-specific established federal and state 
criteria and standards such as federal MCLs or NCWQS. 

The only enforceable federal regulatory standards for water are the federal MCLs. In addition to the 
federal standards, North Carolina developed the NCWQS for groundwater and surface water. 
Regulatory guidelines were used for comparative purposes to infer the potential health risks and 
environmental impacts when necessary. Relevant regulatory guidelines include federal Ambient 
Water Quality Criteria (AWQC) and Health Advisories. 

In general, chemical-specific criteria and standards are not available for soil. Therefore, base-specific 
background concentrations were compiled to evaluate background levels of inorganic constituents in 
the surface and subsurface soil. Organic contaminants were not detected in the base-specific 
background samples. Therefore, it is likely that all organic contaminants detected in the surface and 
subsurface soil, within OU No. 9, Site 65, are attributable to the practices which have or are currently 
taking place within the areas of concern. 

A brief explanation of the criteria and standards used for the comparison of site analytical results is 
presented below. 

North Carolina Water Quality Standards (Groundwater) - NCWQSs are the maximum allowable 
concentrations resulting from any discharge of contaminants to the land or waters of the state, which 
may be tolerated without creating a threat to human health or which otherwise render the groundwater 
unsuitable for its intended purpose. 

Maximum Contaminant Levels - MCLs are enforceable standards for public water supplies 
promulgated under the Safe Drinking Water Act and are designed for the protection of human health. 
MCLs are based on laboratory or epidemiological studies and apply to drinking water supplies 
consumed by a minimum of 25 persons. They are designed for prevention of human health effects 
associated with a lifetime exposure (70-year lifetime) of an average adult (70 kg) consuming 2 liters 
of water per day. MCLs also consider the technical feasibility of removing the contaminant from the 
public water supply. 

North Carolina Water Quality Standards (Surface Water) - The NCWQSs for surface water are 
the standard concentrations, that either alone or in combination with other wastes, in surface waters 
that will not render waters injurious to aquatic life or wildlife, recreational activities, public health, 
or impair waters for any designated use. 
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USEPA Water Quality Screening Values (WQSV) - WQSVs are non-enforceable regulatory 
guidelines and are of primary utility in assessing acute and chronic toxic effects in aquatic systems. 
WQSVs are provided for both freshwater and saltwater aquatic systems, and are reported as acute 
and/or chronic values (USEPA, 1995a, b). Most of the WQSVs are the same as the USEPA Ambient 
Water Quality Criteria (AWQC); however, some of the WQSVs are based on more current studies. 

Oak Ridge National Laboratory (ORNL) Aquatic Benchmarks - ORNL Aquatic Benchmarks are 
developed for many contaminants, including those that do not have NCWQS or WQSVs (Suter and 
Mabrey, 1994). The ORNL aquatic benchmarks include secondary acute values and secondary 
chronic values that are calculated using the Tier II method describe din the EPA’s Prooosed Water 
Oualitv Guidance for the Great Lakes Svstem (USEPA, 1993b). Tier II values are developed so that 
aquatic benchmarks could be established with fewer data than are required for the USEPA AWQC. 
The benchmarks are limited to contaminants in freshwater. 

Sediment Screening Levels - Sediment Screening Levels (SSLs) have been compiled to evaluate the 
potential for contaminants in sediments to cause adverse biological effects (Long, & al., 1995; Long 
and Morgan 1991; and USEPA, 1995). The lower ten percentile (Effects Range-Low [ER-L]) and 
the median percentile (Effects Range-Median [ER-M]) of biological effects have been developed for 
several contaminants. The concentration below the ER-L represents a minimal-effects range (adverse 
effects would be rarely observed). The concentration above the ER-L but below the ER-M represents 
a possible-effects range (adverse effects would occasionally occur). Finally, the concentration above 
the ER-M represents a probable-effects range (adverse effects would probably occur). 

In addition to the SSLs, Apparent Effects Threshold Sediment Quality Values have been developed 
by Tetra Tech Inc., (1986) for the Puget Sound. These values are the concentrations of contaminants 
above which statistically significant biological effects would always be expected. Finally, the 
Wisconsin Department of Natural Resources has developed interim criteria for in-water disposal of 
dredged sediments (Sullivan, et al., 1985). However, these criteria are established using background 
data and are not based on aquatic toxicity. 

_. 

Sediment Quality Criteria - Currently, promulgated sediment quality criteria (SQC) only exist for a 
few contaminants. However, SQC for nonionic organic compounds can be calculated using the 
procedures in the Technical Basis for Deriving: Sediment Oualitv Criteria for Nonionic Orpanic 
Contaminants for the Protection of Benthic Organisms bv using Equilibrium Partitioning (USEPA, 
1993) as follows: 

SQC = (Foc)(Koc)(FCV)/l ,OOO,OOO 

Where: 
SQC = sediment quality criteria @g/kg) 
Foe = sediment organic carbon content (mg/kg) 
Koc = chemical organic carbon partition coefficient (mL/g) 
FCV = final chronic water quality value @g/L) 

4.4 Analvtical Results 

The analytical results of the surface soil, subsurface soil, test pits, groundwater, surface water, 
sediment, and fish sampling performed at Site 65 are presented in the following sections. A summary 

_- 
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of site contamination, by media, is provided in Table 4-3. The Data Frequency Summaries for all 
media at Site 65 are presented in Appendix 0. 

All samples submitted for analysis were analyzed for full TCL organic compounds, including 
volatiles, semivolatiles and pesticides/PCBs, and TAL inorganics (excluding cyanide), using CLP 
protocols and Level III data quality. 

4.4.1 Surface Soil 

A total of 13 surface soil samples were collected from various locations across Site 65. Six of the 
samples were collected near the waste piles and burn area shown on Figure 4-l. The remaining 
samples were collected from other locations potentially impacted by historical activities at the site. 
Surface soil sample detection summaries for organic compounds and inorganic elements are presented 
in Tables 4-4 and 4-5, respectively. The locations of these samples are shown on Figures 4- 1 and 4-2 
along with the estimated and positive analytical results. 

Six volatile organic compounds (VOCs) were detected in the surface soil samples. Methylene chloride 
was detected twice at 25 ug/kg; acetone was detected once at 1 OJ @kg, trichloroethene was detected 
once at 1 J u&g; and toluene was detected three times at concentrations of 1 J or 25 @kg. All of 
these compounds were detected at concentrations which are below the levels detected in the QA/QC 
blanks. These compounds are considered to be sampling or laboratory contaminants, since they are 
less than 10 times the maximum concentration detected in the QA/QC blanks. 

,- 

The two remaining VOCs detected in surface soils are ethylbenzene and tota1 xylenes. Ethylbenzene 
was detected at location 65SB-07 (1 J pg/kg) and xylenes were detected at locations 65SB-07 and 
65DW-0 l(5J and 3 J pg/kg, respectively). Both locations are near roads traveled by heavy equipment 
and both compounds are constituents of petroleum products. 

A total of 19 semivolatile organic compounds (SVOCs) were detected in surface soils. The most 
widespread compound was bis(Zethylhexy1) phthalate which was detected at nine locations. 
Bis(2-ethylhexyl)phthalate concentrations ranged from 485 ug/kg (65SB-10) to 87J ug/kg 
(65MW-06). This phthalate is a common plasticizer in rubber and plastic products, such as tires. All 
of the sample locations with estimated concentrations of these phthalates are near roads or equipment 
training areas. 

Eleven SVOCs were detected at two or three of the following locations: 65DW-01,65SB-06 and 
65SB- 12. These compounds and their respective concentrations are shown on Figure 4-l. These 
sample locations are near the waste piles and bum area. The compounds are all polyaromatic 
hydrocarbons (PAHs) which may be generated as products of incomplete combustion. 

Di-n-butyl phthalate was detected at two locations (65SB-06 and 65SB-08) at 3905 and 2605 pg/kg, 
respectively. Di-n-butyl phthalate is a specialty plasticizer and polymer additive, especially for 
polyvinyl chloride (PVC) plastics. However, the sample locations are also near the waste piles at 
Site 65. 

The remaining six SVOCs were detected at one location each. Five of the six compounds were 
detected at only 65DW-0 1. These PAHs are probably related to the other PAHs detected at 65DW-01. 
2,4-dinitrophenol (150J pg/kg) was detected at 65DW-04 near an entrance road to the Engineer 
Training Area. This compound is probably unrelated to Site 65. 
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Pesticide results for surface soil samples included detections at I1 of 13 locations. DDT and its by- 
products were measured at nine locations with a maximum concentration of 83J pg/kg at 65MW-07. 
Endosulfan II was measured at two locations with a maximum concentration of 3.9NJ &kg. 
Heptachlor epoxide was detected at one location at a concentration of 2.3 pg/kg. PCB Aroclor 1260 
was detected at one location at a concentration of 525 ug/kg. 

Surface soil sample analytical results for TAL metals were compared to a screening level of two times 
average background concentrations as listed in Appendix L. Seven of 13 sample locations exceeded 
two times average base background for one or more elements. Six of the seven samples are near the 
heavy equipment training area where the soil has been disturbed numerous times by bulldozers, 
front-end loaders, scrapers and similar equipment. The remaining sample location is 65SB-06, which 
is near the waste piles. Metals which exceed the screening level at more than one location are barium, 
chromium, copper, lead, manganese, and zinc. Metals which exceeded the screening 1eveI at only one 
location are iron, nickel, potassium, and thallium. 

4.4.2 Subsurface Soil 

A total of 13 subsurface soil samples were collected from the same locations within Site 65 as the 
surface soil samples. Six of the samples were collected near the waste piles and burn area shown on 
Figure 4-3. The remaining samples were collected from other locations potentially impacted by 
historical activities at the site. Subsurface soil sample detection summaries for organic compounds 
and inorganic elements are presented in Tables 4-6 and 4-7, respectively. The locations of these 
samples are shown on Figures 4-3 and 4-4 along with the estimated and positive analytical results. 

Five VOCs were detected in the subsurface soil samples. Acetone was detected seven times with a 
maximum concentration of 3 80 pg/kg, 2-butanone was detected twice with a maximum concentration 
of 45 ug/kg; trichloroethene was detected once at 25 pg/kg; and toluene was detected once at 1 J pg/kg. 
All of these compounds were detected at concentrations which are less than or equal to the levels 
detected in the QA/QC blanks. These compounds are considered to be sampling or laboratory 
contaminants, since they are less than 10 times the maximum concentration detected in the QA/QC 
blanks. 

Xylene is the only remaining VOC detected in subsurface soils and it was detected at five locations 
with a maximum concentration of 35 rig/kg (65SB-10). Three of the locations are within the heavy 
equipment training area and the other two locations are near roads. Xylenes are a constituent of 
petroleum products which may have been deposited by heavy equipment. 

Sixteen SVOCs were detected in the subsurface soils at 11 locations. The most widespread compound 
was bis(2-ethylhexyl) phthalate which was detected at all 11 locations. Bis(2-ethylhexyl)phthalate 
concentrations ranged from 495 pg/kg (65MW-06) to 370 ug/kg (65DW-01). This phthalate is a 
common plasticizer in rubber and plastic products, such as tires and hoses. Additionally, this 
compound is commonly a laboratory and field contaminant. 

Di-n-butyl phthalate was detected at the same two locations (65SB-06 and 65SB-08) as it was detected 
in the surface soils at 3405 and 240J pg/kg, respectively. Di-n-butyl phthalate is a specialty plasticizer 
and polymer additive, especially for polyvinyl chloride (PVC) plastics. However, the sample locations 
are also near the waste piles at Site 65. 

4-8 



The remaining 14 SVOCs were all detected at 65SB-06 at a depth of three to five feet. All of these 
compounds are PAHs with a total concentration of 1,63 5 p&kg. Individual concentrations are shown 
on Figure 4-3. Twelve of the 16 SVOCs detected in subsurface sample 65SB-06 were also present 
in the surface soil sample for this location. 

Pesticide results for subsurface soil samples included detections at four of 13 locations. DDT and its 
by-products were measured at the four locations with a maximum concentration of 765 pg/kg of DDD 
at 65SB-10. Endrin aldehyde (9.45 pg/kg), alpha chlordane (8.35 yg/kg), and gamma chlordane 
(7.5 pg/kg) were each measured at one location. PCBs were not detected in the subsurface soil 
samples collected during the field investigation. 

Subsurface soil sample analytical results for TAL metals were compared to a screening level of two 
times average background concentrations as listed in Appendix L. Nine of 13 sample locations 
exceeded two times average base background for one or more elements. Four of the nine samples are 
near the heavy equipment training area where the soil has been disturbed numerous times by 
bulldozers, front-end loaders, scrapers and similar equipment. Another four sample locations are near 
the waste piles. The final location is near the entrance to the training area. Metals which exceed the 
screening level at more than one location are arsenic, barium, calcium, copper, iron, lead, manganese, 
nickel, sodium, and zinc. Metals which exceeded the screening level at only one location are 
aluminum, chromium, magnesium, potassium, and thallium (see Figure 4-4). 

4.4.3 Test Pits 

A total of six subsurface soil samples were collected from test pits near the waste piles and bum area 
as shown on Figure 4-5. Subsurface soil sample detection summaries for organic compounds and 
inorganic elements are presented in Tables 4-8 and 4-9, respectively. The locations of these samples 
are shown on Figures 4-5 and 4-6 along with the estimated and positive analytical results. 

Three VOCs were detected in the soil samples from the test pits. Acetone was detected four times 
with a maximum concentration of 2 10 &kg; 2-butanone was detected once with a concentration of 
29 pg/kg; and carbon disulfide was detected once at 25 l&kg. All of these compounds were detected 
in the QA/QC blanks. These compounds are considered to be sampling or laboratory contaminants, 
since they are at levels less than 10 times the maximum concentration detected in the QA/QC blanks. 

Fifteen SVOCs were detected in the subsurface soil samples from six test pit locations. The most 
widespread compound was di-n-butyl phthalate which was detected at all six test pit locations. 
Di-n-butyl phthalate concentrations ranged from 1605 &kg to 280J pg/kg (65TP-05 and 65TP-07, 
respectively). Di-n-butyl phthalate is a specialty plasticizer and polymer additive, especially for 
polyvinyl chloride (PVC) plastics. 

Bis(Zethylhexy1) phthalate was detected at four test pit locations. Bis(2-ethylhexyl) phthalate 
concentrations ranged from 37J pg/kg (65TP-02) to 230 pg/kg (65TP-07). As discussed previously, 
this phthalate is a common plasticizer in rubber and plastic products, such as tires. 

,-\ 

The remaining 13 SVOCs were all detected at 65TP-07 at a depth of 10 feet. All of these compounds 
are PAHs with a total concentration of 1,873 pg/kg. Individual concentrations are shown on 
Figure 4-6. Thirteen of the 15 SVOCs detected in subsurface sample 65TP-07 are also present in the 
subsurface soil sample 65SB-06. Eleven of these compounds were also detected in surface soil 
samples 65DW-01 and 65SB-06. 
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Pesticide results for subsurface test pit soil samples included detections at four of six locations. DDT 
and its by-products were measured at the four locations with a maximum concentration of 3405 &kg 
of DDD at 65TP-05. Gamma chlordane was measured at two locations with a maximum 
concentration of 3.1 J &kg. Endosulfan I (3.1 J ug/kg) was measured at one location. PCBs were not 
detected in the subsurface soil test pit samples. 

_ 

Subsurface, test-pit, soil-sample, analytical results for TAL metals were compared to a screening level 
of two times average background concentrations as listed in Appendix L. All six sample locations 
exceeded two times average base background for two or more elements. Metals which exceeded the 
screening level at more than one location are barium, calcium, copper, lead, manganese, and zinc. 
Metals which exceeded the screening level at only one location are antimony, arsenic, cadmium, 

_ chromium, cobalt, iron, magnesium, nickel, selenium, silver, and sodium. 

4.4.4 Groundwater 

One round of groundwater samples was collected from the three existing and seven newly installed 
monitoring wells at the site. The wells were sampled between May 8 through 18, 1995. Detection 
summary tables for organics and metals are presented in Tables 4- 10 and 4- 11 and the locations of 
these samples are shown on Figures 4-7 and 4-8 along with the results. 

Five VOCs were detected in the groundwater samples collected at the site. Methylene chloride was 
detected once at an estimated concentration of 25 ug/L and five times at 1 J pg/L; acetone was detected 
twice at 7J pg/L and four times at 5J ug/L; 2-butanone was detected three times at 1 J ug/L. These 
compounds are common laboratory contaminants and were detected at concentrations less than 
10 times the maximum concentration detected in blank samples. Therefore, methylene chloride, 
acetone and 2-b&none are not considered to be site related contaminants, but rather contamination 
resulting from laboratory procedures. 

_ 

1,2-dichloroethane was detected in eight of the ten samples at an estimated concentration of 25 l&L. 
Trip blank samples 65-TB-02 and 65-TB-03 contained 1,2-dichloroethane at a concentration of 2J and 
1 J ug/L, respectively. Contamination in trip blank samples that are prepared by the laboratory 
typically indicate that either the source of the water used for the trip blanks or the analytical equipment 
used for analysis, is contaminated with the compound in question. Given the fact that 
1,2-dichloroethane was consistently detected at the same concentration, it is prudent to assume that 
the contamination did not originate from the site, but rather from the laboratory. 

Carbon disulfide was the only VOC detected in the groundwater samples that was not detected in any 
of the blank samples collected during the RI. It was detected in one upgradient sample location 
(65MW-04) at a concentration of 5J yg/L. Carbon disulfide is not regulated in groundwater by either 
NCWQS or by federal MCLs. Some of the common uses for carbon disulfide are the manufacture of 
carbon tetrachloride, flotation agents, soil disinfectants, dyes, electronic vacuum tubes, paints, 
enamels, paint removers, varnishes, varnish removers, textiles, explosives, and rocket fuels. It is also 
used as a solvent for waxes, lacquers and cold vulcanized rubber. 

Three SVOCs were detected in the samples at very low concentrations. Di-n-butyl phthalate and 
bis(2-ethylhexyllalate were detected at a maximum concentration of 6J pg& in sample 65MW-07. 
These compounds are not considered to be site-related contamination, but rather contamination 
resulting from the processes involved with sample collection and analysis. However, due to the 
detection of these compounds in the field blanks, but not in the trip blanks, it is assumed that the ,- 
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contamination was introduced during the collection of the samples or may have originated from the 
polyethylene storage tank used for transport and temporary storage of potable water. An additional 
potential source of the contamination is the nitrile gloves used for personal protection during 
collection and handling of the samples. 

The third SVOCs detected in the samples collected at the site was naphthalene. It was detected in a 
single sample (65DW-04) at an estimated concentration of 3 J pg/L. This relatively low concentration 
is considerably less than the NCWQS of 21 pg/L. As with the detection of carbon disulfide, 
naphthalene was detected in an upgradient location and is suspected to have originated from an off-site 
source. 

Groundwater samples collected from the monitoring wells contained no detectable concentrations of 
pesticides or PCBs. These results demonstrate that the PCBs, specifically Aroclor - 1254, detected 
in the subsurface soil sample collected from 65MW-02 as part of a previous investigation 
(Baker, 1994), have not impacted the groundwater at the site. PCBs have a low solubility and 
commonly bind to soil matrices. Therefore, PCBs are rarely encountered in groundwater. In addition, 
the pesticides detected in the soils at the site do not appear to have contaminated the groundwater. 

Thirteen metals were detected in groundwater samples including aluminum, barium, calcium, 
chromium, cobalt, iron, lead, magnesium, manganese, nickel, potassium, sodium and zinc. Metal 
results were, on average, one or two orders of magnitude below the base background levels 
(Baker, 1994). Only two of the elements were detected at concentrations that exceed the state and/or 
federal standards. Iron concentrations in five samples exceeded the NCWQS of 0.3 mg/L with the 
highest detected level in sample 65-MW02-01 (6,580 &I-,). Manganese values exceeded the 
NCWQS of 0.05 mg/L in six samples. The highest concentration (186 pg/L) was detected in deep 
well sample 65-DW02-02, but the adjacent shallow well sample did not exceed the NCWQS. Neither 
iron nor manganese concentrations exceeded the federal MCL value in any of the samples collected 
at the site. 

A single filtered sample was collected during the RI in order to compare the total metal results with 
filtered metal results from the same well. Both samples were collected with low-flow sampling 
techniques and their comparison was used to illustrate the relationship between the total metal and 
dissolved metal results. The analytical results were within ten percent which is acceptable and can 
be partially due to laboratory variation. 

Groundwater field parameter results for pH, temperature, specific conductance and turbidity are 
presented in Table 2-3. These values represent all field measurements obtained during groundwater 
sampling activities. Reviewing the last readings obtained from each well, which are representative 
of groundwater conditions prior to sampling, pH values ranged from 4.96 to 8.98 standard units, 
specific conductance values ranged from 73.8 to 820 micromhos/cm, temperature values ranged from 
17.1 to 2 1 “C, and turbidity ranged from 0.2 to 8.18 NTUs. 

4.4.5 Surface Water 

A total of two surface water samples were collected from Powerline Pond and Courthouse Bay Pond 
during the RI at Site 65. Positive organic and metals results are presented in Tables 4- 12 and 4- 13, 
and illustrated on Figures 4-9 and 4-l 0. 
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Only two organics (1,Zdichloroethane and acetone) were detected in the samples. 1 ,Zdichloroethane 
was detected in both of the samples at a concentration of 1 J pgiL and acetone was detected at a 
concentration of 5J &L. Both of these compounds were detected at concentrations less than 10 times 
the concentration of the compound in the blank samples and therefore not considered to be related to 
site conditions (see Section 4.2.1). 

-, 

A total of 13 of the 23 TAL metals were detected in the surface water samples collected at the site. 
Aluminum, barium, copper, iron, lead, manganese, vanadium and zinc exceeded the lowest Surface 
Water Screening Value (SWSV) as depicted on Table 4- 13. The highest concentrations of aluminum, 
barium, chromium, copper, iron, manganese, potassium, vanadium and zinc were reported in sample 
65-SWO4-01 collected from Courthouse Bay Pond (located nearest the heavy equipment training area). 
All of the detected element concentrations except iron exceeded the average reference station 
concentration established at Camp Lejeune. Iron exceeded the average reference station concentration 
only in sample 65-SWO4-0 1. 

4.4.6 Sediment 

A total of four sediment samples were collected from Courthouse Bay Pond and Powerline Pond 
during the field investigation at Site 65. One sample was collected from a depth of zero to six inches 
and another from a depth of six to 12 inches at each of the two sampling stations (65SD-04 and -05). 
Positive organic and metal results are depicted on Tables 4- 14 and 4-l 5 and illustrated on Figures 4-9 
and 4-10. 

The VOCs detected were acetone, chloroform, 2-butanone, carbon tetrachloride, tetrachloroethene and 
toluene. Acetone was detected in each of the four samples at concentrations ranging from 19OJ to 
4505 l&L; chloroform was detected once at a concentration of 795 pg/L; 2-butanone was detected 
four times at concentrations ranging form 72J to 94J yg/L; carbon tetrachloride was detected twice 
at 13 J and 185 pg/L; tetrachloroethene was detected at concentrations of 6J and 15J pg/L; and toluene 
was detected three times with concentrations ranging from 35 to 7J pg/L. The concentrations of 
acetone, chloroform and toluene detected in the samples are below 10 times the maximum 
concentrations detected in the blanks. Additionally, the concentrations of 2-b&none detected in the 
samples are slightly higher than 10 times the maximum concentration detected in the blank samples. 
None of the compounds were detected at concentrations which exceeded the sediment screening 
values (SSV); however, all of the concentrations exceeded the average reference concentration for 
each compound. 

_ 

Only a single SVOC was detected in the sediment samples collected at Site 65. Di-n-butylphthalate 
was detected in all four samples with concentrations ranging from 9405 to 1,600J pg/L. This phthalate 
ester was detected in blank samples collected during the RI. However, the concentrations within the 
blanks were substantially lower than the results obtained from the sediment samples. Only one sample 
contained concentrations of di-n-butylphthalate that exceeded the Lower Effects Range (ER-L) 
criteria. 

Three pesticides were detected during the sediment investigation at the site. The compounds detected 
were beta-BHC, 4,4’-DDD and 4,4’-DDE. Beta-BHC was detected in only one sample at a 
concentration of 8.3NJ ug/L; 4,4’-DDD was detected in two samples at concentrations of 765 and 
84J yg/L; and 4,4’-DDE was detected twice at concentrations of 185 and 19NJ ug/L. All of these 
compounds exceeded the lowest SSV and the average reference concentration. These concentrations 
are similar to the concentrations detected in the surface soils across the site. _--- 
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Thirteen of 23 TAL metals were detected in the sediment samples collected during the field 
investigation (see Table 4- 15). Copper, lead and zinc were detected at a concentration exceeding the 
lowest SSV only one time; however, all of the elements exceeded the average reference concentration 
at least one time. 

4.4.7 Ecological 

A total of nine fish samples were collected from the two ponds located east of the site. Four samples 
were collected for fillet analysis and five for whole body analysis. Positive organic and-metal results 
are presented in Tables 4- 16,4- 17,4- 18, and 4- 19. 

The only organics detected in the fillet samples were acetone and 4,4’-DDD. Samples 
65-FS05-BGOlF and 65-FS05-LBOlF contained acetone at concentrations of 5,600J pgkg and 
7,900 ug/kg, respectively. In addition, 4,4’-DDD was detected in sample 65-FS04-BGOIF at a 
concentration of 5.75 &kg. 

Twelve of the 23 TAL metals were detected in the fish fillet samples collected during the RI. 
Aluminum, barium, calcium, copper, magnesium, manganese, mercury, potassium, selenium, sodium, 
thallium, and zinc were the detected inorganic elements. 

Four VOCs were detected in the whole body samples collected during the field investigation. 
Methylene chloride was detected at a concentration of l,OOOJ pg/kg (65-FS04-RSOl W); acetone was 
detected in three samples with concentrations ranging from 27,000 pg/kg to 1,400,OOOJ ugkg 
(65-FS05-BGOl W); 2-butanone was detected only in sample 65-FS05-RSO 1 W at a concentration of 
5605 pgkg; and toluene was only detected in one sample (65-FS05-BLOl W) at a concentration of 
5,000J l&kg. 

These contaminants are probably not site-related. The concentrations of VOCs observed in sediment 
and surface water samples were low and detected infrequently (see Sections 4.4 and 4.5 and 
Tables 4-10 and 4-12). Typically, VOCs do not bioconcentrate in fish and crab tissues as noted by 
their relatively low bioconcentration factors (acetone = .69; methylene chloride = 3.75; and 
toluene = 10.7). Furthermore, all four of the VOCs detected are common laboratory contaminants. 
Considering these facts, it is highly probable that these VOCs were introduced in the laboratory, 
although the exact method of introduction cannot be determined. 

There were no SVOCs detected in the samples; but there were two pesticides (4,4’-DDE and 
4,4’-DDD) detected. 4,4’-DDE was detected in a single sample (65-FS04-BGO 1 W) at a concentration 
of 15 J ygkg; 4,4’-DDD was detected twice with a maximum concentration of 405 pg/kg detected in 
sample 65-FS04-BGOl W. No PCBs were detected in any of the whole body samples. 

Seventeen of the 23 TAL metals were detected in the whole body samples. The elements detected 
were aluminum, antimony, arsenic, barium, beryllium, calcium, copper, iron, lead, magnesium, 
manganese, mercury, potassium, selenium, sodium, thallium, and zinc. 

4.5 Ewineerin? Results 

A total of six samples were collected for engineering parameters during the RI. A subsurface soil 
sample (65-SB06), groundwater sample (65~MWO7A-0 I), and four sediment samples (65-SD04-06, 
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65-SD04-06, 65-SD04-612, 65-SD05 and 6505-612) were analyzed. The results are included in 
Appendix 0. 

__ 

4.6 Ouality Assurance/Oualitv Control 

Quality Assurance/Quality Control (QA/QC) samples were collected during the soil, groundwater, 
surface water and sediment investigations. These samples include trip blanks, field blanks, equipment 
rinsate blanks and duplicate samples. Analytical results of the field duplicates are provided in 
Appendix P and the other field QA/QC results are provided in Appendix Q. 

Organic compounds detected within the blank samples include methylene chloride, acetone, 
1,2-dichloroethane, 2-butanone, chloroform, bromodichloromethane, di-n-butylphthalate, 
bis(2-ethylhexyl) phthalate, dibromochloromethane, 4,4’-DDT, toluene, trichloroethene and 
1, I-dichloroethene. The trip blanks used for the Site 65 RI were prepared by the laboratory, shipped 
to the field and then returned to the laboratory with the samples. Methylene chloride, acetone, 
1 , 1-dichloroethene, l-2, dichloroethane, trichloroethene and toluene were detected in the trip blanks 
at low concentrations. This would tend to indicate that these contaminants originated from the 
laboratory. 

The equipment rinsate blanks were collected in the field from sampling equipment that had recently 
been cleaned. Methylene chloride, acetone, 1,Zdichloroethane and 2-butanone were detected in the 
rinseate blanks. With the exception of acetone, the other contaminants were detected at relatively low 
concentrations. The origin of methylene chloride, l,Zdichloroethane, and 2-butanone contamination 
may be related to the laboratory, the deionized water used for the blanks or from the field 
decontamination process. The methylene chloride and 1,2-dichloroethane was detected in the trip 
blanks at similar concentrations and, therefore are suspected to be laboratory-related contamination. 
2-butanone was not detected in the trip blanks but is a common laboratory contaminant and, therefore 
is suspected of originating in the laboratory. Acetone was detected at its highest concentration in 
sample number 65-RB-03. Possible sources for the acetone contamination detected in the blanks 
include field decontamination and laboratory cleaning/extraction procedures. Acetone is commonly 
used in laboratories for cleaning glassware and contaminant extractions. However, due to the sharp 
increase in the concentration of acetone in the equipment rinseate blanks, the suspected source of the 
contamination is not allowing the isopropanol (which has acetone as a component) to completely air 
dry after decontamination. 

-_ 

In addition to the organic contamination observed in the blank equipment rinseate blanks, six metals 
were detected. These analytes include aluminum, barium, calcium, magnesium, sodium and zinc. The 
origin of these elements is most likely site related. 

Field blanks were collected from the three sources of water used at the site. Sample 73-FB-0 1 was 
collected from the distilled water used for equipment decontamination (i.e., stainless steel spoons, split 
spoons, bowls, etc.); sample 73-FB-02 was collected from the deionized water supplied by the 
laboratory for use in collection of equipment rinseate blanks; and sample 73-FB-03 was collected from 
the potable water used for decontamination of heavy equipment (i.e., steam cleaning). 
Sample 73-FB-01 contained acetone, di-n-butylphthalate and bis(Zethylhexy1) phthalate as 
contaminants. The water was packaged in plastic bags contained within cardboard boxes and the 
plastic bags may be the source of the phthalate contamination. The acetone contamination is again 
suspected to be laboratory related contamination. 
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Sample 73-FB-02 contained methylene chloride and acetone contamination. The methylene chloride 
contamination is suspected to have originated in the laboratory; however the acetone is suspected to 
have had two sources of contamination. Since acetone was detected in the trip blanks, the equipment 
blanks and the deionized water, it is suspected that the contamination originated from the laboratory 
(i.e., contaminated deionized water) and the field decontamination procedures (i.e., not allowing the 
equipment to completely dry prior to use). This would explain the sharp increase in concentration in 
the rinseate blanks and the high concentration observed in field blank sample 73-FB-02. 

Sample 73-FB-03 contained contaminants acetone, chloroform, bromodichloromethane and 
dibromochloromethane. With the exception of acetone and chloroform, these contaminants are 
suspected to exist within the potable water supply. The suspected origin of acetone contamination has 
been discussed in previous paragraphs. Chloroform contamination can come from the use of 
chlorinated water in the laboratory or if the potable water is chlorinated during its treatment, if any. 

Ten of the 23 TAL metals were detected in the field blanks. The analytes include aluminum, barium, 
calcium, copper, iron, lead, magnesium, potassium, sodium and zinc. 

4.7 Extent of Contamination 

4.7.1 Surface Soils 

Figure 4-l presents the positive detections of the organic compounds in surface soil samples collected 
at the site. 

As stated previously, a total of six VOCs were detected at Site 65. Acetone, methylene chloride and 
toluene were detected at concentrations less than 10 times the maximum concentration detected in the 
blank samples. In addition, the concentration of trichloroethene was less than five times the maximum 
concentration detected in the blanks, designating them as probable laboratory contaminants and not 
site-related. The remaining volatiles are considered to be site-related contamination. 

Ethylbenzene was detected in surface soil sample 65-SB07-00 and xylene was detected in samples 
65-SB07-00 and 65DWOl-00. The occurrence of ethylbenzene and xylene within the surface soils 
at the site is not a surprise given the vehicular traffic through the site. The relatively low 
concentrations of these compounds do not indicate a specific source, but may have originated from 
vehicles and heavy equipment passing through the site. 

SVOCs were detected in nearly every surface soil sample collected atthe site. The only sample which 
did not contain any detectable semivolatiles was 65-DW02-00. PAH constituents were detected in 
only three samples (65-SB06-00, 65-SBl2-00 and 65-DWOl-00). Samples 65-SB06-00 and 
65-DWOl-00 were collected near the southern-most debris piles located at the site. In addition, 
sample 65-SBl2-00 was collected in the middle of the area where the northern-most debris pile had 
existed. The material comprising the northern pile was removed during the field investigation by the 
engineers that operate the heavy equipment within the training area. All of the locations where PAH 
compounds were detected are located near an area where construction type materials have been 
disposed. Sample 65-DWOl-00 was near the reported burn area in addition to the debris piles. Due 
to the types of materials discovered during the test pit excavation and a site reconnaissance, and the 
reported location of the burn area, the suspected source for the PAH contamination is the debris and 
the historical burning at the site. The origin of the PAH contamination with regard to burning 
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materials at the site is further corroborated by the substantial increase in PAHs in sample 65DWO l-00 
(the sample located closest to the burn area). 

__ 

PAH constituents were detected during the SI conducted by Baker in 199 1. Two samples collected 
from borings 65-MW03 and 65-SB02 contained the PAHs. Both of these locations were near the 
debris sites located at the site. 

Bis(2-ethylhexyl)phthalate and di-n-butyl phthalate were detected in most of the samples collected 
across the site. Neither of these compounds was detected at concentrations below 10 times the 
maximum concentration detected within the blank samples. No specific source can be identified for 
the phthalate esters. 

Pesticides were detected in all areas of the site. The levels detected in the samples are similar to 
base-wide concentrations from the historical use of pesticides at Camp Lejeune. 

PCB compound Aroclor 1260 was detected in one location near the burn area and the southern-most 
debris piles. The compound was detected in sample 65DWO I-00 at a concentration of 525 @kg. 
Historical records do not indicate the disposal of PCBs, however PCBs were detected in a subsurface 
soil sample collected from soil boring 65SB-02 during the SI conducted in 1991 (Baker, 1994). The 
detection of PCBs within the vicinity of the debris piles indicates that some product containing PCBs 
may have been spilled or disposed at the site. 

Figure 4-2 presents the metals that were detected in the surface soil samples collected at the site. The 
contamination was observed in the heavy equipment training area and the southern-most debris pile. 
The distribution of the metals indicate that the contamination may be the result of rusting metal debris 
disposed at the site and the heavy equipment used for training. 

_ 

4.7.2 Subsurface Soil 

Detected VOCs, SVOCs, pesticides and PCBs in the subsurface soils at Site 65 are depicted on 
Figures 4-3 and 4-5. 

Acetone, 2-butanone, carbon disultide, and toluene were detected at levels less than 10 times the 
maximum concentration of these compounds in QA/QC blanks, designating them as probable 
laboratory contaminants. The relatively low xylene concentrations detected at sample locations 
65DW-02, -01,65SB-09, -10 and 65MW-06 are considered to be site-related contamination. All of 
the locations appear to be in areas of vehicular traffic and training. Given the low concentrations of 
the compound, the suspected source of the contamination is the petroleum products commonly used 
in fueling, lubricating and cleaning the vehicles which commonly trespass the site. 

Semivolatile compounds bis(2-ethylhexyl)phthalate and di-n-butyl phthalate were detected in nearly 
every sample collected at the site. The concentrations observed within the samples were greater than 
10 times the maximum concentration detected in the QA/QC blanks. A specific source for the 
phthalate esters has not been determined. PAH contamination was detected in subsurface soil samples 
collected from 65SB-06 and 65TP-07 located at the edge of the southern-most debris piles and the 
edge of the Bum Area, respectively. The disposal of construction debris and the combustion of 
organic compounds is the likely source of the contamination. The concentrations of PAH 
contamination is much higher in the subsurface than the surface soils at location 65SB-06. Location 
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65DW-01, which exhibited the highest concentrations of PAHs in the surface soil, exhibited no PAHs 
in the subsurface soil. 

Pesticides were detected mainly in areas where the soils have been either disturbed by excavation 
(heavy equipment training) or disposal. The occurrence of pesticide contamination may be attributed 
to the historical use of pesticides at Camp Lejeune (Water and Air Research, 1983). Although the 
contamination would be expected to be greater in the surface soils than in the subsurface, the grading 
and distribution of the soil across the site would mix any contamination found at the surface with soils 
residing below the surface. Hence, allowing contaminated surface soil to be redistributed as 
subsurface soil. PCBs were not detected in any subsurface soil samples collected during the RI; 
indicating that the concentration of Aroclor 1254 detected in 65SB-02 during the SI was not a 
site-wide concern. 

Metals were detected in the subsurface soils. Figure 4-4 and 4-6 presents the metals detected at the 
site during the RI. The majority of the elemental contamination appears to be concentrated in the area 
of the debris piles. The suspected source of this contamination is the rusting debris that has been 
deposited within these piles. 

4.7.3 Groundwater 

The only organic compound which exceeded state and/or federal groundwater standards was 
1,2-dichloroethane. As discussed in Section 4.4, 1 ,Zdichloroethane was detected at concentrations 
less than 10 times the concentration of the compound in QA\QC blanks, making the contamination 
attributable to laboratory contamination. Figure 4-7 presents the organics that were detected in 
groundwater samples collected at the site. 

Iron and manganese were the only elements detected at concentrations exceeding state and/or federal 
groundwater standards. The 13 elements detected in the groundwater samples are presented on 
Figure 4-8. The occurrence of iron and manganese at levels that exceed NC DEHNR standards 
correlates with the evaluation of metals in groundwater (Baker, 1994), which indicates that both of 
these metals are naturally occurring in shallow and deep groundwater at the base at elevated 
concentrations. The relatively high concentrations of manganese correlates with the previous work 
performed during the SI. 

4.7.4 Surface Water 

The detected organic compounds in surface water are presented on Figure 4-9. As discussed 
previously, the only compounds detected were acetone and 1,2-dichloroethene, however these 
compounds were not detected at levels considered to be site-related. 

The elevated metals detected in the surface water samples (see Figure 4- 10) are considerably less than 
the surrounding soils, but are higher than the groundwater in the area. The only sources of recharge 
for the ponds are groundwater and stormwater runoff. Since there are no streams replenishing the 
ponds with fresh water or removing water from the ponds, it is suspected that the contamination may 
be the result of water evaporation increasing the concentration of salts and metal while groundwater 
continues to discharge elements into the ponds. Additionally, soil erosion (especially in the equipment 
training area) may also contribute to the elevated concentrations of metals. 
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4.7.5 Sediments 

The source for the VOCs detected in the sediments of the two ponds (see Figure 4-9) has not been 
determined. However, the results indicate that the concentrations observed do not exceed the 
Sediment Screening Values (SSVs). The single carbon tetrachloride concentration does not correlate 
to any contamination residing in any other media. 

_I 

As discussed previously, the pesticide concentrations observed in the sediment samples are similar to 
the concentrations observed in the surface soils, particularly in the vicinity of the training area. Given 
the proximity of the two ponds to the equipment training area, the large quantities of earth that is 
moved during training exercises, and the absence of pesticides in the surface water samples, it is 
suspected that the pesticide contamination within the sediments was the result of surface soil erosion 
or the past application of pesticides in the vicinity of the ponds. 

The elemental contamination detected in the sediments of the two ponds is suspected to be the result 
of precipitation of the metals contained within the surface water as evaporation occurs (see 
Figure 4- 10). In addition, the surrounding soils may contribute to the sediments via erosion, especially 
considering the turbidity of Courthouse Bay Pond, thus increasing the’contamination within the 
sediments. 

4.8 Summarv 

PAH constituents were detected at elevated levels in both surface and subsurface soils at the site. 
These contaminants are likely attributable to the past activities at the site due to their distribution and 
concentrations. Relatively low levels of xylene, etbylbenzene and carbon disulfide were detected in 
the soils and may be attributed to past and/or current activities at the site. Pesticides were detected 
at low concentrations across most of the site. These contaminants were most likely due to the 
historical usage of pesticides at the site. PCBs were exhibited at an isolated sample location during 
this investigation, but were also detected at another location during a previous investigation. There 
is no history of PCB disposal at Site 65; however, the detection of the compound in the vicinity of the 
debris piles indicates that some product containing PCBs may have been disposed or spilled at the site. 
A specific source for the contamination has not been identified. 

-, 

The groundwater contained no site-related organic contamination that exceeded the state and/or 
federal standards. No organics were detected in the surface water which can be attributed as site 
related contamination due to past activities. The only organics which exceeded the SSVs in the 
sediments were pesticides, which are most likely related to the historical usage of pesticides at the 
base. 

Inorganics were detected in all media. Their wide distribution and concentrations similar to base 
background levels, and concentrations detected at other areas of the base, indicate that they are not 
site related. 
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TABLE 4-l 

COMPARISON OF SITE BACKGROUND CONCENTRATIONS 
TO BASE BACKGROUND LEVELS IN SURFACE SOILS 

SlTE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CT04312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Aluminum 

Antimony 

Arsenic 

BarhUll 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

zinc 

Site Background Base Background 
h&it) bg/kg) 

773 17.7 - 9,570 

ND 0.33 - 8 

ND 0.065 - 3.9 

6.9 0.65 - 20.8 

ND 0.02 - 0.26 

ND 0.04 - 1.0 

79.3 4.25 - 10,700 

ND - 8.6 0.33 - 12.5 

ND 0.185 - 4.15 

ND 0.5 - 87.2 

509 69.7 - 9,640 

2 0.47 - 14i 

30.3 2.55 - 610 

9.6 0.87 - 66 

ND 0.01 - 0.13 

ND 0.45 - 7.2 

ND l-416 

ND 0.075 - 1.3 

ND 0.0435 - 4.3 

ND 4.7 - 126 

ND 0.055 - 1.2 

ND 0.305 - 48.6 

ND 0.3 - 28.3 

. 

Note: 
ND = Not Detected 



TABLE 4-2 

COMPARISON OF SITE BACKGROUND CONCENTRATIONS 
TO BASE BACKGROUND LEVELS IN SUB!XJRFACE SOILS 

SlTE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CT04312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Site Background Base Background 
tm&l Gwk) 

AhlliIlUUl 4,560 16.9 - 11,000 

AntimoIly ND 0.355 - 6.9 

Arsenic ND 0.033 - 15.4 

Balil.Ull 10.9 0.65 - 22.6 

Beryllium ND 0.01 - 0.31 

Cadmium ND 0.155 - 1.2 

Calcium 111 4.75 - 4,410 

Chromium 5.7 0.65 - 66.4 

Cobalt ND 0.175 - 7 

Copper ND 0.16 - 9.5 

Iron 925 63.3 - 90,500 

Lead 2.7 0.465 - 21.4 

Magnesium 192’ 2.85 - 852 

Manganese 5.6 0.395 - 19.9 

Mercury BITI 0.01 - 0.68 

Nickel ND 0.45 - 9.2 

Potassium ND 1.05 - 1,250 

Selenium ND 0.085 - 2.4 

Silver ND 0.175 - 1 

Sodium 69.9 2.2 - 141 

Thallium NJ3 0.055 - 2.7 

Vanadium 4.1 j 0.34 - 69.4 

zinc NA 0.32 - 26.6 

Note: 
ND = Not Detected 



TABLE 4-3 

Media 

urface Soil”’ 

SUMMARY OF SITE CONTAMINATION 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

I Detected Comparison Criteria Site Contamination 

Fraction Contaminants I I I I 1 Number of I Number of 

Criteria 
Location(s) of Maximum 

Concentration 
I I I I I 1 L,I&G. am 1 1 b, n,r..a 11 

!olatiles Methylene Chloride 8.5X lo4 1 NA 1 2J 1 2J 165-MW07A-00 & SSl2-001 2/13 1 0 I NA 
Acetone 1 7.8 X 10’ NA 1OJ 1 1OJ 1 65-MWO5A-00 1 1113 I 0 I NA 
Trichloroethene 1 5.8X lo4 NA 1J 1 1J 1 65-SB06-00 1 l/13 I 0 NA 

Toluene 1.6 X 10” NA IJ 2J 65-DWO4-00 & MW07A-0 3113 0 NA 

Ethylbenzene 7.8 X 10’ NA 1J 1J 65-SB07-00 l/13 0 NA 

Xylene (total) 1.6 X lo7 NA 3J 5J 65-SBO7-00 2113 0 NA 

ler nivolatiles Acenaphthene (PAH) 1 4.7 x IO5 1 NA 1 1305 1 13OJ 1 65-DWOl-00 1 l/13 I 0 ! NA I 
2,CDinitrophenol 
Dibenzofuran 
Fluorene (PAH1 

[Phenanthrene (PAH) 

1.6 X lo4 NA 15OJ 150J 65-DW04-00 l/13 0 NA 

3.1 x lo4 NA 58J 58J 65-DWOl-00 l/13 0 NA 
3.1 x lo5 NA 1OOJ 1OOJ 65-DWOl-00 l/13 0 NA 

1 2.3 X 10’ 1 NA 1 59J 1 860 1 65-DWOl-00 1 3113 I 0 NA I 

lotes: 
Concentrations are presented in pg/Kg for organics in soil and sediment and in pgiL for all water contaminants (ppb); metal concentrations for soil and sediment are presented in mgKg (ppm). 
NA - Not applicable 
ND - Not detected 
PAH - Polynuclear aromatic hydrocarbon 

(I) OrganicsandMe as i t I n both surface and subsurface soils are compared to EPA Region III risk based Contaminent of Concern (COC) Screeing Values for a residential area (Criteria I), 
and two times base background concentrations for MCB, Camp Lejeune (Criteria II) (Metals only). Only priority pollutant metals (i.e., aluminum, antimony, arsenic, barium, cadmium, 

chromium, cobalt, copper, iron, lead, manganese, nickel, selenium, silver, thallium, vanadium, zinc) are presented on this table. Refer to Table 4-5 and 4-6 for completed metals detection data. 



TABLE 4-3 (Continued) 

SUMMARY OF SITE CONTAMINATION 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Media 

lurface Soil 

Detected 
Fraction Contaminants 

Iemivoiatiles Benzo(a)pyrene (PAH) 
continued) Indeno( 1,2,3-cd)pyrene (PAH) 

Comparison Criteria 

Criteria I Criteria II 

88 NA 
880 NA 

Site Contamination 

‘tections Above Detections Above zl 
-- NA 

,113 0 NA 

Dibenzo(a,h)anthracene (PAH) 88 NA 45J 150J 65-DWOI-00 2113 1 NA 

Benzo(g,h,i)perylene (PAH) 2.3 X 10’ NA 70J 2501 65-DWOl-00 2113 0 NA 
‘esticides Heptachlor epoxide 70 NA 2.3 2.3 65-MW07A-00 l/13 0 NA 

14-4’-DDE 1 1900 1 NA 1 4.3 1 83J 1 65-M WO7A-00 6113 0 NA 
Endosulfan II 4.7 x IO4 NA 3.8NJ 3.9NJ 65-DW02-00 2113 0 NA 
4-4’-DDD 2700 NA 3.8NJ 59J 65-SB lo-00 7113 0 NA 

4-4’-DDT 1900 NA 25 56J 65-MW07A-00 & SB07-00 3113 0 NA 
‘CBS 
Aetals 

IAroclor 1260 ! 83 1 NA I 52J 1 52J -7- 65-DWOl-00 l/13 0 NA 

Aluminum 1 7800 1 5940 1 656 1 5040 1 65-DWOl-00 13/13 0 0 
Barium I 550 1 I 17.36 -..-- 1 I 2.7 -. 1 36.3 --.- 1 fiz-nwnr-nn -- - ..-_ -- 13113 0 3 
Chromium I 39 t 6.693 i 2.3 1 8.6 1 I 65-DWOi -00 _- - __ __ 1 l/13 0 2 
Copper ! 290 7.2 1 2.5 1 55.6 1 65-DWOI-00 9113 0 6 

Iron I NA 1 3755 1 50.9 1 16400 1 65-SB12-00 13113 NA 2 

Lead 400 1 23.75 1 2 1 178 1 emwni an 13113 0 4 
Maneanese 

I  I  - - . . -  I  -  ,  - . -  - -  -  . . “ _  11 

I 39 I 18.5 1 2.9’ I 163.l I hmwn i -no 

lotes: 

1 13/13 1 3 ! 5 1 
Nickel ! 160 1 3.434 1 4.6 1 5.7 1 65-SB 12-00 2113 0 2 
Thallium NA 0.889 2.3 2.3 65-SB lo-00 l/l3 NA 1 

Vanadium 55 11.63 2.8 12 65-DWOl-00 9113 0 1 

Zinc 2300 13.88 3.7 377J 65-DWOl-00 1 l/13 0 6 

Concentrations are presented in @Kg for organics in soil and sediment and in pg/L for all water contaminants (ppb); metal concentrations for soil and sediment are presented in mgKg (ppm). 
NA - Not applicable 
ND - Not detected 
PAH - Polynuclear aromatic hydrocarbon 



TABLE 4-3 (Continued) 

SUMMARY OF SITE CONTAMINATION 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Media Fraction 

‘ubsurface 
;oil(‘) 

Detected 
Contaminants 

Jolatiles Acetone 
Carbon Disulflde I 
2-Butanone 
Trichloroethene 
Toluene 

Comparison Criteria 

I 

1 Criteria I 1 Criteria II 1 E:i, 1 E. 

Site Contamination 

Number of Number of 
Location(s) of Maximum Detection Detections Above Detections Above 

Concentration Frequency Comparison Comparison 

65-DWO2-02 
65-TP04 

13/19 
l/19 

Criteria I 

0 
0 

Criteria II 

NA 
NA 4 

4.7 x 10” NA 2J 29 65-TPO5 349 0 NA 
5.8 x IO4 NA 25 25 65-SB07-04 l/l9 0 NA 
1.6 X lo6 NA IJ IJ 65-SBI I-04 l/19 0 NA 

IXylene (total) 1 1.6 X IO’ 1 NA 1 1J 1 33 1 65-SBIO-01 1 5119 I 0 ! NA I 
iemivolatiles Naphthalene (PAH) 

2-Methylnaphthalene 
Acenaohthene 

3.1 x IO5 NA 55J 555 65-TP07 I/19 0 NA 
3.1 x lo5 NA 6OJ 6OJ 65-TP07 l/19 0 NA 
4.7 x IO5 NA 94J 975 65-SB06-02 2119 0 NA 

Fluorene 1 3.1 x lo5 1 NA 1 1lOJ 1 1lOJ 1 65-SB06-02 1 l/19 1 0 ! NA I 
Dibenzofuran 3.1 x IO4 NA 42J 42J 65-TP07 l/19 0 NA 
Phenanthrene (PAH) 2.3 X IO’ NA I501 1200 65-SB06-02 209 0 NA 
Anthracene 2.3 X lo6 NA 290J 2905 65.SB06-02 l/l9 0 NA 
Carbazole 
di-n-Butylphtalate 
Fluoranthene (PAH) 
Pyrene (PAH) 

3.2 X IO4 NA 12OJ 12OJ 65-SB06-02 l/19 0 NA 
7.8 x los NA 16OJ 340J 65-SB06-02 8119 0 NA 
3.1 x 1or NA 230J 1900 65-SB06-02 2119 0 NA 
2.3 X 10’ NA 19OJ 1400 65.SB06-02 2119 0 NA 

~Benzo~a)anthracene (PAI-I) 1 880 1 NA 1 IOOJ I 900 I 65-SB06-02 1 209 1 1 1 NA I 
-. I I 

Chrysene (PAH) 1 8.8X IO4 1 NA 1 IIOJ 1 800 1 65-SB06-02 1 209 1 0 I NA I 
Iotes: 

Concentrations are presented in pgiKg for organics in soil and sediment and in @L for all water contaminants (ppb); metal concentrations for soil and sediment are presented in mg/Kg (ppm). 
NA - Not applicable 
ND - Not detected 
PAH - PoIynuclear aromatic hydrocarbon 

(‘) Organics and Metals in both surface and subsurface soils are compared to EPA Region III risk based Contaminent of Concern (COC) Screeing Values for a residential area (Criteria I), 
and two times base background concentrations for MCB, Camp Lejeune (Criteria II) (Metals only). Only priority pollutant metals (i.e., aluminum, antimony, arsenic, barium, cadmium, 

chromium, cobalt, copper, iron, lead, manganese, nickel, selenium, silver, thallium, vanadium, zinc) are presented on this table. Refer to Table 4-5 and 4-6 for completed metals detection data. 



TABLE 4-3 (Continued) 

SUMMARY OF SITE CONTAMINATION 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Media Fraction 

I I 

Detected 
Contaminants 

Comparison Criteria Site Contamination 

Number of Number of 
P”:&...:^ 1 Criteria II 

Min. Max. Location(s) of Maximum Detection‘ Detections Above Detections Above 
Cont. Cont. Concentration Frequency ComDarison Comparison 

I I I I V. .*1. .I 1 

I lCll0 I n I NA 1 Subsurface Semivolatiles bis(2-ethylhexyl)phthalate 4.6 X IO4 NA 375 370 6%DWOl-04 1411, 
; 

. - .- 

Zoil (continued) 
I 

Benzo(b)fluoranthene (PAH) 880 NA 96J 710 65-SB06-02 2119 NA 

Benzo(k)fluoranthene (PAH) 8800 NA 1lOJ 620 65-SB06-02 2119 0 NA 

Benzo(a)pyrene (PAH) 88 NA 69J 680 65-SB06-02 2119 1 NA 

Ideno(l,2,3-cd)pyrene (PAH) 880 NA 480 480 65-SB06-02 l/l9 0 NA 

Benzo(g,h,i)perylene (PAH) 2.3 X 10’ NA 675 3605 65-SB06-02 l/l9 0 NA 
Pesticides Endosulfan I 3.2 X lo4 NA 3.1NJ 3.lNJ 65-TP05 1119 0 NA 

4,4’-DDE 1900 NA 4.6 45J 65-TP04 8/19 0 NA 

4,4’-DDD 2700 NA 4.45 3405 65-TP05 8119 0 NA 

4,4’-DDT 1900 NA 9.6 40 65-TP07 4119 0 NA 
Endrin Aldehyde 2300 NA 9.45 9.4J 65-DWOl-04 l/19 0 NA 

alpha-Chlordane 490 NA 8.35 8.3J 65-SB06-02 l/19 0 NA 

gamma-Chlordane 490 NA 3J 7.5J 65-SB06-02 3119 0 NA 
PCBs ND NA NA NA NA NA O/l9 NA NA 

Metals Aluminum 7800 7375 1020 10600 65-SB07-04 lY/lY 1 1 

Antimony 3.1 6.409 11.8 11.8 /;-L-l-PI-t7 l/10 1 1 

Jotes: 
IY/IY 1 NA I I 

Concentrations are presented in @Kg for organics in soil and sediment and in pg/L for all water contaminants (ppb); metal concentrations for soil and sediment are presented in mg/Kg (ppm). 
NA - Not applicable 
ND - Not detected 
PAH - PC’ clear aromatic hydrocarbon 

! i 



TABLE 43 (Continued) 

Media 

Subsurface 
Soil 

Groundwater@) 

Notes: 

SUMMARY OF SITE CONTAMINATION 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

1 Min. 

Metals Lead I 400 8.327 1 1.6 
[continued) Manganese 39 1 7.919 1 2 

Nickel I 160 1 3.714 1 4.8 

Site Contamination 

Number of Number of 
Max. Location(s) of Maximum Detection Detections Above Detections Above 
Cont. Concentration Frequency Comparison Comparison 

Criteria I Criteria II 

539 65-SB06-02 19/19 1 8 
471 65-SB06-02 19119 5 10 
243 65-SB06-02 3119 1 3 

7 
ISelenium I 39 0.801 1 1.5 1 1.5 1 65-TP07 

Volatilks IMethvlene Chloride 1 NA I 5 1J I 25 I 1 6/11 1 NA I r  

! ! 1 1 
4 

Acetone NA 700 5J 75 1 65-MW06 1 7/11 NA 0 
l/11 NA 0 karhon Disulfide I NA 1 700 1 5J 1 5J 1 65-MW04 I 

1,ZDichloroethane I 5 I 0.38 1 25 1 2J 1 65-MW07 1 8111 0 8 
2-Butanone NA NA 1 1J 1 1J 1 65-MW03,05, & 06 1 3/l 1 NA NA 

Semivolatiles INaohthalene . 1 NA I 21 1 3J I 3J I 65-DW04 I l/l 1 NA 0 
di-n-Butylphthafate NA 700 2J 6J 65-MW07 3/l 1 NA 0 
bis(2-ethylhexyl)phthalate NA 3 1J 6J 65-MW07 5111 NA 2 

Pesticides ND NA NA NA NA NA o/11 NA NA 

PCBs ND NA NA NA NA o/11 NA NA 
Metals Aluminum 5OitO(‘) NA 40.3 421 65-MW06 701 NA 6 

IBarium 1 2000 1 2000 1 17.9 1 151 1 65.MW03 1 lO/ll 1 0 I 0 I 

Concentrations are presented in @Kg for organics in soil and sediment and in pg/L for all water contaminants (ppb); metal concentrations for soil and sediment are presented in mgKg (ppm). 
NA - Not applicable 
ND - Not detected 
PAH - Polynuclear aromatic hydrocarbon 

(2) Comparison Criteria for groundwater are Federal Maximum Contaminant Levels (MCL) (Criteria I) and North Carolina Water Quality Standards (NCWQS) (Criteria II). 
P) Secondary MCL for aluminum, iron, and zinc; if MCL is a range, the lower concetration is used for comparison. 



TABLE 4-3 (Continued) 

SUMMARY OF SITE CONTAMINATION 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Media Fraction 

jroundwater Metals 

surface 
Water”’ 

qotes: 

Detected 
Contaminants 

Chromium 

Comparison Criteria Site Contamination 

Number of Number of 

Criteria I Criteria II 
Min. Max. Location(s) of Maximum Detection Detections Above Detections Abe! 
Cont. Cont. Concentration Frequency Comparison Comparison 

Criteria I Criteria II 

100 50 10 10.2 65-MWOl 2111 0 0 

(continued) Cobalt NA 20.1 52.4 65-DW02-02 401 NA NA 

Iron 300 41.9 6580 65-MW02 10111 5 5 
Lead 1 5t4, 15 3.4 3.4 65-DW04 l/l1 0 0 

NA 5 Manganese I NA I 50 3 186 65-DW02-02 ll/ll I 
Nickel 100 100 53.1 59.6 65-DW02-02 2111 0 0 ,_. . 
Zinc 5000”’ 2100 11 58.9 65-DW02-02 10/l 1 NA 0 

Volatiles Acetone NA NA 5J 5J 65-SWO4-01 l/2 
1,2-Dichloroethane 0.38 (EPA) NA 1J 1J 65-SWO4-01 & SWO5-01 212 2 NA 

Semivolatiles IND 
Pesticides IND 

I NA NA 1 NA NA NA 012 NA I NA 
NA NA 1 NA NA 

I 
NA 012 NA I ~~ ~--~------j NA 

PCBs ND NA NA NA NA NA 012 NA NA 

Metals Aluminum NA 333.17 25800 25800 65-SWO4-01 112 NA 1 

Barium 1000 (NC) 25.67 36.7 69.3 65-SWO4-01 212 0 1 

Chromium (total) SO’@ (EPA) NA 27.6 27.6 65-SWO4-01 l/2 0 0 

Copper 1300”(EPA) NA 41.1 41.1 65-SWO4-0 1 l/2 0 NA 

Iron 300@’ (EPA) 575.67 348 7890 65-SWO4-01 212 2 1 

Concentrations are presented in pgKg for organics in soil and sediment and in pg/L for all water contaminants (ppb); metal concentrations for soil and sediment are presented in mg/Kg (ppm). 
NA - Not applicable 
ND - Not detected 
PAH - Polynuclear aromatic hydrocarbon 

(‘) Secondary MCL for aluminum, iron, and zinc; if MCL is a range, the lower concetration is used for comparison. 
(4) Federal Action Level for lead. 
(‘) Positive contaminant detections in surface water are compared to freshwater screening values for human health (water and organism consumption): EPA Region IV Water Quality 

Standards (EPA), 1995 or NCWQS (NC) (Criteria I), and upstream background concentrations from the White Oak River Basin Study (Criteria II). 
@) EPA Water Quality Criteria, 1991, Human Health Published Criteria (water and organism consumption). 
;‘I On . EPA V’ ‘-\ Quality Criteria, 1991, Human Health Recalculated Values using IRIS, as of 9/ ‘water and organism consumption), 

) 



TABLE 43 (Continued) 

SUMMARY OF SITE CONTAMINATION 
SITE 65 - ENGINEER AREA DUMP 

. 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Media 1 Fraction 1 
Detected 

Contaminants 

i&ace Metals 

Nater I(continued1 IManaanese 

;ediment(‘) Volatiles L Semivolatiles 

Lead 

Vanadium 
Zinc 
Acetone 

nparison Criteria Site Contamination 

Number of Number of 

Criteria I Criteria II cynt 
Max. Location(s) of Maximum Detection Detections Above Detections Above 

. Cont. Concentration Frequency Comparison Comparison 
Criteria I Criteria II 

50@’ (EPA) NA 45.8 45.8 65-SWO4-01 I/2 0 NA 

\ I 57.3 88.4 65-SWO4-01 212 0 0 
NA NA 26.2 26.2 65-SWO4-01 II2 NA NA 
NA NA 33.6 144 65-SWO4-01 212 NA NA 
NA NA 19OJ 4505 65-SD05-612 414 ‘NA NA 

I 200 (NC3 I NA 

Chloroform 
2-Butanone 
Carbon Tetrachloride 
Tetrachloroethene 
Toluene 

I NA 1 NA _.__ I _ ._- 79J 79J 65-SD04-06 l/4 NA NA 
NA I NA 72J 94J 65-SD04-06 414 NA NA 
NA NA 13J 18J 65-SD04-06 214 NA NA 
NA NA 65 15J 65-SD04-06 2/4 NA NA 
NA NA 35 7J 65-SD04-06 314 NA NA 

Di-n-Butylphthalate 
beta-BHC 

I NA I NA 1 94o.l I I hnnl I fis-snnd~~~2 I 414 I NA I NA I 

NA 2.51 I I 
_ .-- -,---- “- .,-.,. . __ 

IPesticides B.3NJ 8.3NJ 65-SD04-6 12 114 NA 1 

4,4’-DDE NA 2.42 18J 19NJ 65-SD05-06 214 NA 2 

4,4’-DDD NA 1.57 76J 845 65-SD05-06 2t4 NA 2 

Metals Vanadium NA 17.57 40.5 40.5 65-SD04-06 114 NA 1 

Zinc NA 27.38 7.9 2805 65-SD04-06 414 NA 3 
b iotes: 
Concentrations are presented in &Kg for organ& in soil and sediment and in pg/L for all water contaminants (ppb); metal concentrations for soil and sediment are presented in mg/Kg (ppm). 
NA - Not applicable 
ND - Not detected 
PAH - Polynuclear aromatic hydrocarbon 

(‘) EPA Water Quality Criteria, 199 1, Human Health Published Criteria (water and organism consumption), 
(q EPA Water Quality Criteria, 1991, Human Health Recalculated Values using IRIS, as of 9190 (water and organism consumption). 
(‘I There are no established criteria for sediment, therefore Criteria I is NA. Criteria II is the average upstream background sediment concetration from the White Oak River Basin Study, 



TABLE 4-3 (Continued) 

Media 

‘ish Tissue”’ 

Iotes: 
Concentrations are presented in @Kg (ppb) for organics in fish tissue and in mg/Kg for metals in fish tissue (ppm). 
NA - Not applicable 

t9) Organics and Metals in fish tissue (fillet samples) are compared to EPA Region III risk based Contaminent of Concern (COC) Screeing Values for human injestion of fish (Criteria I). 
There is no Criteria II. 

SUMMARY OF SITE CONTAMINATION 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Detected Comparison Criteria Site Contamination 

Fraction Contaminants Number of Number of 

~-tL--1- I Criteria II 
Min. Max. Locat,ion(s) of Maximum Detection Detections Above Detections Above 

Cont. Cont. Concentration Frequency Comparison Comparison 
Criteria I Criteria II 

1olatiles Acetone 14000 NA 56005 7900J 65-FS05-LBOlF 214 0 NA 

‘esticides 4,4’-DDD 13 NA 5.75 5.75 65-FS04-BGOI F l/4 0 NA 

vletals Aluminum 140 NA 0.99 0.99 65-FS05-LBOlF l/4 0 NA 

Barium 9.5 NA 0.21J 0.21 65-FS04-BGOlF 114 0 NA 

Copper 5 NA 0.46 0.49 65-FS04-BGOIF 214 0 NA 

Manganese 0.68 NA 0.092J 0.45J 65-FS04-BGO 1 F 414 0 NA 

Mercury 0.041 NA 0.051J 0.3J 65-FSO5-LBOlF 414 4 NA 

Selenium 0.68 NA 0.14 0.22 65-FS04-BGO 1 F 414 0 NA 

Thallium NA NA 0.11 0.11 65-FS05-RSOlF 314 NA NA 

Zinc I 41 NA 5.8J 8.4J 65-FS05-BGOlF 414 0 NA 



LOCATION 

DATE COLLECTED 
DEPTH 

VOLATILES (@Kg) 
METHYLENE CHLORIDE 
ACETONE 
TRICHLOROETHENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 

SEMIVOLATILES (q/Kg) 
ACENAPHTHENE 
2,CDINITROPHENOL 
DIBENZOFURAN 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
CARBAZOLE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 
BENZG(A)ANTHRACENE 
CHRYSENE 
BlS(2-ETHYLHEXYL)PHTHALATE 
BENZG(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(l,2$-CD)PYRENE 

DIBENZG(AH)ANTHRACENE 
BENZO(G,H,I)PERY-LENE 

65-DWOl-00 
04/l 0195 

O-1’ 

ND 
ND 
ND 
ND 
ND 

35 

130 J 
ND 

58 J 
100 J 
860 
190 J 
180 J 

ND 
830 
850 
510 
470 

64 J 
360 J 
510 
400 
310 J 

150 J 
250 J 

TABLE 4-4 

DETECTED ORGANICS IN SURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-DW02-00 
04/09/95 

O-l’ 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

65-DW04-00 
04/05/95 

O-l’ 

ND 
ND 
ND 

25 
ND 
ND 

ND 
150 J 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

65-MW05-00 
04’05/95 

O-1’ 

ND 
10 J 

ND 
I J 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

60 J 
ND 
ND 
ND 
ND 

ND 
ND 

NOTES: @Kg - Microgram per kilogram 
J - value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Clrganics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

65.MWO6-00 65.MW07-00 
04108195 04/04/95 

O-l’ O-l’ 

ND 25 
ND ND 
ND ND 
ND 2J 

ND ND 
ND ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

87 J 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

51 J 
ND 
ND 
ND 
ND 

ND 
ND 

lllQ7l95 65SSOH.WK4 1 



TABLE 4-4 (continued) 

LOCATION 
DATE COLLECTED 
DEPTH 

PESTICIDElFCBS (@Kg) 

HEPTACHLOR EPOXIDE 
4$-DDE 
ENDOSULFAN II 
4,4’-DDD 
4,4’-DDT 
PCB-1260 

65-DWOl-00 
04/10/95 

O-l’ 

ND 
11 

ND 
3.8 J 

ND 
52 J 

DETECTED ORGANICS IN SlJRFACE SOILS 
SITE 65 - ENGINEER AREA DIJMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

6%DW02-00 65-DWO4-00 65-MW05-00 6%MW06-00 
04/09/95 04/05!95 04/05/95 04/08/95 

O-l’ O-l’ O-l’ O-l’ 

ND ND ND ND 
ND ND ND ND 
3.9 J ND 3.8 J ND 

ND ND ND ND 
ND ND ND ND 
ND ND ND ND 

NOTES: upn<g - Microgram per kilogram 
J - value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Organics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

65.MW07-00 
04104/95 

O-I’ 

2.3 
83 J 

ND 
5J 

56 J 
ND 

1 l/O7195 65SSOH.WK4 2 



TABLE 4-4 (continued) 

LOCATION 65-SB06-00 
DATE COLLECTED 04/10/95 
DEPTH O-l’ 

VOLATILES (q/Kg) 
METHYLENE CHLORIDE 
ACETONE 
TRICHLOROETHENE 
TOLUENE 
ETHY LBENZENE 
TOTAL XYLENES 
SEMIVOLATILES (@Kg) 
ACENAPHTHENE 
2,4-DINITROPHENOL 
DIBENZOFLIRAN 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
CARBAZOLE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BENZG(B)FLUORANTHENE 
BENZG(K)FLUORANTHENE 
BENZG(A)PY RENE 
INDENO(l,2,3-CD)PYRENE 
DIBENZO(A,H)ANTHRACENE 
BENZO(G,H,I)PERYLENE 

ND 
ND 

1J 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

74 J 
ND 
ND 
390 J 
210 J 
150 J 
110 J 

110 J 
72 J 
96 J 

120 J 
100 J 
88 J 
45 J 
70 J 

DETECTED ORGANICS IN SURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-SUO7-00 65-SB08-00 65-SB09-00 
04.!08/95 04/l l/95 04/08/95 

O-l’ O-l’ O-I’ 

ND ND ND 
ND ND ND 

ND ND ND 
ND ND ND 

1 J ND ND 
5J ND ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

73 J 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
260 J 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

57 J 

ND 
ND 

ND 
ND 
ND 
ND 

NOTES: ug/Kg - Microgram per kilogram 
J - value is estimated 
ND - Not Detected 

11/07/95 65SSOH.WK4 

All samples were analyzed for TCL Organics per CLP Method. 
Only those parameters with posilive detections are included on this table. For complete results refer to Appendix 0. 

3 

65.SB10-00 
04108195 

O-l’ 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

48 J 

ND 
ND 

ND 
ND 
ND 
ND 

65-SBl l-00 
04/08/95 

O-l’ 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND . 
ND 
ND 
ND 
ND 
ND 
ND 

74 J 

ND 
ND 
ND 
ND 
ND 
ND 



LOCATION 
DATE COLLECTED 
DEPTH 

PESTICIDElPCBS (u&Kg) 
HEPTACHLOR EPOXIDE 
4,4-DDE 
ENDOSULFAN II 
4,4’-DDD 
4,4’-DDT 
PCB-1260 

11107i95 65SSOH.WK4 

65SBO6-00 
04!10!95 

O-1’ 

ND 
47 

ND 
17 J 

ND 
ND 

TABLE 4-4 (contImed) 

DETECTED ORGANICS IN SURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-Of12 
MCB, CAMP LEJEIJNE, NORTH CAROLINA 

65SBO7-00 65SB08-00 65-SB09-00 

04/08/95 04/11/95 04!08/95 
O-l’ O-l’ O-1’ 

ND ND ND 

17 J ND ND 

ND ND ND 
ND ND 31 J 

56 J ND ND 
ND ND ND 

NOTES: u&g - Microgram per kilogram 
J - value is estimated 

ND - Not Detected 
AR samples were analyzed for TCL Organics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

65-SBlO-00 

04/08/95 
O-1’ 

ND 
ND 
ND 

59 J 

ND 
ND 

65-SBl I-00 
04/08/95 

O-l’ 

ND 
4.3 

ND 
16 J 

ND 
ND 



LOCATION 

DATE COLLECTED 
DEPTH 

VOLATILES (u&Kg) 
METHYLENE CHLORIDE 
ACETONE 
TRJCHLOROETHENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 
SEMIVOLATILES (ugiKg) 
ACENAPHTHENE 
2,CDINITROPHENOL 
DIBENZOFURAN 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
CARBAZOLE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(I,Z$CD)PYRENE 
DIBENZO(A,H)ANTHRACENE 
BENZO(G,H,I)PERYLENE 

65-SB12-00 
04/17/95 

O-l’ 

2J 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

59 J 
ND 
ND 
ND 
130 J 
260 J 

76 J 
70 J 

ND 
89 J 

ND 
ND 
ND 
ND 
ND 

TABLE 4-4 (continued) 

DETECTED ORCANICS IN SURFACE SOILS 
SITE 65 ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

NOTES: ug/Kg - Microgram per kilogram 
J - value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Organics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

1 l/O?/95 65SSOH.WK4 5 



LOCATION 
DATE COLLECTED 
DEPTH 

PESTICIDElPCBS (q/Kg) 
HEPTACHLOR EPOXIDE 
4$-DDE 
ENDOSULFAN II 
4,4’-DDD 
4,4’-DDT 
PCB-1260 

65-SB12-00 
04/r//95 

O-I’ 

ND 
75 

ND 
20 J 
25 

ND 

TABLE 4-4 (continued) 

DETECTED ORGANICS IN SURFACE SOILS 
SITE 65 ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

NOTES: ug!Kg - Microgram per kilogram 
J - value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Organics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

1 l/07/95 65SSOH.WK4 6 



TABLE 4-S 

LOCXTION 
DATE-STAMP 
DEPTH 
MOISTURE 

ANALYTES (mg/Kg) 
ALUMINUM 
BARIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

65-DWOl-00 
04/10/95 

O-1’ 
10.74 

5040 
36.3 
806 
8.6 

55.6 
7470 J 

178 J 
169 
163 J 
4.6 

ND 
51.3 
ND 

12 
377 J 

DETECTED METALS IN SURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LFJEUNE, NORTH CAROI,INA 

65DW02-00 
04/09/95 

O-I’ 
9.43 

1350 
5.4 

176 
2.3 
2.5 

773 J 
7.7 J 

32.4 
7.9 J 

ND 
ND 
ND 
ND 
ND 
12.2 J 

65-DW04-00 
04/05/95 

O-l’ 
10.17 

773 1050 
6.9 6.2 

79.3 243 
ND 2.4 
ND ND 
509 1020 

2 3.7 
30.3 42.8 

9.6 8.2 
ND ND 
ND ND 
ND ND 
ND ND 
ND 2.8 
ND 5.3 

65-MW05-00 
04/05/95 

O-l’ 
10.34 

NOTES: u&Kg - MicroSram per kilogram 
J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TAL Metals per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

65-MW06-00 
04lO8f95 

O-1’ 
15.45 

3190 
6.8 

367 
4.1 
3.3 

1300 J 
7.3 J 

88. I 
8J 

ND 
ND 
ND 
ND 
3.4 

13.8 J 

65-MW07-00 
04fO4f95 

O-l’ 
11.66 

1520 
19.2 

3460 
2.3 

ND 
684 
8.6 

82.5 
7.1 

ND 
ND 
56.3 
ND 
ND 
ND 

1 l/07/95 65SSIH.WK4 1 



I 
LOCATION 
DATE-STAMP 
DEPTH 
MOISTURE 

ANALYTES (mg/Kg) 
ALUMINUM 
BARIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

65-SB06-00 
04/10/95 

O-1’ 
19.19 

2140 
17.5 
542 
4.6 
51 

3600 
94.5 

55 
119 
ND 

ND 
ND 
ND 
7.2 
190 

TABLE 4-S (continued) 

DETECT ED METALS IN SURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEXUNE, NORTH CAROLINA 

65-SB07-00 65-SB08-00 65-SBOY-00 
04/08/95 04/l 1195 04/08/Y 5 

O-l’ O-1’ O-l’ 
23.14 7.48 11.86 

6.8 
168 

3 
6 

890 J 
8.8 J 
52 

6.9 J 
ND 

ND 
ND 
ND 
2.9 

9J 

656 2830 4700 4110 
2.7 10.9 11.5 9.9 
121 554 514 470 

ND 4.6 6.8 6.3 

ND 15 10 9 
597 2110 J 2010 J 2050 J 
2.5 40.9 J 20.4 J 15.4 J 

28.5 97.1 187 143 
2.9 19.1 19.3 J 17.6 J 

ND ND ND ND 
ND ND ND 248 
ND ND ND ND 
ND ND 2.3 ND 
ND 3.2 5.1 4.8 
3.7 39.7 J 33.2 J 24 J 

NOTES: ugKg - Microgram per kilogram 
J - Value is estimated 
ND - Not Detected 

All samples were analyzed for TAL Metals per CLP Method. 
Only those parametti with positive detections are included on this table. For complete results refet to Appendix 0. 

65-SBl0-00 65-SBl l-00 
04/08/95 04/08/Y 5 

O-l’ O-l’ 
13.86 18.31 

11107195 65SSIH.WK4 2 



TABLE 4-5 (continued) 

LOCATION 
DATE-STAMP 

DEPTH 
MOWIJRE 

ANALYTES (mg/Kg) 
ALLIMINUM 
BARIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

DETECTED METALS IN SURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-SBlZ-00 
04/17/95 

O-1’ 
9.13 

2940 
12.6 
729 
4.8 

42.3 
16400 

117 
54.8 
75.4 

5.7 
ND 
ND 
ND 
5.1 
110 

NOTES: ug/Kg - Microgram per kilogram 
J - Value is estimated 
ND - Not Detected 
Al samples were analyzed for TAL Metals per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 



TABLE 4-6 

LOCATION 
DATE COLLECTED 
DEPTH 

VOLATILES (q/Kg) 
ACETONE 
2-BL!ANONE 

TRICHLOROETHENE 
TOLUENE 
TOTAL XYLENES 
SEMIVOLATILES @Kg) 
ACENAPHTHENE 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
CARBAZOLE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BEN.ZO(B)FLUORANTHENE 

BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(l,2,3-CD)PYRENE 
BENZO(G,H,I)PERYLENE 
PESTICIDEmCBS (@Kg) 
4$-DDE 
4,4’-DDD 
ENDRIN ALDEHYDE 
ALPHA CHLORDANE 
GAMMA CHLORDANE 

1 l/07/95 65SBOH.WK4 

65-DW01-04 
04/10/95 

7-9’ 

ND 
ND 

ND 
ND 

35 

DETECTED ORGANICS IN SUBSURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, 0.0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-DW02-02 
04/09/95 

3-5’ 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
370 
ND 

ND 
ND 
ND 
ND 

8.8 J 
4.4 J 
9.4 J 

ND 
ND 

380 
ND 

ND 
ND 

I J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

65 J 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

65-DW04-05 
04/05/95 

9-1 I’ 

180 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

65-MW05-04 
04/05/95 

7-9’ 

10 J 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

96 J 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

NOTES: @Kg - Microgram per kilogram 
J - Value is estimated 
ND - Not Detected 

All samples were analyzed for TCL Organics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

1 

65-MW06-03 
04/08/95 

5-7’ 

ND 
ND 

ND 
ND 

I J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

49 J 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

65-MW07-05 
04104l95 

9-11’ 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

61 J 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 



TABLE 4-6 (continued) 

DETECTED ORGANICS IN SUBSURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

LOCATION 
DATE COLLECTED 
DEPTH 

65-SBO6-02 65-SB07-04 

04/10/95 04/08/95 
3-S 7-9 

65-SB08-04 65-SBO9-02 
04!1 l/95 04/08/95 

7-9 3-5’ 

VOLATILES @g/Kg) 
ACETONE 
2-BUTANONE 
TRICHMROETHENE 
TOLUENE 
TOTAL XYLENES 
SEMIVOLATILES (ug/Kg) 
ACENAPHTHENE 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
CARBAZOLE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 

BENZO(A)ANTHRACENE 
CHRYSENE 
BlS(2-ETHYLHEXYL)PHTHALATE 
BENZG(B)FLUORANTHENE 
BENZG(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENCJ(l,2,3CD)PYRENE 
BENZG(G,H,I)PERYLENE 

PESTICIDEiPCBS (@Kg) 
4,4’-DDE 
4,4’-DDD 
ENDRIN ALDEHYDE 
ALPHA CHLORDANE 
GAMMA CHLORDANE 

ND 79 
ND ND 
ND 25 
ND ND 
ND ND 

97 J ND 
110 J ND 

1200 ND 
290 J ND 
120 J ND 
340 J ND 

1900 ND 
1400 ND 

900 ND 
800 ND 
110 J 90 J 
710 ND 
620 ND 
680 ND 
480 J ND 
360 J ND 

41 ND 
9.1 J ND 

ND ND 
8.3 J ND 
7.5 J ND 

ND 
ND 
ND 
ND 
ND 

31 
45 

ND 
ND 

2J 

ND 
ND 
ND 
ND 
ND 
240 J 
ND 
ND 
ND 
ND 

95 J 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

81 J 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

13 

68 J 
ND 
ND 
ND 

NOTES: ug!Kg - Microgram per kilogram 
J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Grganics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refw to Appendix 0. 

65-SB10-01 
04/08/95 

l-3’ 

26 
25 

ND 
ND 

35 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

93 J 
ND 
ND 
ND 
ND 
ND 

4.6 

76 J 
ND 
ND 
ND 

65-SBI I-04 
04/08/95 

7-9’ 

37 
ND 
ND 

IJ 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
110 J 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

11/07/95 65SBOH.WK4 2 



LOCATION 
DATE COLLECTED 
DEPTH 

VOLATILES (@Kg) 

ACETONE 
Z-BUTANONE 
TRICHLOROETHENE 
TOLUENE 
TOTAL XYLENES 
SEMIVOLATILES (@Kg) 

ACENAPHTHENE 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
CARBAZOLE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
CHRYSENE 

BIS(2-ETHYLHEXYLjPHTHALATE 
BEtiZO(B)FLUORAN~HENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(l,2,3-CD)PYRENE 
BENZO(G,H,I)PERYLENE 
PESTICIDElPCBS (@Kg) 

4$-DDE 
4,4’-DDD 
ENDRIN ALDEHYDE 
ALPHA CHLORDANE 
GAMMA CHLORDANE 

1 l/07/96 65SBOH.WK4 

65.SB12-05 
04/17/95 

9-11’ 

ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

TABLE 4-6 (continued) 

DETECTED 0RG;INICS IN SUBSURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CT0312 
MCB, CAMP LFJEUNE, NORTH CAROLINA 

ND 
ND 
ND 
ND 
ND 

NOTES: @Kg - Microgram per kilogram 
J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Orgauics per CLP Method. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 
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TABLE 4-7 

LOCATION 
DATE COLLECTED 
DEPTH 
MOISTURE 

ANALYTES (@Kg) 
ALUMINUM 
ARSENIC 
BARIUM 
CADMIUM 
CALCluM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

65-DWOl-04 
04llOl95 

l-9 
13.13 

4840 
ND 
35.5 
ND 
1040 
10.8 
55.8 

9120 .I 
159 J 
159 
127 J 
8.9 

ND 

ND 
ND 
9.8 

302 J 

DETECTED METALS IN SUBSURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-DW02-02 6%DW04-05 65-MW05-04 65.MW06-03 
04/09/95 04/05/95 04/05/95 04/08/95 

3-5’ 9-l 1’ 7-9 5-T 
16.36 4.68 14.25 9.72 

1020 
ND 
5.6 

ND 
320 
ND 
ND 

1250 J 
2.9 J 

23.8 
4.8 J 

ND 
ND 
ND 
ND 
ND 
4.2 J 

4560 
ND 
10.9 
ND 
111 
5.7 

ND 
925 
2.7 
192 
5.6 

ND 
ND 

69.9 
ND 
4.1 

ND 

1380 
ND 
2.7 

ND 
ND 
2.8 

ND 
686 
1.6 

83.1 
3 

ND 
ND 
ND 
ND 
3.1 

ND 

NOTES: men<g - Milligram per kilogram 
J - Value is estimated 
ND - Not Detected 

All samples were analyzed for TAL Metals per CLP Method. 
Only those parameters with positive detection are included on this table. For complete results refer to appendix 0. 

3790 
ND 
3.3 

ND 
208 
2.6 

ND 
236 J 
2.1 J 
102 
3.2 J 

ND 
ND 

ND 
ND 
ND 
2.5 J 

65-MW07-05 
04/04/95 

9-l 1’ 
13.65 

1050 
ND 
3.5 

ND 
90.6 

ND 
ND 
412 
1.7 

67.1 
2 

ND 
ND 

ND 
ND 
ND 
ND 

1 l/07/95 65SBIH.WK4 



LOCATION 
DATE COLLECTED 
DEPTH 
MOISTURE 

ANALYTES (m&Kg) 
ALUMINUM 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COPPER 

IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

65SB06-02 
0411 o/95 

3-S 
19.19 

4340 10600 3190 
3.3 2.8 ND 

38.3 17.5 6.4 
1.3 ND ND 

1350 49.8 103 
10.4 17.3 7.3 
478 ND ND 

31300 8890 J 7850 
539 6.9 J 3.6 
180 410 223 
471 3.7 J 2.7 
243 ND ND 
ND 453 292 
63.9 130 50.8 

4.2 ND ND 
11.1 27.2 10.5 
764 7.8 J 5.3 

TABLE 4-7 (continued) 

DETECTED METALS IN SUBSURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, C-TO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-SB07-04 65-SBOS-04 65-SB09-02 
04/08/95 04/l l/95 04/08/95 

7-9 7-9’ 3-S 
26.15 19.45 10.99 

5730 4720 6440 

ND ND ND 
16.4 Il.6 9.4 
ND ND ND 
628 511 219 
7.8 6.4 7.7 

11.5 12.2 ND 
2450 J 2610 J 1570 J 
24.6 J 19.1 J 3.4 J 
201 183 309 
21.1 J 15.1 J 3.4 J 
ND ND ND 
253 ND 284 
ND ND ND 
ND ND ND 

5 5.9 6.2 
44.7 J 41.7 J 15.2 J 

NOTES: mg/Kg - Milligram per kilogram 
J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TAL Metals per CLP Method. 
Only those parameters with positive detection are included on this table. For complete results refet to appendix 0. 

1 llCl7i95 65SBIH.WK4 2 

65-SBIO-01 
04/08/95 

l-3 
12.23 

65-SBI l-04 
04/08/95 

7-9’ 
15.06 



LOCATION 6S-SBlZ-05 
DATE COLLECTED 04/17/95 
DEPTH 9-1 I’ 
MOISTURE 10.3 

ANALYTES (mg/Kg) 
ALUMINUM 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 

SODIUM 
THALLIUM 
VANADIUM 
ZINC 

1 l/07/95 65SBIH.WK4 

5190 
ND 
10.1 
ND 
587 
4.8 

ND 
1010 

3.1 
122 
4.9 

ND 
ND 

ND 
ND 
3.5 
5.5 

TABLE 4-7 (continued) 

DETECTED METALS IN SUBSURFACE SOILS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

NOTES: mg/Kg - Milligram per kilogram 
J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TAL Metals per CLP Method. 
Only those parameters with positive detection are included on this table. For complete results refer to appendix 0. 
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TABLE 4-8 

DETECTED ORGANICS IN SUBSURFACE SOHS (TEST PITS) 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CIW-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-TP02 
05/08/95 

6%TP04 
05lO7l95 

65-TPOS 6%TP06 6S-TP07 
05lO7l9S 05/08/95 05/07/95 

LOCATION 65-TPO 1 
DATE SAMPLED 05/07/95 

VOLATILES (@Kg) 
ACETONE 
CARBON DISULFIDE 
2-BUTANONE 
SEMIVOLATILES (u&Kg) 
NAPHTHALENE 
2-METHYLNAPHTHALENE 
ACENAPHTHENE 
DIBENZOFURAN 
PHENANTHRENE 
DI-N-BUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 
BENZG(A)ANTHRACENE 
CHRYSENE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BENZG(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZG(A)PYRENE 
BENZG(G,H,I)PERYLENE 
PESTICIDElPCBS (ug/Kg) 
ENDGSULFAN I 
4,4’-DDE 
4,4’-DDD 
4,4’-DDT 
GAMMA CHLORDANE 

210 9J 
ND ND 

29 ND 

7J 
ND 
ND 

12 
ND 
ND 

46 25 
ND 2J 
ND ND 

55 J 
60 J 
94 J 
42 J 

150 J 
270 J 
230 J 
190 J 
100 J 
110 J 
230 J 

96 J 
110 J 
69 J 
67 J 

ND 
ND 
ND 
ND 
ND 
280 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
250 J 
ND 
ND 
ND 
ND 

37 J 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
200 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
160 J 
ND 
ND 
ND 
ND 

49 J 
ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 
ND 
210 J 
ND 
ND 
ND 
ND 

39 J 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
43 J 

110 
40 

35 

ND 
ND 
ND 
ND 
ND 

ND 
28 
7.3 J 
15 

ND 

3.1 J 
38 J 

340 J 
9.6 

ND 

45 J 
140 
31 
3.1 J 

NOTES: @Kg - Microgram per kilogram 
J - Value is estimated 

ND - Not Detected 
TP - Sample was collected from a test pit excavation. 
All samples were analyzed for TCL Grganics per CLP Methods. 
Only those samples with positive detections are included on this table . For complete results refer to Appendix 0. 

65TPOH.WK4 1 l/06/95 1 



TABLE 4-9 

LOCATION 
DATE SAMPLED 

ANALYTES (m&Kg) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIVM 

CADMIUM 
CALClUhi 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 

MANGANESE 
NICKEL 
SELENIUM 
SILVER 
SODIUhl 
VANADIUM 
ZINC 

65-TPOl 
05/01/95 

2750 
ND 

ND 
4.2 

ND 
259 
ND 
ND 
ND 
571 
3.7 

57.7 
10.1 
ND 
ND 
ND 
ND 
ND 
11.4 

DETECTED METALS IN SUBSURFACE SOILS (TEST PITS) 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTG-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-TP02 65-TP04 65-TPO5 

05/08/95 05/o-l/95 05lOll95 

4740 5030 
ND ND 
ND 2.6 
9.9 21.6 

ND 1.3 
439 847 
4.4 8.5 

ND ND 
7.7 61.4 

1010 4290 

12.1 129 
80.7 193 
.11.5 132 
ND ND 
ND ND 
ND ND 
ND ND 
3.4 8.9 

30.6 480 

5730 2590 
ND ND 

ND ND 
34.7 6.4 
ND ND 

1270 130 
6.6 3.2 

ND ND 
29.4 ND 

3640 992 
59.2 4.9 
223 82.1 
60.2 13.3 
ND ND 
ND ND 
ND ND 
110 ND 
5.3 3.5 

158 10.1 

NOTES: u&g - Microgram per kilogram 
ND - Not Detected 
TP - Sample was collected from a test pit excavation. 
All samples were analyzed for TAL Metals per CLP Methods. 
OnI!, those samples with positive detections are included on this table. For complete results refer to Appendix 0. 

65-TP06 
05/08/95 

65-TP07 
05/07/95 

3680 
11.8 
ND 
31.8 
ND 
1230 

8.2 
11.5 
672 

9170 
210 
136 
223 
4.8 
1.5 
4.2 

ND 
9.1 
418 

I 65TPIH.WK4 11107/95 1 



TABLE 4-10 

LOCATION 
DATE COLLECTED 

VOLATILES (q/L) 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
I ,2-DICHLOROETHANE 
2-BUTANONE 
SEMIVOLATILES @g/L) 
NAPHTHALENE 
DI-N-BL’TYL PHTHALATE 
BIS(2-ETHYLHEXYL)PHTHALATE 

DETEmED ORGANICS IN GROUNDWATER 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEt!NE, NORTH CAROLINA 

65-DWOI-01 65-DW02-01 6%DW02-02 65-DW04-01 65-MWOl-01 
05/08/95 05/09/95 05/I 8195 OS/l 6/95 05/08/95 

ND 
ND 
ND 

2J 
ND 

ND ND 
ND 35 

IJ 43 

1 J 
5J 

ND 
25 

ND 

ND 
5J 

ND 
ND 

ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

35 
ND 
ND 

NOTES: ug/L - Microgram per liter 
J - Value is estimated 
ND - Not Detected 
DW - Sample was collected from a deep well (ie, upper portion ofcastle Hayne Aquifer). 
MW - Sample was collected from a shallow well (ie, surlicial aquifer). 
All samples were analyzed for TCL Organics per CLP Methods. 
Only those samples with positive detections are included on this table. For complete results refer to Appendix 0. 

ND 
ND 
ND 

2J 
ND 

ND 
ND 

IJ 

65-MW02-01 6%MW03-01 
05/09/95 05/09/95 

IJ IJ 
5J 7J 

ND ND 
ND 2J 

ND I J 

ND ND 
ND 2J 
ND 25 

I 1 lltX’l95 65GWOH.WK4 



TABLE 4-10 (contbuwd) 

LOCATION 
DATE COLLECTED 

VOLATILES tug/L) 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1,2-DJCHLOROETHANE 
2-BUTANONE 
SEMIVOLATILES (q/L) 
NAPHTHALENE 
DI-N-BUTYL PHTHALATE 
BIS(2ETHYLHEXYL)PHTHALATE 

65-MW04-01 
05/16/95 

ND 
ND 

SJ 
25 

ND 

ND 
ND 
ND 

DETECT ED ORGANICS IN GROUNDWATER 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LFJEIJNE, NORTH CAROLINA 

65-MW05-01 
05/09/95 

1J 2J 
5J 75 

ND ND 
25 25 
1 J 1J 

ND ND 
ND ND 
ND ND 

6S-MW06-01 65-MW07-01 
05/09/95 05/09195 

I J 
5J 

ND 
25 

ND 

ND 
6J 
65 

. 

NOTES: ugfL - Microgram per liter 
J - Value is estimated 
ND - Not Detected 
DW - Sample was collected from a deep well (ie, upper portion of Castle Haye Aquifer). 
MW - Sample was collected from a shallow well (ie, surficial aquifer). 
Ah samples were analyzed for TCL Organics per CLP Methods. 
Only those samples with positive detections are included on this table. For complete results refer to Appendix 0. 
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TABLE 4-11 

LOCATJON 
DATE COLLECTED 

ANALYTES (ug/L) 

ALUMINUM 
BARIUM 
CAJCIUM 
CHROMIUM 
COBALT 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
ZINC 

65-DWOl-01 
05/08/95 

233 ND ND 
ND 33.6 32.6 

52000 107000 116000 
ND ND ND 
ND 40.9 52.4 
84.4 2060 2300 
ND ND ND 

2030 6120 6400 
4.2 172 186 

ND 53.1 59.6 
3000 2150 2340 
6720 11000 11500 
19.4 27.6 58.9 

DETECFED METALS IN GROUNDWATER 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CI’O-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-DWOZ-01 65-DW02-02 65-DW04-0 I 
osto9/95 05118195 OS/l6195 

322 ND 68.5 
17.9 54.6 27.7 

33600 146000 58200 
ND JO.2 ND 

ND 20.1 ND 
557 253 6580 
3.4 ND ND 

I200 16200 2470 

15.7 178 20.1 
ND ND ND 

2440 5790 1590 
8240 10700 6350 

31.8 19.1 20.5 

NOTES: ug/L - Microgram per liter 
ND - Not Detected 
DW - Sample was collected from a deep well (ie, upper portion of Castle Hayne Aquifer). 
MW - Sample was cokcted from a shallow well (ie, surticial aquifer). 
AR samples were analyzed for TAL Metals per CLP Methods. 
Only those samples with positive detections are included on this table. For complete results refer to Appendix 0. 

65-MW01-01 
05/08/95 

65-MW02-01 
05/09/95 
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LOCATION 
DATE COLLECTED 

ANALYTES @g/L) 
ALUMINUM 
BARIUM 
CALCIUM 
CHROMIUM 
COBALT 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
ZINC 

65MW03-01 
05fO9f95 

ND 121 40.3 
151 21 35.3 

50500 2820 21100 
10 ND ND 

ND ND ND 
41.9 ND 232 
ND ND ND 

5160 2550 7810 
6.6 3 52.8 

ND ND ND 
3650 ND 4030 
5620 5880 11400 

11 ND 22.5 

TABLE 4-11 (continued) 

DETECTED METALS IN GROlJNDWATER 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

65MWO4-01 65-MW05-01 65-MW06-01 
OS/l 6195 05/09/95 05/09/95 

421 138 
25.8 44.3 
2700 30400 

ND ND 
ND 20.4 
1730 99.4 

ND ND 
2890 8160 
28.7 87.8 
ND ND 

1200 7940 
16400 9390 

17.8 14.5 

NOTES: ug/L - Microgram per liter 
ND - Not Detected 
DW - Sample was collected from a deep well (ie, upper portion ofCastle Hayne Aquifer). 
MW - Sample was collected from a shallow well (ie, surticial aquifer). 
All samples were analyzed for TAL Metals per CLP Methods. 
Only those samples with positive detections are included on this table. For complete results refer to Appendix 0. 

65-MW07-01 
05/09/95 

65-MWOIF-01 
05/08/95 

ND 
61.4 

161000 
ND 
ND 
187 
ND 

18300 
182 

ND 
6220 

11900 

ND 
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LOC.ATION 
DATE COLLECTED 

VOLATILES (US/L) 
ACETONE 
I ,2-DICHLOROETHANE 

1 l/07/95 65SWOH.WK4 

TABLE 4-12 

DETECTED ORGANICS IN SURFACE WATER 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-SWO4-01 65SW0501 
05/l 5195 05/16/95 

5J ND 
1J 1 J 

NOTES: ug& - Microgram per liter 
J - Value is estimated 
ND - Not Detected 
Ah samples were analyxd for TCL Organin per CLP Methods. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 
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LOCATION 
DATE COLLECTED 

ANALYTES (II@) 
ALUMINUM 

RARHJM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM 
VANADIUM 
ZINC 

1 l/07/95 65SWIH.WK4 

6%SWO4-01 
05/l 5195 

25800 ND 
69.3 36.7 

12000 26800 
27.6 ND 
41.1 ND 
7890 348 
45.8 ND 

2060 2520 
88.4 57.3 

2970 ND 

3330 6320 
26.2 ND 
144 33.6 

TABLE 4-13 

DETECTED METALS IN SURFACE WATER 
SITE 65 - ENGINEER AREA DIJMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-SWOS-01 
OS/i 6195 

NOTES: ug/L - Microgram per liter 
ND - Not Detected 
All samples were analyzed for TAL Metals per CLP Methods. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 

1 



TABLE 4-14 

LOCATION 
DATE COLLECTED 
DEPTH 

VOLATILES @g/Kg) 
ACETONE 
CHLOROFORM 
2-BUTANONE 
CARBON TETRACHLORIDE 
TETRACHLOROETHENE 
TOLUENE 
SEMIVOLATILES (@Kg) 
DI-N-BUTYL PHTHALATE 
PESTICIDFJPCBS (uglKg) 
BETA-BHC 
4$-DDE 
4,4’-DDD 

65-SD04-06 
05116/95 

O-6” 

220 J 
79 J 
94 J 
18 J 
15 J 
73 

1400 J 

ND 
18 J 
76 J 

DETECTED ORGANICS IN SEDIMENTS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-SDO4-6 12 65-SDOS-06 65SDOS-612 
OSll6/95 05117/95 05117/95 

6-12” O-6” 6-12” 

190 J 260 J 450 J 
ND ND ND 

79 72 J 88 
13 J ND ND 
65 ND ND 

ND 65 3J 

1600 J 1200 J 940 J 

8.3 J ND ND 
ND 19 J ND 
ND 84 J ND 

NOTES: @Kg- Microgram per kilogram 

J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Organin per CLP Methods. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 
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LOCATION 
DATE COLLECTED 

DEPTH 

ANALYTES (mg/Kg) 
ALUMINUM 
ANTIMONY 
BARIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM 
VANADIUM 
ZINC 

65.SDO4-06 
05116/95 

O-6” 

37000 J 
46.6 J 
110 

4470 
43.6 J 
36.3 
100 J 

14600 J 
176 J 

1140 
126 J 

1410 
203 

40.5 
280 J 

TABLE 4-15 

DETECTED METALS IN SEDIMENTS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LWFXJNE, NORTH CAROLINA 

6S-SD04-612 65-SW%06 6S-SDOS-612 

OS/16/9S 05/17/95 OYl7/95 
6-12” O-6” 6-l 2” 

10900 J 
ND 
94.2 

2470 
9.8 J 

ND 
21.4 J 

3250 J 
38.5 J 
674 
37.4 J 
ND 
177 
ND 
56.3 J 

3090 
ND 
86. I 

4640 
ND 
ND 
8.2 

985 
23.9 
ND 
38.7 

ND 
139 
ND 
36.5 

394 
ND 
13.6 
322 
ND 
ND 
ND 
414 
ND 
94.8 
25.6 
ND 
ND 
ND 
7.9 

NOTES: mpn<g- Milligram per kilogram 
J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TAL Metals per CLP Methods. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 
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TABLE 4-16 

SAMI’LE ID 
METHOD 
DATE COLLECTED 

VOLATILES (@Kg) 
ACETONE 
PESTICIDE/PCBS (@Kg) 
4/l’-DDD 

65-FS04-BGOlF 

DETECTED ORGANICS IN PISH (FILLET) 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, 0’0-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-FSOS-BGOl F 65-FS05-LBOIF 65-FSO5-RSOl F 
8240 8240 8240 8240 

05/17/95 OS/ I6195 05116/95 05/l 6195 

ND 

5.7 J 

5600 J 7900 J ND 

ND ND ND 

NOTES: @Kg - Microgram per kilogram 
J - Value is estimated 
ND - Not Detected 
All samples were analyzed for TCL Organin per CLP Methods. 
Only those parameters with positive detections are included on this table. For complete results refer to Appendix 0. 
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SAMPLE ID. 
METHOD 
DATE COLLECTED 

ANALYTES (mg/Kg) 
ALUMINUM 
BARIUM 
CALCIUM 
COPPER 
MAGNESIUM 
MANGANESE 
MERCURI- 
POTASSIUM 
SELENIUM 
SODIUM 
THALLIUM 
ZINC 

65FS04-BGOIF 
CLP 

OS/l 7J95 

ND 
0.21 J 
2100 J 
0.49 
298 J 
0.45 J 
0.22 J 
2700 J 
0.22 
869 

0.11 
8.1 J 

TABLE 4-11 

DETECTED METALS IN FISH (FILLET) 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, COT-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-FSO5-BGOI F 
CLP 

05/16/95 

ND 
ND 
560 J 

0.46 
299 J 
0.22 J 
0.07 J 
3220 J 
0.15 
708 
ND 
8.4 J 

65-FS05-LB0 1 F 
CLP 

05/16/95 

0.99 
ND 
399 J 
ND 
290 J 

0.092 J 
0.3 J 

3540 J 
0.16 
441 
0.11 

5.8 J 

65FS05-RSOIF 

CLP 
05/16/95 

ND 
ND 
385 J 
ND 
293 J 

0.14 J 
0.051 J 
3520 J 
0.14 
620 
0.11 

8.2 J 

NOTES: mgn<g - MiIIigram per kilogram 
J - Value is estimated 
ND - Not Detected 
AR samples were analyzed for TAL Metals per CLP Methods. 
Only those parameters with positive detections are included in this table. For complete results refer to Appendix 0. 
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SAMPLE ID. 

METHOD 
DATE COLLECTED 

VOLATILES @g/kg) 
METHYLENE CHLORIDE 
ACETONE 
2-BUTANONE (MEK) 
TOLUENE 
I’ESTICIDEG’CBS (u&kg) 
4,4’-DDE 

4,4’-DDD 

65FSO4-BGOI W 
8240 

051llf95 

ND 
ND 
ND 
ND 

15 J 
40 J 

TABLE 4-18 

DETECT ED ORGANICS IN FISH (WHOLE BODV) 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, Cl-O-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

65FS04-RSO I W 65-FS05-BGOl W 65-FSO5-LB01 W 65-FS05-RSOI W 

8240 8240 8240 8240 

05f17f95 05f 16f95 05116f95 05116f95 

1000 J ND ND ND 
ND 1400000 J 690000 J 27000 

ND ND ND 560 J 
ND ND 5000 J ND 

ND ND ND ND 

6.9 J ND ND ND 

NOTES: tug/Kg - Microgram per kilogram 
J - Value is estimated 
ND - Not Detected 
AI1 samples were analyzed for TCL Organics per CLP Methods. 
Only those parameters with positive detections are included in this table. For complete results refer to Appendix 0. 
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SAh4PLE ID. 
METHOD 
DATE COLLECTED 

ANALYTES (mb/Kg) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CAJXRJM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
POTASSIUM 
SELENIUUM 

SODIUM 
THALLIUM 
ZINC 

65FS04-BGO 1 W 65-FS04-RSO 1 W 
CLP CLP 

0507195 05117195 

18.8 J 
ND 
0.15 J 

1.8 J 
ND 

19600 J 
1.1 

22.9 J 
0.17 
557 J 
3.6 J 

ND 
2580 J 
0.42 

1260 
0.12 
26.2 J 

TABLE 4-19 

DETECI’ED METALS IN FISH (WHOLE BODY) 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, COT-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

18 J 
1.5 

ND 
2.9 J 

ND 
42500 J 

ND 
24.4 J 
0.49 
951 J 
4.1 J 

0.11 J 
1850 J 
0.17 
2400 
0.11 
31.5 J 

65-FS05-BGOl W 
CLP 

05116195 

ND 
1.1 

ND 
1.8 J 

0.028 
22600 J 

ND 
7.8 J 

ND 
538 J 
4.9 J 

ND 
2790 J 
0.16 
1250 
0.11 
26.6 J 

65FSOS-LB01 W 
CLP 

05/16/95 

9.6 J 
1.4 

ND 
1.3 J 

ND 
22400 J 

ND 
26.1 J 
ND 
593 J 
2.3 J 

0.11 J 
2860 J 
0.33 

1160 
0.11 
14.8 J 

NOTES: m&Kg - h4illigram per kilogram 
J - Value is estimated 
ND - Not Detected 

1 i/07/95 65FWMH.WK4 

All samples were analyzed for TAL Metals per CLP Methods. 
Only those parameters with positive detections are included in this table. For complete results refer to Appendix 0. 
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65-FSO5.RSOl W 
CLP 

05116195 

ND 
1.1 

ND 
0.44 J 
ND 

8840 J ~ 
8.6 

11.8 J 
0.33 
370 J 

1J 
ND 

2740 J 
0.32 

992 
0.1 I 
23.3 J 





. .  

- .  

. .  
. . , .. . .. . 
...- I . : .. . .. . . 
,. ..~.;': ~. .. 

.' .. , .>>. *,. 
. .  





Baker 





3aker 
!mnmm 





. . .  . .  
~ . .  ~. . .  

. .  . .  . .  . .  . .  ~~ 

~ ~ . .  
~~ 

~. . .  
~~ 



3aker 





- 
Baker 



5.0 CONTAMINANT FATE AND TRANSPORT 

The potential for a contaminant to migrate and persist in an environmental medium is critical when 
evaluating the potential for a chemical to elicit an adverse human health or ecological effect. The 
environmental mobility of a chemical is influenced by its physical and chemical properties, the 
physical characteristics of the site, and the site chemistry. This section presents a discussion of the 
various physical and chemical properties of contaminants detected at OU No. 9, Site 65, that impact 
the fate and transport of the contaminants in the environment. The basis for this discussion of 
contaminant fate and transport is presented in Section 4.0, Nature and Extent of Contamination. 

5.1 

Table 5-l presents the physical and chemical properties associated with a representative group of 
organic contaminants detected at the site which determine inherent environmental mobility and fate. 
These properties include: 

0 Vapor pressure 
0 Water solubility 
0 OctanoVwater partition coefficient 
0 Organic carbon partition coefficient 
0 Specific gravity 
l Henry’s Law constant 
0 Mobility index 

A discussion of the environmental significance of each of these properties follows. 

Vauor nressure provides an indication of the rate at which a chemical may volatilize. It is of primary 

significance at environmental interfaces such as surface soil/air and surface water/air. Volatilization 
is not as important when evaluating groundwater and subsurface soils. Vapor pressure for 
monocyclic aromatics are generally higher than vapor pressures for PAHs. Contaminants with 
higher vapor pressures will enter the atmosphere at a quicker rate than the contaminants with low 
vapor pressures. 

The rate at which a contaminant is leached from soil by infiltrating precipitation is proportional to 
its water solubility. More soluble contaminants are usually more readily leached than less soluble 
contaminants. The water solubilities indicate that the volatile organic contaminants, including 
monocyclic aromatics, are usually several orders-of-magnitude more soluble than PAHs. 

. 
The 0ctanoWwater partition coefficient (I& ,,J is a measure of the equilibrium partitioning of 
contaminants between octanol and water. A linear relationship between octanovwater partition 
coefftcient and the uptake of chemicals by fatty tissues of animal and human receptors (the 
bioconcentration factor - BCF) has been established (Lyman et al., 1982). The coefficient is also 
useful in characterizing the sorption of compounds by organic soils where experimental values are 
not available. 

The organic carbon uartition coefficient &,J indicates the tendency of an organic chemical to 
adhere to soil particles. Contaminants with high soiVsediment partition coefficients generally have 
low water solubilities and vice versa. For example, contaminants such as PAHs are relatively 
immobile in the environment and are preferentially bound to the soil. The compounds are not 
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subject to aqueous transport to the extent of compounds with higher water solubilities. Erosional 
properties of surface soils may; however, enhance the mobility of these bound soils contaminants. 

Snecific era&y is the ratio of the weight of a given volume of pure chemical at a specified 
temperature to the weight of the same volume of water at a given temperature. Its primary use is 
to determine whether a contaminant will have a tendency to float or sink (as an immiscible liquid) 
in water, if it exceeds its corresponding water solubility. 

Vapor pressure and water solubility are of use in determining volatilization rates from surface water 
bodies and from groundwater. These two parameters can be used to estimate an equilibrium 
concentration of a contaminant in the water phase and in the air directly above the water. This can 
be expressed as Benrv’s J SW Cons-. 

A quantitative assessment of mobility has been developed that uses water solubility (S), vapor 
pressure (VP), and organic carbon partition coefficient &) (Laskowski, 1983). This value is 
referred to as the Mobilitv Index (MI). It is defined as: 

MI = log((s*vP)&) 

A scale to evaluate MI is presented by Ford and Gurba (1984): 

)Mobilitv Des&don 

>5 extremely mobile 
0 to 5 very mobile 
-5 to 0 slightly mobile 
-10 to -5 immobile 
< -10 very immobile 

5.2 Contaminant TransDort Pathwavs 

Based on the evaluation of existing conditions at Site 65, the following potential contaminant 
transport pathways have been identified: 

0 Erosion of contaminated soils and transportation of the soils to surface water and 
sediment. 

0 Off-site atmospheric deposition of windblown dust. 
l Leaching of sediment contaminants to surface water. 
0 Leaching of soil contaminants to groundwater. 
0 Migration of groundwater contaminants off site. 
0 Groundwater infiltration from the shallow aquifer to the deep aquifer. 
0 Groundwater discharge to surface water. 

Contaminants released to the environment could also undergo the following during transportation: 

l Physical transformations: volatilization, precipitation 
0 Chemical transformations: photolysis, hydrolysis, oxidation, reduction 
0 Biological transformation: biodegradation 
0 Accumulation in one or more media 
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The following paragraphs describe the potential transport pathways listed above. 

5.2.1 Erosion of Contaminated Soils and Transportation to Surface Water and Sediment 

Surface water run-off can transport contaminated surface soils from the site to a surface water body, 
contaminating the surface water and/or sediment. This is influenced by the velocity of the surface 
water run-off; vegetation; grain size of the soils, solubility of the contaminants; distance to the water 
body and the proximity of the contaminated soils to the water body. 

The majority of Site 65 is covered with vegetation, except the heavy equipment training area located 
directly west of Courthouse Bay Pond and Powerline Pond. Erosion is likely to occur in the training 
area carrying potential contaminants to Courthouse Bay Pond or other portions of the site. However, 
surface and subsurface soils are primarily sand, indicating that a high probability exists that most 
of the rainfall will infiltrate the soils and become groundwater. 

5.2.2 Off-Site Deposition of Windblown Dust 

Wind can act as a contaminant transport pathway agent by eroding exposed soil and exposed 
sediment and blowing it off site. This is influenced by: wind velocity, the grain size/density of the 
soil/sediment particles and the amount of vegetative cover over the soil or sediment. 

The majority of Site 65 is covered with vegetation and, therefore would not be susceptible to wind 
erosion. However, the training area would be very susceptible and would be the suspected source 
area of any airborne contaminant. 

5.2.3 Contaminant Transfer Between Sediments and Surface Water 

When in contact with surface water, contaminants attached to sediment particles can disassociate 
from the sediment particle into surface water or visa versa. This is primarily influenced by the 
physical and chemical properties of the contaminant, (i.e., water solubility, u and the physical and 
chemical properties of the sediment particle (i.e., grain size, f,). 

Surface water sample analytical results indicate that there has not been significant leaching of 
sediment contaminants into surface water (Section 4.0), based on the infrequent occurrence and level 
of contamination. However, the concentrations of elemental contamination observed in the 
sediments may have originated by evaporation of surface water causing precipitation of the elements 
into the sediments. 

5.2.4 Leaching of Soil Contaminants to Groundwater 

Contaminants that adhere to soil particles or have accumulated in soil pore spaces can leach and 
migrate vertically to the groundwater. This is influenced by the depth to the water table, 
precipitation, infiltration, physical and chemical properties of the soil, and physical and chemical 
properties of the contaminant. 

Groundwater samples were collected from shallow, and deep monitoring wells at Site 65. The 
groundwater analytical results can be compared to soil sample analytical results to determine if 
contaminants detected in soil have migrated or may migrate in the future, to underlying 
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groundwater. The analytical results indicate that contamination residing within the soils do not 
appear to have leached into groundwater at the site. 

5.2.5 Migration of Groundwater Contaminants 

Contaminants leaching from soils to underlying groundwater can migrate as dissolved constituents 
in groundwater in the direction of groundwater flow. Three general processes govern the migration 
of dissolved contaminants caused by the flow of water: (1) advection - movement caused by flow 
of groundwater; (2) dispersion - movement caused by irregular mixing of waters during advection; 
and (3) retardation - principally chemical mechanisms which occur during advection. Subsurface 
transport of the immiscible contaminants is governed by a set of factors different from those of 
dissolved contaminants. The potential movement of immiscible organic liquids (non-aqueous phase 
liquids) will not be discussed in this section. 

Advection is the process which most strongly influences the migration of dissolved organic solutes. 
Groundwater, under water table aquifer conditions (i.e., unconfmed aquifer), generally flows from 
regions of the subsurface where the water table is under a higher head to regions (i.e., recharge 
areas) of where the water table is under a lower head (i.e., discharge areas). Hydraulic gradient is 
the term used to describe the magnitude of this force (i.e., the slope of the water table). In general, 
the gradient usually follows the topography for shallow, uniform sandy aquifers which are 
commonly found in coastal regions. In general, groundwater flow velocities, in sandy aquifers under 
natural gradient conditions, are probably between 10 meters/year to 100 meters/year (Lyman, et al., 
1982). 

The average seepage velocity of groundwater flow at Site 65 for both the shallow and deep water- 
bearing zones can be estimated using a variation of Darcy’s Equation: 

V 
Ki 

=- 
x N 

(Fe#ter,1988) 
L 

Where: v, = average seepage velocity 
K = hydraulic conductivity (cm/set) 

= 
k+J, = 

hydraulic gradient 
effective porosity 

Thus, when monitoring wells or potable supply wells in sandy aquifers are located hundreds of 
meters downgradient of a contaminant source, the average travel time for the groundwater to flow 
from the source to the well point is typically on the order of years. In the zone of influence created 
by a high capacity production well or well field; however, the artificially increased gradient could 
substantially increase the local velocity, and the average travel times for groundwater flow are 
increased. 

Dispersion results from two basic processes, molecular diffusion and mechanical mixing. The 
kinetic activity of dissolved solutes result in diesion of solutes from a zone of high concentration 
to a lower concentration. Dispersion and spreading during transport result in the dilution of 
contaminants (maximum concentration of contaminant decreases with distance from the plume). 
For simple hydrogeological systems, the spreading is reported to be proportional to the flow rate. 
Furthermore, dispersion in the direction of flow is often observed to be markedly greater than 
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dispersion in the directions transverse (perpendicular) to the flow. In the absence of detailed studies 
to determine dispersive characteristics at Site 65, longitudinal and transverse dispersivities are 
estimated based on similar hydrogeological systems (Mackay, et al., 1985). 

Some dissolved contaminants may interact with the aquifer solids encountered along the flow path 
through adsorption, partitioning, ion exchange, and other processes. The interactions result in the 
contaminant distribution between aqueous phase and aquifer solids, diminution of concentrations 
in the aqueous phase, and retardation of the movement of the contaminant relative to groundwater 
flow. The higher the fraction of the contaminant sorbed, the more retarded its transport. Certain 
halogenated organic solvents sorption is affected by hydrophobility (antipathy for dissolving in 
water) and the fraction of solid organic matter in the aquifer solids (organic carbon content). If the 
aquifer below Site 65 is homogeneous, sorption of hydrophobic organic solute should be constant 
in space and time. If the sorptive interaction is at equilibrium and completely reversible, the solute 
should move at a constant average velocity equal to the average velocity of the groundwater divided 
by the retardation factor. 

Organic contaminants can be transformed into other organic compounds by a complex set of 
chemical and biological mechanisms. The principal classes of chemical reactions that can affect 
organic contaminants in water are hydrolysis and oxidation. However, it is believed that most 
chemical reactions occurring in the groundwater zone are likely to be slow compared with 
transformations mediated by microorganisms. Certain organic groundwater contaminants can be 
biologically transformed by microorganisms attached to solid surfaces within the aquifer. Factors 
which affect the rates of biotransformation of organic compounds include: water temperature and 
pH, the number of species of microorganisms present, the concentration of substrate, and presence 
of microbial toxicants and nutrients, and the availability of electron acceptors. Transformation of 
a toxic organic solute is no assurance that it has been converted to harmless or even less harmless 
hazardous products. Biotransformation of common groundwater contaminants, such as 
trichloroethene and tetrachloroethene, can result in the formation of such intermediates as vinyl 
chloride (Mackay, et al., 1985). 

The interaction of non-ionic organic compounds with solid phases can also be used to predict the 
fate of the highly nonpolar organic contaminants (i.e., 4,4’-DDT, PCBs). Sorptive binding is 
proportional to the organic content of the sorbent. Sorption of non-ionic organic pesticides can be 
attributed to an active fraction of the soil organic matter (Lyman et al., 1982). The uptake of neutral 
organics by soils results from their partitioning to the solutes aqueous solubility and to its liquid- 
liquid (e.g., octanol-water) partition coefficient. Currently, information is available on the 
interrelation of soil organic properties to the binding of pesticides, herbicides, and high molecular 
weight pollutants such as PCBs. However, data is lacking for the non-ionic components of solvents 
and fuels. Organic matrices in natural systems that have varying origins, degrees of humification, 
and degrees of association with inorganic matrices exhibit dissimilarities in their ability to sorb non- 
ionic organic contaminants. 

The soils and sediments formed or deposited on the land surface can act as a reservoir for inorganic 
contaminants. Soils contain surface-active mineral and humic constituents involved in reactions that 
affect metal retention. The surfaces of fme-grained soil particles are very active chemically; surface 
sites are negatively or positively charged or they are electronically neutral. Oppositely charged 
metallic counterions from solutions in soils (i.e., groundwater) are attracted to these charged 
surfaces. The relative proportions of ions attracted to these various sites depends on the degree of 
acidity or alkalinity of the soil, on its mineralogical composition, and on its content of organic 
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matter. The extent of adsorption depends on either the respective charges on the adsorbing surface 
and the metallic cation. In addition to these adsorption reactions, precipitation of new mineral 
phases also may occur if the chemical composition of the soil solution becomes supersaturated with 
respect to the insoluble precipitates. Of the probable precipitates, the most important of these phases 
are hydroxides, carbonates, and sulfides. The precipitation of hydroxide minerals is important for 
metals such as iron and aluminum. The precipitation of carbonate minerals is significant for calcium 
and barium; and the precipitation of sulfide minerals dominates the soil chemistry of zinc, cadmium, 
and mercury. A number of precipitates may form if metals are added to soils. The concentration 
of metal in solution, will be controlIed, at equilibrium, by the solid phase that results in the lowest 
value of the activity of the metallic ion in solution (Evans, 1989). 

5.2.6 Groundwater Discharge to Surface Water 

Groundwater discharge to Courthouse Bay Pond and Powerline Pond is likely at Site 65. 
Groundwater can transport contamination to these ponds, but is dependent on the solubility of the 
contamination. Like groundwater flow, three general processes govern the flow of the water: 
advection, dispersion and retardation. These three processes are described in detail in section 5.25. 

5.2.7 Groundwater Infiltration from the Shallow to the Deep Aquifer 

Vertical movement of groundwater from one aquifer system to another, through a semi-confining 
unit is dependent on a number of factors including: intrinsic permeability of all involved units; 
density of the fluid (i.e., water and/or contaminant); viscosity of the fluid; hydraulic head; unit 
thickness; effective porosity; and bulk density of the soil comprising the semi-confining unit. At 
Site 65, the vertical hydraulic gradient was calculated using the three deep wells (completed below 
the confining unit) and adjacent shallow wells (screened across the water table). A potential for 
downward movement through the semi-confming unit exists at the site. Since there is a head 
difference between the aquifers, migration will continued from the surficial into the Castle Hayne 
aquifer. 

5.3 Fate and TransDort Summarv 

The following paragraphs summarize the contaminant group fate and transport data for contaminants 
detected in media collected at Site 65. 

5.3.1 Volatile Organic Compounds 

VOCs tend to be mobile in environmental media as indicated by their presence in groundwater and 
their corresponding values, Their environmental mobility is a function of high water solubilities, 
high vapor pressures, low I& and I& values, and high mobility indices (see Table 5-l). Without 
a continuing source, VOCs do not generally tend to persist in environmental media because 
photolysis, oxidation, and biodegradation figure significantly in their removal. 

5.3.2 Polynuclear Aromatic Hydrocarbons 

Low water solubilities, high I&, and K, indicate a strong tendency for PAHs to adsorb to soils. Of 
the PAHs, fluoranthene, is probably the best marker compound, since it is consistently the most 
abundant of the PAHs measured and provides the strongest correlation with total PAH values. 
Benzo(g, h, i) perylene is usually the most abundant compound in soils with low PAH values, but 
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becomes less important with increasing total PAH values. Other PAHs are benzo(a)anthracene, 
chrysene, pyrene, benzo(g,h,i) perylene, benzo(b)fluoranthene and phenanthrene. Their mobility 
indices indicate that they are relatively immobile from a physical-chemical standpoint. An 
exception is naphthalene, which is considered only slightly immobile because of somewhat higher 
water solubility (Jones, et al., 1989). 

PAHs generally lack adequate vapor pressures to be transmitted via vaporization and subsequent 
airborne transport. However, surface and shallow surface soil particles containing PAHs could 
potentially be subject to airborne transport and subsequent deposition, especially during mechanical 
disturbances such as vehicle traf& or digging (Jones, et al., 1989). 

PAHs are somewhat persistent in the environment. In general, their persistence increases with 
increasing aromatic ring numbers. Photolysis and oxidation may be important removal mechanisms 
in surface waters and surficial soils, while biodegradation could be an important fate process in 
groundwater, surface soils or deeper soils. PAHs are ubiquitous in nature. The presence of PAHs 
in the soil may be the result of aerially deposited material, and the chemical and biological 
conditions in the soil which result in selective microbial degradation/breakdown. 

5.3.3 PesticideslPCBs 

PesticidesLPCBs are persistent and immobile contaminants in environmental media. Pesticides 
travel at varying rates through soil, mainly due to their affinity for soil surfaces. The soil sorption 
coefficient (I(d) is the distribution of a pesticide between soil and water. In general, the I& values 
are higher for high organic carbon soil than for low organic carbon soils. Therefore, soils with high 
& values will retain pesticides (i.e., 4,4’-DDT, 4,4’-DDE, and 4,4’-DDD). As evidenced by the 
ubiquitous nature of 4,4’-DDT, 4,4’-DDE, and 4,4’-DDD, volatilization is an important transport 
process from soils and waters. PCBs have low vapor pressures, low water solubilities, and high K, 
and &, values. Adsorption of these contaminants to soil and sediment is the major fate of these 
contaminants in the environment. 

53.4 Inorganics 

Inorganics can be found as solid complexes at ambient temperature and pressure in soils at the site. 
Inorganic ions exist in pure solutions as hydrated ions. Groundwater, as opposed to a pure solution, 
is a highly complex chemical system which is heavily influenced by the mineralogy of the substrate. 
Factors affecting the transport of inorganics in saturated soils are interactive and far more complex 
and numerous than those affecting the transport of organic contaminants. 

The most complicated pathway for inorganic contaminants is migration in subsurface soils and 
groundwaters, where oxidation reduction potential (Eh) and pH play critical roles. Table 5-2 
presents and assessment of relative inorganic environmental mobilities as a function of Eh and pH. 
Soils at MCB, Camp Lejeune are relatively neutral; therefore, inorganics in the subsurface soil 
should be relatively immobile. 

Transport of inorganic species in groundwater is mainly a function of the inorganic’s solubility in 
solution under the chemical conditions of the soil-solution matrix. The inorganic must be dissolved 
(i.e., in solution) for leaching and transport by advection with the groundwater to occur. Generally, 
dynamic and reversible processes control solubility and transport of the dissolved metal ions. Such 
processes include precipitation/dissolution, adsorption/desorption, and ion exchange. 
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Inorganics could be sorbed onto colloidal materials, theoretically increasing their inherent mobility 
in saturated porous media. It is important to note; however, that colloids themselves are not mobile 
in most soil/water systems. 

-_ 

Inorganics, such as arsenic and chromium, depend upon speciation to influence their mobility. 
Speciation varies with the chemistry of the environmental medium and temporal factors. These 
variables make the site-specific mobility of an inorganic constituent difficult to assess. As stated 
in Section 4.5.3, the only metals that exceeded state and/or federal standards in groundwater at the 
site were iron and manganese. These elements occur historically at elevated levels throughout MCB, 
Camp Lejeune. 
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TABLE 5-l 

PHYSICAL AND CHEMICAL PROPERTIES OF ORGANIC COMPOUNDS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CT0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

I COMPOUNDS 

Carbon disulfide I 3.6 x loo2 

Ethyl benzene 

Xylenes Total 

SEMIVOLATILE ORGANIC 
COMPOUNDS 

2,4-Dimethylphenol 

Acenaphthene 

9.6 

10 

9.8 x lo-O2 

1.5 x lo-03 

1 Anthracene 1 9.6x 10-O” 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

2.2 x 10-08 

5.6 x lo-@’ 

5.0 x 10-O’ 

1.0 x lo-10 
I 

1 5.0x 10-O’ 

1 Bis(2-ethylhexyl)phthalate 1 9.8 x 1 O-O6 

i Carbazole I 7.0x IO-04 

Chrysene 

Di-n-butyl phthalate 

Dibenzo(a,h)anthracene 

Dibenzofuran 

2,4 Dinitrophenol 

Fluoranthene 

6.3 x lo-O9 

7.3 x 1045 

1 x 10-10 

NA 

NA 
I 

1 5.0 x 10” 

Fluorene 1.0 x IO-O2 

Water Specific Henry’s Law 
Solubility Gravity Constant 

(w+) Log kv Log kc (g/cm’) (atm-m3/mole) Mobility Index 

1.2 x loo3 2.0 1.73 1.263 3.0 x lo-O2 3.9 
1.7 x lOa 3.2 3.04 0.867 8.4 x IO-O3 0.2 

1 

1.98 x 10°z 3.26 2.38 0.87 7.04 x 10” 0.9 

6.2 x IO” 2.30 1.98 NA 6.30 x IO-“’ NA 

3.42 4.33 1.25 0.994 1.50 x loo4 2.5 

1.0 4.45 4.20 1.24 2.25 x 10-O’ -7.2 
I 

5.7 x 10-03 5.61 5.34 NA 7.34 x 10-O’ -15.2 

3.8 x lo-O3 6.04 NA 1.274 4.90 x IO”’ NA 
1.0 x 10” 6.08 NA NA 1.66 x 10” NA 

3.0 x lo* 6.51 NA NA 1.21 x 104’ NA 

5.5 x IO-O4 6.08 NA NA 3.02 x 10” NA 

0.265 5.33 4.64 NA 5.12 x 10” -10.5 
I .69 4.2 3.65 NA 1.29 x lo-O3 -5.4 

Note: 
NA = Not Available 



TABLE 5-l (Continued) 

PHYSICAL AND CHEMICAL PROPERTIES OF ORGANIC COMPOUNDS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CT0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

COPCS 
Indeno( 1,2,3-cd)pyrene 
2-Methynaphthalene 

Naphthalene 

Phenanthrene 
Pyrene 

PESTICIDES/PCBs 
Beta-BHC 

4,4’-DDD 

4$-DDE 

4,4’-DDT 

Endosulfan I 
Endosulfan II 

Endrin Aldehyde 

Heptachlor epoxide 

alpha-Chlordane 

gamma-Chlordane 

PCB- 1260 

Water Specific Henry’s Law 
Vapor Pressure Solubility Gravity constant 

(mm W @i&) Log Knv Log kc (g/cm31 (atm-m3/mole) Mobility Index 

1 .o x IO-l0 5.3 x IO-” 6.51 NA NA 6.0 x 10-l’ NA 
NA insoluble 3.03 3.6 1.006 NA NA 

8.2 x 10-O’ 31.7 3.60 2.97 1.152 4.83 x lo-O4 -2.5 
9.6 x 10” 1.29 4.46 4.2 1.025 2.25 x 10-O” -7.2 
2.5 x lww 0.14 5.32 4.91 1.271 5.10 x 10” -11.90 

2.8 x lo-“’ 0.70 3.35 3.80 NA NA -10 
1.0 x 1o-w 0.16 6.2 5.9 NA 4x 10-06 -12.7 
6.5 x lOa 0.12 7.0 6.6 NA 2.1 x lo-O5 -10.0 
1.9 x 10-O’ 3.4 x 10-03 6.19 5.4 NA 8.3 x lo-O6 -14.6 

NA NA NA NA NA NA NA 
1.5 x lo-O5 0.51 3.83 3.3 1 NA 1.1 x 10” -8.6 
3.0 x 10” 2.5 x lo-O4 3.92 4.56 NA 7.52 x 10” -13 
1.95 x lo-O5 0.20 5.40 NA NA 3.20 x 10-O’ NA 
9.8 x 10” 5.6 x lo-O2 5.54 NA NA 4.85 x lo-O5 -11.4 
9.8 x lo-O6 5.6 x lo-O2 5.54 NA NA 4.85 x 10-O’ -11.4 
4.1 x 10-O’ 2.7 x lo-O3 6.8 5.72 1.58 4.6 x lOa3 -12.7 

Notes: 
NA = Not Available 

References: 
ATSDR, 1989 
Clement, 1985 
Howard, 1989-1991 
Montgomery, 1990 
Sax and Lewis, 1987 

SCDM, 1991,1992 
SPHEM, 1986 
USEPA, 1986 
USEPA, 1986a 
Verscheuren, 1983 



TABLE 5-2 

RELATIVE MOBILITIES OF MORGANICS AS A FUNCTION OF 
ENVIRONMENTAL CONDITIONS (Eh, p?l) 

SITE 65, ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION CTO-0312 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Relative Mobility 

1 Very high 

I High 

I Medium 

Low 

very Low 

Notes: 
Se = 

- 

Jhironmental Conditions 
I I I 

oxidizing 
I 

Acidic 
I 

Neutral/ 
Alkaline I 

Reducing 

Se,& I Se,Zn,Cu, 1 
Ni, Hg, Ag I 

Cu, Ni, Hg, 1 As,Cd 1 As, Cd 1 

Selenium 
zinc 
Copper 
Nickel 
Mercury 
Silver 
Arsenic 

Cd = 
Ba = 
Pb = 
Fe = 
Cr = 
Be = 
zn = 

Cadmium 
BariLIlll 
Lead 
Iron 
Chromium 
Beryllium 
zinc 

Zn = 
cu = 
Ni = 
Hg = 
Ag = 
As = 

Source: Swartzbaugh, et al., “Remediating Sites Contaminated with Heavy 
Metals.” Hazardous Materials Control, November/December 1992. 



6.0 BASELINE RISK ASSESSMENT 

6.1 Introduction 

This Baseline Risk Assessment (BRA) evaluates the projected impact of contaminants of potential 
concern (COPCs) on human health and/or the environment, now and in the future, in a “no further 
remedial action scenario”. The BRA process examines the data generated during the sampling and 
analytical phase of the RI, identifying areas of concern and COPCs with respect to geographical, 
demographic, physical and biological characteristics of the study area. These factors are combined 
with an understanding of physical and chemical properties of site-associated constituents relative to 
environmental fate and transport processes, and are then used to estimate contaminant concentrations 
at logical exposure pathway endpoints. Finally, contaminant intake levels are calculated for 
hypothetical receptors. Toxicological properties are applied in order to estimate potential public health 
threats posed by detected contaminants. 

The BRA for Operable Unit (OU) No. 9, Site 65 has been conducted in accordance with current 
USEPA Risk Assessment Guidance (USEPA, 1989a and USEPA, 199la) and USEPA Region IV 
Supplemental Risk Guidance (USEPA, 199 1 b). 

The components of the BRA include: 

0 Identification of contaminants of potential concern 
0 The exposure assessment 
l The toxicity assessment 
l Risk characterization 
0 Uncertainty analysis 
0 Conclusions of the BRA and potentia1 site risk 

The BRA is divided into eight sections, including the introduction. Section 6.2 presents criteria for 
selecting COPCs. COPCs are chosen, for each environmental medium at each site, from an overall 
list of detected contaminants. Section 6.3 lists site characteristics, identifies potential exposure 
pathways, and describes current and future exposure scenarios. In section 6.4, potential exposure is 
calculated by estimating daily intakes, incremental cancer risks and hazard indices. In addition, 
advisory criteria for evaluating human health risk is presented. Section 6.5 addresses risk 
characterization. Section 6.6 addresses sources of uncertainty in the BRA. Section 6.7 provides 
conclusions regarding potential human health impacts, in terms of total site risk. Section 6.8 lists 
references sited in the BRA text. Referenced tables and figures are presented after the text portion 
of this section. 

6.2 Contaminants of Potential Concern 

COPCs are site-related contaminants used to quantitatively estimate potential human exposures and 
associated health effects. Six environmental media were investigated during this RI: surface soil, 
subsurface soil, groundwater, surface water, sediment, and fish tissue. This section presents COPC 
selection for these media. 
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6.2.1 Criteria for Selecting Contaminants of Potential Concern 

Criteria used in selecting COPCs from constituents detected during the field sampling and analytical 
phase of the investigation are: 

0 

0 

l 

0 

0 

l 

0 

l 

0 

0 

Historical information 
Comparison to background or naturally occurring levels 
Comparison to field and laboratory blank data 
Comparison to USEPA Region III Contaminants of Concern (COCs) 
Prevalence 
Federal and State criteria and standards 
Toxicity 
Comparison to anthropogenic levels 
Persistence 
Mobility 

USEPA’s Risk Assessment Guidance for Superfund (USEPA, 1989a) provides the criteria used to 
establish COPCs. COPC selection also involves comparing detected concentrations to additional 
contaminant-specific criteria. A brief description of the selection criteria used in choosing final 
COPCs is presented below. A contaminant must not necessarily fit into all of these categories to be 
retained as a COPC. 

6.2.1.1 Historical Information 

Using historical information to associate contaminants with site activities, when combined with the 
following selection procedures, helps determine contaminant retention or elimination. 

6.2.1.2 Background or Naturallv-Occurring Levels 

Naturally-occurring levels of chemicals are present under ambient conditions. Generally, a 
comparison to naturally-occurring levels applies only to inorganic analytes, because the majority of 
organic contaminants are not naturally occurring. Background samples are collected from areas that 
are known to be uninfluenced by site contamination. An inorganic concentration is considered 
site-related only if it exceeds two times the mean concentration estimated for the site-specific, 
background samples. The mean for surface soil inorganics was estimated using results from 
41 sample locations. The mean for subsurface soil inorganics was estimated using results from 
35 sample locations. 

Background soil data is presented in Appendix L. 

6.2.1.3 Contaminant Concentrations in Blanks 

Associating contaminants detected in field related QA/QC samples (i.e., trip blanks, equipment 
rinsates and/or field blanks) or laboratory method blanks with the same contaminants detected in 
analytical samples can eliminate non-site-related contaminants from the list of COPCs. Blank data 
should be compared to sample results with which the blanks are associated; however, due to the 
comprehensive nature of data sets, it is difficult to associate specific blanks with specific 
environmental samples. Thus, in order to evaluate contaminant levels, maximum contaminant 
concentrations reported in a given set of blanks are applied to an entire data set for a given medium. 
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In accordance with the National Functional Guidelines for Organics, common lab contaminants 
(i.e., acetone, 2-butanone, methylene chloride, toluene, and phthalate esters) should be regarded as a 
direct result of site activities only when sample concentrations exceed 10 times the maximum detected 
blank concentration. For other contaminants not considered common in a lab, concentrations 
exceeding five times the maximum blank concentration indicate contamination resulting from site 
activities (USEPA, 1991). 

When evaluating contaminant concentrations in soil, Contract Required Quantitation Limits (CRQLs) 
and percent moisture are employed, in order to correlate solid and aqueous detection limits. The 
CRQLs for semivolatiles (SVOCs) and pesticide/PCBs in soil are either 33 or 66 times that of aqueous 
samples, depending on the contaminant. In order to assess SVOC and pesticide/PCB contaminant 
levels in soil using aqueous blanks, blank concentrations must be multiplied by 33 or 66 to account 
for variance from the CRQL. The final value is divided by the sample percent moisture, in order to 
account for the aqueous-to-solid blank medium adjustment. 

Eliminating a sample result correlates directly to a reduction in the contaminant prevalence in that 
medium. Consequently, if elimination due to blank concentration reduces the prevalence of a 
contaminant to less than five percent, a contaminant that may have been previously included according 
to its prevalence is eliminated as a COPC. Maximum concentrations of common laboratory 
contaminants detected in blanks are presented in Table 6- 1. 

Blanks containing organic constituents that are not considered common laboiatory contaminants 
(i.e., all other TCL compounds) are regarded as positive results only when observed concentrations 
exceed five times the maximum concentration detected in any blank (USEPA, 1989b). All TCL 
compounds at concentrations less than five times the maximum level of contamination noted in any 
blank are considered not detected in that sample. Maximum concentrations of other contaminants 
detected in blanks are presented in Table 6- 1. 

6.2.1.4 USEPA Region III COC Screening Values 

Contaminant of concern (COC) screening values are derived using conservative USEPA promulgated 
default values and the most recent toxicological criteria available. COC screening values for 
potentially carcinogenic and noncarcinogenic chemicals are individually derived based on a target 
incremental lifetime cancer risk (ICR) of 1 .OE-06 and a target hazard quotient of 0.1, respectively. 
For potential carcinogens, the toxicity criteria applicable to the derivation of COC screening values 
are oral and inhalation cancer slope factors; for noncarcinogens, they are chronic oral and inhalation 
reference doses. These toxicity criteria are subject to change as more updated information and results 
from the most recent toxicologicaVepidemiologica1 studies become available. Therefore, the use of 
toxicity criteria in the derivation of COC screening values requires that the screening concentrations 
be updated periodically to reflect changes in the toxicity criteria. 

Since the most recent COC screening values table was issued by USEPA in March 1994, the values 
from these tables can be updated by incorporating information from another set of tables containing 
risk-based concentrations (RBCs) that are issued by USEPA Region III on a semi-annual basis. The 
RBCs are derived using the same equations and USEPA promulgated default exposure assumptions 
that were used by Region III to derive the COC screening values. In addition, the quarterly RBCs for 
potentially carcinogenic chemicals are based on a target ILCR of 1 .OE-06. The only difference in the 
derivation methodologies for the COC screening values and the RBCs is that the RBCs for 
noncarcinogens are based on a target hazard quotient of 1 .O rather than 0.1. The COC screening 
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values for noncarcinogens are derived based on a target hazard quotient of 0.1, to account for 
cumulative risk from multiple chemicals in a medium. Re-derivation of the semi-annual 
noncarcinogenic RBCs based on a target hazard quotient of 0.1, while using the most recent 
toxicological criteria available, results in a set of values that can be used as COC screening vaiues. 
In other words, COC screening values can be updated every six months by using the carcinogenic 
RBCs issued semi-annually USEPA Region III and dividing the accompanying noncarcinogenic RBCs 
by a factor of 10. 

.- 

6.2.1.5 Prevalence 

The frequency of positive detections in sample sets and the level at which a contaminant is detected 
in a given medium are factors that determine a chemical’s prevalence. The frequency of detection for 
a contaminant is determined as the number of positive detections of the contaminant out of the total 
number of samples analyzed for that contaminant. Contaminants that are infrequently detected, 
(i.e., less than 5 percent when at least 20 samples of a medium are available) do not necessarily 
indicate contamination. Such detections may result from certain sampling or analytical practices. A 
contaminant may not be retained for quantitative evaluation in the BRA if: (1) it is detected 
infrequently in an environmental medium; (2) it is absent or detected at low concentrations in other 
media; or (3) site history does not provide evidence to suggest that the contaminant should be present. 

6.2.1.6 State and Federal Criteria and Standards 

Contaminant concentrations in aqueous media can be compared to contaminant-specific state and 
federal criteria. This risk assessment utilizes North Carolina Water Quality Standards (NCWQS) for 
groundwater and surface water. The only enforceable federal regulatory standards for drinking water 
are federal Maximum Contaminant Levels (MCLs). 

.__ 

Regulatory guidelines are used, when necessary, to infer potential human health risks and 
environmental impacts. Relevant regulatory guidelines include Ambient Water Quality Criteria 
(AWQC) for surface water and Health Advisories (HA) for drinking water. 

Chemical-specific criteria and standards for soil are generally not available; however, base-specific, 
background concentrations have been compiled in order to evaluate background levels of organic and 
inorganic constituents in surface and subsurface soil at MCB, Camp Lejeune. 

Tables 6-2 through 6-9 present analytical data from samples collected during the RI compared to 
applicable standards and criteria. A brief explanation of the criteria and standards used for qualitative 
evaluation of COPCs is presented below. 

North Carolina Water Quality Standards (Groundwater) - NCWQSs are the maximum allowable 
concentrations, resulting from any discharge of contaminants to the lands or waters of the state, that 
may be tolerated without threatening human health or otherwise rendering the groundwater unsuitable 
for its intended purposes. 

Maximum Contaminant Levels - MCLs are enforceable standards for public water supplies, 
designed to protect human health and promulgated under the Safe Drinking Water Act. MCLs also 
account for the technical feasibility of removing contamination from a public water supply. MCLs 
are based on laboratory or epidemiological studies and are applied to analyses of drinking water 
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supplies consumed by a minimum of 25 persons. MCLs establish limits under which 70 kg adults, 
drinking 2 liters of water a day for 70 years, can avoid detrimental health effects. 

Health Advisories - HAS are guidelines developed by the USEPA Office of Drinking Water for 
nonregulated constituents in drinking water. These guidelines are designed to consider both acute and 
chronic toxic effects in children (assumed body weight 10 kg) who consume 1 liter of water per day 
or in adults (assumed body weight 70 kg) who consume 2 liters of water per day. HAS are generally 
available for acute (1 day), subchronic (10 days), and chronic (longer-term) exposure scenarios. These 
guidelines are designed to consider only threshold effects and, as such, are not used to set acceptable 
levels for potential human carcinogens. 

North Carolina Water Quality Standards (Surface Water) - The NCWQSs for surface water are 
the standard concentrations that, either alone or in conjunction with other wastes in surface waters, 
will neither render waters injurious to aquatic life, wildlife, or public health, nor impair the waters 
for any designated use. 

Ambient Water Quality Criteria - AWQCs are non-enforceable regulatory guidelines and are of 
primary utility in assessing acute and chronic toxic effects in aquatic systems. They may also be used 
for identifying the potential for human health risks. AWQCs consider acute and chronic effects in 
both freshwater and saltwater aquatic life, and potential carcinogenic and noncarcinogenic health 
effects in humans from ingestion of both water (2 liters/day) and aquatic organisms (6.5 grams/day), 
or from ingestion of water alone (2 liters/day). The human health AWQCs for potential carcinogenic 
substances are based on the USEPA’s specified incremental cancer risk range of one additional case 
of cancer in an exposed population of 10,000,000 to 100,000 (i.e. the lOE-7 to lOE-5 range). 

6.2.1.7 Toxicity 

Contaminant toxicity assessment must be incorporated when selecting COPCs with respect to human 
health risk. Toxic properties to be considered in COPC selection include weight-of-evidence 
classification, carcinogenicity, mutagenicity, teratogenicity, systemic effects and reproductive toxicity. 
Bioaccumulation and bioconcentration properties may affect the severity of toxic response in an 
organism and/or subsequent receptors; these additional properties are evaluated if relevant data exist. 

Despite their inherent toxicity, certain inorganic contaminants are essential nutrients (eg., calcium, 
iron). As such, these contaminants need not be considered in a quantitative risk assessment, if one 
of the following conditions applies: (1) they are detected at relatively low concentrations, (i.e., below 
two times average base-specific background levels or slightly elevated above naturally occurring 
levels) or (2) the contaminant is toxic at doses much higher than those which can be assimilated 
through exposures at the site. 

6.2.1 .S Anthronorrenic Levels 

Ubiquitous anthropogenic background concentrations result from sources of contamination not related 
to the site, such as combustion of fossil fuels (i.e., automobiles), plant synthesis, natural fires and 
factories. Polynuclear aromatic hydrocarbons (PAHs) are examples of ubiquitous, anthropogenic 
chemicals. Sometimes it is difficult to determine whether contamination is related to past site 
activities, or caused by contaminant-producing activities that are not site-related (i.e., anthropogenic). 
It follows that systematically omitting anthropogenic background chemicals from the risk assessment 
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may produce false negative results. For this reason, anthropogenic chemicals are typically not 
eliminated as COPCs without considering other selection criteria. 

_-- 

The remaining sections apply the aforementioned selection criteria, beginning with prevalence of 
detected analytical results in each medium of interest, in order to establish a preliminary list of COPCs 
for Site 65. Once this task is completed, a final list of media-specific COPCs is selected using the 
remaining criteria (persistence, mobility, toxicity, AFURs, REXs, blank concentrations, background 
concentrations, and anthropogenic concentrations). 

6.2.1.9 Persistence 

Contaminant persistence in the environment varies in accordance with factors such as microbial 
content in soil and water, organic carbon content, contaminant concentration, climate and potential 
for microbes to degrade a contaminant under site conditions. In addition, chemical degradation, 
(i.e., hydrolysis) photochemical degradation and certain fate processes such as absorption may 
contribute to the elimination or retention of a particular compound in a given medium. 

6.2.1.10 Mobility 

A contaminant’s physical and chemical properties are responsible for its transport in the environment. 
These properties, in conjunction with site conditions, determine whether a contaminant will have a 
greater tendency to volatilize into the air, out of surface soils or surface waters, or to relocate via 
advection or diffusion through soils, groundwaters, and surface waters. Physical and chemical 
properties also determine tendency for contaminant adsorption onto soil/sediment particles. In 
summary, environmental mobility factors can increase or decrease contaminant effects on human 
health and/or the environment. 

-. 

62.2 Selection of Contaminants of Potential Concern 

The following sections present an overview of the analytical data obtained for each environmental 
medium during the PI and the subsequent retention or elimination of COPCs using the aforementioned 
selection criteria. Summaries of the analytical data are provided in Table 6-2 through 6-9 and aided 
in the selection of COPCs in each environmental medium. Worksheets used for COPC selection are 
presented in Appendix S. 

6.2.2.1 Surface Soil 

Table 6-2 shows that thirteen surface soil samples were analyzed for volatile organic contaminants 
(VOCs). Toluene was detected in three of 13 samples, at a maximum concentration of 2 yg/kg. This 
value is less than the corresponding residential soil COC screening value and toluene is not retained 
as a COPC. In addition, toluene was detected in blanks at a concentration of 4 pg/kg. Methylene 
chloride and total xylenes were detected in two of 13 samples at concentrations less than their 
respective COC screening values for residential soil. Methylene chloride was also detected in blanks 
at a concentration of 1 pgkg. These compounds were not retained as surface soil COPCs. Finally, 
acetone, trichloroethene, and ethylbenzene were each detected in one out of 13 samples at 
concentrations below the corresponding residential soil COC screening values. Acetone was also 
detected in blanks at a concentration of 93 I.&kg. Therefore, no VOCs are retained as surface soil 
COPCS. 
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Thirteen surface soil samples were analyzed for SVOCs. Acenaphthene, 2,4-dinitrophenol, 
dibenzofuran, fluorene, anthracene, and carbazole were detected in one out of 13 samples. In each 
case, maximum concentrations are less than respective residential soil COC screening values. These 
compounds were not retained as surface soil COPCs. Di-n-butylphalate, benzo(k)fluoranthene, 
indeno( 1,2,3-cd)pyrene, and benzo(g,h,i,)perylene were detected in two of 13 samples at 
concentrations less than corresponding COC screening values for residential soil. These compounds 
were not retained as surface soil COPCs. Phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, 
chrysene, and benzo(b)fluoranthene were detected in three out of 13 samples. In all instances, 
maximum concentrations are less than respective COC screening values. In addition, bis(2- 
ethylhexyl)phthalate, a common laboratory contaminant, was detected in nine out of 13 samples. 
However, the maximum concentration detected is below the COC screening value for bis(2- 
ethylhexyl)phthalate in residential soils. Therefore, bis(2-ethylhexyl)phthalate is not retained as a 
surface soil COPC. 

Benzo(a)pyrene was detected in two of 13 samples, a frequency greater than 5 percent. At 400 &kg, 
its maximum concentration exceeds its residential soil COC screening value. In addition, 
dibenzo(a,h)anthracene was detected in two out of 13 samples. Furthermore, its maximum 
concentration of 150 ug/kg exceeds its residential soil COC screening value. Consequently, these 
SVOCs are retained as COPCs in surface soil. 

Thirteen surface soil samples were analyzed for pesticides/PCBs. Heptachlor epoxide, endosulfan II, 
Aroclor- 1260,4,4’-DDD, 4,4’-DDE, and 4,4’-DDT were detected at concentrations less than respective 
residential soil COC screening values. Therefore, no pesticide/PCBs are retained as surface soil 
COPCS. 

I 

Table 6-3 shows that thirteen surface soil samples were analyzed for inorganic contaminants. 
Aluminum, barium, chromium, copper, manganese, nickel, vanadium and zinc were detected at 
maximum concentrations less than respective residential soil COC screening values. Lead was 
detected in 13 of 13 samples at a maximum concentration of 178 mg/kg, which is less than the 
USEPA lead action level for soil of 400 mgikg. For this reason, these inorganics are not retained as 
COPCs. Calcium, magnesium, potassium and sodium are not retained as COPCs, because these 
inorganics are considered essential nutrients. 

Iron was detected in all surface soil samples. Its maximum concentration of 16,400 mg/kg exceeds 
the respective background level and residential soil COC screening value. Thallium was detected in 
one of 13 samples at a concentration of 2.3 mg/kg that exceeds its residential soil COC screening 
value. Consequently, manganese and thallium are retained as surface soil COPCs. 

6.2.2.2 Subsurface Soil 

Table 6-4 shows that 19 subsurface soil samples (13 subsurface soil samples and six test pit samples) 
were analyzed for VOCs. Acetone, carbon disulfide, 2-butanone, trichloroethene, toluene, and total 
xylenes were detected at maximum concentrations less than respective residential soil COC screening 
values. For this reason, none of the VOCs detected are retained as COPCs. 

Nineteen subsurface soil samples were analyzed for SVOCs. The following SVOCs are not retained 
as COPCs, because they were detected at maximum concentrations less than respective residential soil 
COC screening values: naphthalene, 2-methylnaphthalene, acenaphthene, fluorene, dibenzofuran, 
phenanthrene, anthracene, carbazole, di-n-butylphtalate, fluoranthene, pyrene, chrysene, 
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bis(2-ethylhexyl)phthalate, benzo(b)fluoranthene, benzo(k)fluoranthene, ideno( 1,2,3-cd)pyrene, and 
benzo(g,h,i)perylene. 

Benzo(a)anthracene and benzo(a)pyrene were detected at a relatively low frequency of two of 
19 samples. However, in each case, the maximum concentrations of 9OOpg/kg and 680 &kg, 
respectively, exceed the corresponding residential soil COC screening values. For this reason, 
benzo(a)anthracene and benzo(a)pyrene are retained as subsurface soil COC screening values. 

Nineteen subsurface soil samples were analyzed for pesticides/PCBs. The folIowing pesticide/PCBs 
are not retained as COPCs, because they were detected at maximum concentrations less than 
respective residential soil COC screening values: endosulfan I, 4,4’-DDE, 4,4’-DDE, 4,4’-DDT, endrin 
aldehyde, alpha-chlordane, and gamma-chlordane. 

Table 6-5 shows that 19 subsurface soil samples were analyzed for inorganic contaminants. The 
following inorganics are not retained as COPCs because they were detected at concentrations less than 
respective residential soil COC screening values: barium, cadmium, chromium, cobalt, selenium, 
silver, vanadium and zinc. Calcium, magnesium, potassium and sodium are not retained as COPCs 
because these inorganics are considered essential nutrients. 

Aluminum, iron, and manganese were detected in all nineteen subsurface soil samples. The maximum 
concentrations for these analytes (10,600 mg/kg, 3 1,300 mg/kg, and 471 mg/kg, respectively) 
exceeded background levels as well as the corresponding COC screening values for residential soil. 
Lead was also detected in all samples at a maximum concentration (539 mg/kg) exceeding both 
background and the lead action level. For this reason, aluminum, iron, lead, and manganese are 
retained as subsurface soil COPCs. In addition, antimony, arsenic, copper, nickel, and thallium were 
detected in subsurface soil samples at concentrations exceeding background and/or residential soil 
COC screening values. Therefore, these analytes are also retained as subsurface soil COPCs. 

6.2.2.3 Groundwater 

Table 6-6 shows that eleven groundwater sampIes were analyzed for VOCs. Methylene chloride and 
acetone, common laboratory contaminants, were detected at fairly high frequencies of six of 11 and 
seven of 11, respectively. They were not retained as COPCs; however, because the maximum sample 
concentrations (2 pg/L and 7 l&L, respectively) are less than the tap water COC screening values. 
1 ,ZDichloroethane was detected in eight of 11 groundwater samples at a maximum concentration of 
2 yg/L. It was also detected in the blanks at a concentration of 2 pg/L. Since the maximum 
concentration of 12-dichloroethane does not exceed five times the blank concentration of this 
contaminant, it is not retained as a COPC. 2-Butanone was detected in three of 11 samples. This 
compound is not retained as a groundwater COPC because its maximum concentration is below the 
corresponding tap water COC screening value. 

Carbon disultide was detected in one of 1 I samples at a maximum concentration of 5 ug/L. It is 
retained as a COPC since it exceeded its tap water screening value. 

Eleven groundwater samples were analyzed for SVOCs. Naphthalene and di-n-butylphthalate were 
detected at maximum concentrations less than respective tap water COC screening values. For this 
reason, these SVOCs are not retained as COPCs. Bis(2-ethylhexyl)phthalate was detected in blanks 
at 2 ug/L. Because bis(2-ethylhexyl)phthalate is a common lab contaminant, this concentration is 
multiplied by 10 to yield a blank concentration of 20 pg/L. Bis(2-ethyIhexyl)phthalate was detected 
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in five of 11 samples, at a maximum concentration of 6 pg/L. Because the sample concentration is 
less than the concentration in blanks, bis(2-ethylhexyl)phthalate is not retained as a COPC. 

No pesticides/PCBs were detected in the groundwater samples; therefore, none were retained as 
COPCS. 

Eleven groundwater samples were analyzed for inorganic contaminants. Aluminum, barium, 
chromium, cobalt, nickel, and zinc were detected at maximum concentrations less than respective tap 
water COC screening values. Lead was detected at a maximum concentration less than its action level 
for drinking water. Calcium, magnesium, potassium, and sodium are not retained as COPCs, because 
these inorganics are considered essential nutrients. 

Manganese was detected in all 11 groundwater samples at a maximum concentration of 186 pg/L. 
Iron was detected in 10 of 11 groundwater samples at 6,580 ug/L. These concentrations exceed the 
corresponding tap water COC screening values. Therefore, manganese and iron are retained as 
groundwater COPCs. 

6.2.2.4 Surface Water 

Table 6-7 shows that two surface water samples were analyzed for VOCs. Acetone, a common 
laboratory contaminant, was detected in one of two samples at a maximum concentration of 5 &L. 
It was also detected in the blanks at a concentration of 44 pg/L. For this reason, acetone is-not 
retained as a surface water COPC. 1,2-Dichloroethane was detected in both surface water samples 
at 1 ug/L,. It was also; however, detected in blanks at 2 ug/L. As 1,Zdichloroethane is considered 
a contaminant not common to the laboratory, the blank concentration is multiplied by a factor of five 
to yield a blank concentration. of 5 ug/L. The 1 ,Zdichloroethane concentration in the samples is Iess 
than the blank concentration, so it is not retained as a COPC. 

No SVOCs were detected in surface water; therefore, none were retained as COPCs. 

No pesticides/PCBs were detected in surface water samples; therefore, none were retained as COPCs. 

Two surface water samples were analyzed for inorganic contaminants. Chromium was detected at a 
concentration less than its NCWQS and was therefore, not retained as a surface water COPC. 
Calcium, magnesium, potassium, and sodium were detected in the surface water samples. However, 
these inorganics are not retained as COPCs, because they are considered essential nutrients. 

Aluminum, barium, copper, iron, lead, manganese, vanadium, and zinc were detected in surface water 
samples. Copper, iron, lead, and zinc were detected at maximum concentrations that exceeded 
corresponding NCWQS and retained as surface water COPCs. There were no NCWQS for aluminum, 
barium, manganese, and vanadium For this reason, these analytes are also retained as surface water 
COPCS. 

6.2.2.5 Sediment 

Table 6-8 shows that four sediment samples were analyzed for VOCs. Toluene, a common laboratory 
contaminant, was detected in three of four sediment samples at maximum concentration of 7 pg/kg. 
This contaminant was also detected in blanks at 4 ug/L. When the blank concentrations of toluene 
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is multiplied by 10, the concentrations for comparison becomes 40 pgkg. Consequently, toluene is 
not retained as a COPC. 

-- 

Acetone, chloroform, 2-butanone, carbon tetrachloride, and tetrachloroethene were detected in all 
sediment samples at a maximum concentrations less than their respective residential soil COC 
screening values. Therefore, these VOCs were not retained as sediment COPCs. 

Four sediment samples were analyzed for SVOCs. Di-n-butylphthalate was detected in all sediment 
samples at a maximum concentration less than its residential soil COC screening value. 
Di-n-butylphalate is not retained as a sediment COPC. 

Four sediment samples were analyzed for pesticides/PCBs. Beta-BHC, 4,4’-DDE, and 4,4’-DDD were 
detected at maximum concentrations less than their respective soil COC screening values. Therefore, 
beta-BHC, 4,4’-DDE, and 4,4’-DDD are not retained as sediment COPCs. 

Four sediment samples were analyzed for inorganic contaminants. Calcium, magnesium, potassium, 
and sodium were detected frequently, but these inorganics are not retained as COPCs because they 
are considered essential nutrients. 

Aluminum, antimony, chromium, and iron were detected in sediment samples at maximum 
concentrations that exceeded corresponding soil RBCs. Consequently, these analytes are retained as 
sediment COPCs’. Barium, cobalt, copper, lead, manganese, vanadium, and zinc were detected in 
sediment samples at maximum concentrations less than corresponding soil COC screening values. 
Therefore, these inorganics were not retained as sediment COPCs. 

6.2.2.6 Fish Tissue 
_- 

Table 6-9 shows that four fillet fish tissue samples were analyzed for VOCs. Acetone was detected 
at a frequency of two in four samples. The maximum detected concentration was 7,900 pgkg. It was 
not retained as a COPC since the maximum concentration is less than the fish tissue COC screening 
value. 

No SVOCs were detected in the fillet fish tissue samples; therefore, none were retained as COPCs. 

Four fillet fish tissue samples were analyzed for pesticides/PCBs. 4,4’-DDD was detected in one of 
four samples at a concentration of 5.7 &kg. This concentration is less than the fish COC screening 
value for 4,4’-DDD. Therefore, 4,4’-DDD was not retained as a fish tissue COPC. 

Four fillet fish tissue samples were analyzed for inorganic contaminants. Copper, manganese, 
selenium, and zinc were detected at high frequencies, but in each case maximum concentrations are 
less than the fish tissue COC screening values. Aluminum and barium were detected in one out of 
four samples at concentrations less than the respective COC screening values. Calcium, magnesium, 
potassium, and sodium were found in all samples; however, these inorganics are not retained as 
COPCs because they are considered essential nutrients. 

Mercury was detected in all four samples with concentrations ranging from 0.05 1 mgkg to 0.3 mgkg. 
All concentrations exceed the fish COC screening value for mercury. Thallium was detected in 3 of 
4 sediment samples at a maximum concentration of 0.11 mgkg, which exceeds the fish tissue COC 
screening value. Consequently, mercury and thallium are retained as fish tissue COPCs. ,-. 
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6.2.2.7 Summarv of COPCs 

Table 6- 10 presents a detailed summary of COPCs identified in each environmental medium sampled 
at Site 65. 

6.3 Exposure Assessment 

This section addresses potential human exposure pathways at Site 65 and presents the rationale for 
their evaluation. Potential source areas and potential migration routes, in conjunction with 
contaminant fate and transport information, are combined to produce a site conceptual model. 
Exposure pathways to be retained for quantitative evaluation are subsequently selected, based on the 
conceptual site model. 

6.3.1 Conceptual Site Model of Potential Exposure 

A conceptual site model of potential sources, migration pathways and human receptors is developed 
to encompass all current and future routes for potential exposure at Site 65. Figure 6-l presents the 
Site 65 conceptual model. Inputs to the conceptual model include qualitative descriptions of current 
and future land use patterns in the vicinity of Site 65. All available analytical data and meteorological 
data are considered, in conjunction with a general understanding of surrounding habitat 
demographics. The following list of receptors is developed for a quantitative health risk analysis: 

l Future on-site residents (child and adult) 
l Current military personnel in training 
0 Current military recreational user 
0 Current fisherman (child and adult) 
0 Future construction worker 

Contaminants detected in surface and subsurface soils are discussed in Section 4.0 (Nature and Extent 
of Contamination) and in Section 6.2.2, selection of COPCs. Migration of COPCs from these sources 
can occur in the following ways: 

0 Vertical migration of contaminants from surface soil to subsurface soil. 
0 Leaching of contaminants from subsurface soil to water-bearing zones. 
0 Vertical migration from shallow water-bearing zones to deeper flow systems. 
0 Horizontal migration in groundwater in the direction of groundwater flow. 
0 Groundwater discharge into local streams. 
0 Wind erosion and subsequent deposition of windblown dust. 

The potential for a contaminant to migrate and persist in environmental media is important in 
estimating exposure. A more detailed discussion of migration pathways is provided in Section 5. 

6.3.2 Current and Future Scenarios 

The Engineer Area Dump (Site 65) is a four- to five-acre, former, land-disposal site that is now 
primarily a wooded area due to heavy overgrowth. Immediately east of Site 65 is an equipment 
training area occupying the area between Site 65 and two small ponds located to the southeast. The 
Marine Corps Engineer School, which occupies property between Site 65 and Courthouse Bay, utilizes 
the training area to conduct heavy construction equipment (i.e., bulldozers, graders, etc.) training 
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activities. There are wide, cleared trails between the school and the equipment training area used for 
movement of the construction equipment. Also, there is a circuit/fitness course with exercise stops 
(called Butler’s Way) along the northern perimeter of the site. This course is used frequently by 
military base personnel for fitness training. 

.,- 

Current receptors are on-site military personnel. The military personnel are divided into two groups: 
those involved in training with heavy equipment (referred to as trainees) and those who use the fitness 
course (referred to as recreational users). The training maneuvers consist of such activities as digging 
up the soil and moving it around with the bulldozers, graders, etc. Consequently, it is necessary to 
consider exposure to both surface and subsurface soil through ingestion, dermal contact and inhalation 
of fugitive dust from vehicular,traffic. Military personnel who use the fitness course for exercising 
are considered to be exposed to surface soil. Potential surface soil exposure pathways are incidental 
ingestion, dermal contact, and inhalation of fugitive dust. 

Presently, the groundwater at the site is not used for potable purposes. Consequently, exposure to 
groundwater is not considered to be applicable to current scenarios at the site. Exposure to surface 
water and sediment is not expected for either military personnel group. However, fishing is allowed 
in the two small ponds, Courthouse Bay Pond and Power Line Pond, southeast of Site 65. Members 
of the public are allowed limited access to these ponds from 8:OO AM to 5:00 PM to fish. To be 
conservative, surface water and sediment exposure to adult and child fisherman receptors is assessed. 
The potential exposure pathways are ingestion and dermal contact of surface water and sediment. Fish 
were taken from Courthouse Bay Pond and Powerline Pond to obtain fish tissue for chemical analysis. 
Ingestion of fish tissue, the edible or fillet portion, is also evaluated. 

It is unlikely that this site will be used for a residential area in the future. However, to be conservative 
future groundwater exposure to a child and adult residential receptor was assessed. It assumed that 
a private well could be installed on-site in the future case. The potential exposure pathways were 
ingestion, dermal contact, and inhalation while showering. 

Similarly, it is anticipated that a residential child and adult may become exposed to surface soil. As 
a result, potential surface soil exposures via ingestion, dermal contact and inhalation were evaluated 
for the future residential child and adult receptor. While it is doubtful that surface water recreational 
facilities will be expanded in the future, a conservative exposure scenario was examined for a future 
residential population. The potential exposure pathways are ingestion and dermal contact of surface 
water and sediment. 

Finally, potential subsurface soil exposures resulting from future excavation and construction activities 
were assessed. A future construction worker was evaluated for subsurface soil ingestion, dermal 
contact, and inhalation. 

6.3.3 Exposure Pathways 

This section presents exposure pathways, shown in Figure 6-1, associated with each environmental 
medium and each human receptor group. Each pathway is then qualitatively evaluated for further 
consideration in the quantitative risk analysis. Table 6- 11 presents the matrix of human exposure at 
Site 65. 
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6.3.3.1 Surface Soil 

Potential exposure to surface soil may occur by incidental soil ingestion, contaminant absorption 
through the skin and inhalation of airborne particulates. Surface soil exposure is evaluated for future 
residential children and adults, as well as current military trainees and recreational users. 

6.3.3.2 Subsurface Soil 

Subsurface soil is available for contact only during excavation activities, so potential exposure to 
subsurface soil is limited to current military personnel involved in heavy equipment training exercises 
and construction workers. Exposure pathways involving ingestion, dermal contact, and inhalation of 
airborne particulates are evaluated for current military personnel in training and future construction 
workers only. 

6.3.3.3 Groundwater 

Currently, shallow groundwater at Site 65 is not used as a potable supply for residents or base 
personnel. However, in the future, (albeit unlikely due to poor transmissivity, insufficient flow, and 
availability of other sources) shallow groundwater may be tapped for potable water. In this scenario, 
potential exposure pathways are ingestion, dermal contact and inhalation of volatile contaminants 
while showering. Groundwater exposure is evaluated for future residential children and adults. 

6.3.3.4 Surface Water/Sediment 

Access to surface water at Site 65 is limited to two freshwater ponds adjacent to the site - Courthouse 
Bay Pond and Power Line Pond. It is known that individuals fish in these ponds. In a current 
scenario, swimming and/or wading are unlikely due to the murky quality of the water. In a future 
scenario, it is possible that surface water recreational facilities may be expanded for residents. Surface 
water and sediment exposure pathways include ingestion and dermal contact. Exposure is evaluated 
for current fisherman (adult and child receptors) and future residential children and adults (although 
it will be a conservative estimate). 

6.3.3.5 Biota ’ 

The potential release sources to be considered in evaluating exposure via fish consumption are 
contaminated surface water and sediments. Fish can uptake contaminants present in these media by 
bioaccumulation and biomagnification. The exposure pathway for human receptors is fish ingestion. 
Exposure is evaluated for current fishermen, adult and child. 

6.3.4 Quantification of Exposure 

The concentrations used to estimate chronic daily intakes (CDIs) must represent the type of exposure 
evaluated. Exposure to groundwater, surface water and sediment can occur distinctly, at one sampling 
location, or collectively, from various locations. These media are transitory in that their contaminant 
concentrations change over time. Averaging transitory data obtained from multiple locations is 
difficult and requires many more data points than those existing at Site 65. Consequently, the existing 
RI groundwater, surface water and sediment contaminant concentrations, from an exposure standpoint, 
are considered to be the most representative exposure concentrations available. 
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Soils are less transitory than the aforementioned media, and in most cases, soil exposure occurs over 
a wider area (eg., residential exposure). For this reason, upper confidence intervals are used to 
represent soil contaminant concentrations. 

The human health risk assessment for future groundwater use incorporates groundwater data collected 
from all monitoring wells at a given site. Because the RI data sets are assumed to originate from a 
skewed underlying distribution, lognormal distribution is used to represent relevant media. This 
ensures conservative CD1 calculations. 

In order to account for uncertainty and to be health protective, USEPA risk assessment guidance 
(USEPA, 1989a) requires that an upper bound estimate of the arithmetic mean concentration, be used 
to calculate CDL This estimate, which should be in the high end of the concentration frequency 
distribution, is called the RME concentration. The RME concentration is defined as the highest 
concentration that could reasonably be expected to be contacted via a given pathway over a long-term 
exposure period. 

Ninety-five percent upper confidence levels, (95 percent UCL) derived for lognormal data sets, 
produce concentrations in excess of the 95 percent confidence interval derived assuming normality. 
The 95 percent UCL for lognormal distribution, or RME, is used for each contaminant in a given data 
set, in order to quantify conservative exposure values. For exposure areas with limited amounts of 
data or extreme variability in measured data, the 95 percent UCL can be greater than the maximum 
detected concentration. In such cases, the maximum concentration is used instead. The true mean; 
however, may still be higher than this maximum value. In other words, the 95 percent UCL indicates 
that a higher mean is possible, especially if the most contaminated portion of the site, by chance, has 
not been sampled (USEPA, 1992c). Statistical summaries are presented in Appendix R. 

The 95 percent UCL of the lognormal distribution was calculated using the following equation 
(USEPA, 1992c): 

where: 
UCL = upper confidence limit 
e = constant (base of the natural log, equal to 2.7 18) 
R = mean of the transformed data 

= 
; z!z 

standard deviation of the transformed data 
H-statistic (Gilbert, 1987) 

n = number of samples 

In addition to the RME risk descriptor, which is represented by the maximum and/or 95% UCL 
concentration for the selected COPC, the central tendency (CT) risk descriptor was also used for data 
sets when the RME concentration term showed a potential risk to human health, specifically, to future 
on-site residential children. The CT concentration term utilized was the lognormal 95% UCL or the 
arithmetic mean (if the UCL was greater than the arithmetic mean) (USEPA, 1993). The CT 
concentrations were then utilized to calculate chemical intakes for the CT-case scenarios. The results 
of the CT calculations are presented in Section 6.6.6. 
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6.3.5 Calculation of Chronic Daily Intakes (CDI) 

In order to numerically calculate risks for current and future human receptors at Site 65, a CD1 must 
be computed for each COPC, in each relevant exposure pathway. Appendix U contains CDI 
equations for specific exposure scenarios (USEPA, 1989a). 

The following paragraphs present the general equations and input parameters used to calculate CDIs. 
Input parameters are taken from USEPA’s default exposure factors guidelines. USEPA promulgated 
exposure factors are used in conjunction with USEPA standard default exposure factors for both the 
CT and RME exposure scenarios; however, the CT exposure scenario was utilized only for future 
residential children. All inputs not defined by this source are derived either from other USEPA 
exposure documents or by using best professional judgment. All exposure assessments incorporate 
representative contaminant concentrations; only one exposure scenario is developed for each exposure 
route/receptor combination. The CT assumptions, though not discussed below, are presented in the 
tables in parentheses. Exposure assessment summaries are presented in Tables 6-12 through 6-22. 

Carcinogenic risk is calculated as an incremental lifetime risk, and thereby involves exposure duration 
(years) over the course of a lifetime (70 years, or 25,550 days). Noncarcinogenic risk, on the other 
hand, involves average annual exposure. Exposure time and frequency represent the number of hours 
of exposure per day, and days of exposure per year, respectively. Generally, noncarcinogenic risk for 
certain exposure routes (e.g., soil ingestion) is greater for children, as the combination of a lower body 
weight and an exposure frequency equal to that of an adult increases their ingestion rates. 

Future residential exposure scenarios address one to six-year old children weighing 15 kg, and adults 
weighing 70 kg, on average (USEPA, 1989a). An exposure duration of four years is used to estimate 
military residential exposure duration. A one year duration is used for future construction workers. 

6.3.5.1 Incidental Inaestion of Soil 

The equation for CDI, calculated for all human receptors potentially experiencing incidental soil 
ingestion, is as follows: 

CDI = 
C x IR x CF x Fi x EF x ED 

BWxAT 

Where: 
c = 
IR = 
CF = 
Fi = 
EF = 
ED = 
BW = 
AT = 

Contaminant concentration in soil (mg/kg) 
Ingestion rate (mg/day) 
Conversion factor (lE-6 kg/mg) 
Fraction ingested from source (dimensionless) 
Exposure frequency (days/year) 
Exposure duration (years) 
Body weight (kg) 
Averaging time (days) 

The following paragraphs explain the exposure assumptions used to evaluate the impact of COPCs 
in incidental soil ingestion. In each exposure scenario, the Fi value, indicating the portion of exposure 
from soils actually containing COPCs, is 100 percent. 
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Future On-Site Residents 

Future on-site residents may be exposed to COPCs in surface soil, during outdoor activities around 
their homes. In addition, children and adults may be exposed to COPCs by incidental ingestion of 
surface soil through hand-to-mouth contact. 

Ingestion rates (IR) for adults and children in this scenario are assumed to be 100 mg/day and 
200 mg/day, respectively (USEPA, 1991a). The EF for both receptor groups is 350 days per year 
(USEPA, 199 1 a). Residential exposure duration (ED) is divided into two parts. First, a six-year ED, 
used for young children, represents the period of highest soil ingestion (200 mg/day). Second, a 
24-year ED, used for older children and adults, represents a period of lower soil ingestion 
(100 mg/day) (USEPA, 199la). 

The BW of future residential children (age one to six years) is assumed to be 15 kg, and 70 kg is used 
as the BW for future residential adults (USEPA, 1989a). 

AT values of 25,550 days (70 years x 365 days/year) (USEPA, 1989a) and 8,760 days 
(24 years x 365 days/year) (USEPA, 1989a) are assigned to potentially carcinogenic and 
noncarcinogenic constituents, respectively, to estimate adult CDIs. The AT used for children exposed 
to noncarcinogens is 2,190 days (6 years x 365 days/year) (USEPA, 1989a). 

Militaw Personnel - Trainee 

Military personnel may be exposed to COPCs by ingesting surface soil and subsurface soil, during the 
course of heavy construction equipment training activities conducted at Site 65. .- 

The IR for military personnel exposed to surficial soils is assumed to be 100 mg/day (USEPA, 1989a). 
An EF of 260 days per year is used in conjunction with a four-year ED. The EF value, based on 
site-specific professional judgement, represents the reasonable worst case scenario of a training 
instructor present five days/week for 52 weeks over the course of a year. 

Carcinogenic compounds have an AT 25,550 days (70 years x 365 days/year), and the AT for 
noncarcinogenic compounds is 1,460 days (four years ED x 365 days/year). Adult average body 
weight (BW) is 70 kg (USEPA, 1989a). 

Militarv Personnel - Recreational User 

Military personnel may be exposed to COPCs by ingesting surface soil while jogging and/or 
exercising on the fitness course, Butler’s Way, located near Site 65. 

The IR for military personnel exposed to surficial soils is assumed to be 100 mglday (USEPA, 1989a). 
An EF of 260 days per year is used in conjunction with a four-year ED. The EF value, based on 
site-specific professional judgement, maintains a reasonable worst case scenario of an individual using 
the fitness course 5 days/week for 52 weeks/year. 

AT (carcinogens and noncarcinogens) and BW values are the same as those used in the military 
trainee scenario. 
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Future Construction Worker 

Construction workers may be exposed to COPCs through incidental ingestion of subsurface soil, 
during the course of excavation activities. An IR of 480 mg/day (USEPA, 1991 a) is assigned to future 
construction workers. A go-day per year EF is used in conjunction with a one-year ED, representing 
the estimated length of a typical construction job (USEPA, 1991a). AT,, is 365 days 
(USEPA, 1989a). CF, Fi, BW and AT, values are the same as those used for adults in the residential 
exposure scenarios. A summary of incidental soil ingestion exposure assessment input parameters is 
presented in Table 6-12. 

6.3.5.2 Dermal Contact with Soil 

The equation for CDI, calculated for all human receptors potentially experiencing dermal contact with 
soil, is as follows: 

CDI = 
C x CF x SA x AF x ABS x EF x ED 

BWxAT 

Where: 
C 
CF 
SA 
AF 
ABS 
EF 
ED 
BW 
AT 

Contaminant concentration in soil (mg/kg) 
Conversion factor (kg/mg) 
Skin surface available for contact (cm’) 
Soil to skin adherence factor (mg/cm’) 
Absorption factor (dimensionless) 
Exposure frequency (days/year) 
Exposure duration (years) 
Body weight (kg) 
Averaging time (days) 

The following paragraphs explain the exposure assumptions used to evaluate the impact of COPCs 
in dermal contact with soil. 

Future On-Site Residents 

Future on-site residents may be exposed to COPCs through dermal contact with surface soil during 
outdoor activities near their homes. The SA values represent reasonable worst case scenarios for an 
individual wearing a short-sleeved shirt, shorts, and shoes. The exposed skin surface area is limited 
to the head, hands, forearms and lower legs. Twenty-five percent of the upper-bound total body 
surface area yields a default SA of 5,800 cm2 for adults (LJSEPA, 1992a). The exposed skin surface 
for a child (2,300 cm’) is estimated using an average of the 50th (0.866 m’) and the 95th (1.06 m2) 
percentile body surface for a six year old child, multiplied by 25 percent (USEPA, 1992a). ED, EF, 
BW and AT values are the same as those used in the incidental soil ingestion scenario. Data on AF 
is limited. A value of 1.0 mg/cm’ is used in this assessment (USEPA, 1991b). 

Militarv Personnel - Trainees 

Base personnel in training may be exposed to COPCs through dermal contact with surface and 
subsurface soil, during the course of equipment training activities. It is assumed that military 
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personnel taking part in training exercises near Site 65 wear military issue work clothes consisting of 
a short-sleeved shirt, fatigue trousers (long pants), and boots. Exposed body parts include the hands 
(840 cm’), head (1,l SO cm”), and arms (2,280 cm*) (USEPA, 1992a). The total SA for the military 
trainee is 4,300 cm*. The ED, EF, BW and AT values are the same as thoseused in the incidental soil 
ingestion scenario. 

Militarv Personnel - Recreational User 

Military personnel may be exposed to COPCs through dermal contact with surface soil while using 
the fitness course (called Butler’s Way) adjacent to Site 65. It is assumed that military personnel 
involved in recreational activities have approximately 5,800 cm* of skin surface (SA) available for 
contact with COPCs (USEPA, 1992a). Exposed body parts include the head, hands, forearms, and 
lower legs, and represent 25 percent of total body surface area (23,000 cm*). The ED, EF, BW and 
AT values are the same as those used in the incidental soil ingestion scenario. 

Future Construction Worker 

Construction workers may be exposed to COPCs through dermal contact with subsurface soil, 
experienced during excavation activities. It is assumed that a construction worker wears a 
short-sleeved shirt, long pants and boots. Exposed skin surface area is then limited to the head, 
(1,l SO cm*) arms (2,280 cm*) and hands (840 cm*) (USEPA, 1992a). Total SA for the construction 
worker is 4,300 cm*. ED and EF values are the same as those used in the incidental soil ingestion 
scenario. Data on AF is limited. A value of 1 .O mg!cm’ is used in this assessment (USEPA, 1991 b). 
A summary of dermal contact with soil exposure assessment input parameters is presented in 
Table 6- 13. 

6.3.5.3 Inhalation of Fugitive Particulates 

The equation for CDI, calculated for future residents and base personnel potentially inhaling 
particulates, is as follows: 

CDZ = 
CxIRxEFxEDx IIPEF 

BWxAT 

Where: 
c = Contaminant concentration in soil (mg/kg) 
IR = Inhalation rate (m3/hr) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
l/PEF = Particulate emission factor (m3/kg) 
BW = Body weight (kg) 
AT = Averaging time (days) 

PEF relates contaminant concentrations in soil to concentrations of respirable particles in air, from 
surface soil fugitive dust emissions. A default PEF is used in this assessment (USEPA 1989b). 
Particulate emissions at contaminated sites occur vis-a-vis wind erosion, and thereby vary according 
to irritability of the surface material. PEF is 4.63E+O9 m3!kg for all receptors in this scenario 
(USEPA, 1989b). 
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The following paragraphs explain the exposure assumptions used to evaluate COPC impact in 
particulate inhalation. 

Future On-Site Residents 

Future on-site residents may be exposed to COPCs by inhaling fugitive dust during outdoor activities 
near their homes. The adult IR for residential exposure scenarios is 20 m’/day (USEPA 1991 a), and 
the IR for children is 15 m3/day (USEPA, 1995). ED, EF, BW and AT values are the same as those 
used the incidental soil ingestion scenario. 

Militarv Personnel - Trainee 

During work related activities, military personnel may inhale COPCs emitted as fugitive dust from 
surface and subsurface soil. An inhalation rate of 20 m3/day is used in this scenario (USEPA 199 la). 
ED, EF, BW and AT values are the same as those used in the incidental soil ingestion scenario. 

Militarv Personnel - Recreational User 

During fitness related activities, military personnel may inhale COPCs emitted as fugitive dust. An 
inhalation rate of 20 m3/day is used in this scenario (USEPA 199 1 a). ED, EF, BW and AT values are 
the same as those used in the incidental soil ingestion scenario. 

Future Construction Worker 

Construction workers may be exposed to COPCs through inhalation of fugitive particulates in 
subsurface soil, during excavation activities. IR is 20 m3/day (USEPA 1991a). ED, EF, BW and AT 
values are the same as those used in the incidental soil ingestion scenario. A summary of particulate 
inhalation exposure assessment input parameters is presented in Table 6-14. 

6.3.5.4 Ingestion of Groundwater 

Currently at Site 65, deep groundwater provides the potable water supply. Due to the generally low 
water quality and poor flow rates in the shallow aquifer, it is not likely that the shallow aquifer will 
be developed as a potable water supply. However, should residential housing be constructed in the 
future, shallow groundwater may be used to provide potable supplies. Currently, there are five supply 
wells within a one mile radius of this site. These supply wells utilize the Castle Hayne aquifer. If well 
contamination is reported, the wells are no longer used as potable water supplies. 

The equation for CDI, calculated for all human receptors potentially ingesting groundwater, is as 
follows: 

CDI = 
C x IR x EF x ED 

BWxAT 

Where: 
c = Contaminant concentration is groundwater (mg/L) 
IR = Ingestion rate (L/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
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BW = Body weight (kg) 
AT = Averaging time (days) 

The following paragraphs explain the exposure assumptions used to calculate the impact of COPCs 
in groundwater ingestion. 

Future On-Site Residents 

Exposure to COPCs by groundwater ingestion is a possible future exposure pathway for children and 
adults. A six-year-old child weighing 15kg has an IR of 1.0 L/day (USEPA, 1989a). This rate 
provides a conservative exposure estimate, in terms of systemic health effects. This value assumes 
that children obtain all the tap water they drink from the same source, for 350 days/year (EF). ED for 
young children is six years (USEPA, 199 la). AT is 2,190 days (six years x 365 days/year) for 
noncarcinogenic compound exposure. 

IR for a 70 kg adult is 2 L/day (USEPA 1989a). ED is 30 years, the national upper-bound (90th 
percentile) time spent at one residence (USEPA 1991 a). AT for noncarcinogens is 10,950 days. An 
AT of 25,550 days (70 years x 365 days/year) is used to evaluate exposure to potential carcinogenic 
compounds, for children and adults. A summary of groundwater ingestion exposure assessment input 
parameters is presented in Table 6- 15. 

6.3.5.5 Dermal Contact with Groundwater 

As stated previously, deep groundwater currently provides the potable water supply at Site 65. Due 
to the generally low water quality and poor flow rates in the shallow aquifer, it is not likely that the 
shallow aquifer will be developed as a potable water supply. However, should residential housing be 
constructed in the future, shallow groundwater may be used to provide potable supplies. Currently, 
there are five supply wells within a one mile radius of this site. These supply wells tap the Castle 
Hayne aquifer. If well contamination is reported, the wells are no longer used as potable water 
supplies. 

The equation for CDI, calculated for all human receptors potentially experiencing dermal contact with 
groundwater, is as follows: 

CDI = 
CxSAxPCxETxEFxEDxCF 

BWxAT 

Where: 
C 
SA 
PC 
ET 
EF 
ED 
CF 
BW 
AT 

Contaminant concentration in groundwater (mg/L) 
Surface area available for contact (cm”) 
Dermal permeability constant (cm/hr) 
Exposure time (hour/day) 
Exposure frequency (days/year) 
Exposure duration (years) 
Conversion factor (1 L/l 000 cm3) 
Body weight (kg) 
Averaging time (days) 
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The following paragraphs explain the exposure assumptions used to evaluate the impact of COPCs 
in dermal contact with groundwater. 

Future On-Site Residents 

Children and adults may be exposed to COPCs through dermal contact with groundwater while 
bathing or showering. It is assumed that bathing takes place 350 days/year (EF). The SA available 
for dermal absorption is estimated at 10,000 cm2 for children and 23,000 cm * for adults 
(USEPA, 1992a). 

PC indicates the movement of a chemical through the skin and into the blood stream. The 
permeability of a chemical is an important property in evaluating actual absorbed dose; however, many 
compounds do not have published PC values. The permeability constant for water (1.55E-03 cm&-) 
is used as a default value for those compounds without established PC values (USEPA 1992a). This 
value may, in fact, be a reasonable estimate of chemical absorption rates when COPC concentrations 
are in the part-per-billion range. ET for bathing or showering is 0.25 hours/day, a conservative 
estimate. ED, BW and AT values are the same as those used in the groundwater ingestion scenario. 
A summary of dermal contact with groundwater exposure assessment input parameters is presented 
in Table 6-16. 

6.3.5.6 Inhalation of Volatile Organics While Showering 

The Andelman Shower Model (1985) is applied in a qualitative assessment of inhaling VOCs released 
from shower water. Contaminant (VOC) concentrations in air while showering are estimated by a 
balance between the rate of chemical release from the shower and the rate of air exchange between 
the shower and the bathroom and the rest of the house. The calculations are based on the efficiency 
of the volatilization of trichloroethene from shower water as observed in model showers, as well as 
in several homes. 

The equation for CDI, calculated for all human receptors potentially inhaling groundwater volatile 
contaminants while showering, is as follows: 

cDI C x IR x ET x EF x ED 

BWxAT 

Where: 
C 
IR 
ET 
EF 
ED 
BW 
AT, 
ATIE 

Contaminant concentration in air (mg/m’) 
Inhalation rate (m3/hr) 
Exposure time (hr/day) 
Exposure frequency (days/year) 
Exposure duration (years) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 
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Future On-Site Residents 

The potential to inhale vaporized volatile organic COPCs while showering is considered for both 
children and adults. It is assumed that showering takes place 3 50 days/year (EF). IR for children and 
adults is 0.6 m3/hr. ET is 0.25 l-&day for both receptors (USEPA, 1989a). ED, SW, and AT values 
are the same as those used in the groundwater ingestion scenario. A summary of groundwater 
inhalation exposure assessment input parameters is presented in Table 6-l 7. 

6.3.5.7 Incidental Ingestion of Surface Water 

The equation for CDI, calculated for all human receptors potentially ingesting surface water, is as 
follows: 

CDI = 
C x IR x ET x EF x ED 

BWxATxDY 

Where: C = Contaminant concentration in surface water (mg/L) 
IR = Ingestion rate (L/hr) 
ET = Exposure time (hrs/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (years) 
DY = Days per year (days) 

The following paragraphs explain the exposure assumptions used to evaluate the impact of COPCs 
in surface water ingestion. 

Future On-Site Residents 

The IR, ET and EF values used for future residents apply to both children and adults. IR is 0.05 L/hr 
(USEPA, 1989a). ET is 2.6 hr/day (USEPA, 1992a). EF is 48 days/yr. This value represents a 
site-specific professional judgement, according to which exposure to surface water is estimated at 
eight days/month, for six months/year. ED values represent lifetime residential exposure durations. 
They are the same as those used for future children and adult residents in the groundwater exposure 
scenarios. BW and AT values are also the same as those used in groundwater exposure scenarios. 

Fisherman 

Individuals known to fish from Courthouse Bay Pond and Power Line Pond may be exposed to 
COPCs through surface water ingestion. Exposure to surface water through activities such as 
swimming or wading is considered unlikely due to the murky nature and high algae content of the 
pond water. However, a surface water ingestion scenario is included based on conservative 
professional judgement. The IR, ET, EF, ED, BW and AT values are the same as those given above 
for future resident adults and children. A summary of surface water ingestion exposure assessment 
input parameters is presented in Table 6- 18. 
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6.3.5.8 Dermal Contact with Surface Water 

The equation for CDI, for all residents potentially experiencing dermal contact with surface water, is 
as follows: 

CDI = 
CxCFxSAxEFxEDxETxPC 

BWxAT 

Where: C 
CF 
SA 
EF 
ED 
ET 
PC 
BW 
AT, 
ATIle 

Contaminant concentration in soil (mg/kg) 
Conversion factor (kg/mg) 
Surface available for contact (cm2/event) 
Exposure frequency (days/year) 
Exposure duration (years) 
Exposure Time (hi-/day 
Dermal Permeability Constant (cmkr) 
Body weight (kg) 
Averaging time carcinogen (days) 
Averaging time noncarcinogen (days) 

The following paragraphs explain the exposure assumptions used to evaluate the impact of COPCs 
in dermal contact with surface water. 

Future On-Site Residents 

SA values represent dermal surface area of hands, forearms and lower extremities exposed for contact 
with surface water. SA is 2,100 cm* for children and 8,300 cm2 for adults (USEPA, 1992a). ET, EF, 
ED, BW and AT values are the same as those used for future children and adult residents in the 
surface water ingestion exposure scenario. PC values are chemical specific (USEPA, 1992a). They 
are provided on the CD1 spreadsheets in Appendix U. 

Fisherman 

Although unlikely, an exposure scenario for individuals who may fish in the ponds adjacent to Site 65 
is presented to evaluate the impact of COPCs in dermal contact with surface water. Values of 
8,300 cm2 for adults and 2,100 cm for children are used for the surface area exposed for contact with 
surface water. ET, EF, ED, BW and AT values are the same as those used in the surface water 
ingestion exposure scenario. PC values are chemical-specific. A summary of surface water dermal 
contact exposure assessment input parameters is presented in Table 6- 19. 

6.3.5.9 Incidental Ingestion of Sediment 

The equation for CDI, for all residents and fishermen potentially experiencing incidental ingestion of 
sediment, is as follows: 

CDI = 
C x IR x CF X EF x ED 

BWxAT 
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Where: c = Contaminant concentration in sediment (mg/kg) 
IR = Ingestion rate (mg/day) 
CF = Conversion factor for kg to mg (mg/day) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (years) 

The following paragraphs explain the exposure assumptions used to evaluate the impact of COPCs 
in sediment ingestion. 

Future On-Site Residents 

IR is 200 mg/day for children and 100 mg/day for adults (USEPA, 1989a). EF, ED, BW and AT 
values are the same as those used for future children and adult residents in the surface water exposure 
scenarios. 

Fisherman 

Contact with sediment by individuals who fish from the ponds on Site 65 is considered unlikely for 
the same reasons given in the surface water ingestion section. However, a conservative exposure 
scenario is presented in the event that exposure to sediment were to occur. 

IR for the fisherman is 200 mg/day for an adult and 100 mg/day for a child. EF, ED, BW and AT 
values are the same as those for the fisherman in the surface water exposure scenario. CF is lE-06 
kg/mg (USEPA, 1989a). It is applied to sediment exposure analyses for both children and adults. A 
summary of sediment ingestion exposure assessment input parameters is presented in Table 6-20. 

6.3.5.10 Dermal Contact with Sediment 

The equation for CDI, for all residents potentially experiencing dermal contact with sediment, is as 
follows: 

CDI = 
C x CF x SA x AF x Abs x EF x ED 

BWxATiDY 

Where: C = Concentration of contaminant in sediment (mg/kg) 
CF = Conversion factor for kg to mg 
SA = Exposed skin surface area (cm’) 
AF ZZ Sediment to skin adherence factor (mg/cm2) 
Abs = Fraction absorbed (unitless) 
EF = Exposure frequency (events/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (years) 
DY = Days per year (days) 
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The following paragraphs explain the exposure assumptions used to evaluate the impact of COPCs 
in dermal contact with sediment. 

Future On-Site Residents 

SA values are the same as those used for future residential children and adults in the dermal contact 
with surface water exposure scenario. AF is 1 .O mg/cm’. It is used to evaluate dermal contact with 
sediment for both children and adults. ABS is 1 .O percent for organics and 0.1 percent for inorganics 
(USEPA, 1991b). EF, ED, BW, AT and CF values are the same as those used in the sediment 
ingestion exposure scenario. 

Fisherman 

The SA value is the same as that used for the fisherman (adult and child) in the dermal contact with 
surface water exposure scenario. EF, ED, BW, AT and CF values are the same as those used in the 
sediment ingestion exposure scenario. A summary of sediment dermal contact exposure assessment 
input parameters is presented in Table 6-21. Appendix U contains CD1 calculation spreadsheets for 
specific exposure scenarios (USEPA 1989a). 

6.3 S. 11 Ingestion of Fish Tissue 

The equation for CDI, for those individuals potentially ingesting edible fish tissue, is as follows: 

CDI = 
C x IR x Fi x EF x ED 

BWxATxDY 

Where: c = 
IR = 
Fi = 
EF = 
ED = 
BW = 
AT = 
DY = 

Concentration of contaminant in fish (mg/kg) 
Ingestion rate (kg/meal) 
Fraction ingested from source (dimensionless) 
Exposure frequency (mea&r) 
Exposure duration (years) 
Body weight (kg) 
Averaging time (years) 
days per year (daysfyr) 

The IR and EF values used for the adult and child fisherman are 0.145 kg/meal (USEPA, 1993) and 
48 meals/year (USEPA, 1989a), respectively. Due to the lack of site-specific information as well as 
a published IR value for children, 0.145 kg/meal was used to provide a conservative estimate. ED, 
BW, and AT values are the same as those used for future children and adult residents in the sediment 
ingestion exposure scenario. The Fi value, indicating the portion of exposure from fish tissue actually 
containing COPCs, is 100 percent. A summary of fish ingestion exposure assessment input 
parameters is presented in Table 6-22. 

6.4 Toxicitv Assessment 

This section reviews toxicological information available for COPCs identified in Section 6.2. 
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6.4.1 Toxicological Evaluation 

Toxicological evaluation addresses the inherent toxicity of chemical compounds. It consists of the 
review of scientific data to determine the nature and extent of the potential human health and 
environmental effects associated with exposure to various contaminants. 

Because of uncertainties in exposure estimates and inherent difficulties in determining causal 
relationships established by epidemiological studies, human data from occupational exposures are 
often insufficient for determining quantitative indices of toxicity. For this reason, animal bioassays 
are conducted under controlled conditions, and results are extrapolated to humans. There are several 
stages in this extrapolation. First, to account for species differences, conversion factors are used to 
apply test animal data to human studies. Second, high dosages administered to test animals must be 
translated into lower dosages, more typical of human exposure. When developing acceptable human 
doses of noncarcinogenic contaminants, safety factors and modifying factors are applied to animal 
test results. When studying carcinogens, mathematical models are used to convert high dosage effects 
to effects at lower dosages. Epidemiological data can then be used to determine credibility of these 
experimentally derived indices. 

Reference dose (RfD) is an experimentally derived exposure index for noncarcinogenic contaminants, 
and carcinogenic slope factor (CSF) is an experimentally derived exposure index for carcinogens. 
These values are addressed, within the context -of dose-response evaluation, in the next section. 

Available toxicological information indicates that many COPCs have both carcinogenic and 
noncarcinogenic health effects in humans and/or experimental animals. Although COPCs may cause 
adverse health and environmental effects, dose-response relationships and exposure must be evaluated 
before receptor risk can be determined. Dose-response relationships correlate dose magnitude with 
the probability of toxic effects, as discussed in the following section. 

6.4.2 Dose-Response Evaluation 

An important component in risk assessment is the relationship between the dose of a compound and 
the potential for adverse health effects resulting from the exposure to that dose. Dose-response 
relationships provide a means by which potential public health impacts may be evaluated. The 
published information on doses and responses is used in conjunction with information on the nature 
and magnitude of exposure. to develop an estimate of risk. 

6.4.2.1 Carcinopenic Slope Factor 

CSFs are used to estimate upper-bound lifetime probability of developing cancer as a result of 
exposure to a particular dose of a potential carcinogen (USEPA, 1989a). This factor is generally 
reported in (mg/kg/day)-’ CSF is derived by converting high dose-response values produced by animal 
studies to low dose-response values, and by using an assumed low-dosage linear multistage model. 
The value used in reporting the slope factor is the upper 95th percent confidence limit. 

USEPA weight-of-evidence classifications accompany CSFs. They provide the weight of evidence 
according to which particular contaminants are defined as potential human carcinogens. 
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,-\ The USEPA’s Human Health Assessment Group (HHAG) classifies carcinogenic potential by placing 
chemicals into one ofthe following groups, according to weight of evidence from epidemiological and 
animal studies: 

Group A - Human Carcinogen (sufficient evidence of carcinogenicity in humans) 

Group B - Probable Human Carcinogen (Bl - limited evidence of carcinogenicity in 
humans; B2 - sufficient evidence of carcinogenicity in animals with 
inadequate or lack of evidence in humans) 

Group C - Possible Human Carcinogen (limited evidence of carcinogenicity in animals 
and inadequate or lack of human data) 

Group D - Not Classifiable as to Human Carcinogenicity (inadequate or no evidence) 

Group E - Evidence of Noncarcinogenicity for Humans (no evidence of carcinogenicity 
in adequate studies) 

6.4.2.2 Reference Dose 

RfD is developed for chronic and/or subchronic chemical exposure and is based solely on 
noncarcinogenic effects of chemical substances. It is defmed as an estimate of the daily exposure level 
for a human population that is not likely to produce an appreciable risk of adverse effects during a 
lifetime. The RID is usually expressed as dose (mg) per unit body weight (kg) per unit time (day). 
It is generally derived by dividing a no-observed-(adverse)-effect-level (NOAEL or NOEL) or a lowest 
observed-adverse-effect-level (LOAEL) for the critical toxic effect, by the appropriate “uncertainty 
factor &IF)“. Effect levels are determined by laboratory or epidemiological studies. The UF is based 
on the availability of toxicity data. 

UFs usually consist of multiples of 10, where each factor represents a specific area of uncertainty 
naturally present in the extrapolation process. These UFs are presented below and were taken from 
the Risk Assessment Guidance Document for Superfund, Volume I, Human Health Evaluation 
Manual (Part A) (USEPA, 1989a): 

0 A UF of 10 is to account for variation in the general population and is intended to 
protect sensitive populations (e.g., elderly; children). 

0 A UF of 10 is used when extrapolating from animals to humans. This factor is 
intended to account for the interspecies variability between humans and other 
mammals. 

0 A UF of 10 is used when a NOAEL derived from a subchronic instead of a chronic 
study is used as the basis for a chronic RfD. 

0 A UF of 10 is used when a LOAEL is used instead of a NOAEL. This factor is 
intended to account for the uncertainty associated with extrapolating from LOAELs 
to NOAELs. 
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In addition to UFs, a modifying factor (MF) is applied to each reference dose and is defined as: 

0 An MF ranging from >O to 10 is included to reflect a qualitative professional 
assessment of additional uncertainties in the critical study and in the entire data base 
for the chemical not explicitly addressed by the preceding uncertainty factors. The 
default for the MF is 1. 

Thus, the RfD incorporates the uncertainty of the evidence for chronic human health effects. Even 
if applicable human data exist, the RfD still maintains a margin of safety so that chronic human health 
effects are not underestimated. 

Toxicity factors and the USEPA weight-of-evidence classifications are presented in Table 6-23. The 
hierarchy for choosing these values is as follows (USEPA, 1989a): 

0 Integrated Risk Information System (IRIS) 
0 Health Effects Assessment Summary Table (HEAST) 
l USEPA National Center for Environmental Assessment (EPA-NCEA) (USEPA, 

1997) 

The IRIS database is updated monthly and contains both verified CSFs and RIDS. The USEPA has 
formed the Carcinogen Risk Assessment Verification Endeavor (CRAVE) Workgroup to review and 
to validate toxicity values used in developing CSFs. Once the slope factors have been verified with 
extensive ‘peer review, they appear in the IRIS database. Like the CSF Workgroup, an RfD 
Workgroup has been formed by the USEPA to review existing data used to derive RfDs. Once RIDS 
have been verified, they also appear in IRIS. 

HEAST, on the other hand, provides both interim (unverified) and verified CSFs and RFDs. This 
document is published quarterly and incorporates any applicable changes to its database. 

6.5 Risk Characterization 

This section presents estimated incremental lifetime cancer risks (ICRs) and hazard indices (HIS) for 
identified receptor groups possibly exposed to COPCs by the exposure pathways presented in 
Section 6.3. 

Quantitative risk calculations for carcinogenic compounds estimate ICR levels for individuals in a 
given population. An ICR of lE-06, for example, indicates that, within a lifetime of exposure to 
site-specific contamination, one additional case of cancer may occur per one million exposed 
individuals. 

The following represents an individual’s ICR: 

ICR = 2 CDI, x CSFi 
i=l 

where CDI, is the chronic daily intake (mg/kg/day) for compound I, and CSF l is the compound’s 
carcinogenic slope factor [(mg/kg/day)-‘I. The CSF is defined as an upper 95th percentile confidence 
limit of the probability of a carcinogenic response, based on experimental animal data. The CD1 
defines exposure, expressed as a mass of a substance contracted per unit body weight per unit time, -- 
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averaged over a period of time (i.e., six years to a lifetime). The above equation is derived assuming 
that cancer is a non-threshold process and that the potential excess risk level is proportional to the 
cumulative intake over a lifetime. 

Quantitative noncarcinogenic risk calculations assume that noncarcinogenic compounds have 
threshold values for toxicological effects. Noncarcinogenic effect weighs CD1 against threshold levels 
(RfDs). Noncarcinogenic effect is estimated by calculating the hazard index (HI), defined by the 
following equation: 

HI = HQ, + HQz + . ..HQ. 

= pHQi 
i=l 

y where HQi = CDI, /Rfl)i 

where HQi is the hazard quotient for contaminant I, CDI, is chronic daily intake (mg/kg/day) and RfDi 
is the reference dose (mg/kg/day) for contaminant I, over a prolonged period of exposure. 

6.5.1 Human Health Risks 

ICR and HI values associated with exposure to environmental media at Site 65 (soil, groundwater, 
surface water/sediment, and fish tissue) are presented in Tables 6-24,6-25 and 6-26, respectively. 
Total carcinogenic and noncarcinogenic risks, per medium, for all relevant receptor groups, are 
provided in these tables. ICR and III are also broken down to show risks from specific exposure 
pathways: ingestion, dermal contact and inhalation (where applicable). 

The text in this section explains the calculated risk results for Site 65, presented in Tables 6-24,6-25 
and 6-26. A cancer risk range of lE-04 to lE-06 is used to evaluate calculated ICR levels. Any ICR 
value within this range is considered “acceptable”; an ICR greater than lE-04 denotes an existing 
cancer risk. A noncarcinogenic risk of 1 .O is used as an upper limit to which calculated HI values are 
compared. Any HI exceeding 1 .O indicates an existing noncarcinogenic risk (USEPA 1989a). 

6.5.1.1 S&l 

As shown in Table 6-24, ICR values calculated for future residential children and adults, military 
personnel (both trainees and recreational users), and future construction workers fall within the 
USEPA’s acceptable risk range. These receptors are then not at risk from carcinogens in Site 65 soil. 
III values calculated for these receptors are less than 1 .O, below the acceptable risk level. Adverse 
systemic health effects are then not likely to be caused by noncarcinogens in Site 65 soil. 

6.5.1.2 Groundwater 

As shown in Table 6-25, no carcinogenic contaminants were retained as COPCs in groundwater. 
Therefore, no ICR values were calculated. These receptors are then not at risk from carcinogens in 
Site 65 groundwater. The HI value calculated for future residential adults is less than 1.0, the 
acceptable risk level. However, the Hl calculated for future residential children exceeded 1 .O. The 
groundwater ingestion pathway contributed 100 percent of the elevated HI (1.9). Iron was the primary 
risk driver for this pathway. 
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6.5.1.3 Surface Water/Sediment 

As shown in Table 6-26, no carcinogenic contaminants were retained as COPCs in surface water. 
Therefore, no ICR values were calculated. These receptors are then not at risk from carcinogens in 
Site 65 surface water/sediment. III values calculated for future residential children and adults are less 
than 1 .O, below the acceptable risk level. Adverse systemic health effects are then not likely to be 
caused by noncarcinogens in Site 65 surface water/sediment. 

6.5.1.4 Fish Tissue 

As shown in Table 6-26, no carcinogenic contaminants were retained as COPCs in fish tissue. 
Therefore, no ICR values were calculated. These receptors are then not at risk from carcinogens in 
Site 65 fish tissue. 

The Hl values calculated for the adult and child fisherman (HI=1.3 and 6.1, respectively) are above 
EPA’s acceptable risk level of 1 .O. It should be noted that the exposure parameters used to calculate 
the CD1 for these receptors are very conservative. The IR value of 0.145 kg/meal, the RME for a 
70 kg adult, was used for the child since there is no site-specific information available concerning the 
fish consumption rate of young children. This III value, while very conservative, is considered 
protective of young children, as well as adults, for adverse systemic health effects. 

6.6 Sources of Uncertaintv 

Uncertainties may arise during the risk assessment process. This section presents site specific sources 
of uncertainty in the risk assessment: _--. 

0 Analytical data 
l Exposure assessment 
l Sampling strategy 
0 Toxicity assessment 
0 Compounds not qualitatively evaluated 
l Results of CT calculations 

6.6.1 Analytical Data 

The credibility of the BRA relies on the quality of the analytical data available to the risk assessor. 
Analytical data are limited by the precision and accuracy of the analytical method. In addition, the 
statistical methods used to compile and analyze data (mean concentration, standard deviation, and 
detection frequencies) are subject to uncertainty in the ability to evaluate data. In general, increasing 
the number of data points reduces the statistical uncertainty. 

Data validation serves to reduce some of the inherent uncertainty associated with analytical data by 
establishing the usability of the data to the risk assessor who may or may not choose to include the 
data point in risk estimation. Data can be qualified as “J” (estimated) for many reasons, including a 
slight exceedence of holding times, high or low surrogate recovery, or intra-sample variability. Data 
qualified with “J” were retained for risk assessment. Organic data qualified with “B” (detected in 
blank) or “R” (rejected/unreliable) were not applied to risk analysis. Because the sampling and 
analytical program at Site 65 was comprehensive, dismissing data points qualified with “B” or “R” did 
not significantly increase uncertainty in the risk assessment. _,... 
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6.6.2 Exposure Assessment 

When performing exposure assessments, uncertainties can arise from two main sources. First, the 
chemical concentration to which a receptor may be exposed must be estimated for every medium of 
interest. Second, uncertainties can arise in estimating contaminant intakes resulting from contact with 
a particular medium. 

Estimating the contaminant concentration in a given medium to which a human receptor may be 
exposed can be as simple as deriving the 95th percent upper confidence limit of the mean for a given 
data set. More complex methods for deriving contaminant concentration are necessary when exposure 
to COPCs in a given medium occurs subsequent to contaminant release from another medium, or 
when analytical data are not available to characterize the release. In this case, modeling is usually 
employed to estimate potential human exposure. 

Potential inhalation of fugitive dusts from affected soils is estimated by using USEPA’s Rapid 
Assessment of Exposure to Particulate Emissions from Surface Contamination (Cowherd et al., 1985). 
The Cowherd model employs the use of a site-specific PEF for wind erosion based on source area and 
vegetative cover. A conservative PEF estimate was derived for Site 65 by assuming that the entire 
area was not covered with vegetation and was unlimited in its erosion potential. 

Groundwater samples were analyzed for total (unfiltered) and dissolved (filtered) inorganic 
contaminants. These samples were obtained from wells which were constructed using USEPA Region 
IV monitoring well design specifications. Groundwater taken from monitoring wells cannot be 
considered representative of potable groundwater, or groundwater which is obtained from a domestic 
well at the tap. The use of total inorganic analytical results overestimates the potential human health 
risks associated with potable use scenarios. However, in order to produce the most conservative risk 
estimates, total organic results were used to calculate the potential intake associated with groundwater 
use. 

As stated previously, the shallow groundwater at Camp Lejeune is currently not used as a potable 
source. Receptors are only exposed to groundwater drawn from the deep zone. For this reason, 
exposure to shallow groundwater is not evaluated for current receptors. Groundwater exposure is 
evaluated for future residents only, as there is a possibility that shallow groundwater may be tapped 
someday. 

To estimate receptor intake, certain assumptions must be made about exposure events, exposure 
durations and the corresponding assimilation of contaminants by the receptor. Exposure factors have 
been created from a range of values generated by studies conducted by the scientific community, and 
have been reviewed by the USEPA. Conservative assumption for daily intakes are employed 
throughout the BRA when values are not available; they are designed to produce low error, to protect 
human health and to yield reasonable clean-up goals. In all instances, the values, conservative 
scientific judgments and conservative assumptions used in the risk assessment concur with USEPA 
guidelines. 

6.6.3 Sampling Strategy 

As an environmental medium, soil is available for direct contact exposure, and it is often the main 
source of contamination released to other media. Soil sampling intervals should be appropriate for 
the exposure pathways and contaminant transport routes of concern. Surface soil exposure assessment 
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is based on samples collected from the shallowest depth, zero to one foot below the ground surface. 
Subsurface soil samples are necessary to generate data for exposure assessment when soil excavation 
is possible, or if leaching of chemicals to groundwater is likely. Subsurface soil samples are collected 
at depths greater than one foot below the ground surface. 

6.6.4 Toxicity Assessment 

In making quantitative estimates about the toxicity ofvarying chemical doses, uncertainties arise from 
two sources. First, existing data usually provide insufficient information about toxic exposure and 
subsequent effects. Human exposure data display inherent temporal variability and often lack 
adequate concentration estimates. Animal studies are often used to subsidize available human data. 
In the process of extrapolating animal results to humans; however, more uncertainties can arise. 
Second, in order to obtain visible toxic effects in experimental animals, high chemical doses are 
employed over short periods of time. Doses typical of human exposure; however, are much lower, 
relative to those doses administered to experimental animals. In order to apply animal test results to 
human exposure assessments, data must be adjusted to extrapolate from high dose effects to low dose 
effects. 

In extrapolating effects from animal receptors to human receptors, and from high doses to low doses, 
scientific judgment and conservative assumptions are employed. In selecting animal studies for use 
in dose response calculations, the following factors are considered: 

0 Studies are preferred in which the animal closely mimics human pharmacokinetics 

l Studies are preferred in which dose intake most closely mimics intake route and _ 
duration for humans 

0 Studies are preferred in which the most sensitive responses to the compound in 
question is demonstrated 

In order to evaluate compounds that cause threshold effects, (i.e., noncarcinogens) safety factors are 
taken into account when experimental results are extrapolated from animals to humans, and from high 
to low doses. Employing conservative assumptions yields quantitative toxicity indices that are not 
expected to underestimate potential toxic effects, but may overestimate these effects by some 
magnitude. 

6.6.5 Compounds Not Quantitatively Evaluated 

The following contaminants detected at Site 65 were not quantitatively evaluated in the BRA, as there 
is no toxicity information promulgated by the USEPA: 

0 lead. 

6.6.6 Results of CT Calculations 

There was an unacceptable HI calculated for the future residential child under the groundwater 
ingestion RME exposure scenario. CT exposure scenarios for the future residential child were then 
applied to all media and pathways and carcinogenic and noncarcinogenic risks were recalculated. 
Under the CT exposure scenarios, the total site HI for the future residential child (0.66) was less than .___ 
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the acceptable risk level of 1 .O. Specifically, the HI calculated for the groundwater ingestion pathway 
was 0.3. In addition, the total site ICR for the future residential child fell below USEPA’s acceptable 
risk range (1 .OE-06<ICR<l .OE-04). Therefore, it is unlikely that under a CT (or average) exposure 
scenario, adverse huma health effects would occur. The CD1 calculations for the CT exposure 
scenarios can be found in Appendix T. 

6.7 BRA Conclusions 

The BRA evaluates environmental media at Site 65, in terms of human health risk. Potential 
receptors at the site include future residential children and adults, current military personnel (trainees 
and recreational users), fisherman (adult and child), and future construction workers. Total site ICR 
and HI per receptor group are estimated by combining ICRs and His associated with specific exposure 
pathways. The following algorithms define total site risk: 

1. Future Residents (Children and Adults) 

a. Incidental ingestion of COPCs in surface soil + dermal contact with COPCs 
in surface soil + inhalation of COPCs in particulates 

b. Ingestion of COPCs in groundwater + dermal contact with COPCs in 
groundwater + inhalation of volatile COPCs 

C. Ingestion of COPCs in surface water + ingestion of COPCs in sediment + 
dermal contact with COPCs in surface water + dermal contact with COPCs 
in sediment 

2. Current Military Personnel - Trainees 

a. Incidental ingestion of COPCs in surface soil + dermal contact with COPCs 
in surface soil + inhalation of airborne COPCs 

b. Incidental ingestion of COPCs in subsurface soil + dermal contact with 
COPCs in subsurface soil + inhalation of airborne COPCs 

3. Military Personnel - Recreational User 

a. Incidental ingestion of COPCs in surface soil + dermal contact with COPCs 
in surface soil + inhalation of airborne COPCs 

4. Fisherman (Adult and Child) 

a. Ingestion of COPCs in surface water + ingestion of COPCs in sediment + 
dermal contact with COPCs in surface water + dermal contact with COPCs 
in sediment 

b. Ingestion of COPCs in fish tissue 
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5. Future Construction Worker 

a. Incidental ingestion of COPCs subsurface soil + dermal contact with COPCs 
in subsurface soil + inhalation of airborne COPCs 

6.7.1 Total Site Risk 

The text below addresses total site risks by receptor group. Total site ICR and HI values are presented 
in Table 6-27. 

6.7.1.1 Future Residential Children 

Total ICR for future residential children, 3.7E-06, is within the USEPA acceptable cancer risk range. 
Total HI, 3.0, is above 1.0. This elevated HI value is primarily a result of iron detected in the 
groundwater. However, it should be noted that iron is still considered an essential nutrient. Also, 
toxicity criteria, which have not been finalized by the USEPA, have only recently been introduced for 
iron. Finally, as noted in Section 6.6.6, the CT exposure scenarios calculated for the future residential 
child showed no unacceptable risk. 

6.7.1.2 Future Residential Adults 

Total ICR for future residential adults at, 2.8E-06, is within the USEPA acceptable cancer risk range. 
Total HI, 0.25, is less than 1.0. It can then be concluded that COPCs in environmental media at 
Site 65 generate no health risks in excess of acceptable levels. 

6.7.1.3 Current Militarv Personnel - Trainee 

Total ICR for current military personnel involved in heavy equipment training activities near Site 65, 
7.3E-07, is below the USEPA acceptable risk range. Total HI, 0.2, is less than 1 .O. It can then be 
concluded that COPCs in environmental media at Site 65 generate no health risks in excess of 
acceptable levels. 

6.7.1.4 Current Militarv Personnel - Recreational User 

Total ICR for current military personnel involved in physical fitness/recreational activities through the 
use of Butler’s Way adjacent to Site 65,3.5E-07, is below the USEPA acceptable risk range. Total 
HI, less than 0.05, is well below the USEPA limit of 1 .O. It can then be concluded that COPCs in 
environmental media at Site 65 generate no health risks in excess of acceptable levels. 

6.7.1.5 Adult Fisherman 

There were no carcinogens selected as COPCs for surface water, sediment, or fish tissue. Therefore, 
a carcinogenic risk was not calculated for the adult fisherman. It can then be concluded that COPCs 
in environmental media at Site 65 generate no carcinogenic health risks in excess of acceptable levels. 

The total HI, 1.3, is above 1 .O. The elevated HI is primarily due to the presence of mercury in fish 
tissue (69% of the total fish tissue HI). It should be noted that the HQ for mercury (0.82) was less 
than 1 .O. In addition, several factors indicate that the presence of mercury is not site related. The 
mercury was detected only in the fish tissue. It was not detected in any other media sampled at 
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Site 65. The location of the ponds from the heavy equipment training area prevents them from being 
affected by surface run-off. Finally, Courthouse Bay Pond and Powerline Pond are stocked with fish. 
It can be concluded that there may be potential non-carcinogenic risks above the acceptable level from 
the ingestion of fish tissue, but that it is not related to Site 65. 

6.7.1.6 Child Fisherman 

There were no carcinogens selected as COPCs for surface water, sediment, or fish tissue. Therefore, 
a carcinogenic risk was not calculated for the child fisherman. It can then be concluded that COPCs 
in environmental media at Site 65 generate no carcinogenic health risks in excess of acceptable levels. 

The total HI, 6.1, is above 1 .O. The elevated HI is primarily due to the presence of mercury in fish 
tissue (69% of the total fish tissue HI). As stated previously in Section 6.5.1.4, the fish tissue 
ingestion HI calculated for the child fisherman is very conservative. In addition, several factors 
indicate that the presence of mercury is not site related. The mercury was detected only in the fish 
tissue. It was not detected in any other media sampled at Site 65. The location of the ponds from the 
heavy equipment training area prevents them from being affected by surface run-off. Finally, 
Courthouse Bay Pond and Power-line Pond are stocked with fish. It can be concluded that there may 
be potential non-carcinogenic risks above the acceptable level from the ingestion of fish tissue, but 
that it is not related to Site 65. 

6.7-l .7 Future Construction Workers 

Total ICR for future construction workers at Site 65, 1.3E-07, is less than 1 .OE-06; it is within the 
USEPA acceptable risk range. Total HI, 0.2, is less than 1 .O. It can then be concluded that COPCs 
in environmental media at Site 65 generate no health risks in excess of acceptable levels. Total site 
ICR and HI values are presented in Table 6-27. 
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TABLE 6-1 

SUMMARY OF BLANK CONTAMINANT RESULTS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Constituent 
Volatiles 

Methylene Chloride 

Acetone 
2-Butanone 

Toluene 
Semivolatiles 

Medium 
Maximum Associated with Type of 

Concentration Maximum Blank with Concentration Concentration 
Detected in Concentration Maximum for for 

Blank Detected in Detected Comparison(‘) Comparison(*) 
hm Blank Value (Aqueous -ug/L) (Solid - pgkg) 

1J Soil Trip 10 10 
93 Soil Rinsate 930 930 
75 Soil Rinsate 70 70 
4J Soil Trip 40 40 

Inorganics 

Aluminum 
Barium 

Calcium 
Copper 
Iron 
0. 

73.6 Groundwater 
2.7 Groundwater 
138 Groundwater 
16.1 Groundwater 
20.4 Groundwater 
*I\ e t-T--..- 1- _ .̂  . ̂ - 

Field 
Field 
Field 
Field 
Field 
r:-,?l 

368 NA 
15 NA 

2,990 NA 
80.5 NA 
102 NA 
1 *n XT* Lint I al.3 1 UrOuIIuW?.tlGr 1 rlGLU I 14w 

I 1Yi-i 



TABLE 6-l (Continued) 

Constituent 
Volatiles 

Methvlene Chloride 

Acetone 

1,2-Dichloroethane 

Toluene 
Inorganics 

Aluminum 

Calcium 

Magnesium 

Sodium 

SUMMARY OF BLANK CONTAMINANT RESULTS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Maximum 
Concentration 

Detected in 
Blank 
QN-4 

10 

44 

25 

4J 

Notes: 

(1) Concentration is five or ten times (for common laboratory blank contaminants) the maximum detected 
concentration in a blank. 

(2) Concentration is five or ten times the maximum detected concentration in a blank, converted to &kg. 
(3) Semivolatile blank concentrations are multiplied by 33 or 66 to account for matrix difference. 

NA - Not applicable 

65.2 

598 

120 

290 

Associated with 

Concentration 

Type of 
Blank with Concentration 
Maximum for 
Detected Comparison(‘) 

Value (Aqueous -pgiL) 

Surface Water/ 1 
Sediment Rinsate 600 

Surface Water/ 
Sediment I Rinsate I 1.450 

~ Concentration 
for 

Comparison(2) 
(Solid - pg/kg) 

10 

440 

10 

40 

326 

2.990 

600 

1.450 

(  



TABLE 6-2 

is”z 
ORGANIC DATA SUMMARY - SURFACE SOIL 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Region III Comprison to 
Contaminant Range/Frequency Criteria Criteria 

Range of Positive Residential Positive Detects 
Detections No. of Positive Detects/ COC Value Above Residential 

Contaminant <Pdk) No. of Samples Q-d%) COC Value 
Volatiles 

Methylene Chloride 25 - 25 2113 85,000 0 
Acetone 1OJ l/13 780,000 0 
Trichloroethene 1J l/13 58,000 0 
Toluene 15-25 3113 1,600,OOO 0 
Ethylbenzene 1J l/13 780,000 0 
Xylenes (Total) 35-55 2113 16,000,OOO 0 
Semivolatiies 

Acenaphthene 1305 l/13 470,000 0 
2,4-Dinitrophenol 15OJ l/13 16,000 0 
Dibenzofuran 585 l/13 3 1,000 0 
Fluorene 1OOJ l/13 310 000 0 

,- Notes: 

Shaded areas indicate contaminant selected as a risk-based COPC. 
J - Estimated value 
N - Indicates presumptive evidence of a compound. 
(‘USEPA Region III COC value for pyrene used as a surrogate. 



TABLE 6-3 

INORGANIC DATA SUMMARY - SURFACE SOIL 
SITE 65 - ENGINEER DUMP AREA 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Range/Frequency 

Range of Positive 
Detections No. of Positive Detects/ 

Comparison to Criteria 
Twice the No. of Times 

Average Base Exceeded 
Specific Twice the Positive 

Background(‘) Average Residential Detects Above 
Concentration Background COC Value Residential 

Inorganic I No. of Samples bg/kg) Concentration @v&g) COC Value 
5.940.594 0 7.800 0 1 Ahminnm I 656 - 5,040 I 13113 I 
’ I Fkwium 2.7 - 36.3 13/13 I 17.36 I 3 I 550 I 0 I_ - - - -  

Calcium+ 79.3 - 3,460 13/13 L396.788 1 NE NA 
Chromium 2.3 -8.6 1 l/13 6.693 2 39 0 
Copper 2.5 - 55.6 9113 7.2 6 290 0 -r.... lil~~~~~~ ..,.,... ..,...__........ 

509 - 16,400 I 13113 1 3,755.063 1 2 2,300 3 
Lead I 3-1781 I 

! ! 1 
13/l-? I 23.749 1 4 I 4oo(z) I 0 I 

Ma!znesium+ 
Ianese 

-  _,_” _- ,  ^_ - _ . .  ._ 
I  

28.5 - 187 13113 205.75 1 0 NE NA 
2.9 - 1635 13113 18.497 5 180 0 I 

Nickel 4.6 - 5.7 2113 3.434 2 160 0 
Potassium+ 248 l/13 199.610 1 NE NA 
Snf-linmC 51.3 -56.3 2113 59.298 0 NE NA _ .̂_ -_.- 

2.3 l/l3 0.899 1 0.63”’ 1 
Vanadium 2.8 - 12 9113 11.628 1 55 0 
zinc 3.7 - 377J 11/13 13.880 6 2,300 0 

Shaded areas indicate contaminant selected as a risk-based COPC. 
f = Essential Nutrient 
NE = Not Established 
NA = Not Applicable 
(‘) Soil background concentrations are based on reference background soil samples collected from MCB Camp Lejeune investigations. 
ci) Action Level for residential soils (USEPA, 1994). 
c3) Value for thallium carbonate used as a surrogate. 
J = Estimated Value 



TABLE 6-4 

ORGANIC DATA SUMMARY - SUBSURFACE SOIL 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

I Contaminant RanneLFreauencv I 
Region III Comparison to 

Criteria Criteria 

Contaminant 
Vola tiles 
Acetone 
Carbon Disulfide 
2-Butanone 

Range of Positive 
Detections 

Q-%k) 

75 - 380 
25 

2J - 29 

No. of Positive 
Detects/ 

No. of Samples 

13/19 
l/19 
3119 

Residential 
I 

Positive Detects 
COC Value Above Residential 

COC Value 

780,000 1 0 
780.000 i 0 

4,700,000 I 0 
Trichloroethene 
Toluene 
Xylenes (Total) 
Semivolatiles 
Naphthalene 
2-Methvhranhtbalene 

25 l/19 58,000 0 
1J l/19 1,600,OOO 0 

15-35 .5/19 16,000,OOO 0 

55J l/19 3 10,000 0 
6OJ l/19 3 10,000 0 

.  I  

Acenaphthene 945 - 975 2119 470,000 0 
Fluorene 1lOJ l/19 3 10,000 0 
Dibenzofuran 42J l/19 3 1,000 0 
Phenanthrene 150J - 1,200 2119 230,000”’ 0 
Anthracene 2905 l/19 2.300.000 0 
Carbazole 

I 

1205 ! l/19 1 32,000 ! 0 I 
Di-n-butylphthalate I 16OJ - 3405 8119 780,000 0 
Fluoranthene 2305 - 1,900 2119 3 10,000 0 

19OJ - 1.400 2119 230.000 0 
I I I 

1OOJ - 900 I 2119 I 8;(0 I 1 
Chrysene 11OJ - 800 I 88,000 I 
bis(2-Ethylhexyl)phthalate I 375 - 370 ! 15/19 ! 461000 ! 0 
Benzo(b)fluoranthene 96J - 710 2119 880 0 
Benzo(k)fluoranthene 11OJ - 620 2119 8,800 0 

~~~~~ 69J - 680 2119 88 1 
Ideno( 1,2,3-cd)pyrene 480J l/19 880 0 
Benzo(g,h,i)perylene 67J - 360J l/19 230,000 0 
Pesticide/PCBs 
Endosulfan I 3.1NJ l/19 47,000 0 
4,4’-DDE 4.6 - 455 X/19 1,900 0 
4,4’-DDD 4.45 - 3405 8/19 2,700 0 
4,4’-DDT 9.6 - 40 4119 1,900 0 
Endrin Aldehyde 9.43 l/19 2,300 0 
alpha-Chlordane 8.3J l/19 490 0 
gamma-Chlordane 35 - 7.55 3119 490 0 

Notes: 

Shaded areas indicate contaminant selected as a risk-based COPC. 
J = Estimated value 
N = Indicates presumptive evidence of a compound 
(I) USEPA Region III COC value for pyrene used as a surrogate. 



TABLE 6-5 

INORGANIC DATA SUMMARY - SUBSURFACE SOIL 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Range/Frequency 

Range of Positive No. of Positive 
Detections Detects/ 

Twice the Average 
Base Specific 
Background(‘) 

Comparison to Criteria 
No. of Times Region III 

Exceeded Twice the Residential 
Average Background COC Value 

Positive Detects 
Above Residential 

COC Value 

I 

Cadmium I 1.3 - 1.3 I 2/19 I 0.712 I 2 I 3.9 I 0 I 
Calcium+ I 49.8 - 1.350 I 18/19 I 391.509 I 9 NE NA 

I I 

Chromic n I 2.6 - 17.3 I 16/19 I 12.562 I 1 I 39 I 0 

Cobalt 11.5 l/19 1.504 1 470 0 
. . . . . . . . . . . . . . .,.,.,._,.,.,.,._.(._.. 
:.:‘:.:.:.:.:.::::::.:.:.:.~.:.:.:::i::::::::::::::::: ::::::::::~~:~x:i~~~::::::::~:::::~~ “” 7.7 - 672 s/19 2.416 8 290 2 - ‘...~.v.i:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:. 

ox~~~ii~ 2365 - 3 1.300 19/19 5 
539 

I 7.252.076 2.300 I 9 
1.6 - I 19/19 I ‘8.327 I 8 I 400” I 1 I 

Magnesh.. 
ii ::..... .,. ,.,., ‘i.‘.‘.‘.“.~.:.:.:.:.:. 
~ i;ig#gggg@ ::::“,: ..i .,.,. ‘y .:,.,. :‘.... 

Pntassiun 

ZillC I 2.5J - 764 I 16/19 I 6.662 I 12 I 2,300 I 0 

Notes: 

Shaded areas indicate contaminant selected as a risk-based COPC. 
(‘) Soil background concentrations are based on reference background soil 

samples collected from MCB Camp Lejeune investigations. 
c2) Action Level for residential soils (USEPA, 1994). 
c3) Value for thallium carbonate used as a surrogate. 
+ = Essential Nutrient 

NE = Not Established 
NA = Not Applicable 
J = Estimated Value 



TABLE 6-6 

GROUNDWATER DATA SUMMARY 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

l- on to Criteria Cornpar! 

No. of No. of 
Detects Detects 
Above Above 

NCWQS MCL 

0 

0 
NA 

8 

NA 

NA 
NA 
NA 

0 

NA 

Groundwater Criteria I Frequency/Range 
1 Federal Health 1 

@g/L) 1 @g/L) 1 (pg/L) 1 Chii 1 Ad& 1 No. of Samples I (pgiL> 
I I I 

Contaminant 
Volatiles 
Methvlene Chloride 5 NE 4.1 NE NE 601 lJ-2J 

700 NE 370 NE NE 7/l 1 5J - 7J 
NE NE 2.1 NE NE l/11 5J 
0.38 5 0.12 700 2,600 s/11 2J - 25 
NE NE 190 NE NE 3/l 1 1J - IJ 

Acetone 
~ 
:. ,.,...........,...,.......,.,.,.. .,. ..,.. 
1,ZDichloroetbane 
2-Butanone 
Semivolatiles 
Naphthalene 
Di-n-butvlohthalate 
bis(2-Ethylhexyl)phthalate 
Inorganics 
Aluminum 
Barium 
Calcium 
Chromium 
Cobalt 
~~~~~~~~l’~~~~~~~~~~~~~~~~ 
] .,...: ..,.,., :..:~::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.::~~.~:.:.:::: . ..a.. .,::::::::::::::::““‘““‘::::.:.:::.’~. ::::::::::::::: 

8 I 0 I 0 
0 1 NA 1 NA 

n NA 
NA 

210 NE 150 400 1,000 l/II 3J 
700 NE 370 NE NE 3/l 1 25 - 6J 
3.0 6.0 4.8 NE NE 5/l 1 IJ-6J 0 

613 NA 
0 0 

NA NA 

NE 50/200" 3,700 NE NE 7/l 1 40.3 - 421 

2,000 2,000 260 NE NE 10/l 1 17.9 - 151 
NE NE NE NE NE ll/ll 2,700 - 146,000 

50 100 18 200 800 201 10 - 10.2 
NE NE 220 NE NE 4/11 20.1 - 52.4 

0 
NA 

0 0 0 
0 NA NA 
4 NA NA 

NA NA NA 
NA NA NA 

4 NA NA 
0 0 0 

NA NA NA 
NA NA NA 

0 0 0 

0 

NA 
5 5 300 300’4’ 1,100 NE NE 10/l 1 41.9-6,580 

15 15'9 NE NE NE l/11 3.4 
NE NE NE NE NE 11/11 1,200 - 16,200 
50 50’4’ 84 NE NE ll/ll 3-186 

100 100 73 500 1,700 2/11 53.1 -59.6 

NE NE NE NE NE IO/l 1 1,200 - 7,940 

0 0 

NA 
6 

Lead 
Magnesium NA 

6 ~ 
: . . . . . . . . .,....... . . . . . . . . . . . . . . ._ ._., ,. ,.. . 

0 
NA 
NA 

0 
NA 
NA 

n 

Nickel 
Potassium 
Sodium NE NE 1 NE NE NE1 11/11 1 5,620 - 18,400 

2,100 5,000’4’ 1 1,100 3,000 10,000 1 10/l 1 1 11 -58.9 

Notes: 

Shaded areas indicate contaminant selected as a risk-based COPC. 
(0 NCWQS = North Carolina Water Quality Standards for Groundwater. 
(‘) MCL = Safe Drinking Water Act Maximum Contaminant Levei 
0) Longer Term Health Advisories for a 10 kg Child and 70 kg Adult. 
c4) SMCL = Secondary Maximum Contaminant Level. 
(‘) Action Level. 
+ = Essential Nutrient 

NE = Not Established 
NA = Not Applicable 
J = Estimated value 



TABLE 6-7 

Contaminant 
Volatiles 
Acetone 

1 1.2-Dichloroethane 
IInorganics 

I Magnesium+ 

Potassium+ 
Sodium+ 

SURFACE WATER DATA SUMMARY 
SITE 65 - ENGINEER AREA DUM.P 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Surface W 

I 

‘ater Criteria 
Federal Health 

AWQCs”’ 
@g/L) Contaminant Frequency/Range 

No. of Positive 1 

Comparison to Criteria 

Positive , Positive Detects Above AWQC 
Detects I 

NCWQS”) Water & Organisms 
@g/L) Organisms Only 

NE NE NE 
NE 0.38 99 

NE NE NE 

Detects/ 
No. of Samples 

l/2 
212 

l/2 

Contaminant Range 
@g/L) 

5J 
1J - 1J 

25,800 
7 - 69.3 

10 

- .-  ̂.- 
NE 1,000 NE 212 36. 
NE NE NE 212 12.000 - 26.8( 

Above 
NCWQS 

NA 
NA 

NA 
NA 
NA 

Water & Organisms 
Organisms Only 

NA NA 
2 0 

NA NA 
0 NA 

NA NA _ . -  I  

’ 
I  I  

50 170”’ 3,400” l/2 27.6 I 0 I 0 I 0 
7 1,300(3) NE 112 

l~fm NE NE 212 348 - 7.890 

41.1 I 1 0 I NA 
1 .I NA NA 

I 1 I NA I NA I 
-7--- ^ .- 

25 NE NE l/2 45.8 
NE NE NE 212 2,060 - 2,520 NA NA NA 
NE NE 100 2f2 57.3 - 88.4 NA NA 0 
NE NE NE l/2 2,970 NA NA NA 
NE NE NE 212 3,330 - 6,320 NA NA NA 
NE NE NE l/2 26.2 NA NA NA 
50 NE I NE I 212 I 33.6 - 144 I 1 I NA I NA I 

Notes: 

Shaded areas indicate contaminant selected as a risk-based COPC. 
(‘) NCWQS = North Carolina Water Quality Standards for Surface Water, surface water classification C. 
c2) AWQC = Ambient Water Quality Standard. 
(‘) Recalculated values using IRIS, as of 9/90. 
+ = Essential Nutrient 
NE = Not Established 
NA = Not Applicable 
J = Estimated value 



TABLE 6-8 

SEDIMENT DATA SUMMARY 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Region III 
Criteria Range/Frequency 

No. of 
Range of Positive 

Comparison to 
Criteria 

Positive Detects/ Positive Detects 
Detections No. of Samples Above COC 

Acetone 
Chloroform 
*-Yu-I”Ix.. 
Carbon Tetrachloride 

780,000 
100,000 

, ., 700,000 

I 4,900 
12,000 6J- i5J 1 

1,600,OOO 35-75 I 314 I 0 I 
0 

780,000 940J - 1,600J 414 0 
0 

Tetrachloroethene 

Toluene 
Semivolatiles @g/kg) 
Di-n-butylphthalate 
Pesticide/PCBs @g/kg) 

beta-BHC 350 8.3NJ l/4 0 
4/?-DDE 2,700 18J - 19NJ 214 0 
4,4’-DDD 1,900 76J - 845 214 0 
Inorganics (mg/kg) 

Barium 
Calcium+ 

394 - 37,500J 414 2 

550 13.6 - 110 
NE 322 - 4,640 414 1 

.XJ - 43.65 214 n 1 9 
I 

~~~~~~~~~~:,~~~~~~~~~~:~ 
: . . . . . . . . . . . . . . . . . 

Lead 
Maenesium+ 

. _ 

400”’ 
NE 

Notes: 

Shaded areas indicate contaminant seleceted as a risk-based COPC. 
ER-L = Effects Range-Low 
ER-M = Effects Range-Medium 
(‘) Action level for soils (USEPA, 1994). 
+ = Essential Nutrient 
NA = Not Applicable 
NE = Not Established 
J = Estimated value 
N = Indicates presumptive evidence of a compound 



TABLE 6-9 

FISH TISSUE@’ DATA SUMMARY 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Volatiles @g/kg) 
Acetone 
Pesticide/PCBs @g/kg) 

4,4’-DDD 
Inorganics (mg/kg) 

Aluminum 

Region III Cornprison to 
Contaminant Frequency/Range Criteria Criteria 

Positive Detects 
Range of Positive No. of Positive Detects/ Fish COC Above Fish 

Detections No. of Samples Value COC Value 

5,600J - 7,900J 214 14,000 0 

5.7J l/4 13 0 

0.99 l/4 140 0 

(‘)Fillet (or edible) portion of fish tissue was analyzed for human health BRA. 
@) Value for thallium carbonate used as a surrogate. 
Shading indicates contaminant selected as a risk-based COPC. 
NA = Not Applicable 
NE = Not Established 
+ = Essential Nutrient 
J = Estimated value 



TABLE 6-10 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Surface 
Snil 

Subsurface 
Soil Groundwater Surface Water Sediment Fish Ti-- 

Benzo(a)pyrene 0 x l x 

Ideno( 1,2,3-cd)pyrene 0 0 

Dibenzo(a,h)anthracene 0 X 

Benzo(g,h,i)perylene 0 0 

Pesticide/PCBs 

beta-BHC 

Heptachlor Epoxide 

Endosulfan I 

l 

l 

0 



TABLE 6-10 (Continued) TABLE 6-10 (Continued) 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
SITE 65 - ENGINEER AREA DUMP SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA MCB, CAMP LEJEUNE, NORTH CAROLINA 

Surface Subsurface 
Contaminant Soil Soil Groundwater Surface Water Sediment Fish Tissue 

4$-DDE 0 0 0 

Endosulfan II 0 

4,4’-DDD 0 0 0 0 

1 Inorganics 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 

Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 
Iron 

Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 

Notes: 

l l x . 0 

l l l l 

l l x l x 

l l 

l X l l 

l X l l X 

l l l l 

l xlelx 0 l 

l 

l l 

l X 

l 

l = Detected in media; compared to relevant criteria and standards. 
X = Selected as a COPC for human health risk assessment. 



TABLE 6-11 

MATRIX OF POTENTIAL HUMAN EXPOSURI 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Exposure Medium/ 
Exposure Route 

Current Future 
Military Current Military Construction 

Personnel Recreational User Worker 

Subsurface Soil 

Dermal Contact 

Fish Tissue 
Incidental Ingestion 

Air 

Inhalation of Vapor 
Phase Chemicals 

Indoor 

Inhalation of Particulates 
Outdoor 

NA NA NA 

NA NA NA 

NA NA NA 

M A W 

Notes: 
A = Exposure - adults 
C = Exposure - children 
M = Military exposure during training 
w = Construction duration exposure 
NA = Not applicable to receptor group 

Future 
Residential 
Population 

Current 
Fisherman 

A,C NA 

W NA 

NA NA 

NA NA 

AC NA 

&C NA 

AC A, C 

&C A, C 

AC A, C 

W A, C 

NA A, C 

I AC NA 

~ A,C 1 NA 



TABLE 6-12 

EXPOSURE ASSESSMENT SUMMARY 
INCIDENTAL INGESTION OF SOIL CONTAMINANTS 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Current Military Personnel - Trainee and Recreational User, 
Future Construction Worker 

Input 
Parameter Description Value(‘) Reference 

C Exposure Concentration 95% UCL” @Wk) USEPA, 1992b 

IR Ingestion Rate Child 200 mglday USEPA, 1989a 
(100 mg/day) USEPA, 1991a 

Adult 100 mg/day 
Military Personnel 100 mg/day 
Construction Worker 480 mgfday 

CF Conversion Factor lE-6 kg/mg USEPA, 1989a 

Fi Fraction Ingested from 100% Conservative 
Contaminated Source Professional Judgement 

EF Exposure Frequency Child 3 50 dayslyr USEPA, 1989a 
(234 days&r) USEPA, 199 la 

Adult 350 dayslyr Site specific professional 
Military Personnel judgement (5 days/week 

Trainee 260 dayslyr x 52 weeks/year) 
Recreational User 260 days&r 

Construction Worker 90 dayslyr 

ED Exposure Duration Child 6 years USEPA, 1991a 
Adult 24 years USEPA, 1989a 
Military Personnel 4 years 
Construction Worker 1 year 

BW Body Weight Child 15kg USEPA, 1989a 
Adult 70 kg 
Military Personnel 70 kg 
Construction Worker 70 kg 

AT, Averaging Time All 25,550 days USEPA, 1989a 
Carcinogen 

AT,, Averaging Time 
Noncarcinogen 

Child 2,190 days 
Adult 8,760 days 
Military Personnel 1,460 days 
Construction Worker 365 days 

USEPA, 1989a 

Note: 

(‘I Values in parentheses represent CT exposure assumptions. 
c2) Maximum detected soil concentrations will be used in situations where the 95% UCL exceeds the maximum. 



TABLE 6-13 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH SOIL CONTAMINANTS 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJJZUNE, NORTH CAROLINA 

Future Residential Child and Adult, Current Military Personnel - Trainee and Recreational User, 
Future Construction Worker 

Input 
uameter Description Value(‘) Reference 

C Exposure Concentration 95% UCL@) &W USEPA, 1992b 

CF Conversion Factor lE-6 kg/mg USEPA, 1989a 

SA Exposed Surface Area of Child 2,300 cm2 USEPA, 1992a 
Skin Available for (1,745 cm”) Reasonable worst case: 
Contact Adult 5,800 cm2 individual skin area limited 

Military Personnel to head, hands, forearms, 
Trainee@’ 4,300 cm2 1 lower legs 
Recreational User 5,800 cm2 

Construction Worker@) 4,300 cm2 

AF Soil-to-Skin Adherence 1 .O mg/cm” USEPA, 1991b 
Factor (0.2 mg/cm’) 

ABS Fraction Absorped Organics 1.0% USEPA, 1991b 
(unitless) Inorganics 0.1% 

EF Exposure Frequency Child 350 dayslyr USEPA, 1989a 
(234 days/yr) 

Adult 350 daysfyr 
Military Personnel USEPA, 1991a 

Trainee 260 days&r 
Recreational User 260 daydyr 

Construction Worker 90 dayslyr 

ED Exposure Duration Child 6 years 
Adult 24 years USEPA, 1989a 
Military Personnel 4 years 
Construction Worker 1 year USEPA, 1991a 

BW Body Weight Child 15 kg USEPA, 1989a 
Adult 70 kg 
Military Personnel 70 kg 
Construction Worker 70 kg 

AT, Averaging Time All 25,550 days USEPA, 1989a 
Carcinogen 



TABLE 6-13 (Continued) 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH SOIL CONTAMINANTS 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

I Future Residential Child and Adult, Current Military Personnel - Trainee and Recreational User, 
Future Construction Worker 

I I Input 
Parameter Description 

Notes: 

Value”) Reference 

Child 2,190 days USEPA, 1989a 
Adult 8,760 days 
Military Personnel 1,460 days 
Construction Worker 365 days 

1 

(‘1 Values in parentheses represent CT exposure assumptions. 
(‘I Maximum detected soil concentrations will be used in situations were the 95% UCL exceeds the maximum. 
(3) Exposed surface area limited to head, hands, and arms. 



TABLE 6-14 

EXPOSURE ASSESSMENT SUMMARY 
INHALATION OF FUGITIVE PARTICULATES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Current Military Personnel - Trainee and Recreational User, 
Future Construction Worker 

Description Value(r) 

Exposure Concentration 

Exposure Frequency 

Exposure Duration 

Inhalation Rate 

Body Weight 

Averaging Time 
Carcinogen 

Averaging Time 
Noncarcinogens 

Site-Specific Particulate 
Emission Factor 

95% UCLC2’ OmW 

Child 350 days&r 
(234 dayslyr 

Adult 350 dayslyr 
Military Personnel 

Trainee 260 dayslyr 
Recreational User 260 days& 

Construction Worker 90 days&r 

Child 6 years 
Adult 24 years 
Military Personnel 4 years 
Construction Worker 1 year 

Child 15m3 
Adult 20 m3 
Military Personnel 20 m3 
Construction Worker 20 m3 

Child 15 kg 
Adult 70 kg 
Military Personnel 70 kg 
Construction Worker 70 kg 

All 25,550 days 

Child 2,190 days 
Adult 8,760 days 
Military Personnel 1,460 days 
Construction Worker 365 days 

4.63E+O9 m3/kg 

Reference 

USEPA, 1992b 

USEPA, 1989a 

Site specific professional 
judgement (5 days/week x 
52 weeks) 

USEPA, 1991a 

USEPA, 1991a 
USEPA, 1989b 

USEPA, 1989a 

USEPA, 1989a 

USEPA, 1989a 

USEPA, 1989b 

(I) Values in parentheses represent CT exposure assumptions. 
c2) Maximum detected soil concentrations will be used in situations where the 95% UCL exceeds the maximum. 



TABLE 6-15 

EXPOSURE ASSESSMENT SUMMARY 
INGESTION OF GROUNDWATER CONTAMINANTS 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Input 
Parameter Description 

Future Residential Child and Adult 

C Exposure Concentration 

IR Ingestion Rate 

EF Exposure Frequency 

ED Exposure Duration 

BW I Body Weight 

A-L I 
Averaging Time 
Carcinogen 

Averaging Time 
Noncarcinogen 

Note: 

Value(‘) Reference 

95% UCLC2’ (WI4 USEPA, 1992b 

Child 1 L/day USEPA, 1991a 
Adult 2 L/day USEPA, 1989a 

Child 350 dayslyr USEPA, 1989a 
(234 days&r) 

Adult 350 dayslyr 

Child 6 years USEPA, 1991a 
Adult 30 years 

Child 15 kg USEPA, 1989a 
Adult 70 kg 

All 25,550 days USEPA, 1989a 

Child 2,190 days USEPA, 1989a 
Adult 10,950 days 

0) Values in parentheses represent CT exposure assumptions. 
(2) Maximum detected aqueous concentrations will be used in situations where the 95% UCL exceeds the 

maximum. 



TABLE 6-16 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH GROUNDWATER CONTAMINANTS 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult 

Input 
Parameter Description Value(‘) Reference 

C Exposure Concentration 95% ucLt2’ (mg/L) USEPA, 1992b 

SA Exposed Surface Area of Child 10,000 cm2 USEPA, 1992a 
Skin Available for (6,978 cm”) 
Contact Adult 23,000 cm2 

PC Permeability Constant Chemical Specific USEPA, 1992a 

ET Exposure Time All 0.25 hriday USEPA, 1992a 

EF Exposure Frequency Child 350 days&r USEPA, 1991a 
(234 days/yr) 

Adult 350 days&r 

ED Exposure Duration Child 6 years USEPA, 1989a 
Adult 30 years 

CF Conversion Factor 1 L/1000 cm3 USEPA, 1989a 

BW Body Weight Child 15 kg USEPA, 1989a 
Adult 70 kg 

A-L Averaging Time All 25,550 days USEPA, 1989a 
Carcinogen 

AT,, Averaging Time Child 
Noncarcinogen Adult 

2,190 days USEPA, 1989a 
10,950 days 

Note: 

(I) Values in parentheses represent CT exposure assumptions. 
c2) Maximum’detected aqueous concentrations will be used in situations where the 95% UCL exceeds the 

maximum. 



TABLE 6-17 

EXPOSURE ASSESSMENT SUMMARY 
INHALATION OF GROUNDWATER VOLATILE CONTAMINANTS 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult 

Input 
Parameter Description Value(‘) Reference 

C Exposure Concentration 95% UCL(‘) (mg/m’) USEPA, 1992b 

IR Inhalation Rate Child 0.6 m3fhr USEPA, 1989a 
Adult 0.6 m31hr 

ET Exposure Time All 0.25 hrfday USEPA, 1992a 

EF Exposure Frequency All 350 day@ USEPA, 1989a 
(234 days&r) 

ED 

BW 

AT, 

Exposure Duration 

Body Weight 

Averaging Time 
Carcinogen 

Child 
Adult 

Child 
Adult 

All 

6 years USEPA, 1989a 
30 years 

15 kg USEPA, 1989a 
70 kg 

25,550 days USEPA, 1989a 

AT,,, Averaging Time Child 
Noncarcinogens Adult 

2,190 days USEPA, 1989a 
10,956 days 

Note: 

(‘) Values in parentheses represent CT exposure assumptions. 
c2) Maximum detected concentrations will be used in situations where the 95% UCL exceeds the 

maximum. 



TABLE 6-18 

EXPOSURE ASSESSMENT SUMMARY 
INGESTION OF SURFACE WATER 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Fisherman - Adult and Child 

Input Parameter Description Value Reference 

C Exposure Concentration 95% UCL(” (mg/L) USEPA, 1992b 

IR Ingestion Rate Child 0.05 L/h!- USEPA, 1989a 
Adult 0.05 L/hr 

ET Exposure Time Child 2.6 l-u/day USEPA, 1992a 
Adult 2.6 hrlday 

EF Exposure Frequency Child 48 event&- Site-Specific Professional 
Adult 48 events& Judgement 

(8 days/month x 6 months/year) 

ED 

BW 

AT, 

AL 

Exposure Duration Child 6 years USEPA, 1989a 
Adult 30 years 

Body Weight Child l5kg USEPA, 1989a 
Adult 70 kg 

Averaging Time Carcinogen All 25,550 days USEPA, 1989a 

Averaging Time Child 2,190 days USEPA, 1989a 
Noncarcinogens Adult 10,950 days 

Note: 

(‘) Maximum detected aqueous concentrations will be used in situations where the 95% UCL exceeds the maximum, 



TABLE 6-19 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH SURFACE WATER 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Fisherman - Adult and Child 

Input 
Parameter Description Value(‘) Reference 

C Exposure Concentration 95% UCLS sign> USEPA, 1992b 

SA Exposed Surface Area of Child 2,100 cm* USEPA, 1992a 
Skin Available for Contact (1,745 cm’) Jndividual skin area limited to 

Adult 8,300 cm2 hands, forearms, lower 
extremities 

ET Exposure Time 

EF Exposure Frequency 

Child 
Adult 

Child 
Adult 

2.6 hrlday USEPA, 1992a 
2.6 hrlday 

48 days&r Site-Specific Professional 
48 days&r Judgement 

(8 days/month x 6 months/year) 

ED 

CF 

Exposure Duration 

Volumetric Conversion 
Factor for Water 

Child 
Adult 

1 L/1000 cm3 

6 years 
30 years 

USEPA, 1989a 

USEPA, 1989a 

BW 

AT, 

Body Weight 

Averaging Time 
Carcinogen 

Child 
Adult 

All 

15kg USEPA, 1989a 
70 kg 

25,550 days USEPA, 1989a 

AT,,, 

PC 

Averaging Time 
Noncarcinogen 

Permeability Constant 

Child 
Adult 

Chemical-Specific 

2,190 days USEPA, 1989a 
10,950 days 

USEPA, 1992a 

Note: 

(‘I Values in parentheses represent CT exposure assumptions. 
f2) Maximum detected aqueous concentrations will be used in situations where the 95% UCL exceeds the maximum. 



TABLE 6-20 

EXPOSURE ASSESSMENT SUMMARY 
INGESTION OF SEDIMENT 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Fisherman - Adult and Child 

Input 
Parameter Description Value(‘) Reference 

C Exposure Concentration 95% UCLS bk) USEPA, 1992b 

IR Sediment Ingestion Rate Child 200 mglday USEPA, 1989a 
(100 mg/day) 

Adult 100 mg/day 

EF Exposure Frequency Child 48 days@ Site-Specific Professional 
Adult 48 dayslyr Judgement 

(8 days/month x 6 months/year) 

ED 

BW 

AT, 

AT,, 

CF 

Exposure Duration 

Body Weight 

Averaging Time 
Carcinogen 

Averaging Time 
Noncarcinogen 

Conversion Factor 

Child 
Adult 

Child 
Adult 

All 

Child 
Adult 

6 years USEPA, 1989a 
30 years 

15 kg USEPA, 1989a 
70 kg 

25,550 days USEPA, 1989a 

2,190 days USEPA, 1989a 
10,950 days 

lE-06 kg/mg USEPA, 1989a 

Notes: 

(I) Values in parentheses represent CT exposure assumptions. 
c2) Maximum detected sediment concentrations will be used in situations where the 95% UCL exceeds the 

maximum. 



TABLE 6-21 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH SEDIMENT 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Fisherman - Adult ar i Child 

Input 
Parameter Description Value(‘) 

C 

SA 

Exposure Concentration 

Surface Area of Skin 
Available for Contact 

95% UCL”) 

Child 

Adult 

b&ti9 

2,100 cm* 
(1,745 cm*) 
8,300 cm* 

AF Sediment Adherence Factor 1 .O mg/cm* 
(0.2 mg/cm*) 

ABS Organics 
Inorganics 

1.0% 
0.1% 

EF 

ED 

BW 

Exposure Frequency 

Exposure Duration 

Body Weight 

Child 
Adult 

Child 
Adults 

Child 
Adult 

48 events/yr 
48 events&r 

6 years 
30 years 

15kg 
70 kg 

AT, ~--I ~~~ Averaging Time Carcinogen All I 25,550 days USEPA, 1989a 

AT,, Averaging Time 
Noncarcinogen 

Child 
Adult 

2,190 days 
10,950 days 

CF Conversion Factor 1 E-06 kg/mg 

Reference 

USEPA, 1992b 

USEPA, 1992a 
Individual skin area limited to 
hands, forearms, lower 
extremities 

USEPA, 1991b 

USEPA, 1991b 

Site-Specific Professional 
Judgement 
(8 days/month x 6 months/year) 

USEPA, 1989a 

USEPA, 1989a 

USEPA, 1989a 

USEPA, 1989a 

Note: 

(I) Values in parentheses represent CT exposure assumptions. 
(*) Maximum detected sediment concentrations will be used in situations where the 95% UCL exceeds the 

maximum. 



TABLE 6-23 

TOXICITY FACTORS 
ENGINEER AREA DUMP 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

IVolatiles 

ICarbon Tetrachloride 1 7.00E-04 5.71E-04 

!Dibenzo(a.h)anthracene 1 ND 
IDi-n-butvlphthalate I l.OOE-01 
Pesticides/PCBs 
beta-BHC ND 
4,4’-DDE ND 

i- . 
4,4’-DDD ND 
Inorganics 
Aiuminw 1 .OOE+OO 
Antimony 
Arsenic 
Barium 

1 4.00E-04 
1 3.00E-04 
I 

1 7.00E-02 
IChromium 1 5.00E-03 

I Rfc 

~ 2.86E-01 
2.86E-05 

ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 

ND 
1.43E-04 

ND 

CSF j CSFI / WOE 

1.30E-01 5.25E-02 B2 
5.20E-02 2.03E-03 ND 

7.30E-0 1 6.10E-01 B2 
7.30E+OO 6.10E+OO B2 
7.30E+00 6.10E+OO B2 

ND ND D 

1 .xoE+oo 1.80E+oo c 
3.40E-0 1 ND B2 
2.40E-0 1 ND B2 

ND I 4.2OE+Ol I D 

Reference 

‘EPA-NCEA, 1997 
‘IRIS, 1997 
EPA-NCEA, 1997 
IRIS. 1997 

EPA-NCEA. 1997 
ws, 1997 
IRIS, 1997 
IRIS, 1997, HEAST Alternate, 1997 
IRIS. 1997 

Thallium (carbonate) 
Vanadium 
Zinc 

8.00E-05 ND ND ND ND IRIS, 1997 
7.00E-03 ND ND ND D HEAST, 1997 
3.OOE-0 1 ND ND ND D lRls. 1997 

Notes: 

RfC 

CSF 
CSFI 
WOE 
IRIS 
HEAST 
USEPA 
ND 
PDG 
A 

Oral Reference Dose (mg/kg - day) 
Inhalation Reference Concentration (mg/cu m) 
Oral Cancer Slope Factor (mg/kg-day)“ 
,Inhalation Cancer Slope Factor (mg!kg-day)’ 
Weight of Evidence 
Integrated Risk Information System 
Health Effects Assessment Summary Tables 
United States Environmental Protection Agency 
Not Determined 
Pending 
Human Carcinogen 

Bl Probable Human Carcinogen - Limited 
Evidence 

B2 Probable Human Carcinogen - Sufficient 
Evidence 

C Possible Human Carcinogen 
D Not Classifiable as to Human 

Carcinogenic&y 
I Ingestion 



Notes: 

NA = Not Applicable. Toxicity criteria not available. 

TABLE 6-24 

TOTAL INCREMENTAL LIFETIME CANCER RISKS (ICRs) 
AND HAZARD INDICES (HIS) ASSOCIATED WITH SOIL 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Future Residential Current Military 
Current Military 

Personnel - 
Construction 

Child Adult Personnel - Trainee 
Recreational User 

Worker 

ICR HI ICR HI ICR HI ICR HI ICR HI 

Incidental Ingestion of 3 .OE-06 0.54 1.3E-06 0.06 4.5E-07 0.2 1.6E-07 0.04 1.2E-07 0.2 
Soil 

Dermal Contact with Soil 7.OE-07 0.03 1.5E-06 0.02 2.8E-07 0.04 1.9E-07 0.01 1.2E-08 0.01 

Inhalation of Soil 2.7E-11 NA 4.7E-11 NA 7.4E-11 co.01 5.8E-12 NA 5.8E-12 co.01 
Particulates 

Total 3.7E-06 0.6 2.8E-06 0.08 7.3E-07 0.2 3.5E-07 0.05 1.3E-07 0.2 



TABLE 6-25 

TOTALJNCREMENTAL LIFETIME CANCER RISKS (ICRs) 
AND HAZARD INDICES (HIS) ASSOCIATED WITH GROUNDWATER 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Future Residential 
Child Adult 

4 

ICR HI ICR HI 

I Incidental Ingestion of NA 1.9 NA 0.8 Groundwater 1 ( 1 1 1 

I Dermal Contact with NA 0.03 NA 0.01 Groundwater 1 1 1 1 1 

I I I I 

Inhalation - Shower 1 NA 1 co.01 1 NA 1 co.01 
I 1 I I I I 

Total 1 NA 1 1.9 1 NA 1 0.08 

Note: 1 y. 

NA = Not Applicable (no carcinogenic contaminants selected as 
COPCS). 

. “. 

,,-. 



TABLE 6-26 

TOTAL INCREMENTAL LIFETIME CANCER RISKS (ICRs) 
AND HAZARD INDICES (HIS) ASSOCIATED WITH SURFACE WATER/SEDIMENT 

AND INGESTION OF FISH TISSUE 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Water 

Notes: 

,- 

NA = Not applicable to receptor group 
-- = No carcinogenic COPCs selected 



TABLE 6-27 

TOTAL SITE RISK 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Current Military Personnel - 
Trainee 

Current Military Personnel - Recreational User 1 3g.5; 1 ;;.O$ 1 NA 1 NA 1 NA 

Future Child Resident 3.7E-06 0.6 -- 
(100) (20) g) -- 

Future Adult Resident 2.8E-06 0.08 -- 0.08 -- 
(100) (32) (32) 

Future Construction Worker 1.3E-07 0.8 NA NA NA 
tw ww 

Fisherman - NA NA NA NA -- 
Child Receptor 

Fisherman - 
Adult Receptor 

NA NA NA NA -- 

Notes: 

ICR = Incremental Lifetime Cancer Risk 
= 

g = 
Hazard Index 
Approximate percent contribution to the total ICR or HI values 

Total = Soil -I- Groundwater + Surface Water/Sediment + Fish Tissue 
NA = Not Applicable 
-- = No carcinogenic COPCs selected 

NA NA NA 7.3E-07 0.2 

NA NA NA 3.5E-07 0.05 

:;) 
NA NA 3.7E-06 3.0 

0.09 NA NA 2.8B06 0.25 
(36) 
NA NA NA 1.3E-07 0.2 

0.5 -- 5.6 -- 6.1 
(7) (93) 
0.09 -- 1.2 -- 1.3 
(8) (92) 





c 

FIGURE 6-1 

CONCEPTUAL SITE MODEL 
FOR CURRENT AND FUTURE HUMAN RECEPTORS 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Atmospheric 
Depc tion wi 
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7.0 ECOLOGICAL RISK ASSESSMENT 

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
as amended by the Superfimd Amendments and Reauthorization Act (SARA) of 1986, directs 
USEPA to protect human health and the environment with respect to releases or potential releases 
of contaminants from abandoned hazardous waste sites (USEPA, 1989a). This section of the report 
presents the ecological risk assessment (ERA) conducted at Operable Unit No. 9 (Site 65) that 
assesses the potential impacts to ecological receptors from contaminants detected at this site. 

7.1 Obiectives. ScoDe. and Organization of the EcoloPical Risk Assessment 

The objective of this ERA is to evaluate if past reported disposal practices at Site 65 are potentially 
adversely impacting the terrestrial and aquatic communities on, or adjacent to, the site. This 
assessment also evaluates the potential effects of contaminants related to Site 65 on sensitive 
environments including wetlands and protected species. The conclusions of the ERA are used in 
conjunction with the human health risk assessment to evaluate the appropriate remedial action for 
this site for the overall protection of public health and the environment. If potential risks are 
characterized for the ecological receptors, further ecological evaluation of the site and surrounding 
areas may be warranted. 

This ERA evaluates and analyzes the results from the Remedial Investigation (RI) including chemical 
analysis of the soil, groundwater, surface water, and sediment. In addition, fish were collected and 
chemically analyzed and benthic macroinvertebrate samples were collected and identified. 

Information used to evaluate sensitive environments is obtained from historical data and previous 
studies obtained in the literature, or through conversations with appropriate state, federal, and local 
personnel. 

The risk assessment methodologies used in this evaluation are consistent with those outlined in the 
Ecolorzical Risk Assessment Guidance for Sunerfund: Process for DesigninP and Conducting 
EcoloPical Risk Assessments (USEPA, 1994) and Framework for Ecological Risk Assessment 
(USEPA, 1992a). In addition, information found in the following documents was used to supplement 
the USEPA guidance document: 

l USEPA Sunnlemental Risk Assessment Guidance for Sunerfund. Volume II, 
Environmental Evaluation Manual (USEPA, 1989b) 

0 Ecological Assessment of Hazardous Waste Sites: A Field and Laboratorv Reference 
(USEPA, 1989c) 

l Macroinvertebrate Field and Laboratorv Methods for Evaluating. the Biological 
Interrritv of Surface Waters (USEPA, 1990) 

0 Fish Field and Laboratorv Methods for Evaluating the Biological Integritv of Surface 
Waters (USEPA, 1993a) 

Based on the USEPA Framework for Ecolopical Risk Assessment, an ERA consists of three main 
components: 1) Problem Formulation; 2) Analysis; and, 3) Risk Characterization (USEPA, 1992a). 
The problem formulation section includes a preliminary characterization of exposure and effects of 
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the stressors to the ecological receptors. During the analysis, the data are evaluated to determine the 
exposure and potential effects on the ecological receptors from the stressors. Finally, in the risk 
characterization, the likelihood of adverse effects occurring as a result of exposure to a stressor are 
evaluated. This section also evaluates the potential impact on the ecological integrity at the site from 
the contaminants detected in the media. This ERA is organized to parallel these three components. 

7.2 Problem Formulation 

Problem formulation is the first step of an ERA and includes a preliminary characterization of 
exposure and effects (USEPA, 1992a). The problem formulation of this ERA includes sections 7.3 
through 7.7 of this report. Chemical analyses were performed on samples collected from the soil, 
groundwater, surface water, sediment, and fish to evaluate the presence, concentrations, and 
variabilities of the contaminants. Ecological surveys and a habitat characterization also were 
conducted as part of the field activities. Based on these observations, potential ecological receptors 
were identified. Finally, toxicological information for the contaminants detected in the media was 
obtained from available references and literature and used to evaluate the potential adverse ecological 
effects to the ecological receptors. 

The components of the problem formulation include identifying the stressors and their potential 
ecological effects, identification of ecosystems potentially at risk, defining ecological endpoints and 
presenting a conceptual model. The following sections discuss each of these components, and how 
they are evaluated in this ERA. 

7.3 Contaminants of Potential Concern 

One of the initial steps in the problem formulation stage of an ERA is identifying the stressors and 
their potential ecological effects, For this ERA, the stressors that are evaluated include contaminants 
detected in the surface soil, surface water, sediment, and fish. 

Contaminants in the subsurface soil and groundwater are not evaluated in this ERA. Some terrestrial 
species burrow in the subsurface soil, and microorganisms most 1ikeIy exist in the groundwater. 
However, current guidance does not provide sufficient information to evaluate risk to these receptors. 

The nature and extent of contaminants detected in the environmental media at Site 65 are presented 
in Section 4.0 of this report. Sample locations are based on available historical site information and 
a site visit to evaluate potential ecosystems and ecological receptors. 

7.3.1 Criteria for Selecting Contaminants of Potential Concern 

Quantifying risk for all positively identified contaminants may distract from the dominant risk-driving 
contaminants at the site. Therefore, the data set was reduced to a list of contaminants of potential 
concern (COPCs). COPCs are site-related contaminants used to quantitatively estimate ecological 
exposures and associated potential ecological effects. 
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The criteria used in selecting the COPCs from the contaminants detected during the field sampling 
and analytical phase of the investigation are: 

0 Historical information 
0 Prevalence 
0 Toxicity 
0 Comparison to federal and state criteria and standards 
0 Comparison to investigation associated field and laboratory blank data 
0 Comparison to background or naturally occurring levels 
0 Comparison to anthropogenic levels 

7.3.1.1 Historical Information 

Using historical information to associate contaminants with site activities, when combined with the 
following selection procedures, helps determine contaminant retention or elimination. To be 
conservative, contaminants detected in the surface soil, surface water, sediment, and fish that may not 
have been historically used at a site are retained as COPCs to evaluate risk, but may be eliminated in 
the ecological significance section as not being site-related. 

7.3.1.2 Prevalence 

The frequency of positive detections in sample sets and the level at which a contaminant is detected 
in a given medium are factors that determine a chemical’s prevalence. Prevalence is discussed in more 
detail in Section 6.2. Contaminants that were detected infrequently are not retained as COPCs. 

7.3.1.3 Toxicity 

The potential toxicity of a contaminant is an important consideration when selecting COPCs for 
further evaluation in the ERA. Several of the contaminants detected in the media at Site 65 are 
prevalent; however, their inherent toxicity to aquatic and terrestrial receptors is low (e.g., calcium, 
magnesium, potassium, and sodium). Therefore, they are not retained as COPCs. In addition, several 
the contaminants have not been adequately studied to develop published toxicity values, or even 
accepted toxicological data with which to assess the contaminants. Contaminants that fall into this 
category are retained as COPCs (if they are not eliminated due to other criteria); however, they are not 
quantitatively evaluated in the ERA. 

7.3.1.4 State and Federal Criteria and Standards 

North Carolina Water Quality Standards (NCWQS) for surface water have been developed 
(NC DEHNR, 1994). These are the only enforceable surface water standards. In addition to the 
NCWQS, Water Quality Screening Values (WQSVs) have been developed by USEPA Region IV 
(USEPA, 1995a), USEPA Region III (USEPA, 1995b), and Oak Ridge National Laboratory (ORNL) 
(Suter and Mabrey, 1994). The NCWQS and WQSVs will be herein referred to as Surface Water 
Screening Values (SWSVs). 

Sediment quality standards have not been developed for North Carolina. However, Sediment 
Screening Values (SSVs) are available for many contaminants. These SSVs include: Sediment 
Screening Levels (SSLs) (Long&& 1995; Long and Morgan, 1991; and, USEPA, 1995b), calculated 
sediment quality criteria (SQC) (USEPA, 1993b), Apparent Effect Threshold values (Tetra-Tech, Inc., 
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1986), and Wisconsin Department ofnatural Resources interim guidance criteria for in-water disposal 
of dredged sediments (Sullivan, &al., 1985). 

The SWSVs and SSVs are used for comparative purposes to infer potential ecological risks. 
Contaminants that were detected at concentrations less than these screening values are not retained 
as COPCs for aquatic receptors since contaminants detected at concentrations less than these values 
are not expected to pose a significant risk to the aquatic receptor population. However, the 
contaminants in the surface water may be retained as COPCs for the terrestrial receptors. None of the 
contaminants in the sediment are retained as COPCs for the terrestrial receptors because current 
guidance does not exist to evaluate this pathway. 

There are no state or federal soil screening values that can be used to evaluate potential ecological 
risks to terrestrial receptors (other than plants or invertebrates). Therefore, toxicity of contaminants 
in the surface soil to terrestrial receptors is not used as a criteria for retaining COPCs except for 
calcium, magnesium, potassium, and sodium, which are not retained as COPCs in any of the media. 

There are no state or federal fish tissue screening values that can be used to evaluate potential 
ecological risks to fish. Therefore, toxicity of contaminants in the tissue samples to aquatic receptors 
is not used as a criteria for retaining COPCs except for calcium, magnesium, potassium, and sodium, 
which are not retained as COPCs in any of the media. 

A brief explanation of the standards, criteria, and screening values used for the evaluation of the 
COPCs is presented below. 

North Carolina Water Quality Standards (Surface Water) - NCWQS are the concentrations of 
toxic substances that will not result in chronic toxicity to aquatic life (NC DEHNR, 1994). NCWQS 
are provided for both freshwater and saltwater aquatic systems. 

USEPA Water Quality Screening Values (WQSVs) - WQSVs are non-enforceable regulatory 
guidelines and are of primary utility in assessing acute and chronic toxic effects in aquatic systems. 
WQSVs are provided for both freshwater and saltwater aquatic systems and are reported as acute 
and/or chronic values (USEPA, 1995a,b). Most of the WQSVs are the same as the USEPA Ambient 
Water Quality Criteria (AWQC) (USEPA, 1991 b); however, some of the WQSVs are based on more 
current studies. 

Oak Ridge National Laboratory (ORNL) Aquatic Benchmarks - ORNL Aquatic Benchmarks are 
developed for many contaminants, including those that do not have NCWQS or WQSVs (Suter and 
Mabrey, 1994). The ORNL aquatic benchmarks include secondary acute values and secondary 
chronic values that are calculated using the Tier II method described in the EPA’s Pronosed Water 
Oualitv Guidance for the Great Lakes Svstem (USEPA, 1993c). Tier II values are developed so that 
aquatic benchmarks could be established with fewer data than are required for the USEPA AWQC. 
The benchmarks are limited to contaminants in freshwater. 

Sediment Screening Levels - Sediment Screening Levels (SSLs) have been compiled to evaluate the 
potential for contaminants in sediments to cause adverse biological effects (Long, &.a, 1995; Long 
and Morgan 199 1; and, USEPA, 1995 b). The lower ten percentile (Effects Range-Low [ER-L]) and 
the median percentile (Effects Range-Median [ER-M]) of biological effects have been developed for 
several contaminants. The concentration below the ER-L represents a minimal-effects range (adverse 
effects would be rarely observed). The concentration above the ER-L but below the ER-M represents 
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a possible-effects range (adverse effects would occasionally occur). Finally, the concentration above 
the ER-M represents a probable-effects range (adverse effects would probable occur). 

In addition to the SSLs, Apparent Effects Threshold Sediment Quality Values have been developed 
by Tetra Tech Inc., (1986) for the Puget Sound. These values are the concentrations of contaminants 
above which statistically significant biological effects would always be expected. Finally, the 
Wisconsin Department of Natural Resources has developed interim criteria for in-water disposal of 
dredged sediments (Sullivan, &al., 1985). However, these criteria are established using background 
data and are not based on aquatic toxicity. 

Sediment Quality Criteria - Currently, promulgated sediment quality criteria (SQC) only exist for 
a few contaminants. However, SQC for nonionic organic compounds can be calculated using the 
procedures in the Technical Basis for Deriving Sediment Quality Criteria for Nonionic Organic 
Contaminants for the Protection of Benthic Organisms by using Eauilibrium Partitioning (USEPA, 
1993 b) as follows: 

SQC = (Foc)(Koc)(FCV)/l ,OOO,OOO 

Where: 
SQC = sediment quality criteria @g/kg) 
Foe = sediment organic carbon content (mg/kg) 
Koc = chemical organic carbon partition coefficient (mL/g) 
FCV = final chronic water quality value (l&L) 

7.3.1.5 Field and Laboratorv Blank Data 

Associating contaminants detected in field related blanks (i.e., trip blanks, equipment rinsates and/or 
field blanks) or laboratory method blanks with the same contaminants detected in analytical samples 
can eliminate non-site-related contaminants from the list of COPCs. Blank data should be compared 
to sample results with which the blanks are associated. However, for this data set it is difficult to 
associate specific blanks with specific environmental samples. Thus, in order to evaluate detection 
levels, maximum contaminant concentrations reported in a given set of blanks are applied to a 
corresponding set of samples. 

In accordance with the National Functional Guidelines for Organics (USEPA, 199 1 a), common lab 
contaminants (i.e., acetone, 2-butanone, methylene chloride, toluene, and phthalate esters) should be 
regarded as a direct result of site activities only when sample concentrations exceed 10 times the 
maximum blank concentration. For other contaminants not considered common in a lab, 
concentrations exceeding 5 times the maximum blank concentration indicate contamination resulting 
from site activities (USEPA, 1991a). Maximum concentrations of contaminants detected in blanks 
are presented in Section 6.0, Table 6.1. 

Contract Required Quantitation Limits (CRQLs) and percent moisture are employed when evaluating 
contaminant concentrations in soil, in order to correlate solid and aqueous detection limits. For 
example, the CRQL for semivolatiles in soil is 33 to 66 times that of aqueous samples, depending on 
the contaminant. In order to assess semivolatile contaminant levels in soil using aqueous blanks, the 
blank concentration must then also be multiplied by 33 or 66 to account for variance from the CRQL 
(common lab contaminants must first be multiplied by 5 or 10, as explained in the paragraph above). 
The final value is divided by the sample percent moisture. 
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Eliminating a sample result correlates directly to a reduction in the contaminant prevaIence in that 
medium. Consequently, if elimination due to blank concentration reduces the prevalence of a 
contaminant to less than 5 percent, a contaminant that may have been included according to its 
prevalence is eliminated as a COPC. 

,__ 

7.3 .1.6 Background or Naturallv Occurring Levels 

Contaminants that were detected in the surface soil at concentrations less than two-times the average 
Base background concentration are not retained as COPCs. As is presented in Section 4.0, off-site 
surface water and sediment samples were collected from several waterbodies in the White Oak River 
water basin. The contaminant in the off-site samples and the site stations are compared to each other 
to determine if contaminants concentrations in the site stations are below naturally occurring regional 
levels. 

The two water bodies sampled at Site 65 were Courthouse Bay Pond and Powerline Pond. Since both 
ponds are freshwater, the freshwater off-site background surface water and sediment samples are 
compared to the Site 65 samples to determine if contaminant concentrations are within background 
concentrations. Contaminants that were detected in the Site 65 surface water or sediment samples 
at concentrations less than the average background concentrations are not retained as COPCs. 

7.3.1.7 Anthrooocrenic Levels 

Ubiquitous anthropogenic background concentrations result from non-site related sources such as 
combustion of fossil fuels (i.e., automobiles), plant synthesis, natural fires and factories. Examples 
of ubiquitous, anthropogenic chemicals are polycyclic aromatic hydrocarbons (PAHs). Anthropogenic 
chemicals are typically not eliminated as COPCs without considering other selection criteria. It is 
difficult to determine that such chemicals are present at the site due to operations not related to the site 
or the surrounding area. Omitting anthropogenic background chemicaIs from the risk assessment may 
result in the loss of important information for those potentially exposed. 

.- 

The following sections apply the aforementioned selection criteria beginning with the prevalence of 
detected analytical resuhs in each medium of interest to establish a preliminary list of COPCs for 
Site 65. Once this task has been completed, a final list of media-specific COPCs will be selected 
based on the remaining criteria. 

7.3.2 Selection of Contaminants of Potential Concern 

The folIowing sections present an overview of the analytical data obtained for each medium during 
the RI and the subsequent retention or elimination of COPCs using the aforementioned selection 
criteria. Contaminants that were not eliminated due to the above criteria were retained as COPCs. 
The primary reasons for retaining contaminants as COPCs include, but may not be limited to the 
following: (1) frequently detected, (2) detected at concentrations above the screening values (if 
available) and/or (3) detected at concentrations above background (if available). In addition, some 
common Iaboratory contaminants (i.e., phthalates, acetone, 2-butanone) are retained as COPCs if they 
were detected frequently and were detected at levels slightly less than 10 times the concentration in 
the blank samples. Calcium, magnesium, potassium, and sodium are not retained as COPCs in any of 
the media because they are common naturally occurring chemicals, are not related to the site, and no 
published toxicity data was identified to assess potential impacts to aquatic or terrestrial life. 
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Table 7- 1 presents the comparison of the surface water contaminant concentrations to the SWSVs and 
the off-site background sample contaminant concentrations. Table 7-2 presents the comparison of the 
sediment contaminant concentrations to applicable SSVs and the off-site background sample 
contaminant concentrations. A comparison of the surface soil contaminant concentrations to Base 
background concentrations is presented in Section 6.0, Table 6-3. A summary of the COPCs in each 
media are presented in Table 7-3 . All of the media samples were analyzed for TCL volatile organic 
compounds (VOCs), semivolatile organic compounds (SVOC), pesticides and PCBs, and TALmetals. 

7.3.2.1 Surface Soil 

Thirteen surface soil samples were collected at Site 65. Six VOCs (methylene chloride, acetone, 
trichloroethene, toluene, ethylbenzene, and xylenes) were detected in the surface soil. Methylene 
chloride, acetone, and toluene are not retained as COPCs because they are common laboratory 
contaminants and they were detected at less than 10 times the concentration in the blank samples. 
Trichloroethene, ethylbenzene, and xylenes are retained as COPCs. 

Nineteen SVOCs were detected in the surface soil. Acenaphthene, 2,4-dinitrophenol, anthracene, 
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, ideno( 1,2,3- 
cd)pyrene, benzo(g,h,i)perylene, carbazole, chrysene, dibenzo(a,h)anthracene, dibenzofuran, fluorene, 
phenanthrene, di-n-butylphthalate, fluoranthene, pyrene, and bis(2-ethylexyl)phthalate are retained 
as COPCs. 

Five pesticides were detected in the surface soil. Endosulfan II, 4,4’-DDE, 4,4’-DDT, 4,4’-DDD, and 
heptachlor epoxide are retained as COPCs. Aroclor 1260 was detected in one of the surface soil 
samples and is retained as a COPC. 

Fifteen metals were detected in the surface soil. As presented above, calcium, magnesium, potassium, 
and sodium are not retained as a COPCs. Copper is not retained as a COPC because it was detected 
at a concentration of less than five times the concentration in the blank sample. Aluminum is not 
retained as COPC because it was detected at concentrations of less than twice base background. 
Barium, chromium, iron, lead, manganese, nickel, thallium, vanadium and zinc are retained as 
COPCS. 

7.3.2.2 Surface Water 

Two surface water samples were collected at Site 65. Two VOCs (acetone, and 1,Zdichloroethane) 
were detected in the surface water. Neither contaminant is retained as a COPC for the aquatic and 
terrestrial receptors because they are common laboratory contaminants and were detected at a 
concentration of less than 10 times the concentration in the blank sample. No SVOCs, pesticides, or 
PCBs were detected in the surface water samples. 

Thirteen metals were detected in the surface water samples. As presented above, calcium, magnesium, 
potassium, and sodium are not retained as COPCs for the aquatic or terrestrial receptors. Chromium 
is not retained as a COPC for the aquatic receptors because detected concentrations do not exceed the 
SWSV. However, chromium is retained as a COPC for terrestrial receptors. Aluminum, barium, 
copper, iron, lead, manganese, vanadium, and zinc are retained as COPCs for both the aquatic and 
terrestrial receptors. 
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7.3 -2.3 Sediment 

Four sediment samples were collected at Site 65. At each station sediment samples were collected 
from two depths, zero to six inches and six to 12 inches. Six VOCs were detected in the sediment. 
Acetone, chloroform, and toluene are not retained as COPCs because they ‘are common laboratory 
contaminants and were detected at a concentration of less than 10 times the concentration in the blank 
sample. Carbon tetrachloride, 2-butanone, and tetrachloroethene are not retained as COPCs because 
they were detected at concentrations below the SSVs. 

.-. 

One SVOC (di-n-butylphthalate) was detected and retained as COPC in the sediment. Three 
pesticides were detected in the sediment. Beta-BHC, 4$-DDE, and 4,4’-DDD are all retained as 
COPCS. 

Fifteen metals were detected in the sediment. As presented above, calcium, magnesium, potassium, 
and sodium are not retained as COPCs. Barium, chromium, iron, and manganese are not retained as 
COPCs because they did not exceed their respective SSVs. Aluminum, antimony, cobalt, copper, 
lead, vanadium, and zinc are retained as COPCs. 

7.3.2.4 Tissue Samples 

Four, fish-fillet samples and five, whole-body fish samples were chemically analyzed for Site 65. 

Fish Fillet Samules 

Four, fish-fillet samples were collected for tissue analysis at Site 65. One VOC (acetone) was 
detected and retained as a COPC in the fish fillet tissue. No SVOCs were detected in the fish fillet 
samples. One pesticide ( 4,4’-DDD) was detected and retained as a COPC. 

,_-.. 

Twelve metals were detected in the fish fillet tissue. As presented above, calcium, magnesium, 
potassium, and sodium are not retained as COPCs. Aluminum, barium, copper, manganese, mercury, 
selenium, thallium, and zinc are retained as COPCs. 

Fish Whole Bodv Samples 

Five, whole-body fish samples were collected for tissue analysis at Site 65. Four VOCs were detected 
in the fish, whole-body tissue. Acetone, 2-butanone, methylene chloride, and toluene are retained as 
COPCs. No SVOCs were detected in the fish, whole-body samples. Two pesticides were detected 
in the fish, whole-body tissue. Pesticides 4,4’-DDD and 4,4’-DDE are retained as COPCs. 

Seventeen metals were detected in the fish, whole-body tissue. As presented above, calcium, 
magnesium, potassium, and sodium are not retained as COPCs. The remaining thirteen metals 
(aluminum, antimony, arsenic, barium, beryllium, copper, iron, lead, manganese, mercury, selenium, 
thallium, and zinc) are retained as COPCs. 

7.3.3 Physical/Chemical Characteristics of COPCs 

Physical and chemical characteristics of contaminants may affect their mobility, transport, and 
bioavailability in the environment. These characteristics include bioconcentration factors (BCFs), 
organic carbon partition coeffkient (K,,), octanol water partition coeffkient (KJ, and biotransfer 
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factors (Bv, Bb, Br). Table 7-4 summarizes these values for the COPCs detected in the surface soil, 
surface water, sediment, and fish tissue samples. Information from this table is used to assess the fate 
and transport of the constituents and the potential risks to the environmental receptors at each site. 
The following paragraphs discuss the significance of each parameter included in the table. 

Bioconcentration factors measure the tendency for a chemical to partition from the water column or 
sediment and concentrate in aquatic organisms. Bioconcentration factors are important for ecological 
receptors because chemicals with high BCFs could accumulate in lower-order species and 
subsequently accumulate to toxic levels in species higher up the food chain. The BCF is the 
concentration of the chemical in the organism at equilibrium divided by the concentration of the 
chemical in the water. Therefore, the BCF is unitless. The BCF used to determine if a contaminant 
has a high potential to bioaccumulate in aquatic or terrestrial organisms. 

K, measures the tendency for a chemical to partition between soil or sediment particles containing 
organic carbon and water. This coefficient is important in the ecological environment because it 
determines how strongly an organic chemical will be bound to the organics in the sediments. The K, 
is used to calculate sediment quality criteria. 

I&,, is the ratio of a chemical concentration in octanol divided by the concentration in water. The 
octanol/water partition coefficient has been shown to correlate well with bioconcentration factors in 
aquatic organisms and with adsorption to soil or sediment. The kW is used to calculate the plant 
biotransfer factors that are used to estimate the COPC concentration in plants that would potentially 
be ingested by the terrestrial receptors in the intake model. 

The plant biotransfer factors (Bv or Br) measures the potential for a chemical to accumulate in a plant. 
These factors are used to calculate the concentration of the COPCs in either the leafy part of the plant 
(Bv) or the fruit of the plant (Br). The factors for inorganics are obtained from Baes &al., 1984, while 
the factors for organics are calculated according to Travis and Arms, 1988. The Bv and Br values for 
the organics are assumed to be same value. 

Finally, the beef biotransfer factors (Bb) measures the potential for a chemical to accumulate in an 
animal. This factor is used to calculate the COPC concentration in the small mammal that is ingested 
by the red fox. The factors for inorganics are obtained from Baes &&, 1984, while the factors for 
organics are calculated according to Travis and Arms, 1988. 

7.4 Ecosvstems Potentially at Risk 

Ecological receptors that might be potentially at risk from contaminants at Site 65 were identified 
during the field investigations and the habitat evaluation. The regional and site-specific ecology are 
presented in Section 3.0. Based on the results of the field investigations and the habitat evaluation, 
potential receptors of contaminants in surface water and sediment include: fish, benthic 
macroinvertebrates, other aquatic flora and fauna and some terrestrial fauna1 species. Potential 
receptors of contaminants in soil include: deer, rabbits, foxes, raccoons, birds and other terrestrial flora 
and fauna. 
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7.5 EcoloPical EndDoints 

The information compiled during the first stage of problem formulation (stressor characteristics and 
ecosystems potentially at risk) is used to select the ecological endpoints for this ERA. The following 
section presents the ecological endpoints selected for this ERA, and the reasons they are selected. 

There are two primary types of ecological endpoints: assessment endpoints and measurement 
endpoints. Assessment endpoints are explicit expressions of the actual environmental values that are 
to be protected (USEPA, 1994). Measurement endpoints are measurable responses to a stressor that 
are related to the valued characteristics chosen as the assessment endpoints (USEPA, 1994). 
Measurement endpoints may be identical to assessment endpoints (e.g., measurement of abundance 
of fish), or they may be used as surrogates for assessment endpoints (e.g., toxicity test endpoints). 
Both types of endpoints are used in the ecological risk evaluation and are presented in the following 
sections. 

A measurement endpoint, or “ecological effects indicator” as it is sometimes referred, is used to 
evaluate the assessment endpoint. Therefore, measurement endpoints must correspond to, or be 
predictive of, assessment endpoints. In addition, they must be readily measurable, preferably quickly 
and inexpensively, using existing techniques. Measurement endpoints must take into consideration 
the magnitude of the contamination and the exposure pathway. The measurement endpoint should 
be an indicator of effects that are temporally distributed. Low natural variability in the endpoint is 
preferred to aid in attributing the variability in the endpoint to the contaminant. Measurement 
endpoints should be diagnostic of the pollutants of interest, as well as broadly applicable to allow 
comparison among sites and regions. Also, measurement endpoints should be standardized (e.g., 
standard procedures for toxicity tests). Finally, it is desirable to use endpoints that already are being 
measured (if they exist) to determine baseline conditions; 

__ 

7.5.1 Aquatic Endpoints 

The assessment endpoints for the aquatic receptors are changes in the structure (i.e., density, diversity) 
of benthic macroinvertebrate communities attributable to site-related contaminants and the protection 
of benthic macroinvertebrates and fish due to exposure of site-related contaminants in the surface 
water and sediment. Measurement endpoints for the first aquatic assessment endpoint include: 
1) lower benthic macroinvertebrate species diversity and richness when compared to an ecologically 
similar background location; 2) the dominance of contaminant-tolerant species (opportunistic) over 
contaminant sensitive species (equilibrium); 3) elevated levels of contaminants in the biota tissue 
samples as compared to tissue samples collected at off-site background stations or in the literature; 
and, 4) contaminant levels in the tissue samples that exceed toxicity values in the literature (where 
available). The measurement endpoints for the second aquatic assessment endpoint include 
exceedences of contaminant-specific surface water and sediment effect concentrations (i.e., SWSVs, 
and SSVs). 

Species diversity, richness, and change in species dominance are evaluated by comparing the type of 
species, the species diversity, and community similarity of the benthic macroinvertebrates collected 
at Site 65 to the appropriate off-site background stations. The dominance of contaminant-tolerant 
species over contaminant sensitive species is evaluated by comparing the Macroinvertebrate Biotic 
Index (MBI) of the benthic macroinvertebrates collected at Site 65 to the MB1 from the appropriate 
off-site background stations. The following paragraphs present how the species diversity, community 
similarity, and MB1 are calculated and interpreted. _- 
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7.5.1-l Soecies Divers&v 

The benthic macroinvertebrate community was examined using a mathematical expression of 
community structure called a diversity index. Diversity data are useful because they condense a 
substantial amount of data into a single value. The Shannon-Wiener diversity index and Brillouin 
diversity index both were calculated for the benthic macroinvertebrate species. 

The Shannon-Wiener (H’) function is one of the more commonly used formulas for calculating species 
diversity. Species diversity was calculated in logarithmic base 10 using the following equation 
(Brower and Zar, 1977): 

H’ = c (pi *log@,)). 

H’ = mean species diversity 
pi = proportion of the total number of individuals occurring in species i. 

Brillouin’s diversity (H) is used if a data set is not considered to be a random sample. This situation 
arises when data comprising an entire population are available or for data that are from a sample 
obtained non-randomly from a population. Brillouin’s diversity is calculated using the following 
equation (Brower and Zar, 1977): 

i;r = ew! - c e%cf;.!)) 
n 

H = species diversity 
n = the sample size 
f = the number of observations in category i 

The operative assumption in the interpretation of diversity values is that relatively undisturbed 
environments tend to support communities that consist of a large number of species with no single 
species present in overwhelming abundance. Many forms of stress tend to reduce diversity by 
producing an environment that is less desirable for some taxa and, therefore, giving a competitive 
advantage to other taxa. 

7.5.1.2 Community Similarity 

Community similarity between benthic macroinvertebrate stations was measured using two qualitative 
indices of community similarity, the Jaccard coefficient (S,) and the S@renson index (S,). The indices 
use two possible attributes of the ecosystem, that is whether a species was or was not present in the 
collected sample. Because these coefftcients are based on the number of species collected and not the 
number of individuals, a few organisms from several taxa could significantly change the similarity 
value, whereas there may not be an overall significant difference between the communities. 
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The S, is better than the S, at discriminating between highly similar collections and has been used 
widely in stream pollution investigations. The S, ranges from 0.0 (dissimilar) to 1 .O (similar) and is 
calculated using the following equation (Brower and Zar, 1977): 

sj = a 

a+b+c 

a = number of species common to both collections 
b = number of species in the first collection but not the second 
c = number of species in the second collection but not in the first 

The S, places more emphasis on common attributes, and is better than the S, at 
discriminating between highly dissimilar collections. The S, ranges from 0.0 (dissimilar) to 1 .O 
(similar) and is calculated using the following equation (Brower and Zar, 1977): 

S# = 
2a 

2a+b+c 

Where a, b, and c are as described above. 

These indices are used to detect changes in the community structure. Stressed communities 
presumably have different species than relatively non-stressed communities, given that all other factors 
are equal. Several factors determine the type of benthic population that will inhabit an area including 
salinity fluctuations, sediment type, size of water body, and time of collection. Although the 
community similarity indices will give some indication as to the similarities of the communities, more 
weight will be placed on the types of species that were collected, the relative densities, and the species 
diversities of the site stations as compared to the reference stations. 

7.5.1.3 Macroinvertebrate Biotic Index 

Most of the benthic macroinvertebrates collected during the ecological investigation have been 
assigned a pollution tolerance rating. The tolerances were obtained from the NC DEHNR DEM 
Environmental Sciences Branch (Lenat, 1993) and the USEPA Environmental Monitoring Systems 
Laboratory (USEPA, 1990). NC DEHNR maintains a complete list of benthic macroinvertebrate 
species collected, or known to occur, in North Carolina on a database called BINDEX. BINDEX 
contains the species Latin name, order, biotic index (BI), and feeding group. However, BI have not 
been developed for many estuarine species. The BI ranges from zero to ten; a zero is assigned to taxa 
found only in unaltered streams of high water quality, and a ten is assigned to taxa known to occur in 
streams with intermediate degrees of pollution or disturbance. In addition, USEPA lists many 
common benthic macroinvertebrate species along with their tolerance to organic wastes, heavy metals, 
and acids (USEPA, 1990) 

The MB1 was developed to provide a rapid stream quality assessment. North Carolina had a data set 
of over 2,000 stream macroinvertebrate samples that were divided into five water-quality ratings. This 
data set was used to derive preliminary tolerance values for over 500 benthic macroinvertebrate taxa. 
the MB1 is intended for the examination of the general level of pollution regardless of the source. The 
index is an average of the BIs weighed by individual abundance, and is calculated as follows: 
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MBI= 
E(n,*BI) 

N 

Where: 
MB1 = Macroinvertebrate Biotic Index 
“i = Number of individuals occurring in the i* taxa 
BI = Biotic Index assigned to the i’ taxa 
N = Total number of individuals in the sample 

The sample benthic macroinvertebrate populations were assigned a general stream/water quality 
condition based on the MB1 value. The five classes and their corresponding MB1 values are presented 
below (Lenat, 1993) 

Excellent Good 
Water Water 

Quality Quality 

< 5.24 5.25-5.95 

Good-Fair 
Water 

Quality 

5.96-6.67 

Fair 
Water 

Quality 

6.68-7.70 

Poor 
Water 

Quality 

> 7.71 

The MB1 for the benthic macroinvertebrate stations was calculated using the values listed in BINDEX. 
When a BI for a specific species was not listed, either the family BI (if available) was used or the 
species was not included in the MB1 calculations. 

/- 
7.5.2 Terrestrial Endpoints 

The assessment endpoint for the terrestrial receptors as follows: 1) the protection of terrestrial 
herbivore and carnivore mammals from ingesting plants, soil, surface water, fish, and/or small 
mammals that contain site-related contaminants; 2) the protection ofterrestrial herbivore avian species 
from ingesting plants, soil, and surface water that contain site-related contaminants; and 3) the 
protection of terrestrial plants and invertebrates from direct exposure to site-related contaminants in 
the soil. 

The measurement endpoints for the terrestrial ERA include: 1) exceedences of contaminant-specific 
soil effect concentrations (i.e., SSSVs); 2) CD1 exceedences of contaminant-specific effect doses 
(TRVs); and, 3) tissue sample concentration exceedences of proposed criteria for piscivorous wildlife. 

7.6 ConceDtional Model 

This section of the ERA presents each potential exposure pathway via soil, groundwater, surface 
water, sediment, and air, and the likelihood that an exposure will occur through these pathways. 
Figure 7- 1 presents the flowchart of potential exposure pathways and ecological receptors. 

To determine if ecological exposure via these pathways may occur in the absence of remedial actions, 
an analysis is conducted including the identification and characterization of the exposure pathways. 
The following four elements are examined to determine if a complete exposure pathway is present: 

l A source and mechanism of chemical release 
0 An environmental transport medium 
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0 A receptor exposure route 
l A receptor exposure point 

7.6.1 Soil Exposure Pathway 

Potential release sources to be considered in evaluating the soil pathway are surface or buried wastes 
and contaminated soil. The release mechanisms to be considered are fugitive dust, leaching, tracking, 
and surface runoff. The transport medium is the soil. The potential routes to be considered for 
ecological exposure to the contaminated soil are ingestion and dermal contact. Potential exposure 
points for ecological receptors include species living in, or coming in contact with, the soil. COPCs 
were detected in the surface soil demonstrating a release from a source to the surface soil transport 
medium. Potential receptors that may be exposed to contaminants in surface soil at/or around surface 
soil in the areas of detected COPCs including: deer, fox, raccoon, rabbits, birds, plants, and other 
terrestrial life. 

Terrestrial receptors potentially are exposed to contaminants in the soil through ingestion, dermal 
contact, and/or direct uptake (for flora). The magnitude of the exposure depends on their feeding 
habits and the amount of time they reside in the contaminated soil. In addition, terrestrial species may 
ingest organisms that have bioconcentrated contaminates from the soil. This exposure pathway is 
likely to occur at Site 65 and is retained for further analysis. 

7.6.2 Groundwater Exposure Pathway 

The potential release source to be considered in evaluating the groundwater pathway is contaminated 
soil. The release mechanism to be considered is leaching. The routes to be considered for ecological 
exposure to the contaminated groundwater are ingestion and dermal contact. Groundwater discharge 
to area surface waters may represent a pathway for contaminant migration. 
Subsurface biota (Le., microorganisms) are the only ecological receptors expected to be directly 
exposed to groundwater. Potential impacts to these biota are not assessed in this ERA because current 
guidance does not provide sufficient information to evaluate risk. In addition, since the receptors of 
concern are not directly exposed to groundwater at Site 65, the groundwater to surface water exposure 
is accounted for in the surface water section of the ERA. 

,,__ 

7.6.3 Surface Water and Sediment Exposure Pathway 

Potential release sources to be considered in evaluating the surhace water and sediment pathways are 
contaminated surface soil and groundwater. The release mechanisms to be considered are 
groundwater seepage and surface runoff. The potential routes to be considered for ecological 
exposure to the contaminated surface water/sediment are ingestion and dermal contact. Potential 
exposure points for ecological receptors include species living in, or coming in contact with, the 
surface water/sediment on-site. COPCs were detected in the surface water and sediment 
demonstrating a release from a source to the surface water or sediment transport medium. Potential 
receptors that may be exposed to contaminants in surface water and sediment include: fish, benthic 
macroinvertebrates, deer, birds, and other aquatic and terrestrial life. 

Aquatic receptors are exposed to contaminants in the surface water and sediment by ingesting water 
while feeding and by direct contact while feeding or swimming. This exposure pathway is likely to 
occur at Site 65 and is evaluated in the ERA. In addition, aquatic organisms may ingest other aquatic 
flora and fauna that have bioaccumulated chemicals from the surface water and sediment. This ._ 

7-14 



potential exposure pathway is not evaluated in the ERA because current guidance does not provide 
sufficient information to evaluate risk. 

Terrestrial fauna1 receptors potentially are exposed to contaminants in the surface water and sediment 
through ingestion and dermal contact. The magnitude of the exposure depends on their feeding habits 
and the amount of time they reside in the contaminated waters. In addition, terrestrial species may 
ingest organisms (e.g., fish, small mammals, invertebrates, and plants) that have bioconcentrated 
contaminates from the surface water and sediment. These exposure pathways are likely to occur at 
Site 65. However, only the surface water and surface soil ingestion pathway is evaluated in the ERA. 
Current guidance does not exist to evaluate the sediment pathway, sub-surface soil pathway, or dermal 
contact pathway for terrestrial receptors, therefore, these pathways are not evaluated in the ERA. 

7.6.4 Air Exposure Pathway 

There are two potential release mechanisms to be considered in evaluating the atmospheric pathway: 
release of contaminated particulates and volatilization from surface soil, groundwater and surface 
water. The potential exposure points for receptors are areas on or adjacent to the site. The air 
exposure pathway is not evaluated in this ERA because air sampling was not conducted, and current 
guidance does not provide sufficient information to evaluate risk. 

7.7 Exposure Assessment 

The next phase after the problem formulation is the exposure assessment that consists of quantifying 
the potential exposure of the stressors (COPCs) to the ecological receptors. The RI included collecting 
samples for analytical analysis from five media; soil, groundwater, surface water, sediment, and tissue 
(fish). As presented earlier in the ERA, contaminants in the subsurface soil and groundwater are not 
evaluated. The analytical results for the data used in ERA are presented in Section 4.0 of this report. 

The regional ecology, site ecology, and habitat characterization in the areas surrounding Site 65 are 
presented in Section 3.0 of this report. Information on sensitive environments and endangered species 
also is included in this section. 

Exposure of contaminants in the surface soil to terrestrial flora and fauna (invertebrates and 
microorganisms) are assumed to be equal to the contaminant concentration in the surface soil. It is 
noted in the uncertainty section of this ERA that all the contaminants in the surface soil may not be 
bioavailable to the terrestrial flora or fauna. Exposure of contaminants in the surface water and 
sediment to aquatic receptors are assumed to be equal to the contaminant concentration in the surface 
water and sediment. Exposure of contaminants in the surface soil and surface water to other terrestrial 
fauna (mammals, birds) are estimated using the chronic daily intake models presented in the next 
section of this ERA. 

The following sections presents the results of the ecosystem characterization including the biological 
sampling, abiotic habitat, and biotic habitat. 

7.7.1 Surface Water, Sediment, and Biological Sampling 

Biological samples collected at Site 65 included fish to obtain tissue samples, and benthic 
macroinvertebrates to obtain population statistics. Water quality measurements were collected during 
the sampling event prior to the surface water and sediment sample collection. These measurements 
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consisted of temperature, pH, specific conductance, salinity, and dissolved oxygen. Site specific 
descriptions, and field water quality measurements were recorded on field data sheets (see 
Appendix V). The station locations and sampling procedures for collecting each of the environmental 
media are presented in Section 2.0 of this report. 

7.7.1 .l Abiotic Habitat 

The abiotic habitat consists of the description of the stations with regard to size of the ponds, depth 
of the water, substrate type, water chemistry and other such non-biological descriptors. The following 
sections present the abiotic habitat for the sampling stations at Site 65. 

Table 7-5 presents the sampling station characterization summary that includes the dimensions of the 
ponds including depth, canopy cover, sediment type, and sediment odor of the Site 65 stations and 
the upstream stations. Courthouse Bay Pond has a perimeter of 750 feet and encompasses an area of 
26,000 square feet. The canopy cover is open. The sediment was primarily, a silty-sand with organic 
material below the three inch depth, with a decaying organic odor. Power-line Pond 
has a perimeter of 630 feet and encompasses an area of 27,900 square feet. The canopy cover is open. 
Finally, the sediment was primarily a silty-sand with large amounts of organic material, with an 
anaerobic odor. 

Table 7-6 presents the results of the field chemistry including the temperature, pH, dissolved oxygen 
concentration, conductivity, and salinity. The temperature ranged from 17.3 to 30.4 “C; the pH ranged 
from 6.32 to 7.62 standard units; the dissolved oxygen ranged from 2.0 to 10.6 mg/L; the conductivity 
ranged from 12 to 214 umhos/cm; and the salinity for both ponds was 0.0 parts per thousand. The 
field chemistry at these stations appear to be typical of surface waters at MCB, Camp Lejeune based 
on previous sampling experience. 

7.7.1.2 Biotic Habitat 

The biotic habitat consists of the description of the stations with regard to the biological community. 
The following sections present the results of the benthic macroinvertebrate community for the 
sampling stations at Site 65. 

Fish Community 

Fish were collected from both ponds at Site 65, the results of the fish sampling effort at these ponds 
are summarized on Table 7-7. The fish distribution and characterization summary is presented in 
Table 7-8. Appendix W presents the lengths and weights of the individual fish collected at each 
station. One bluegill that was collected from Courthouse Bay Pond had an enlarged dorsal end in 
front of the dorsal fin. The remaining fish did not have any visible signs of abnormalities. In general, 
the fish collected from Courthouse Bay Pond were not as brilliant in color as those collected from 
Powerline Pond. 

Two fish species (i.e., bluegill [Lepomis macrochirus, 32 individuals] and redear sunfish 
[L- microlophus, 8 individuals 1) were collected from Courthouse Bay Pond (65-FS04). Three fish 
species (i.e., largemouth bass [Micropterus sazmoides, nine individuals], bluegill [30 individuals], 
and redear sunfish, [3 1 individuals]) were collected from Powerline Pond (65-FS05). Fish from 
Courthouse Bay Pond were collected by setting a series of hoop nets within the pond. Fish from 
Powerline Pond were collected via electrofishing and hoop nets. Hoop nets were deployed at 
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Power-line Pond due to the extremely high amounts of aquatic vegetation inhibiting the stunned fish 
from surfacing during electroshocking operations. Electroshocking was not performed at Courthouse 
Bay Pond due to the low visibility (less than one inch) caused by an excessive amount of suspended 
solids. 

Benthic Macroinvertebrate Community 

Table 7-9 presents the benthic macroinvertebrates collected from both of the Site 65 stations. 
Appendix X presents the benthic macroinvertebrates collected from the off-site reference station 
(WC02). Table 7- 10 presents the tolerance values of each species to organic pollution and metals, and 
the North Carolina Biotic Index. Table 7- 11 presents all the samples summary statistics. 

A total of one benthic macroinvertebrate specie consisting of 6 individuals was collected at 
Courthouse Bay Pond (65-BNO4), and a total of six species consisting of 14 individuals was collected 
at Powerline Pond (65-BN05). At the off-site reference station (WCO2), 20 species consisting of 286 
individuals were collected. It should be noted that benthic macroinvertebrate locations at the Site 65 
were within the ponds, while the off-site reference station was a small ponded area through which a 
creek flowed. 

The arthropod Chaborus sp. comprised the total percentage (100 %) of the individuals collected at 65- 
BN04. The arthropod Ablabesmyia ramphe gr. comprised the majority (35.7 %) of the individuals 
collected at 65-BN05. 

Only one specie (Chaborus sp.) was identified within Courthouse Bay Pond. Six species were 
identified within Powerline Pond. Two of the species (A. ramphe gr.), and (Chrysops sp.) were 
quantified at the highest percentages, 36% and 21% respectively. Species densities for Courthouse 
Bay Pond and Powerline Pond were 38 and 89 individuals/square meter, respectively. The Shannon- 
Wiener and Brillouin’s specie diversities for Courthouse Bay Pond were both zero. These diversities 
for Powerline Pond were 0.71 and 0.53, respectively. Diversities for the off-site reference station were 
0.80 and 0.76, respectively. The MB1 value for Powerline Pond was 7.1 and the off-site reference 
station was 7.8. The MB1 was not calculated for Courthouse Bay Pond since the one benthic 
macroinvertebrate species collected in this pond did not have a biotic index value. Finally, Table 7-12 
presents the community similarity for the benthic macroinvertebrates between the two Site 65 stations, 
and between the Site 65 stations and the off-site reference station. The similarities between all the 
stations are very low. 

7.8 EcoloPical Effects Characterization 

The ecological effects data that were used to assess potential risks to aquatic and/or terrestrial 
receptors in this ERA include aquatic and terrestrial screening values as presented in Section 7.3.4.1 
to aid in the selection of the COPCs. The following sections present a summary of the ecological 
effects comparison. 

7.8.1 Surface Water 

Contaminant concentrations detected in the surface water at Site 65 were compared to the freshwater 
SWSVs to determine if there were any exceedences of the published values (see Table 7-l). 
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In summary, aluminum, barium, copper, iron, lead, manganese, vanadium, and zinc are the only 
contaminants detected in the surface water that exceeded any of the SWSVs. The SWSVs for barium 
(69.1 lug/L-acute, 3 8 l&L-chronic) were the ORNL aquatic benchmarks (Suter and Mabrey, 1994). 
These values appear to be overly conservative since the lowest chronic value for aquatic organisms 
(daphnids) was 5,800 rig/L (Suter and Mabrey, 1994). In addition, it is reported in the Oualitv Criteria 
for Water- 1986 that soluble barium concentrations in fresh waters generally would have to exceed 
50,000 yg/L before toxicity to aquatic life would be expected (USEPA, 1987). Therefore, the 
maximum barium concentration in the surface water sample (69.3 pg&) is below the concentrations 
that are expected to cause adverse impacts to aquatic life. 

__.__ 

The SWSVs for manganese (1,470 l&L-acute, 80.3 &L-chronic) were the ORNL aquatic 
benchmarks (Suter and Mabrey, 1994). These values also appear to be overly conservative since the 
lowest chronic value for aquatic organisms (daphnids) was <I, 100 ug/L, while the lowest chronic 
value for fish was 1,770 ug/L (Suter and Mabrey, 1994). In addition,. it is reported in the Quality 
Criteria for Water-1986 that the tolerance values for aquatic life in freshwaters range from 1500 pg/L 
to 1 ,OOO,OOO pg/L (USEPA, 1987). Therefore, the‘maximum manganese concentration in the surface 
water sample (88.4 pg/L) is below the concentrations that are expected to cause adverse impacts to 
aquatic life. 

The SWSVs for vanadium (284 ug/L-acute, 19.1 l&L-chronic) were the ORNL aquatic benchmarks 
(Suter and Mabrey, 1994). These vaIues also appear to be overly conservative since the Iowest 
chronic value for aquatic organisms (fish) was 80 pg/L (Suter and Mabrey, 1994). Therefore, the 
maximum vanadium concentration in the surface water sample (26.2 ug/L) is below the concentration 
that is expected to cause adverse impacts to aquatic life. 

Finally, NCWQS for turbidity is less than 25 Nephelometric Turbidity Units (NTU) (NC DEHNR, 
1994), while the USEPA AWQC for turbidity is the “settleable and suspended solids should not 
reduce the depth of the compensation point for photosynthesis activity by more than 10 percent from 
the seasonally established norm for aquatic life” (USEPA, 1987). Turbidity was not measured in 
Courthouse Bay Pond. However, based on Baker’s previous sampling experience, it is assumed that 
the turbidity in Courthouse bay Pond is greater than 25 NTU, and that the compensation point for 
photosynthesis activity is reduced by more than 10 percent. It is reported in the Quality Criteria for 
Water-1986, that suspended solids have four effects on fish and fish food populations: 1) by acting 
directly on the fish swimming in water in which solids are suspended, and either killing them or 
reducing their growth rate, resistance to disease, etc.; 2) by preventing the successful development of 
fish eggs and larvae; 3) by modifying natural movements and migration; and, 4) by reducing the 
abundance of food available to fish (USEPA, 1987). Largemouth bass are considered intolerant of 
suspended solids that may interfere with reproductive processes and reduce growth (USDI, 1982). 
It also is reported that largemouth bass are more sensitive to turbidity than are redear sunfish and 
bluegills (USEPA, 1977). Finally, suspended solids also are harmful to many aquatic invertebrates 
that cannot tolerate appreciable concentrations of inorganic particulate matter, and may SignificantIy 
reduce organism density by smothering bottom invertebrates (Wetzel and Likens, 199 1 and USEPA, 
1987). 

7.8.2 Sediment 

Contaminant concentrations detected in the sediment at Site 65 were compared to SSVs and calculated 
SQC values to determine if there were any exceedences of the published values (see Table 7-2). Di-n- 
butylphthalate, beta-BHC, 4,4’-DDE, and 4,4’-DDD are the only organics that exceeded the SSVs. .-w 
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A few of the organics only exceeded either the ER-L or the SQC. However, only 4,4’-DDD exceeded 
ER-M value. The di-n-butylphthalate SSV is an apparent effect threshold value (Tetra Tech, Inc, 
1986), and is placed only in the ER-M column. 

Antimony, copper, lead, and zinc are the only inorganics that exceeded the SSVs. The copper, lead, 
and zinc SSVs are sediment screening levels (USEPA, 1995a, Long&&, 1995), and have both ER-L 
and ER-M values. All of these inorganics exceeded the ER-L. Antimony was the only inorganic that 
exceeded the ER-M. Aluminum, cobalt, and vanadium do not have associated SSVs, and therefore, 
their potential effects on aquatic life can not be evaluated. 

7.8.3 Fish Tissue 

The following sections discuss the chemical concentrations detected in the tissue samples collected 
from Site 65. The fish tissue samples were divided into two groups for discussion: fillet and whole 
body. Table 7- 13 presents a summary of the fish sent to the laboratory for analysis along with their 
trophic level. Positive detection tables for the tissue samples collected at Site 65 are presented in 
Section 4.0. The statistical summaries for these samples are presented in Appendix R. 

The individuals in each sample that are retained for chemical analysis are presented in Appendix W. 
The appendix lists the length and weight of all the individuals in each composite, along with the new 
sample number, and how the sample should be prepared for analysis (i.e., fillet, or whole body). In 
accordance with the Guidance for Assessing Chemical Contaminant Data for use in Fish Advisories, 
Volume I. Fish Sampling: and Analysis (USEPA, 1993d), the smallest fish in a composite should be 
no less than 75 percent of the total length of the largest individual. As is presented in Appendix W, 
the minimum to maximum ratio is greater than 75 percent in all but two of the samples. The two 
samples with ratios less then 75 percent are 65-FS04-BGOlF (67 percent), and 65-FS04-RSOl W 
(69 percent). Both of these samples were collected from Courthouse Bay Pond. 
Samples 65-FS04-BGOlF and 65-FS04-RSOlW were less than 75 percent because a greater size 
variety of individuals had to be used to ensure adequate sample volume for analysis. 

The Site 65, fish-fillet contaminant concentrations were compared to the tissue contaminant 
concentrations in an off-site tissue study Baker conducted in the White Oak River Basin in 1993 
(Baker, 1994a). This background study was limited to the fillet portion of the fish (see Appendix N). 
The Site 65, fish, whole-body, tissue, contaminant concentrations were compared to the tissue 
contaminant concentrations in an fish survey conducted in Albermarl and Pamlico Sounds in North 
Carolina (NC Study) (Benkert, 1992). This background study was limited to the whole-body portion 
of the fish. Table 7-14 presents these comparisons. Contaminant concentrations in the fish also were 
compared to various proposed criteria values for piscivorous wildlife (see Table 7-15) (Newell &.aJ., 
1987). 

7.8.3.1 Fish Tissue Orrranics 

Acetone, 2-butanone, methylene chloride, and toluene are the only VOCs retained as COPCs in the 
fish tissue. Only acetone was detected in the off-site background tissue samples. The remaining 
VOCs were not detected in either study. 

Two pesticides (4,4’-DDD, and 4,4’-DDE) are retained as COPCs in the whole body fish tissue. Both 
pesticides were detected within their respective range of the NC Study. The pesticide 4,4’-DDD was 
detected in the fillet fish tissue but not in the off-site background tissue samples. 
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Table 7- 15 presents a comparison of the maximum fish tissue concentrations to New York State 
proposed fish tissue criteria for the diet of piscivorous wildlife (Newell a.&, 1987). No COPCs were 
detected at concentrations above either the proposed non-carcinogenic or lo-’ carcinogenic criteria for 
the diet of piscivorous wildlife. 

7.8.3.2 Fish Tissue Inorcranics 

Toxicity data for metals in fish tissue were located for arsenic, mercury, and zinc. Therefore, 
toxicological impacts to aquatic and piscivorous wildlife only could be evaluated for these elements. 
The comparison of tissue concentrations to other studies was conducted for remaining metals 
(aluminum, antimony, barium, beryllium, copper, iron, lead, manganese, and selenium). 

Diminished growth and survival have been reported in immature bluegills (Lepomis macrochirus) 
when total arsenic residues in muscle was greater than 1.3 mg/kg fresh weight, or greater than 5 mg/kg 
in adults (Eisler, 1988). In addition, depending on the chemical form of arsenic, certain marine 
teleosts may be unaffected at muscle total arsenic residues of 40 mg/kg (Eisler, 1988). Prescribed 
limits for arsenic in feedstuff (fishmeals) of domestic livestock is less than 10 mg/kg. Arsenic was 
not detected in the fillet samples, and was detected at a maximum concentration of 0.15 mg/kg in the 
whole body samples. Therefore, arsenic is less than the 5 mg/kg reported to cause diminished growth 
and survival in adult fish, and was detected at a concentration less than the prescribed limits for 
arsenic in feedstuff. 

To protect sensitive species of mammals and birds that regularly consume fish and other aquatic 
organisms, total mercury concentrations in these food items should probably not exceed 0.1 mgikg for 
avian protection and 1.1 mg/kg for small mammals (Eisler, 1987). The maximum mercury tissue 
concentration at Site 65 whole body samples (0.11 mg/kg) is just slightly above the avian protection 
value but it is within the range of mercury detected in the NC Study. The concentration of mercury 
in the fillet samples are slightly higher than the mercury concentration in the off-site background fish 
samples. 

Bird diets should contain 93 to 120 mg/kg of zinc for adequate to optimal growth, and it should be less 
than 178 mg/kg to prevent marginal sublethal effects (Eisler, 1993). Dietary loadings that optimally 
prevent zinc deficiency for the mink is 150 mg/kg (Eisler, 1993). The maximum zinc concentration 
in the Site 65 whole body fish tissue samples (3 1.5 mg/kg) is below this concentration. The whole 
body sample concentrations are within the NC Study sample concentrations, while the concentration 
of zinc in the fillet samples are slightly higher than the zinc concentration in the off-site background 
fish samples. 

With the exception of copper, all the metals detected in the Site 65 whole body samples were detected 
within the range of the fish analyzed in the NC Study (where analyzed). Copper in the Site 65 whole 
body samples just slightly exceeded the range in the NC Study. With the exception of barium, 
selenium, and thallium, which were not detected in the off-site background samples, the remaining 
metals in the Site 65 fillet samples were detected within the range, or slightly above the range in the 
off-site background samples. 

7.8.4 Surface Soil 

Although promulgated standards do not exist, Surface Soil Screening Values (SSSVs) that may be 
used to evaluate potential ecological risks to terrestrial flora and fauna have been developed by the 
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Ditch (Richardson, 1987), USEPA Region III (USEPA, 1995b) and Oak Ridge National Laboratory 
(ORNL) (Will and Suter, 1994a, 1994b). The contaminant concentrations in the surface soils are 
compared to the SSSVs to determine if potential impacts to terrestrial flora and fauna invertebrates 
may be expected (see Table 7- 16). 

Several of the SVOCs and metals were detected in the surface soil samples at concentrations above 
the SSSVs. One pesticide and one PCB were detected in the surface soil samples at concentrations 
above the SSSVs. The SVOCs with the highest number of exceedences were pyrene, fluoranthrene, 
and chrysene with three exceedences, and benzo(k)fluoranthene and benzo(a)anthracene with two 
exceedences. The inorganics with the highest number of exceedences were iron (13), chromium (1 l), 
copper (3) and lead (3). Pesticide 4,4’-DDT had the highest number of exceedences for the pesticides 
(3), followed by Aroclor 1260 with one exceedence. Most of the inorganic SSSVs were developed 
by ORNL, while most of the organic SSSVs were developed by USEPA Region III. 

7.8.5 Terrestrial Chronic Daily Intake Model 

In addition to comparing the soil concentrations to toxicity values for terrestrial invertebrates and 
plants, a terrestrial Chronic Daily Intake (CDI) Model is used to estimate the exposure of the COPCs 
to terrestrial receptors. The following describes the procedures used to evaluate the potential soil 
exposure to terrestrial fauna at Site 65 by both direct and indirect exposure to COPCs via surface 
water, soil, and foodchain transfer. 

Based on the regional ecology and potential habitat at the site, the indicator species used in this 
analysis were white-tailed deer, cottontail rabbit, red fox, the bobwhite quail, and the raccoon. It is 
realized that all the terrestrial species may not exist at the site, and that other species may exist at the 
site. The species were chosen based on the most likely exposure scenarios and the availability of 
exposure data (i.e., ingestion rates, body weights). The white-tailed deer represents a large mammal 
ingesting vegetation. The cottontail rabbit represents a small mammal ingesting vegetation. The red 
fox represents a small mammal ingesting vegetation and other small mammals. The bobwhite quail 
represents a bird ingesting vegetation. The raccoon represents a small mammal ingesting vegetation 
and fish. The exposure points for these receptors were the surface soil and biota transfers. The routes 
for terrestrial exposure to the COPCs in the soil were incidental soil ingestion, vegetation (leafy plants, 
seeds and berries) ingestion, and ingestion of small mammals. 

7.8.5.1 Derivation of Terrestrial Reference Value 

Total exposure of the terrestrial receptors to the COPCs in the soil and surface waters is determined 
by estimating the CD1 dose and comparing this dose to Terrestrial Reference Values (TRVs) 
representing acceptable daily doses in mg/kg/day. The TRVs were developed from No-Observed- 
Adverse-Effect-Levels (NOAELs) or Lowest-Observed-Adverse-Effect-Levels (LOAELs) obtained 
from the Integrated Risk Information System (IRIS), Agency for Toxic Substances and Disease 
Registry Toxicological Profiles, mineral tolerance levels of domestic animals (NAS, 1992) or other 
toxicological data in the literature. Appendix U presents the methodology used in deriving the TRVs 
and the animals that were used to derive each TRV. 

7.8.5.2 Calculation of Chronic Dailv Intake 

Potential impacts of the terrestrial receptors to the COPCs in the soil and surface water is determined 
by estimating the CD1 dose and comparing this dose to TRVs representing acceptable daily doses 
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in mg/kg/day. The estimated CD1 dose of the bobwhite quail, cottontail rabbit, white-tailed deer and 
small mammal, to soil, surface water, and vegetation was determined using the following equation: 

CDI = WWW) +[(c~)(~v)(~v)+(cs)(~~)l[KJ 
BW 

Where: 
CD1 = Chronic Daily Intake, mg/kg/d 
cw = Contaminant concentration in the surface water, mg/L 
Iw = Rate of drinking water ingestion, L/d 
CS = Contaminant concentration in soil, mg/kg 
Bv = Soil to plant transfer coefficient (leaves, stems, straw, etc.), unitless 
Iv = Rate of vegetation ingestion, kg/d 
Is = Incidental soil ingestion, kg/d 
H = Contaminated area/Home area range area ratio, unitless 
BW = Body weight, kg 

To calculate the contaminant concentration in the small mammal (meadow vole), the resulting CD1 
from the above equation is multiplied by the biotransfer factor for beef (Bb) for organics (Travis and 
Arms, 1988) and metals (Baes &al., 1984). 

The estimated CD1 dose of the raccoon is determined using the following equation. 

CDT = (C~)(~w)+(CJ)(~J)+[(C~)(B~)(~v)+(C~)(~~)l[Hl 
BW 

where: 

CD1 = Chronic Daily Intake, mg/kg/d 
cw = Contaminant concentration in the surface water, mg/L 
Iw = Rate of drinking water ingestion, L/d 
Cf = Contaminant concentration in the fish, mg/kg 
If = Rate of fish ingestion, kg/d 
cs = Contaminant concentration in soil, mg/kg 
Br = Soil to plant transfer coefficient (fruit, seeds, tubers, etc.), unitless 
Iv = Rate of vegetation ingestion, kg/d 
Is = Incidental soil ingestion, kg/d 
H = Contaminated area/Home area range area ratio, unitless 
BW = Body weight, kg 

The contaminant concentration in the fish is the whole body fish concentration from the samples 
collected at Site 65. 

The estimated CD1 dose of the red fox is determined using the following equation: 

CDI = (Cw)Vw) +[(W(BWv) +(‘WW +(CmW~)lWl 
BW 
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where: 

CD1 
cw 
Iw 
CS 
Bv 
Iv 
IS 
Cm 
Im 
H 
BW 

= Chronic Daily Intake, mg/kg/d 
= Contaminant concentration in the surface water, mg/L 
= Rate of drinking water ingestion, L/d 
= Contaminant concentration in soil, mg/kg 
= Soil to plant transfer coefficient (leaves, stems, straw, etc.), unitless 
= Rate of vegetation ingestion, kg/d 
= Incidental soil ingestion, kg/d 
= Contaminant concentrations in small mammals, mg/kg 
= Rate of small mammal ingestion, kg/d 
= Contaminated area/Home area range area ratio, unitless 
= Body weight, kg 

Bioconcentration of the COPCs to plants is calculated using the soil to plant transfer coefficient (Bv 
or Br) for organics (Travis and Arms, 1988) and metals (Baes et.&, 1984). The concentrations of the 
COPCs used in the models were the lower of the upper 95 percent confidence limit or the maximum 
concentration detected of each COPC. The exposure parameters used in the CD1 calculations are 
presented in Table 7-17. 

7.9 Risk Characterization 

The risk characterization is the final phase of a risk assessment. It is at this phase that the likelihood 
of adverse effects occurring as a result of exposure to a stressor are evaluated. This section evaluates 
the potential decrease in aquatic and terrestrial populations at Site 65 from contaminants identified at 
the site. 

A Quotient Index (QI) approach is used to characterize the risk to aquatic receptors from exposure to 
surface water and sediments and terrestrial receptors from exposure to surface soil, surface water, and 
biota. This approach characterizes the potential effects by comparing exposure levels of COPCs in 
the surface water and sediments to the aquatic reference values presented in Section 7.8, Ecological 
Effects Characterization. The QI is calculated as follows: 

QI = 
( EC, CDI) 

(SWSV, SSV, TRV) 

Where: 
QI = Quotient Index 
EC = Exposure Concentration, pg/L, &kg or mg/kg 
CD1 = Chronic Daily Intake, mg/kg/day 
SWSV = Surface Water Screening Value, &L 
ssv = Sediment Screening Value, pgikg or mg/kg 
TRV = Terrestrial Reference Value, mg/kg/day 

A QI greater than “unity” (one) is considered to be indicative of potential risk. Such values do not 
necessarily indicate that an effect will occur but only that a lower threshold has been exceeded. 
However, it is important to determine which contaminants are posing the highest risks, in order to 
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evaluate the significance of those contaminants to the site. Therefore, the evaluation of the 
significance of the QI has been judged as follows: (Menzie &al., 1993) 

0 QI exceeds one but less than 10: some small potential for environmental effects 

l QI exceeds 10: significant potential that greater exposures could result in effects 
based on experimental evidence 

0 QI exceeds 100: effects may be expected since this represents an exposure level at 
which effects have been observed in other species 

The risks characterized above provide insight into general effects upon animals and plants in the local 
population. However, depending on the endpoint selected, they may not indicate if population-level 
effects will occur. 

7.9.1 Surface Water 

Table 7- 18 present the surface water QIs. This table only presents the COPCs with QIs greater than 
one. The QIs for the hardness dependent metals are calculated using a sample specific hardness value. 
Figure 7-2 graphically displays the QIs that exceed one. 

A hardness of 38.45 mg/L calcium carbonate (CaCO,) was used to calculate the hardness-dependent 
SWSVs for the metals (copper, lead, and zinc) in Section 7.3.2, since this was the lowest hardness 
detected at any of the stations. The hardness ranged from 38.45 to 77.30 mg/L CaCO, in the two 
surface water samples. Copper, lead, and zinc exceeded a SWSV after adjusting the hardness for the 
specific sample. All three of these metals were collected from Courthouse Bay Pond (65-SW04) 
where large amounts of silt and suspended solids were present during the time of sampling. In 
summary, aluminum (QI = 297) was the only surface water COPC that had a QI greater than 100. 
Barium (QI = 18) and lead (QI = 49) were the only surface water COPCs that had QIs greater than 
10. The remaining metals COPCs (barium, copper, iron, manganese, vanadium, and zinc) had QIs 
greater than one, but less than eight. With the exception of one barium sample, all the metals with 
QIs greater than one were collected in Courthouse Bay Pond. 

As presented in the Ecological Effects section of this ERA, the SWSVs for barium, manganese, and 
vanadium appear to be extremely conservative based on other literature sources. Therefore, the 
concentrations of these contaminants are not expected to significantly decrease the population of 
aquatic receptors. Based on the high QIs for aluminum and lead, there is a probable potential for these 
contaminants to decrease the population of aquatic receptors. The remaining inorganics (copper, iron, 
and zinc) have a slight potential in decreasing the population of aquatic receptors. 

7.9.2 Sediment 

Table 7- 19 presents the sediment QIs. This table only presents the COPCs with QIs greater than one. 
Figure 7-2 graphically displays the QIs that exceed one. 

Di-n-butylphthalate was the only SVOC with an ER-M QI that exceeded one. The pesticides, 4,4’- 
DDD, and 4,4’-DDE are the only organics detected in the sediment with ER-L QIs that exceed one. 
The pesticide 4,4’-DDD was the only organic with a ER-L QI greater than 10; however, the ER-M and 
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SQC QIs were less than five. Therefore, there is only a very slight potential for decreasing the aquatic 
receptor population from organics in the sediment. 

Antimony, copper, lead, and zinc are the only metals detected in the sediment with ER-L QIs that 
exceed one. Antimony, which had a ER-L QI value of 23, was the only metal detected in the sediment 
with an ER-M QI that exceeds one. Therefore there is only a slight potential for metals in the 
sediment to cause a decrease in the aquatic receptor population. 

7.9.3 Terrestrial Chronic Daily Intake Model 

Table 7-20 presents the QI for the terrestrial CD1 model. Appendix U contains the CD1 spreadsheets. 
The red fox, and white-tail deer had QIs that range from 0.627 to 0.847. The QI for the bobwhite 
quail was 4.77. The QIs for the cottontail rabbit and raccoon are 11.4 and 25.6, respectively. A 
significant portion of the QI values are due to metals, namely, aluminum, antimony, iron, and 
vanadium. In addition, acetone did contribute to a relatively high QI (8.6) in the raccoon model. The 
majority of the individual QIs were less than one, with a maximum QI of 2 for aluminum in the 
bobwhite quail and rabbit models. Iron, manganese, and vanadium also had QIs above one for the 
cottontail rabbit model. Aluminum and antimony had QIs above one for the raccoon model. 

7.10 Ecological Simificance 

This section essentially summarizes the overall risks to the ecology at the site. It addresses potential 
impacts to the ecological receptors at Site 65 from the COPCs detected in the media, and determines 
which COPCs are impacting the site to the greatest degree. This section also describes if these 
contaminants appear to be site-related based on historical use or disposal of the contam‘mants, and/or 
if the contaminants were detected in other media (i.e., groundwater). This information, to be used in 
conjunction with the human health risk assessment, supports the selection of remedial action(s) for 
Site 65 that are protective of public health and the environment. 

Figure l-2 presents the locations of the two ponds in relationship to Site 65. The burn area and debris 
areas associated with Site 65 are located nearly 1,000 feet west of the ponds, and are separated by the 
heavy equipment training area. Potential contamination from Site 65 to the ponds could result from 
two release mechanisms, surface soil runoff and/or groundwater recharge. Initially, it was thought that 
some surface soil from Site 65 may have been pushed into the heavy equipment training area, and 
could subsequently work its way into Courthouse Bay Pond. However, based on the analytical results 
presented in Section 4.0 of this report, it does not appear that contaminants in the surface soil at Site 
65 are migrating to Courthouse Bay Pond. It also was determined from the RI that groundwater at Site 
65 flows in a southwesterly direction. Therefore, site-related contaminants in the groundwater will 
not be discharging to the ponds. In summary, it does not appear that any of the contaminants detected 
in the surface water or sediment in either pond are related to Site 65. 

7.10.1 Aquatic Endpoints 

Based on the risk characterization, there is a slight potential for organic compounds 
(di-n-butylphtbalate, 4,4’-DDE and 4,4’-DDD) detected in the sediments to cause a decrease in the 
aquatic life population. Based on the risk characterization, there is a probable potential for (aluminum 
and lead) and a slight potential for (copper, iron, and zinc) in the surface water to decrease in the 
population of aquatic life. 
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In general, the pesticides 4,4’-DDE and 4,4’-DDD were detected at similar concentrations in 
Courthouse Bay Pond and Powerline Pond. These pesticides were detected at similar concentrations 
inside and outside of the site boundaries and are most likely attributable to the historical pesticide 
applications that have taken place at Camp Lejeune over the years. 

_ 

The majority of inorganics that exceeded either SWSVs or SSVs were detected in Courthouse Bay 
Pond that is directly east and downgradient of the heavy equipment training area. Evidence of surface 
water runoff from the heavy equipment training area into this pond was apparent during the time of 
sampling. The suspended solids in the Courthouse Bay Pond are due to this runoff. It has been 
reported that for ambient waters, typically 30 to 80 percent of the copper, nickel, and zinc, and 90 to 
95 percent of the lead may be in a particulate phase measured by the total recoverable method but not 
the dissolved method (USEPA, 1992). Therefore, the suspended solids probably are significantly 
contributing to the elevated inorganic concentrations in the surface water. This is important because 
it is generally supported by the scientific community within and outside USEPA that dissolved metal 
more closely approximates the bioavailable fraction of metal in the water column than does total 
recoverable metal (USEPA, 1993h). Since dissolved inorganics were not collected, the actual impacts 
to the aquatic life (based on dissolved inorganics), could not be evaluated. It should be noted; 
however, that as presented above, none of the inorganics in the surface water or sediment are thought 
to be site-related. 

The bluegill and redear sunfish collected at Courthouse Bay Pond were not as brilliant in color as the 
same species collected from Powerline Pond. It has been reported that environmental background and 
light intensity are important factors in determining color changes in fish (Chavin, 1973). Therefore, 
the apparent color difference in the Courthouse Bay Pond fish is probably due to color difference of 
the water, and the decreased intensity of light penetration due to the turbidity. 
No largemouth bass were collected in Courthouse Bay Pond. However, small fish resembling the 
shape of largemouth bass were observed swimming on the surface of this pond during the sampling 
investigation. The contaminants in the surface water and sediment may be reducing the fish 
population in Courthouse Bay Pond. As presented in the Ecological Effects section of this report, high 
turbidity is associated with adverse effects on fish, especially largemouth bass. Therefore, the reason 
for the decrease in numbers and types of fish collected in Courthouse Bay Pond also may be the large 
amount of suspended solids in the surface water. 

-. 

As presented in the Ecological Effects section of this report, high turbidity is associated with adverse 
effects on benthic macroinvertebrates. The only species that was collected in Courthouse Bay Pond 
was Chaborus sp. This species is reportedly able to exist in turbid and anaerobic conditions 
(Hackney &al., 1992). The absence of other benthic macroinvertebrate species may be due to the 
contaminants detected in the surface water and sediments. However, the high turbidity (>25 NTU) 
and low dissolved oxygen concentration (2.0 ppm) is most likely contributing significantly to the 
absence of other species. 

In general, the summary statistics for the benthic macroinvertebrates collected in Powerline Pond were 
lower than those for the benthic macroinvertebrates collected in the off-site reference station. 
However, several of the species identified in Powerline Pond are sensitive to pollution and organic 
wastes. In addition, barium in the surface water, and 4,4’-DDE and 4,4’-DDD in the sediment were 
the only COPCs that exceeded screening values. As presented earlier in this ERA, the SWSV for 
barium appears to be overly conservative in the surface water and the pesticides in the sediment are 
not thought to be site-related. Therefore, the benthic macroinvertebrate population in Powerline Pond 
does not appear to adversely impacted by site-related contaminants. .-. 
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7.10.2 Terrestrial Endpoints 

Several contaminants were detected in the surface soil at concentrations that exceeded the SSSVs. 
Therefore, there is the potential for a decrease in the population of terrestrial plants and invertebrates 
in these areas. It is noted that no visible signs of stressed or dead vegetation in these areas were 
observed during the field investigations. 

The CD1 versus the TRV for the bobwhite quail, cottontail rabbit, raccoon, and whitetail deer all 
exceeded one. For the whitetail deer, none of the individual QIs exceeded “1”. For the bobwhite 
quail, vanadium caused the high QI value, while aluminum, iron, and vanadium caused the high QI 
in the rabbit. Aluminum was detected in the surface soil at concentrations below the base-background 
concentration, and therefore is not expected to be site-related. In addition, vanadium was detected at 
a maximum concentration of 12 mg/kg in the Site 65 surface soil, which just slightly exceeded twice 
the average base background concentration (11.6 mg/kg). Therefore, it is unlikely that the vanadium 
is site-related. Iron, which may be site-related, had a QI value of 1.43. Based on the model being very 
conservative and the fact the heavy equipment training area (which would not be inhabitated by 
rabbits) is factored into the model, there does not appear to be an actual risk to the rabbit. Acetone 
and aluminum in the fish caused most of the high QI value in the raccoon. Acetone is not expected 
to bioconcentrate to the concentration detected in the fish due to its low bioconcentration factor, and 
the fact that it was detected at low concentrations (less than ten times the concentration in the blank 
samples) in the surface water (5 pg/L). Therefore, the acetone in the fish is most likely due to 
laboratory activities. In addition, aluminum in not thought to be related to site activities since it was 
detected below the base-background concentration in the surface soil, which would be the only 
pathway from Site 65 to the ponds. 

7.10.3 Threatened and Endangered Species 

Presently, no threatened or endangered species are known to reside at Site 65 or the immediately 
surrounding areas. However, a natural heritage resources survey conducted at Camp Lejeune 
(Leblond, 1991), identified the plant specie, blackfruit spikerush (Eleocharis mekznocarpa) as being 
located in the vicinity of the ponds at Site 65. This specie presently has a state candidate status. The 
exact location of the plant is not known at this time, because of the large scale used on the survey map. 
Since the surface soil near the ponds does not contain contaminants related to Site 65, any potential 
impacts to this plant would not be site related. 

7.10.4 Wetlands 

National Wetland Inventory (NWI) maps identifjr both Courthouse Bay Pond and Powerline Pond 
as wetlands. Contaminants that exceeded screening values were present in the surface soil, surface 
water, and sediment. These contaminants may be effecting the wetland areas. It should be noted that 
no areas of stressed or dead vegetation were observed during the field investigations. Also, since the 
ponds do not contain contaminants related to Site 65, any potential impacts to wetlands are not site 
related. 
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7.11 Uncertaintv Analvsis - 

The procedures used in this evaluation to assess risks to ecological receptors, as in all such 
assessments, are subject to uncertainties. The following discusses some of the uncertainty in this 
ERA. 

The chemical sampling program at Site 65 consisted of two surface water samples and four sediment 
samples. Because there were less than twenty samples, contaminants could not be eliminated because 
of infrequency. Therefore, contaminants not related to the site may have been retained as COPCs and 
thus carried through the ERA. 

There is uncertainty in the ecological endpoint comparison. The SWSVs (NCWQS and AWQC) are 
established to be protective of a majority of the potential receptors. However, there will be some 
species will not be protected by the values because of their increased sensitivity to the chemicals. In 
addition, most of the values are established using laboratory tests, where the concentrations of certain 
water quality parameters (pH, hardness, total organic carbon) that may influence toxicity are most 
likely at different concentrations in the site water. 

Potential adverse impacts to aquatic receptors from contaminants in the sediments were evaluated by 
comparing the COPC concentration in the sediments to SSVs. These SSVs have more uncertainty 
associated with them than do the SWSLs, since the procedures for developing them are not as 
established as those used in developing SWSLs. In addition, sediment type (pH, acid volatile sulfide, 
total organic carbon) also has a significant impact on the bioavailability and toxicity of contaminants. 

There is uncertainty in comparing tissue concentrations to fish collected in Courthouse Bay Pond and 
Power-line Pond to fish collected in other studies. In many cases, the fish that were collected from the 
ponds were different species than the fish collected in the other studies. Many contaminants 
bioaccumulate differently in different species. Therefore, comparisons of contaminant concentrations 
of different fish may be misleading. Finally, there is limited data in the literature to assess potential 
impacts to fish from contaminants in their tissue. 

.__ 

Potential adverse impacts to terrestrial invertebrates and plants were evaluated by comparing the 
COPC concentration in the soil to SSSVs. Most of these studies do not take into account the soil type, 
which may have a large influence on the toxicity of the contaminants. For example, soil with high 
organic carbon content will tend to sorb many of the organic COPCs, thus making them less 
bioavailable to terrestrial receptors. In addition, most of the SSSVs are based on one or two studies, 
which greatly adds to their uncertainty. 

There are some differences of opinion found in the literature as to the effectiveness of using models 
to predict concentrations of contaminants found in terrestrial species. According to one source, the 
food chain models currently used incorporate simplistic assumptions that may not represent actual site 
conditions, bioavailability of contaminants, or site-specific behavior of the receptors. Simple food 
chain models can provide an effective means of initial characterization of risk; however, residue 
analyses, toxicity tests, and the use of biomarkers provide a better approach for assessing exposure 
(Menzie et.&., 1993). 

There are several sources of uncertainty when using these models. First, most of the terrestrial 
reference values are based on toxicity data from another, species, which is then extrapolated to the 
species of concern using a body-size scaling equation. Since the toxicity of all contaminants may not _.... 
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be proportional to body size, the calculated TRVs may not accurately predict risk to the species of 
concern. Another source of uncertainty with the models is that many of the input parameters are based 
on default values (i.e., ingestion rate) that may or may not adequately represent the actual values of 
the parameters. In addition, there is uncertainty in the amount that the indicator species will represent 
other species potentially exposed to COPCs at the site. 

There is uncertainty in use of the bioconcentration and biotransfer factors. Bioconcentration and 
biotransfer factors can vary widely from species to species. The species used in the calculation of the 
bioconcentration and biotransfer factors are different that the species that actually occur at the site. 
Therefore, use of the factors will tend to either overestimate or underestimate actual bioaccumulation 
of contaminants. Finally, terrestrial receptors also may be exposed to contaminants in the sediments. 
However, currently, there is no guidance in the literature that can be used to evaluate this potential 
exposure pathway. 

The toxicity of chemical mixtures is not well understood. All the toxicity information used in the 
ERA for evaluating risk to the ecological receptors is for individual chemicals. Chemical mixtures 
can affect the organisms very differently than the individual chemicals due to synergistic or 
antagonistic effects. In addition, the species that were used to develop the toxicity data may not be 
present at the site, or have the potential to exist at the site: Depending on the sensitivity of the tested 
species to the species at the site use of the toxicity values may overestimate of underestimate risk. 
Many chemicals are not acutely toxic; however, they have the potential to bioaccumulate in ecological 
receptors through food chain transfer. This bioacctmmlation potential typically is not taken into 
account when comparing contaminant concentrations to screening values. 

Finally, toxicological data for several of the COPCs were limited or do not exist. Therefore, there is 
uncertainty in any conclusions involving the potential impacts to aquatic receptors from these 
contaminants 

7.12 Conclusions 

7.12.1 Aquatic Ecosystem 

As presented earlier in the ERA, the assessment endpoints for the aquatic receptors are changes in the 
structure of benthic macroinvertebrate communities attributable to site-related contaminants and the 
potential reduction of an aquatic receptor population or subpopulation that is attributable to site-related 
contaminants. The remaining portion of the ERA evaluates these assessment endpoints using a series 
of measurement endpoints. This section of the ERA examines each of the measurement endpoints to 
determine if the assessment endpoints are impacted. 

The first measurement endpoint is determining if there is lower benthic macroinvertebrate species 
diversity and richness in the Site 65 stations when compared to an ecologically similar background 
location. There was lower species diversity and richness in the Site 65 stations. However, it is 
important to note that the ecologically similar off-site reference location to which the Site 65 samples 
were compared, was not another pond; rather, it was a small (75 to 100 feet diameter) ponded area 
along a creek. The reason that this sample was chosen as the off-site reference sample was because 
this was the most ecologically similar off-site reference sample that was collected. The benthic 
macroinvertebrate samples were collected along the bank of the off-site reference station, as opposed 
to the middle of the ponds at Site 65. Also, the dissolved oxygen was higher in the ponded area 
(7.1 ppm) as opposed to the Site 65 ponds (2.0 and 3.0 ppm). Therefore, the differences in species 
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diversity and richness between these stations may be due to these differences in the abiotic and biotic 
habitat. 

The second measurement endpoint is determining if the Site 65 benthic macroinvertebrates are 
dominated by contaminant-tolerant species as opposed to contaminant-sensitive species. The 7.1 MB1 
in Powerline Pond is indicative of a water body with fair water quality. In addition, over 75 percent 
of the species that have biotic index values are indicative of fair water quality. Of these 75 percent, 
half of the individuals are indicative of good to fair water quality, and 12.5 percent are indicative of 
excellent water quality. Therefore, it appears that Powerline Pone is dominated more by contaminant- 
sensitive species, as opposed to contaminant-tolerant species. The benthic macroinvertebrate specie 
collected in Courthouse Bay Pond does not have a biotic index. 

The third measurement endpoint is determining if the contaminant levels in the Site 65 biota tissue 
samples are elevated when compared to tissue samples collected at off-site background stations or 
reference levels in the literature. With the exception of 4,4’-DDD, the VOCs, and a few of the 
inorganics (barium, selenium, and thallium), the remaining COPCs were detected in the fish tissue 
within the range of, or just slightly above the concentration in their respective comparison samples. 
4,4’-DDD was detected in one fish sample, at a relatively low concentration (5.7 @kg). The VOCs 
that were detected in the fish tissue are most likely associated with the laboratory preparation 
procedures, since the VOCs either were not detected, or detected at low concentrations in the surface 
water and sediment. In addition, based on the relatively low BCFs, these VOCs are not expected to 
significantly bioconcentrate in fish tissue. Finally, barium, selenium, and thallium all were detected 
in low concentrations, and are not expected to be related to site activities. 

The fourth measurement endpoint is determining if the contaminant levels in the Site 65 fish tissue 
samples exceed toxicity values in the literature. Arsenic was the only contaminant detected in the fish 
tissue samples for which toxicity data was located in the literature. Arsenic was detected at a 
concentration in the fish tissue below the reported toxicity concentration. 

The last measurement endpoint is determining if the contaminant concentrations in the surface water 
and sediment exceed the contaminant-specific surface water and sediment effect concentrations (i.e., 
SWSVs, and SSVs). Several contaminants were detected in the surface water and sediment at 
concentrations exceeding the SWSVs and SSVs. The majority ofthe exceedences in the surface water 
and sediment occurred in Courthouse Bay Pond. Therefore, some of these contaminants have the 
potential to cause a reduction in the aquatic life population. However, as presented earlier in this 
ERA, none of these contaminants are thought to be site-related. 

Based on these endpoints, the change in the structure of the benthic macroinvertebrate communities 
and/or the potential reduction of an aquatic receptor population or subpopulation may be attributable 
to contaminants detected in the surface water and/or sediment. Also, as presented earlier in this ERA, 
none of these contaminants are thought to be site-related. The low number of species and benthic 
macroinvertebrates in Courthouse Bay Pond most likely is due to the low dissolved oxygen 
concentration (2.0 ppm) and suspended solids in the pond. Since one benthic macroinvertabrate 
species collected in Powerline Pond is indicative of excellent water quality, and another is indicative 
of good to fair water quality, the benthic macroinvertebrate population in this pond does not appear 
to be adversely impacted. The decreased fish population in Courthouse Bay Pond also is most likely 
due to the high suspended solids concentration in this pond. 
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Overall, there is a moderate potential risk to aquatic life in Courthouse Bay Pond, with most of the risk 
associated with the non-site-related suspended solids in the surface water. There is only a slight risk 
to aquatic life in Powerline Pond; however, these risks are due to non-site-related contaminants (4,4’- 
DDD and 4,4’-DDE). Based on the ERA, no further investigations are deemed necessary. However, 
it is recommended that controls be established to prevent runoff from the heavy equipment training 
area to Courthouse Bay Pond. 

7.12.2 Terrestrial Ecosystem 

As presented earlier in the ERA, the assessment endpoints for the terrestrial receptors is the potential 
reduction of a receptor population or subpopulation that is attributable to contaminants from the site. 
This section evaluates this assessment endpoint using the measurement endpoints. 

The first measurement endpoint is determining if there are exceedences of contaminant-specific soil 
effect concentrations (i.e., SSSVs). Several contaminants were detected at concentrations in the 
surface soil that exceed the SSSVs. 

The second measurement endpoint is determining if the terrestrial CD1 exceeds the TRVs. The CD1 
exceeded the TRV for the bobwhite quail, cottontail rabbit, raccoon, and whitetail deer. However, 
as presented in the Rick Characterization section of this ERA, none of the contaminants significantly 
adding to the risk are expected to be site-related. 

Finally, the last measurement endpoint is determining if the tissue sample concentrations exceed 
proposed criteria for piscivorous wildlife. Mercury was the only contaminant detected in the fish 
tissue at a concentration that was just slightly above limits for ingestion by birds; however, it was 
below the limit for the protection of small mammals. Mercury was not detected in and of the surface 
water, sediment, surface soil, or groundwater. The source of the mercury in the fish may have 
bioconcentrated from non-detected concentrations in the surface water or sediment. As presented 
earlier in this ERA, no contaminants in the surface water or sediment are thought to be related to 
Site 65. Therefore, any potential impacts to the bird population are not expected to be site-related. 

Overall, some potential impacts to soil invertebrates and plants may occur as a result of site-related 
contaminants. It should be noted that there is much uncertainty in the SSSVs. A potential decrease 
in the terrestrial vertebrate population from site-related contaminants is not expected based on the 
terrestrial intake model. 
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TABLE 7-1 

FREQUENCY AND RANGE OF CONTAMINANT DETECTIONS 
COMPARED TO SURFACE WATER SCREENING VALUES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Surface Water 
Screening Values Contaminant 

(SWSV) Frequency/Range 

USEPA Region IV 

North Water Quality Screening 

Carolina Values 

Water (WQSV)(‘) Average No. of No. of No. of Positive Detects 
Quality Reference Positive Range of Positive Above the Average 

Standards Station Detects/No. Positive Detects Above Reference Station 
Contaminant (WQS)(‘) Acute Chronic Concentration of Samples Detections Lowest SWSV Concentration 

lrolatiles @g/L) 

[,2-Dichloroethane (total) NE 218,000’4’ 1,100 ND 2/2 IJ 0 2 

ketone 500 9,000,000’~’ 11,200’5’ ND 112 5J 0 1 

horganics @g/L) 

1luminum NE 750 87 333 l/2 25,800 1 1 

3arium NE 69. 1c5’ 3.8”) 25.7 212 36.7-69.3 2 2 

Zalcium NE NE NE 17,567 212 12,000-26,800 NA 1 

Chromium 50 794 C3) 95 C3) ND l/2 27.6 0 1 

Zapper 7 7.2 Q’ 5.22 0) ND l/2 41.1 1 1 

ron 1,000 NE 1,000 576 212 34%7,890 1 1 

aead 25 24.18 0.94 ND II2 45.8 1 1 

vlagnesium NE NE NE 1,745 212 2,060-2,520 NA 2 



TABLE 7-1 (Continued) 

FREQUENCY AND RANGE OF CONTAMINANT DETECTIONS 
COMPARED TO SURFACE WATER SCREENING VALUES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

horganics @g/L) 
Icontinued) 

vIanganese 

‘otassium 

sodium 

Janadium 

!inc 

Surface Water 
Screening Values Contaminant 

(SWSV) Frequency/Range 

USEPA Region IV 

North Water Quality Screening 

Carolina Values 

Water . (WQSV)@ Average No. of No, of No. of Positive Detects 
Quality Reference Positive Range of Positive Above the Average 

Standards Station Detects/No. Positive Detects Above Reference Station 
(WQS)(‘) Acute Chronic Concentration of Samples Detections Lowest SWSV Concentration 

NE 1,470’5’ 80.3’5’ ND 212 57.3-88.4 1 2 

NE NE NE ND l/2 2,970 NA 1 

NE NE NE 9,830 212 3,330-6,320 NA 2 

NE 284” 19.1’5’ ND l/2 26.2 1 1 

50 52 47 ND 212 33.6-144 1 2 

Notes: 

NE = Not Established 
NA = Not Applicable 

(I) NC DEHNR, 1994 (Water Quality Standards). 
(‘) USEPA, 1995a (Region IV Toxic Substance Spreadsheet). 
(3) Criteria are hardness dependent; values are based on a hardness of 38 mg/L as CaCO,. 
(4) USEPA, 1995b (Region III BTAG Screening Levels). 
c5) Suter and Mabrey, 1994 (Toxicological Benchmarks for Screening Potential COCs for Effects on Aquatic Biota). 



TABLE 7-2 

FREQUENCY AND RANGE OF CONTAMINANT DETECTIONS 
COMPARED TO SEDIMENT SCREENING VALUES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sediment Screening 
Values (SS 

I ER-L ER-M SQCt3’ 

Contaminant 
dbnge 

Contaminant 

Average 
Reference 

Station 
Concentration 

Frequen 

No. of 
Positive 

Detects/No. 
of Samples 

Range of 
Positive 

Detections 

Volatiles @g/kg) 

Acetone 

Chloroform 

2-Butanone 

Carbon Tetrachloride 

Tetrachloroethene 

Toluene 

Semivolatiles (&kg) 

/ 
NE NE 614 ND 

NE NE 

NE NE 

NE NE 

NE 1 4oC5’ 

NE NE 

957‘ 

2,33 1 

627 

1,133 

82 

ND 

ND 

ND 

ND 

ND 

414 19OJ-450J 

l/4 795 

414 72J-94J 

214 13J-18J 

2J4 65-155 

314 3J-7J 

Di-n-butvlnhthalate NE 1 .400’5’ 12.699 ND 414 94OJ-I,6005 

Pesticides (@kg) 

Beta-BHC 

4,4’-DDD 

4.4-DDE 

7.57 2.51 l/4 8.3NJ 

19.17 1.57 214 76E84J 

109.56 2.42 214 18J-19NJ 

Inorganics (mg/kg) 

Aluminum NE NE NE 1,166 414 

Antimonv 2(Z) I 25’” NE ND 

Barium 

Calcium 

Chromium 

500(” NE 

* 

NE NE 

52.3” 370(‘) 

NE 6.46 

NE 1,967 

NE 1.86 

Cobalt 

Copper 

Iron 

NE ND 

NE. 0.75 

NE 434 

l/4 

414 

4/4 

214 

l/4 

314 

4/4 

Lead 30.2’*’ 1 218”’ NE 0.79 

Magnesium 

Manganese s--k NE 45.25 

NE 3.63 

3J4 

314 

414 

394- 
37,0005 

46.6J 

13.6-l 10 

322-4,640 

9.8J-43.65 

36.3 

8.2-1005 

414- 
14,600J 

23.9-1765 

94.8-1,140 

25.6-126J 

No. of No. of Positive 
Positive Detect Above 
Detects the Average 
Above Reference 

Lowest SSV Concentration 

4 

NA 3 

0 

NA 

NA 1 

3 

0 3 

? 2 

NA 3 

0 A 



TABLE 7-2 (Continued) 

FREQUENCY AND RANGE OF CONTAMINANT DETECTIONS 
- 

COMPARED TO SEDIMENT SCREENING VALUES 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Inorganics (mgkg) 
(continued) 

Potassium 

Sodium 

Vanadium 

Zinc 

Sediment Screening Contaminant 
Values (SSV) Frequency/Range No. of No. of Positive 

Average No. of Positive Detect Above 
Reference Positive Range of Detects the Average 

Station Detects/No. Positive Above Reference 
ER-L ER-M SQC”) Concentration of Samples Detections Lowest SSV Concentration 

NE NE NE ND II4 1,410 NA 1 

NE NE NE ND 314 139-203 NA 3 

NE NE NE 1.52 l/4 40.5 NA 1 

124’” 410”) NE 5.11 414 7.9-2805 1 4 

Notes: 

NE = Not Established 
ER-L = Effects Range Low 
SQC - Sediment Quality Criteria 
NA = Not Applicable 
ER-M = Effects Range Median 

(‘)Long et.& 1995. 
(“USEPA 1995~ (Supplemental Guidance to RAGS., Region IV Bulletins, Ecological Risk Assessment) 
c3) Values kere calculated using the following equation: SQC = Foc*Koc*FCV/1000000 

Where: 
Foe = Fraction of organic carbon in the sediments (used 24,900 mg/kg) 
Koc = Organic carbon partition coefficient (chemical specific) 
FCV = Final water chronic value (chemical specific) 

(4) USEPA, 1995b (Region III BTAG Screening Levels). 
* c5) Tetra Tech Inc., 1986 (Apparent Effects Threshold Sediment Quality Values). 

@) Sulliven &al., 1985. 



TABLE 7-3 

CONTAMINANTS OF POTENTIAL CONCERN IN EACH MEDIA 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Surface Water 



TABLE 7-3 (Continued) 
,--. 

CONTAMINANTS OF POTENTIAL CONCERN IN EACH MEDIA 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Surface Water 



,- 

P-- 

TABLE 7-4 

REGION IV, PHYSICAL/CHEMICAL CHARACTERISTICS OF THE COCs 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of 
Potential Concern 

Volatiles 

Acetone 

2-Butanone 

Ethylbenzene 

Methylene chloride 

Toluene 

Trichloroethene 

Xylenes 

Semivolatiles 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(g,h,i)perylene 

Bis(2-ethylhexyl)phthalate 

Butylbenzylphthalate 

Carbazole 

Chiysene 

Dibenz(a.h)anthracene 

DibenzofUran 

2,4-Dinitrophenol 

Di-n-butylphthalate 

Fluoranthene 

Fluorene 

Indeno( 1,2,3-cd)pyrene 

Phenanthrene 

Biotransfer Factors 

89”’ 170,000’5’ 

1,150” 1 oo,ooo(” 

30”) 7,300(5’ 

3 0”) 1 ,600,000° 

30”) 28,840”” 

4.6@’ 

5.1’g’ 

4.2” 

6.7’@ 

4.6”” 

8SOe-02 

4.40e-02 

1.45e-0 1 

5.19e-03 

8.50e-25 

8.50e-02 

4.40e-02 

1.45e-0 1 

5.19e-03 

8.50e-02 

1 .OOe-03 

3.90e-03 

3.98e-04 

1.26e-0 1 

1 .OOe-03 



TABLE 7-4 (Continued) 

REGION IV, 

Contaminant of 
Potential Concern 

Semivolatiles (continued) 

Pvrene 

Pesticides/PCBs 

Beta-BHC 

4.4’-DDD 

Vanadium 

zinc 
I hates: 

4,4’-DDE 

4,4’-DDT 

Endosulfan II 

Endosulfan Sulfate 

Heptachlor epoxide 

Aroclor 1260 

Inorganics 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Chromium 

Cobalt 

Cooner 

Iron 

Lead 

Manganese 

Mercurv 

Selenium 

Silver 

Thallium 

‘HYSICALKHEMICAL CHARACTERISTICS OF THE COCs 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 



TABLE 7-4 (Continued) 

REGION IV, PHYSICAL/CHEMICAL CHARACTERISTICS OF THE COCs 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

(I) Baes et. aJ., 1984 for the inorganics. 
(*) The organics were calculated using Travis and Arms, 1988. 
(3) USEPA, 1995a (Region IV). 
(4) USEPA, 1995b (Region III). 
w USEPA, 1986. 
(6) SCDM, 1991. 
(‘) Montgomery, 1990. 
(‘) Used benzo(a)pyrene Kow. 
(‘) USEPA, 1993e (Sediment Quality Criteria for Fluoranthene). 
(lo) USEPA, 1993f (Sediment Quality Criteria for Phenanthrene). 
(‘I) ASTDR, 1993 (Toxicological Profile for Endosulfan). 

BCF = Bioconcentration Factor 
ND = No Data 
Bv = Biotransfer factor for vegetation (stems, leaves) 
Br = Biotransfer factor for vegetation (berries, fruits) 
Bb = Biotransfer factor for beef 



TABLE 7-5 

SAMPLING STATION CHARACTERIZATION SUMMARY 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Pond 
Width 

Station @> 

65-SW/SD/BN/FS04 NM 

65-SWlSDfBNiFSOS MN 

Notes: 

Pond 
Depth 

m 

3 

4 

Canopy 
Cover 

Open 

Open 

Sediment Description 

Silt with some sand, organic material 
below 3” 

Silt with some sand, much organic 
material 

.*. 

Sediment Odor 

Decaying 
organics 

Anaerobic 

NM = Not measured due to irregular shape of the ponds 
SW = Surface Water Sample 
SD = Sediment Sample 
BN = Benthic Macroinvertebrate Sample 



TABLE 7-6 

FIELD CHEMISTRY DATA 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Station 

65-SW/SD04 

65-SW/SD05 

Temperature 
(“(3 

17.3-30.4 

24.1-27.8 

(iTi.) 

6.7-7.2 

6.32-7.62 

Dissolved Oxygen Conductivity Salinity 
bg/L) (umhoskm) (PPt) 

2.0-10.6 12.0-21s 0 

3 .o-9.0 196-214 0 

Notes: 

“C = Degrees Centigrade 
mg/L = Miligrams per Liter 
S.U. = Standard Units 
umhoskm = Micromhos per centimeter 
ppt = Parts Per Thousand 



TABLE 7-7 

TOTAL NUMBER OF FISH COLLECTED PER STATION 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Fish Species 

Largemouth Bass 

Number of Fish per Station 

6%FS04 65-FS05 

0 9 

Redear Sunfish 

Bluegill 32 30 



TABLE 7-8 

FISH DISTRIBUTION AND CHARACTERIZATION SUMMARY 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Common Name Scientific Name 

Length Length 
N.C. Atlas 
(cm> (4 

Bluegill Lepomis 
macrochirus 

Largemouth bass Micropterus 
salmoides 

Redear sunfish Lepomis 
microlophus 

25 1 S-20 

48 12-70 

NA 36’ 

Notes: 

I 
i Water 

Type Habitat 

Freshwater Rivers, Streams 
I Creeks. Ponds 

Freshwater Rivers, Streams 
I Creeks. Ponds 

Freshwater ( Ri;;,$;;e; 

Spawning Tolerance 

May through June Intermediate 

May through October Intermediate 

May through June Intermediate 

Family 

Centrarchidae 1,2,3 

Centrarchidae IL3 

Centrarchidae 

Sources 

1,2,3 

1 = Menhinick, 1992. 
2 = Boschung, 1983. 
3 = USEPA, I989d. 



TABLE 7-9 

NUMBER AND PERCENTAGE OF 
BENTHIC MACROINVERTEBRATE SPECIES PER STATION 

SITE 65 - ENGENEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Note: 

The number in parentheses is the percentage of individuals of that species. 



TABLE 7-10 

TOLERANCE VALUES OF BENTHIC MACROINVERTEBRATE SPECIES 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Psectrocladius elatus 

Tanvous sp. 

Tabanidae 

Chrvsotx sp. 

NA 2 3.5 

NA NA 9.2 

NA NA 6.7 

Notes: 

(I) - USEPA, 1990. 
(2) - Lenat, 1993. 

NA = Not Available 
S = Sensitive to heavy metals 
T = Tolerant to heavy metals 
Organics Ranking = 0 to 5 with 0 being the least tolerant to organic wastes 

,,-. 



TABLE 7-l 1 

SUMMARY STATISTICS OF BENTHIC MACROINVERTEBRATE SPECIES 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Station 
Number 
of Species 

Site 65 Stations 

65-BN04 

65-BN05 

Off-Site 
Background Station 

WC02 

Notes: 

1 

6 

20 

Shannon- 
Species Brillouin’s Wiener 

Number Density Species Species 
of Individuals (#Urn’) Diversity Diversity 

6 38 0 0 

14 89 0.53 0.71 

286 1,823 0.76 0.80 

M 
I 

[acroinvertebrate 
Biotic Index 

* 

NC 

7.1 

#/m* = Total number of individuals per square meter. 
NC = Not calculated since the specie did not have a Biotic Index value. 



TABLE 7-12 

RESULTS OF THE JACCARD COEFFICIENT (Sj) OF COMMUNITY SIMILARITY 
AND S@RENSON INDEX (Ss) OF COMMUNITY SIMILARITY BETWEEN 

BENTHIC MACROINVERTERBRATE STATIONS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Si 

65-BN04 
SS ri::.::::::::::::.:,:.:.:.:.:.:.:.:.:.:::.:.:.:.:.:.:::~. 

65-BN05 0.00 NA ~~~~~~~i 

HCOI I 0.00 0.08 I NA I 



TABLE 7-13 

SUMMARY OF SAMPLES SENT TO LABORATORY FOR CHEMICAL ANALYSIS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sample Number Species 

65-FS04-BGOl W Bluegill 

65-FS04-BGOlF Bluegill 

65-FS04-RSO 1 W Redear Sunfish 

65-FS05-LB01 W Largemouth Bass 

65-FS05-LB0 1F Largemouth Bass 

65-FS05-RSO 1 W Redear Sunfish 

65-FS05-RSOlF Redear Sunfish 

65-FS05-BGOl W Bluegill 

65-FS05-BGOIF Bluegill 

Sample Analysis 

Whole Body 

Fillet 

Whole Body 

Whole Body 

Fillet 

Whole Body 

Fillet 

Whole Body 

Fillet 

Trophic Level 

Insectivore 

Insectivore 

Insectivore 

Piscivore 

Piscivore 

Insectivore 

Insectivore 

Insectivore 

Insectivore 



TABLE 7-14 

COMPARISON OF CONTAMINANT LEVELS IN SITE 65 TISSUE SAMPLES 
TO CONTAMINANT LEVELS IN TISSUE COLLECTED IN OTHER STUDIES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Potential 
Concern 

Pesticides @g/kg) 

Site 65 
Fish Whole Body 
Concentration#) 

4.4’-DDD 6.9J-40J(BG) 
4,4’-DDE I 15 J(BG) 

Pamlico Sound Study 
Fish Whole Body 
Concentrations(2) 

20- 160 
30 - 850 

Site 65 
Fish Fillet 

Concentration”) 

5.7J(BG) 
ND 

Off-Site 
Background 
Fish Fillet 

Concentrations 

ND 
9.7 - 12 

Volatiles (@kg) 

Acetone 27.000-l .400,00OJ(BG) NA 5,600-7,90O(LMB) 16J-130J 
2-Butanone 
Methylene chloride 
Toluene 

I 560J(RS) I NA I ND I ND 
1 ,OOOJ (RS) NA ND ND 

S,bOOJ(LMB) I NA ND ! ND 
1 Inorganics @g/kg) 

I Aluminum I 
Antimony 
Arsenic 
Barium 
Beryllium 
Conner 

9.6J-18J(BG) NA 0.99(LMB) 36.5 
l.l-1.5(RS) NA ND ND 
0.1 SJ(BG) NA ND 0.34L-3.7L 

0.44J-2.9J(RS) NA 0.21J(BG) ND 
NA ND ND I O.O28(BG) 

l.l-8.6( RS) 1.43 - 5.33 0.46-0.49(BG) 0.18J - 0.46J 
MB) NA ND ND 

I I I 

11 

Iron 
I  

I 7.85-26.1 J;Ll 
1 Lead I 0.17-0.49(RS) 1 0.04 - 1.15 I ND I ND 

Manganese 
Mercury 
Selenium 
Thallium 
zinc 

1 J-4.9J(BG) NA O.O92J-0.45J(BG) 0.08J - 0.38 
0.11 J(LMB) 0.04 - 1.26 0.05 1 J-0.3J(LMB) 0.05 - 0.24 

0.16-0.42(BG) NA 0.14-0.22(BG) ND 
0.1 l-O.l2(BG) NA 0.1 l(RS) ND 
14.8J-31.5J(RS) 44.9 - 67.7 5.8J-8.4J(BG) 3.9 - 6.5 

Notes: 

LMB = Large Mouth Bass 
BG = Bluegill 
RS = Redear Sunfish 
NA = Not Analyzed 
ND = Not Detected 
(‘) Species in parenthesis is sample with the highest detection. 
(2) Benkert, 1992. 



TABLE 7-15 

COMPARISON OF WHOLE BODY FISH TISSUE CONCENTRATIONS 
TO PROPOSED PISCIVOROUS WILDLIFE CRITERIA 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

4,4’-DDD 

4,4’-DDE 

Maximum Tissue Concentration Non-Carcinogenic Risk Carcinogenic Risk (lo-*) 
hk) h3kY’) twi9kS’) 

0.04OJ 0.2 0.266 

0.015J 0.2 0.266 

Note: 

(I) Newell gtd., 1987. 



TABLE 7-16 

FREQUENCY AND RANGE OF CONTAMINANT DETECTIONS 
COMPARED TO SOIL FLORA AND FAUNA SCREENING VALUES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Soil Flora and Fauna 

Contaminant 

Semivolatiles @g/kg) 

~ Scree jing Values”) 

1 Earthworm Invertebrate 

100’” 100”’ 

loo’z’ loo’*’ 

100’2) 100” 

100’2’ loo’z’ 

100” 1 oo’*) 

100’2’ 100” 

20,000’” 25,000 

NE NE 

NE NE 

100’2’ 100” 

Microorganisms 
and Microbial 

Processes 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

T Contaminant 

No. of Positive No. of 
Detects Above Positive Detects 

Dutch Background Above Lowest 
Value Screening Value 

903 485-875 NA NA 

l/13 18OJ NA NA 

3113 7OJ-470 NA 2 

2113 455-1505 NA 1 

l/13 58J NA NA 



TABLE 7-16 (Continued) 

FREQUENCY AND RANGE OF CONTAMINANT DETECTIONS 
COMPARED TO SOIL FLORA AND FAUNA SCREENING VALUES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

4’,4-DDE 100 NE 

4’,4-DDT 100 NE 

Endosulfan II 100 >lOOO”’ 

Heptachlor epoxide 100 NE 

PCBs 50 40,000 

Soil Flora and Fauna Contar 
Screening Values(l) Frequent 

Microorganisms No. of Positive 
and Microbial Detects/No. of 

Earthworm Invertebrate Processes Samples 

I 

No. of Positive No. of 
Detects Above Positive Detects 

Dutch Background Above Lowest 
Value Screening Value 

-26OJ-390J 1 NA 1 0 

150J 1 NA I 0 

1505-850 3 3 

3.8NJ-59J 0 0 

4.3-835 0 0 

25-565 0 3 

3.8NJ-3.9NJ 0 0 

2.3 0 0 

525 I 1 1 



TABLE 7-16 (Continued) 

FREQUENCY AND RANGE OF CONTAMINANT DETECTIONS 
COMPARED TO SOIL FLORA AND FAUNA SCREENING VALUES 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Soil Flora and Fauna 

Notes: 

Screei 

Earthworm 

400(z) 

0.4 

50 20 

NE 3,515 

500 300 

330”’ 330’2’ 

200 

NE 

58’2’ 

200 

.ng Values(‘) 

Invertebrate 

400@ 

0.0075’*’ 

NE 

NE 

58’2’ 

500 

Microorganisms 
and Microbial 

Processes 

3,000 

10 

100 

200 

900 

100 

90 

NE 

20 

100 

T Contaminant 
Frequency/Range 

No. of Positive Range of 
Detects/No. of Positive 

Samples Detections 

13113 2.7-36.3 

1 l/13 2.3-8.6 

9113 2.5-55.6 

13/13 509- 16400 

13113 2-1785 

13/13 2.9-1635 

2113 4.6-5.7 

l/l3 2.3 

9113 2.8-12 

11/13 3.7-3775 

No. of Positive No. of 
Detects Above Positive Detects 

Dutch Background Above Lowest 
Value Screening Value 

0 0 

2 3 

NA 13 

3 4 

NA 2 

0 0 

NA 1 

NA 9 

(I) Will and Suter 1994a and 1994b unless indicated otherwise. (Values presented for plants, earthworms, and microorganisms and microbial processes are 
benchmarks below which adverse inpacts to these species are not expected. Values for invertebrates are No Observed Effects Concentrations however, they are 
based on less data than the benchmarks). 

(*) USEPA, 1995b (Region III BTAG Soil Screening Values for Soil Fauna). 
(3) Hulzebos et.&, 1993 (EC50). 
c4) Richardson, 1987 (Dutch Soil Criteria) 



TABLE 7-17 

EXPOSURE FACTORS FOR TERRESTRIAL CHRONIC DAILY INTAKE MODEL 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Exposure Parameter Units 

Eastern 
White-Tailed Cottontail 

Deer Rabbit 

Food Source Ingestion 

Feeding Rate 

NA 

kg/day 

Vegetation 
100% 

1.6”’ 

Vegetation 
100% 

0.237’4’ 

I-~ -~~~~ Incident Soil Ingestion 1 kg/day 1 0.0185”’ 1 0.0057’5’ 

Rate of Drinking 
I I 

L/day l.l@’ 0.119”’ 
Water Ingestion 

Rate of Vegetation 
Ingestion 

/ kg/day 1 1.6 / 0.237 

r -’ Body Weight 1 kg 1 45,4’*’ 1 1.229(3’ 0.174”’ I 4.540’ I 5.12”’ I 0.3725’3’ 

Rate of Small Mammal 
I I 

kg/day NA NA 
Ingestion 

Rate of Fish Ingestion 

Home Range Size 

kg/day 

acres 

NA NA 

454C2’ 9.30”’ 

Notes: 

Bobwhite 
Quail Red Fox Raccoon 

Small 
Mammal 

Vegetation -Small Mammals 80% Vegetation 40% Vegetation 
100% Vegetation 20% Fish 60% 100% 

0.0135”’ 0.601’3’ 0.214’@ 0.112”’ 

0.001 lo) o.o168’s’ o.0201’5’ O.OO269’5’ 

0.0191”’ 0.385”’ 0.422’3’ 0.0652”’ 

NA 0.48 NA NA 

NA I NA I 0.128 I NA 

26.24”’ 1 1,245”’ 1 257”’ I 0.032”’ 

NA = Not Applicable 

(I) Arthur and Alldridge, 1979. 
(*) Dee, 1991. 
(‘) USEPA, 19938. 

c4) Opresko, & al., 1994. 
(‘) Beyer, 1993. 
6) Nagy, 1987. 



TABLE 7-18 

SURFACE WATER QUOTIENT INDEX 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Quotient Index 

USEPA SWSV 
Concentration North Carolina I 

Contaminant I Station I ~u.fcA.J~ I WQS Acute 1 Chronic 

Total Inorganics 

Aluminum 

Barium 

65-SW04 25800 NA 

65-SW04 69.3 NA 

65-SW05 

65-SW04 

65-SW04 

Lead 

Manganese 

Vanadium 

Zinc 

65-SW04 

65-SW04 

65-SW04 

65-SW04 

Notes: 

Shaded samples are Quotient Indices that exceed “1”. 
NA = Not Available 
WQS = Water Quality Standard 
SWSV = Surface Water Screening Value 



TABLE 7-19 

SEDIMENT QUOTIENT INDEX 
STIE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Quotient Index 

Contaminant 

Semivolatiles @g/Kg) 

Di-n-butylphthalate 

Station Concentration 

65-SD04-6 12 16OOJ 

ER-L ER-M SQC 

:,:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: 
NA ~~~~~~~~:~~ 0.01 

Pesticides @g/Kg) 
I I .................... .......................................... ..................................... .......................... 

4,4’-DDE 65-SD04-06 1 8 J [:,:.:.:,:.:.:;:~.:.:.z.:.:. 
~~:~~~~ 

t... 

65-SD05-06 .(.,...,. ,...i(.,.,.,.,, Zli~Siiii$:a:~:r::::3si 
4,4’-DDD 65-SD04-06 1 765 

I 

Total Metals @g/Kg) 

Antimony 

Copper 

65-SD04-06 475 

65-SD04-06 1OOJ 

65-SD04-612 

Lead 65-SD04-06 ._., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :::::::::::..:.:.:.:.:.:.:.:.:.:.:.:. 
65-SD04-612 

.i . . .._ . . . . . . . . . . . . . . . . . . . . . ..i ..i 
zinc 65-SD04-06 

: . : . ) : . : . : . : . : . : . : . : . : . : . ~ . : . : . : . : . : . : . : . : . : . . . : . : . : . : . : . : . ; . : . : . : . : . ~ : . : .  
. , . , . , . , .  . , . , . , . , . , . , . . : , : , ) ,  

:’ ‘ . ‘ . ‘ . ‘ . ; : . i~~: . : . : : - , : t . : . : . : . : i ts : l : )~  . : : : :  

~~~~~~~~~~~~~ NA ‘~-‘A 

0.37 NA 

0.08 NA 

0.81 NA 

0.18 NA 

0.68 NA 

Notes: 

Shaded samples are Quotient Indices that exceed “1”. 
NE = Not Established 
ER-L = Effects Range Low 
ER-M = Effects Range Median 
SQC = Sediment Quality Criteria 



TABLE 7-20 

TERRESTRIAL QUOTIENT INDEX 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 



TABLE 7-20 (Continued) 

TERRESTRIAL QUOTIENT INDEX 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Note: 

,- 

Shaded areas are Quotient Indices that exceed “1” 





FIGURE 7-1 

CONCEPTUAL EXPOSURE MODEL FOR ECOLOGICAL RECEPTORS 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Terrestrial Biotia 
Atmospheric 
Deposition 

Infiltration/ 
Percolation 

I 

Surface Waters 

Ingestion 
Ingestion/ 

Dermal 
Contact 

Terrestrial 
Receptors 





F-=- 8.0 CONCLUSIONS AND RECOMMJZNDATIONS 

Baker performed a Remedial Investigation, including baseline human health and ecological risk 
assessments, for the Engineer Area Dump (Site 65, Operable Unit No. 9) at MCB, Camp Lejeune, 
North Carolina. The remedial investigation was pe&ormed consistent with the approved Work Plan 
and as described in this report. 

The nature and extent of contamination is discussed in detail in Section 4.0 of this report. In general, 
volatile organic compounds were not detected at Site 65 above comparison levels, although one 
detection of carbon disulflde in the groundwater was carried through the risk assessment. Also 
several volatile organic compounds were detected in sediments, but it is concluded that the presence 
of these compounds is not related to waste disposal at the site, since these compounds were not 
detected in the soils near the waste disposal area. 

Semivolatile organic compounds were detected in the surface and subsurface soils, with the largest 
number of compounds and highest concentrations near the waste disposal areas. Although the PAHs 
may be attributable to heavy equipment or other sources, the most likely source is products of 
incomplete combustion at the waste disposal areas. Semivolatile organic compounds were not 
detected above screening values in the groundwater, surface water or sediments. 

Pesticides were detected in soils and sediments throughout the study area at levels typically observed 
at MCB, Camp Lejeune. One soil sample near the waste disposal area contained a PCB compound 
at a level well below USEPA PCB Clean Up Policy requirements. Neither pesticides nor PCBs were 
detected in the groundwater. 

Metals were detected throughout the Site 65. Some of the metals concentrations were greater than 
two times base background levels, but none of the environmental media presented a risk to human 
health. Although mercury was not detected in the surface water or sediments of the two ponds that 
were sampled, mercury in fish tissue produced an estimated chronic health index of 1.7 which is 
above the acceptable level of 1.0. However, mercury is not related to the waste at the site and 
apparently not even the local environment. Other factors should be considered such as whether fish 
are transported to these ponds or bioaccumulation is occurring through a food chain. 

The human health risk assessment was based upon very conservative assumptions. All viable 
pathways were considered and the site model included the following receptors: 

0 Current military personnel (equipment operator trainees and recreational users) 
0 Future residents (adult and child) 
l Future construction worker 
0 Current fisherman (adult and child) 

All incremental lifetime cancer risk estimates were between 8.2E09 and 2.8E-06, thus all cancer 
risks are either insignificant or within the acceptable range of 1 .OE-06 to 1 .OE-04. Except for the 
hazard index due to a young child consuming fish, the estimated hazard indices for non-carcinogens 
were all less than 0.47. 

:- 

The ecological risk assessment concluded that the most significant ecological effects result from 
high turbidity and low dissolved oxygen particularly in Courthouse Bay pond. These environmental 
impacts are unrelated to the waste disposal areas, because of the significant distance between the 

8-l 



waste disposal areas and the ponds, and the land does not slope toward the ponds from the waste 
areas. 

Overall, the conclusion of the Site 65 Remedial Investigation is that there are no releases of 
hazardous substances from the waste disposal areas that result in a risk to human health or the 
environment. Based upon the conclusions of the Remedial Investigation, Baker recommends no 
further studies at this site, including no Feasibility Study. Although a “no action” Feasibility Study 
could be performed, there is no benefit to the environment or the administrative process. 

The next step in the administrative process appears to be a proposed plan describing the no action 
alternative for review and concurrence by the Department of the Navy, United States Environmental 
Protection Agency, and North Carolina Department of Environment, Health and Natural Resources. 

. 
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TEST BORING AND WELL CONSTRUCTION RECORC 
PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 
COORDINATES: EAST: 2494851.66 
ELEVATION: SURFACE 30.00 

BORING NO.: 65-DWOl 
NORTH: 307336.56 
TOP OF CASING 32.07 

- 

RIG : Truckmount CM&75 
I I 

WEATHER 
Eil 

(FT) TIME 
SPLIT CORE PROGRESS 

SPOON CASING AUGERS BARREL DATE (FT) 

SIZE (DIAM.) 1 2” OD 1 6” ID 1 4%” ID 1 1 4/10/95 1 43.0 Clear, 60” 11.0 1 O&30 

* 

7.96 mel 

9.24 mel 

LENGTH 24” 10.0’ 5.0’ 4/18/95 23.0 

TYPE , S.S. 3116” H.S. 4/20/95 

HAMMER WT. 140 4l23195 

FALL - 

STICK UP 

STD 8/21/95 

REMARKS: 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

(m 

SAMPLE TYPE 
S = Split Spoon A = Auger 
t = Shelby Tube W =VVash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Well Casing I I 2.0” PVC Threaded I -1.88 1 56 

Well Screen 1 1 PVCSlotted 2.0” I 56 1 66 

Depth 
(W 

Samp 
ample Rec. 

HNu 
kvm) HNu 

Me it. iPT Bkgrci wm’ Visual Description 
and 
No. ; I& 

Poinl 
our0 

1 

e 

Ilevation 

hsl) 

(*Sample 65-DWOl-00 collected) 

5 SAND, fine to very fme, trace SILT, brown to 

S-01 1.75 6 0.2 
light brown, damp, loose to medium dense. 28.0 

3.0 85% : 0.2 - 27.0 

S-02 1.75 z 0.1 26.0 
3 0.1 

5.0 100% 4 C&Ilg 
I I - 25.0 

1 

2 

3 

4 

5 

6 

1 

I 

! 

-h 
- 

1.0 

I- S-03 2.0 ; 

Some black staining. 

0.2 -v--p- 
10 0.2 

7 7.0 100% 6 
- dense. f 

24.0 

SAND, fine to very fine, and CLAY, gray, damp, 
I casing 28.0 

11 
3- s-04 2.0 1, 0. 22.0 

1. 0.2 
(*Sample 65DWOl-04 collected) 

3 9.0 100% 1 21.0 
CLAY, little fine to very fine SAND, gray, 

3- 
s-05 2.0 0.: 

0.2 
stained orange, moist, wet at ll.O’, me dium 

20.0 
10.4 100% etiff. 

i 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65-DWOl SHEET !, OF 4 

? 

1 

2 

2 



PROJECT: NAVY CLEAN SITE 65 
- 

S.O. NO.: 62470-312-0000-09000 BORINGNO.: L _ 

r 
SAMPLE TYPE DEFINITIONS 

5 = Split Spoon A = Auger UVT = Standard Penetration Test (ASTM D-1586) (8lows/O.5’) 
T = Shelby Tube W = Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C = Core Lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 

D = Denison P = Piston lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 
N=NoS; ale 

amI 
iir 

PT w-t) 
INU 

Depth 
ample Rec. Well Installation 
Type 

w-4 

(Ft.1 
(Ft. r 

and 
kgrd bint Detail Elevation 

& .OC wrc( 
No. %I 

Continued from Sheet 1 (msl) 

1 I1 T- - 

3 very fine, trace to some CLAY, 

1 I2 5-06 .5 
; 0.2 0.2 

13.0 ‘5% 6 
1 13 

1 

16- 

17.0 
17 

18- 

19- 

20 *Og 

21- 

22.0 
22-- 

23- 

247 

25 b 

5-07 I.0 

iO% 

3 
6 

i 

I.0 

50% - 

- 

3 
4 
4 
3 

- 

ii 
9 

11 

0.1 

0.1 

0.1 

m,,: TEST BORING AND WELL CONSTRUCTION RECORD 

- 10.0 

- 9.0 

- 8.0 

- 7.0 

- 6.0 

- 5.0 

- 4.0 

- 3.0 

- 2.0 

,2” layer of dark brown SILT. 

Match to - lea 
Sheet3 - I 

z; 

DRILLING CO.: Parrott Wolff 
DRILLER: Mark Eaves 

BAKER REP.: R.M. Lewis 
BORING NO.: 65DWOl SHEET ZOF 4 



EST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: NAVY CLEAN SITE 65 
SO. NO.: 62470-312-0000-09000 BORING NO.: 65-DWOl 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blows/O.5’) 
RQD = Rock Quality Designation (%) 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

HNu 
$m) 
3kgrd 

amp11 
Type 
and 
No. 

Saw 
Rec. 
Ft. 
& 

%I 

HNu 

wm: 
Boint 

ouro 

SPT 

or 

Continued from Sheet 2 

Well Installation 
Detail Elevation 

(msl) 

3 
s 

10 
8 - 

SAND, fine. trace SILT, gray stained orange, 
wet, medium dense. S-10 1.5 

75% 

2.0 

30% 

I- 

32.1 
! 

l- 

c- 

i 35.4 

i- 

37.0 
r 

I- 

39.a 
1 

I- 

41.0 

1, 

) 43.c 
1 

b- 

i 
45s 

j- 

7 
47.1 

3- 

- 49s 
a-- 

)-i so.0 

-6.0 

-8.0 

-10.0 

-13.0 

-14.0 

-16.0 

-18.0 

0.1 

1.7 

35% 

S-12 

SAND, fine to very fine, and CLAY, gray to gray 
green, wet. 

1.9 

35% 

S-13 

S-15 

S-16 

s-17 

s-18 

0.1 0.1 

6 

: 
4 - 

2 
2 - 

2 

: 
2 - 

: 
2 

C$Vf-fMe to trace fine SAND, gray green 
, . - 1.0 

50% 

2.0 

00% 

2.0 

00% 

2.0 

00% 

10 

100% 

0.1 0.1 

SAND, fine to very fine, trace CLAY, trace fme 
gravel, gray, wet, loose. 

DRILLING CO.: Parrott Wolffe 
------- -- - - 

BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65-DWOl SHEET 3OF 4 

_ 



M D-l 586) (8 tows10.5’) 

R = Air Rotary HTO (ASTM D-3282) 

Continued from Sheet 3 

Auger no sample, borehole cave-in. 

End ofBoring at 66.0’. 

DRILLING CO.: Parrott Wolffe BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65-DWOl SHEET QOF 4 



TEST BORING AND WELL CONSTRUCTION RECORt 
PROJECT: NAVY CLEAN SITE 65 
SO. NO.: 62470-312-0000-09000 
COORDINATES: EAST: 2494926.23 
ELEVATION: SURFACE 23.50 

BORING NO.: 65DW02 
NORTH: 306941.21 
TOP OF CASING: 25.40 

“c=75b&i&i%-j DATE PR:$Ess WEATHER ‘F 
SPLIT 

SPOON 

RIG : ~~-~ckma 

TIME 

SIZE (DIAM.) 2” OD 6” ID 4 %” ID 

10.0’ 5.0’ 

49195 40.0 Clear, 55” 

4/11195 16.0 Cloudy, 50” 

6.0 8:30 

LENGTH 24” 

3/16” 1 H.S. 1 1 4/20/95 1 I I 7.75 d S.S. 

140 

TYPE 

HAMMER WT. 4/23/95 8.43 mal 

8121195 7.07 d FALL STD 

STICK UP 

REMARKS: At 40.0’. drilling methods were changed to fluid rotarv methods. 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

WI 

SAMPLE TYPE 
s = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

Well Casing 2.0” PVC Threaded 44.0 
I I 

N = No Sample I WellScreen I 2.0” I PVCSlotted I 44.0 I 54.0 

HNu 
HNu 

m $yj (PIP;; 
)r 
XQD Source 

I I 

Visual Description 

I 

Well 
Ins~elllfion 

1 

Elevation 

(rnsl) 

Depth 
(Ft.1 

SAND, fine to very fine, trace SILT, light brown 
trace tree roota, damp, loose. 

------- 

SAND, fine to very fine, trace SILT, trace to 
little CLAY, light brown to tan, moist, medium _ 
dense to loose, some orange staining. 

I -I 22.5 1 1.0 

2- 

3 ’ 
3.0 

4- 

5- 
5.0 

6- 

7 7.0 

8- 

9 
9.0 

o- 
11.0 

S-01 1.8 

90% 

S-02 2.0 

100% 

S-03 2.0 

100% 

- 

n> I .,I (*Sample 65DWO2-02 collected) - 19.5 
I  

. v ,  - - ,  - . -  

,  

7 

4 
4 
i 0.2 0.2 

ii 
5 0.2 0.2 
4 

‘: 

2 Om2 Oa2 

I 4 17.5 

5-04 I -I I 15.5 

s-05 
Sheet 2 

DRILLING CO.: Parrott Wolff 
DRILLER: Mask Eaves 

BAKER REP.: R.M. Lewis 
BORING NO.: 65-DWOZ SHEET &OF 4, 



M D-1586) (Blows/OS’) 

R = Air Rotary C = Core HTO (ASTM D-3282) 

D = Denison P = Piston 

Continued from Sheet 1 

SAND, fine to very tie, trace SILT, gray 
etabed orange, wet, medium dense to loose. 

ce wood fragments. ----- 

fine to very fine, trace SILT, dark gray, 
agmenta, wet, medium dense. 

Some orange etaining present. 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65-DW02 SHEET ZOF 4 



EST BORING AND WELL CONSTRUCTION RECORD 

F-Y PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 BORING NO.: 65DW02 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = NoSample 

DEFINITIONS 
SPT = Standard Penetration Test(ASTM D-1586) (Blows/O.S’) 
RQD = Rock Quality Designation (%) 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

L 

3 

3 

3 

3 

3 

- 3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

,’ 4 

E 

HNU 
:wm) 
3kgrd 

iaml 
Rec. 
m. 

HNu 

wm) 
‘oint 

ource 

ample 
Type 
and 
No. 

SPT 
or 

RQ[ Continued from Sheet 2 

Well installation 
Detail 

Depth 
(Ft.) Elevation 

(msll 

SAND, fine to very tie, trace SILT, gray, wet, ’ 
loose. CLAY in tip. s-14 1.8 

10% - 

1.8 

IO% 

-8.5 

-12.5 

-16.5 

-18.5 

-20.5 

-21.5 

-22.5 

-23.5 

-24.5 

-25.5 

‘A- 

12 
32.0 

:3- 

34.0 
14 

s- 

16 
36.( 

17- 

19- 

4o.c 
lo 

I1 - 

12 - 

13 - 

I4 44.F 

15 - 

16 46.1 

17 - 

B- 

19 

$I- So.0 

0.2 

m-p---- 

SAND, fine to medium, trace SILT, gray, wet, 2” ’ 
CLAY in tip, loose. 

----w-- 

SAND, tine to very fine, some CLAY, gray 
&ained orange, moist, loose. 

S-15 
0.2 

1.5 

75% 

S-16 

S-17 

0.1 

0.1 
@ND, fine to very he, trace SILT, dark gray, wet 

SAND, fine to very fine, and CLAY, light brown . 
to gray stained orange. wet. 

SAND, fine to medium gravel, calcarous ’ 
cement, lots of shell fsagments, gray green, wet. - 

S-18 

S-19 

0.2 

0.0 

12 
a 

:: 

s-20 

-26.5 

DRILLING CO.: Parrott Wolffe BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65DW02 SHEET 3OF 4 



EST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 BORINGNO.: s _ 

SAMPLE TYPE DEFINITIONS 
5 = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (8lows/O.S’) 
T = Shelby Tube W = Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C = Core lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
D = Denison P = Piston lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

HNu 
HNu 

Depth 
Sample ‘i!2 SPT (ppm) 

(wm) 
Well Installation 

(Ft.1 
Type 
and 

(Ft. or Bkgrd 
Point Detail 

No. :I 
RQD 

Source Continued from Sheet 3 
------u 

Elevation 
(ml) 

51 
51 .o 

SAND, fine to medium gravel, calcaroua 

52- 

j3- 

54 Sk’ 

30 
i5- S-21 1.5 36 

25 0.1 0.1 

56 
56.0 75% 22 

j7- 

58- 

59- 

60- 

Sl- 

52- 

53- 

&I-- 

65- 

56- 

67- 

68- 

69- 

70-3 

DRILLING CO.: Parrott Wolf’fe 
DRILLER: Mark Eaves 

End of Boring at 56.0’. 

- 

BAKER REP.: R.M. Lewis 
BORING NO.: 65-DW02 

- -33.6 

- -34.5 

- -35.5 

- -36.5 

- -37.5 

- -38.5 

- -39.5 

- -40.5 

- -41.5 

- -42.5 

- -43.5 

- 44.5 

__--- 
- -45.5 

- -46.5\ 

SHEET 40F 5 



I TEST BORING AND WELL CONSTRUCTION RECORD 

’ S.O. NO.: 62470-312-0000-09000 BORINGNO.: B I-DW04 
%DINATEs: EAST: 2496564.35 NORTH: 2 07503.91 

ELEVATION: SURFACE 42.43 TOP OF CASING: 44.49 

RIG: Truckmount CME-75 

SPLIT CORE PROGRESS 
SPOON CASING AUGERS BARREL DATE WI WEATHER 

SIZE (DIAM.) 2”OD 6”ID 4%” ID 4l5/95 31 Windy, 75” 

LENGTH 24” 10.0’ 5.0’ 4/6/95 24 Overcast, 55” 

TYPE S.S. 3/16” H.S. 4/7/95 15 Clear, 75” 

HAMMER WT. 140 420195 

FALL STD 4/23/95 

i STICK UP 8/21/95 

10.5 15:oo s= 10.39 msl 

Et-l-- 
REMARKS: At 31.0’. drilling methods were changed to fluid rotarv methods. 

WELL 
INFORMATION 

I I 
DIAM TYPE 1 D;$ 1 “:i$ 

Well Casing I I 2.0” PVC Threaded I -2.06 1 58.0 

Well Screen 1 A.; i ~ PVC Slotted I 58.0 1 68.0 

SAMPLE TYPE 
s = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

,- D = Denison P = Piston 
N = No Sample 

1 
e 

1 

1 
- 

l- 

( 
E 

L 

iPT 
w  
IQD 

HNu 
fvm) 
Bkgrd 

Samp. 
ample Rec. 
rYPe Ft 
and & 
No. 0~ 

NA 

S-01 1.7 

85% 

S-03 2.0 

100% 

5-04 1.7 

85% 

s-05 1.7 

85% 

rtNu 
‘pm 
loin1 
XIX 

Well 
Elevation 

(n-1) 

Visual Description Depth 
(Ft.) 

(*Sample 65DWO4-00 collected) 

SAND, fine to very fine, trace SILT, trace 
ORGANICS, black to gray to brown, damp to 
dry, loose. 

l.i 

1.’ 

1 1 .Q 

2- 

3- 
3.0 

4- 

5 y- 
5.0 

6- 

7 7.0 

-I 

39.4 

38.4 

37.4 

36.4 

34.4 

33.4 

32.4 

Cemenq/ - 
- 

ii%mb - 

+ 3116” - 
Steel - 
CAlfdIg 

Blank Sch. _ 

Matchto 
. She&2 

1 .o 

------- 

SAND, fine to very fine, trace SILT, light brown 
to gray, damp, loose. 

1.c 

1.1 

s 
4 
5 - 

f 

‘3 

1.1 1. 

- 

1.’ 

(*Sample 65-DWO405 collected) 

-Wet at 10.5 feet. 1.1 

DRILLING CO.: Parrott WoIff BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65-DW04 SHEET 1 OF 4 



SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
(Ft.) 

I1 P 12 

13.01 
13 

15 

16 

17 

18- 

19.0 
19 

20- 

21 
21 .o 

22- 

23 
23.0 

24- 

25 

26 

27 

smplc 
me 
and 
No. 

5-06 

5-07 

5-08 

Qmp 
Rec. 
Ft. 
& 

%I 

1. 
s 
a 
R 

1.8 

90% 

1.5 

75% 

2.0 

lOO% 

2.0 

IOO% 

1.0 

50% 

2.0 

100% 

2.0 

100% 

1.7 

85% 

1.0 

a'% - 

PT 

fr 

IQ0 

f 

: - 

3 

f 
11 
- 

10 
12 
16 
19 - 

a 
12 
16 
22 

29 
33 
40 
46 

:; 
33 
21 

4 
a 

12 
17 - 

i 

t - 

iii 
22 
24 - 

-INu 
wm) 
kgrd 

0.9 

0.8 

0.8 

0.8 

0.8 

0.8 

1.0 

0.8 

0.8 

0.8 

- 

iNU 
w-n) 
‘oint 
x8rcx 

0.9 

0.8 

0.8 

0.8 

0.8 

0.8 

1.1 

0.8 

0.8 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (BlowslO.5’) 
RQD = Rock Quality Designation (%) 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Continued from Sheet 1 

Well Installation 
Detail 

, 

Elevation 
WI 

SAND, fine to very fine, and CLAY, trace SILT. 
gray, damp, medium dense. 

----- 
SAND, fine to very fine. trace SILT, gray, moist 
;o wet, medium dense. 
------ 

SAND, fme to very fine, and CLAY, gray, damp 
to moist, medium dense. - ---- 

SAND, fine to very fine, trace SILT, gray to 
light brown, wet, some staining. 

24” color change to light gray to white. 

----- 
SAND, fine to very fine, trace SILT, gray to 
dark brown, wet, medium dense to dense. -#s 

28.4 

27.4 

26.4 /-- 

25.4 

24.4 

23.4 

22.4 

21.4 
I 

20.4 

16.4 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65-DW04 SHEET &OF 4 



EST BORING AND WELL CONSTRUCTION RECORD 

.PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 BORING NO.: 65-DW04 

SAMPLE NPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

DEFlNlllONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blows/OS’) 
RQD = Rock Quality Designation (%) 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Continued from Sheet 2 

Well Installation 
Detail Elevation 

hsll 

Depth 
(Ft.1 

I 31*o 

!- 

33.0 
t 

c- 

i 
35.0 

i- 

37.0 
? 

s- 

39.0 
9 

D- 

1 
41.0 

2- 

3 
43x 

4- 

5 
45s 

6- 

7 
47.c 

3- 

- 49.0 
9-- 

p? .w.o 

HNu 
kw-4 
skgrd 

- 

HNu 

wml 
roint 

ourct 

0.6 0.6 

0.6 0.6 

( 

I 
- I 

\ 

I 

CLAY, black, dry. 

SAND, fine to very fine, trace SILT, greenish 
gray, wet, very dense to medium dense. 

0.4 

SAND, fine to very fine, and CLAY, greenish . . 

0.4 

0.4 

0.4 

Samp 
ample Rec. 
Type 
and 

(Ft. 
& 

No. “W 

5PT ( 

or I 

RQC ) 

i 
3 
4 

12 
14 

z 

9 
9 

12 
9 

2 

: 
1 - 

IVOI 
NOI 

1 
1 - 

: 

: 

8.4 

2.4 

-0.6 

-1.6 

-3.6 

-4.6 

-5.6 

XAY, gray to black, moist, soft. 

SAND, fine to very fine, tzace SILT, gray to 
reddish brown, wet. 

SAND, fine to very fine, some CLAY, some 
SILT. black. wet. 

CLAY, black, wet. 

SAND. fine to very fine, trace SILT, trace 
CLAY, gray to dark brown, wet. 

s-21 2.0 

100% z s-22 1.0 

50% 

S-23 2.0 

100% 

S-24 2.0 
I 00% 

‘r 
s-2s 20 

100% 

DRILLING CO.: Parrott Wolffe BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65-DW04 SHEET 30F & 



EST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: NAVY CLEAN SITE 65 
,- 

S.O. NO.: 62470-312-0000-09000 BORING NO.: 65-DW04 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
(Ft.) 

51 
51.4 

52- 

53.0 
53 

54- 

55.0 
55 

56- 

57- 

58- 

59- 

60-= 

61- 

62 
62.0 

63- 

64- 

65- 

66- 

67- 

68dm 

69- 

70 * 
70.1 

amplt 
rw 
and 
No. 

S-26 

S-27 

S-23 

s-29 

- 

amp 
Rec. 
(Ft. 
& 

%I 

1.0 

IO% 

PT 

)r 

IQD 

7-K 
fwm) 
)kgrd 

0.2 

0.2 

-lNu 

wml 

‘oint 

3u ret 

0.4 

0.4 

0.2 

0.3 

DEFINITIONS 
SPT = Standard PenetrationTest (ASTM D-1586) (Blows/OS’) 
RQD = Rock Quality Designation (%) 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Continued from Sheet 3 

Well Installation 
Detail 

------- 

SAND, fine and very tie, and CLAY, dark - 
green, moist to wet, very loose. 

SAND, fine to very fine, trace SILT, gray green, - 
Iota of shell fragments, moist, medium dense. 3 

SAND, coarse to medium gained, some gravels, - 
calcarous cement, lots of shell fragments, gray 

ravish oeen. wet. very dense. 

End of Boring at 70.0’. 

-8.6 

-9.6 

-10.6 

-11.6 

-12.6 

-13.6, 

-14.6 

-15.6 

-17.6 

-18.6 

-19.6 

-20.6 

-21.6 

-22.6 

-23.6 

-24.6 

-25.6 

-26.6 

DRILLING CO.: Parrott Wolffe BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65-DW04 SHEET 40F 4 



TEST BORING AND WELL CONSTRUCTION RECORC 
PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 
COORDINATES: EAST: 2496564.78 
ELEVATION: SURFACE 42.90 

BORING NO.: 65-MW04 
NORTH: 307498.29 
TOP OF CASING: 44.84 

RIG: Truckmount mm-75 

PROGRESS i%l~ 
F-0 WEATHER F-0 TIME 

SPLIT CORE 
SPOON CASING AUGERS BARREL DATE 

SIZE (DIAM.) 1 I I em 4lw95 23.0 Clear, 55” I 10.5 1 08:OO 

4l20195 

TYPE 

HAMMER WT. 

H.S. #23/95 

8121195 

STICK UP 

REMARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

WELL 
INFORMATION DIAM TYPE 

TOP 

Well Casing 2.0” PVC Threaded 

Well Screen I I FvcSlott& 2.0” I 8.0 1 23.0 

mpk 

we 
md 
uo. 

iamp. 
Rec. 
Ft. 
& 

% 

HNu 
wm) 
rkgrd 

iNu 

vm) 
‘oint 
wrc6 

Well 
Ins&a~la;ion Visual Description Depth 

(Ft.) 
;PT 
)r 
1QD 

Elevation 

(ml) 

40.9 

39.9 

~ 36.9 

37.9 

’ 36.9 
I 

’ 35.9 

34.9 

33.9 

I- 
32.9 

(*See test boring record for 65-DWO4.) 

Cementl 
- Bentonite 

, 

,- 

I- 

S-- 

j- 

?- 

3- 

3- 

3- 

Casing 

gg$$j ::::::::::::.:.:.:. 
I 

Match to 
Sheet 2 - 

DRILLING CO.: Parrott Wdf’f BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65-MW04 SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: NAVY CLEAN SITE 65 
,---.. 

S.O. NO.: 624’70-312-0000-09000 BORING NO.: 65MWO4 

SPT = Standard Penetration Test (A5TM D-1586) (Blo~slO.5 
RQD = Rock Quality Designation (o/o) 
lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Continued from Sheet 1 

Well Installation 

End of Boring at 23.0’ . 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65-MW04 SHEET ZOF 2 



I TEST BORING AND WELL CONSTRUCTION RECORC 
PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 
COORDINATES: EAST: 2494774.11 
ELEVATION: SURFACE 28.00 

BORING NO.: 65-MW05 
NORTH: 306968.44 
TOP OF CASING: 30.28 

RIG : Truckmount CME-75 

DATE 
PROGRESS 

(F-0 WEATHER 

9.0 09:20 

18.56 mSl 

19.46 nlsl 

~ 

17.99 msl 

4J5J95 23.0 

4J20/94 

4J23l95 

8J21J95 

Windy, 60” 

REMARKS: Borehole reamed with 6 %” ID augers before well comDletion. 

SAMPLE TYPE 
S = Split Spoon A = Auaer 

WELL 
INFORMATION DIAM TYPE 

TOP 

D:r T = Shelby Tube W = Wa;h 
R = Air Rotary c = Core 
D = Denison P = Piston 

N = No Sample 

Well Casing I I 2.0" PVC Threaded I -2.28 1 7.0 

Well Screen 2.0" PVC Slotted I 7.0 22.0 

I I 

Visual Description 
Well 

In&dta;,ion Elevation 

(msD 

L 

HNu 
bw-n) HNu 

8~ Bkgrd (PPm: 

&D 
Point 

Sourc 

1.0 l.! 

: 
3 1.4 1.1 
4 

i 
12 1.1 1.1 
14 

; 
11 1.1 1.1 
10 

10 
12 
17 1.1 1.’ 
17 

(*Sample 65MWO5A-00 collected) 

SAND, fine to very fine, some SILT, aome - 
ORGANIC& light brown to brown, damp, loose. 

CLAY, Borne SILT, Borne tie to very fine, 
Sf3Did$Lrown mottled gray to red, damp, - 

SAND, fine to very fine, trace SILT, light brown 
to gray, moist, medium dense. 

(*Sample 66-MWO5A-04 collected) 

II 11 

ii 
1.0 1.t 

VP----- 

SAND, fme to very fine, trace SILT, light 
brown, etained yellow to tan, wet at 9.0’, _ 
medium dense. 

Depth 
(Ft.1 

1 1.0 

2- 

3 
3.0 

4- 

5 
5.0 

6- 

7 7.0 

8- 

9 
9.0 

o- 
10.5 

27.0 

26.0 1.0 

50% 

S-01 

s-02 1.7 

85% 

24.0 

1 5.0 1 23.0 1 

5-03 1.5 

75% 

1 -j 22.0 1 

21.0 

20.0 

19.0 

S-04 1.7 

85% 

s-05 1.7 

m 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65-MW05 SHEET 1 OF 2 



DEflNlTlONS 
SPT = Standard Penetration Test (ASTM D-l 586) (Blows/OS’) 
RQD = Rock Quality Designation (%) 
Lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab Moist. = Moisture Content(ASTM D-2216) Dry Weight Basis 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

HNU 
w-d 
rkgrd 

Well installation 
Detail I Elevation 

+ 
17.0 

iNU 
wm) 
loint 
xrrcf 

aw 
Rec. 
(Ft. 
& 

%) 

amplt 
we 
and 
No. 

IPT 

>r 

tQD 

Depth 
(Ft.) 

16.0 

Gica - 15.0 

- iE 
14.0 

13.0 

12.0 

11.0 

10.0 

I o+gvgo~a 
ll- 9.0 

8.0 

7.0 

22.0 6.0 
. Backfilled - 

with Caved 
-soil 5.0 

4.0 

Continued from Sheet 1 

I1 ‘la0 

IZ- 

13- 

14-= 

15- 

16.C 
16 

17- 

18- 

19 ‘g-q 

20- 

21 
21 .c 

22- 

23 
23.0 

24- 

25- 

26- 

27- 

28- 

29- 

30- 

- 

- 

I.2 

60% - 

- 

- 
z 
3 
4 - 

------ 
SAND, fine to very fme, some SILT, light brown 
stained yellow to tan, wet, loose. s-06 

1.0 1.0 

------ 
SAND. fine to medium. little SILT, light brown 

S-07 ; 
7 
8 - 

8 
6 
7 
6 

- 

1.0 

50% 

stain& yellow to tan, Wet, medium d&3e. 
1.0 

1.0 
S-08 1.9 

15% - 

------ 
Color change to orange. ---II 

End of Boring at 23.0’. 

-1 -2.0 I 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65MW05 SHEET 20F 2 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 
COORDINATES: EAST: 2496052.20 
ELEVATION: SURFACE 32.55 

BORING NO.: 65-MW06 
NORTH: 307201.04 
TOP OF CASING: 34.71 

RIG: Truckmount CME-75 

SIZE (DIAM.) 1 2” OD 1 

FALL 

STICK UP 

STD 

AUGERS 

4%” ID 

5.0 

H.S. 

4l2Ol95 

* 

4123195 

8121195 

PROGRESS 
FT) WEATHER 

WATER 
DEPTH 

(F-0 TIME 

REMARKS: Borehole was reamed with 6 %” ID augers before well completion. 

Visual Description 

(*Sample 65MWO6A-00 collected) 

SAND, fine to very fine, trace SILT, light 
brown, moist to damp, medium dense. 

SAND, fine to very fine, trace SILT. dark gra 
to black, damp, loose to medium dense. 

(*Sample 66-MWO6A-03 collected) 

wet at 7.52, loose. 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 
DRILLER: Mark Eaves BORING NO.: 65-MW06 SHEET r OF 2 



DEFINDYONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blow5lO.5’) 
RQD = Rock Quality Designation (%) 
Lab Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N=NoSz le 

INu 
Ipm) 
cgrd 

NU 
pm1 wle 

w= 
snd 
No. 

Imp. 
tee. 
0%. 
& 

WI 

‘T 

r 

00 Continued from Sheet 1 

Well Installation 
Detail Depth 

(Ft.1 
Elevation 

(msl) urcf 

1 

2 ! 3 

4 

pY,‘dp 

20.6 

19.6 

17.6 

SAND, fine to very fine, trace SILT, very dark 
Drown to black, wet, medium dense. .2 

10% 

3 
5 

14 
12 

6i 

17.c 
7 

18- 

19 lgA 

!O- 

!l 
21 .I 

!2- 

!3- 

24- 

25- 

26- 

27- 

28- 

29- 

?O--, 

S-05 
0.2 0.2 

15.6 

14.6 

~ 13.6 

12.6 

0.2 

4 
5 

12 
10 

/ 

eLmd 
.giiF Caved 

s-06 !.O 

IO% - 

r&WD, fine to very fme, and CLAY, gray 
green, moiat, medium dense. 

0.2 
11.6 

10.6 

9.6 

8.6 

End of Boring at 21.0’ . 

i 

7.6 

6.6 

5.6 

4.6 

- 7.6 

- 6.6 

- 5.6 

- 4.6 

‘-- - 3.6 .’ 

- 2.6 

- 3.6 .’ ‘-- 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65-MW06 SHEET &OF 2 



TEST BORING AND WELL CONSTRUCTION RECORC 
PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 624’70-312-0000-09000 
COORDINATES: EAST: 2495281.52 
ELEVATION: SURFACE 34.47 

BORING NO.: 65-MW07 
NORTH: 307271.63 
TOP OF CASING: 36.74 

RIG: ‘I’m&mount Chm-75 

SPLIT CORE 
SPOON CASING AUGERS BARREL DATE 

SIZE (DIAM.) 2”OD 4wID 44195 

LENGTH 24” 5.0’ 4/21/95 

TYPE S.S. H.S. 4/23/95 

HAMMER WT. 140 8121195 

FALL STD 

STICK UP 

%Eii 
WI 

PROGRESS 
VT) WEATHER TIME 

23.0 I Clear, 75” 11.0 1430 

23.31 ml 

24.36 mal 

22.89 mel 

REMARKS: Borehole reamed with 6-$” ID augers before well completion. 

WELL 
INFORMATION 

I I 
DIAM 

SAMPLE TYPE 
S = Split Spoon A = Auger TYPE 

T = Shelb; Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Well Casing I I 2.0” PVC Threaded I -2.27 1 8.0 

F” 

r 

23.0 Well Screen I 2.0” 1 Pvcslotted I 8.0 1 

Samp 
Rec. 
Ft. 
& 

% 

1.2 

60% 

1.5 

75% 

1.0 

50% 

2.0 

100% 

1.0 

B 

HNu 

(wd 
iPT Bkgrd 
)r 
tQD 

HNu 
bpm) 
Point 
iource 

ample 
rype 
and 
No. 

Well 
Ins~kdion 

Depth 
(Ft.) 

Visual Description 
Ilevation 

(msl) 

-t” : 
f 

1.4 

(*Sample 65-MWO7A-00 collected) SAND, fine 
to very fme, little SILT, gray to black, dry, loose. 

------ 

f SAND, fine to very fine, trace SILT, light brown 
to brown, dry, loose. 

------ 

1 1.0 

2- 

3 
3.0 

4- 

5 
5.0 

6- 

7 
7.0 

8- 

9 
9.0 

o- 
10.5 

32.5 

28.5 

27.5 

26.5 

25.5 

24.5 

1.4 

SAND, fine to very fine, trace SILT, trace 
CLAY, light brown, damp, loose. 

1.4 

------ 
SAND, fine ta very fine, trace SUT, 1” layer of 
black ORGAN’ICS, brown to light brown, moist, 

SAND, fine to very fine, trace SILT, light brown 
?,:>&::zj 

f 

~~~~~,~~~~ 
to brown, moist, wet at ll.O’, loose. 

$gw:;; 
s:>::>::::: “I;:::.:.:. 

DRILLING CO.: Parrott Wolff 
DRILLER: Mark Eaves 

BAKER REP.: R.M. Lewis 
BORING NO.: 65-MW07 SHEET 1 OF 2 



Continued from Sheet 1 

mple f%-MWO?A-05 collected) 
----- 

SAND, fine, light brown stained yellow to 
wet, medium dense to dense. 

-Trace tree mote. 

End ofBoring at 23.0’. 

DRILLING CO.: Parrott Wolff BAKER REP.: R.M. Lewis 

DRILLER: Mark Eaves BORING NO.: 65-MW07 SHEET 20F 2 



FIELD TEST BORING RECORD 
+ROlECT: NAVY CLEAN SITE 65 
5.0. NO.: 62470-312-0000-09000 BORING NO.: 65-SB06 
COORDINATES: EAST 2494852.50 NORTH: 307150.70 
ELEVATION: SURFACE Not surveved 

I RIG : Truckmount CME-75 ----I I 
I I SPLIT 

SPOON CASING 

WATER 
DEPTH 

WEATHER (FT) TIME AUGERS 1 Bi%L 1 DATE / PR$?)ESS 

ISIZE (DIAM.) 1 2” OD 1 4+“ID 4/10/95 7.0 

5.0’ 

H.S. 

Clear, 60” 5.0 16:40 

I 24” I 
I I TYPE S.S. 

HAMMER WT. 140 

I STII I 
I STICK UP I ~ -I- 

REMARKS: HNu background = 0.1. 

DRILL RECORD r VISUAL DESCRIPTION 
- 

Ime 

Color 

Consist. 

or 

Density 

I MoistureContent, 1 5 1 F: 
Organic Content, IO1 i: 

PT 

low* HNu 
er 
1.5’ 

1 QD 
;Ft mm 

rt%) 

5 Samplc 
0 ID 

D I -- 
E I. Type - 
P - 
T R (E 

0 
H 

No 
C 
K 

Samp. 

1 -’ ‘*O 
NA 

29 S-01 

3 
3.0 

4- s-02 

5.0 
5 -I 

6- s-03 

7 
7.0 

B- 

9- 

10 - 

2 

.I 

1 

A-=-- 
: 

amp. 

Rec. 

(R. 
and 

%I 

Gradation Plasticity, and I E 

Other Observations L 
V 

R : 

Weathering, Bedding 0 

Fracturing, and Other C 
fo 

K 
N 

Observations 

Possible fill, damp. 

--m--- 

Black streaks, damp. 

------- 

Moist. 

-Wet at 5.0’. 

Classifka tion Yardness 

(*Sample 65-SB06-00 collected) 

SAND, fme to very fme, trace 
SILT. 

Light 
brown 

hose 

f 
4 
4 - 

0.1 

f 
3 
3 

0.1 (*Sample 65-SBO?-02 collected) 

0.1 

End of Boring at 7.0’ . 

DRILLING CO.Parrott Wolff BARER REP.R.M. Lewis 

DRILLER Mark Eaves BORING NO. 65-SB06 Sheet 1 of 1 



FIELD TEST BORING RECORD 
+ROJ ECT: NAVY CLEAN SITE 65 
5.0. NO.: 624’70-312-0000-09000 
COORDINATES: EAST 2494811.94 
ELEVATION: SURFACE Not surveved 

BORING NO.: 65SB07 
NORTH : 307091.49 

RIG : Truckmount CME-75 

-7-i WATER 
CORE PROGRESS DEPTH 

AUGERS BARREL DATE (FT) WEATHER (FT) TIME ; 

SIZE (DIAM.) 1 2” OD 1 1 4/s/95 1 9.0 1 Clear, 60” I 7.5 1 1~40 1 

5.0’ 

H.S. 

REMARKS: HNu backrrround = 0.1. 

1 VISUAL DESCRIPTION DRILL RECORD 

j 

E L Type - 
P - 

T 
R (E 
0 

H 
No 

C 
K 

Samp. 

- 

Ti ims 

Consist. 

Or 

Density 

Moisture Content, 

Organic Content, 

Plasticity, and 

Other Observations 

5 E 
0 L 
t 
L : 

a TA 

0 
C b 

K N 

iNu Color Samp. 
Rec. 

(Ft. 

and 

%I 

‘er 

3.5’ 

Gradation 

1 ‘*O 

2- s-01 

3 
3.0 

4- s-02 

- 5.0 
5- 

6- s-03 

7.0 
7 

8- s-04 

9.0 
9 

Weathering, Bedding 

Fracturing, and Other 

Observations 

Hardness PPm Color 

(*Sample 65SBO7-00 collected) 
SAND, fine to very fine, trace 
SILT. 

Damp. 

Little tree roots. 

Damp, some 

Light 
??Own tx 
1r0W-U 

-m 

Light 
brown ti 
n=w 

-- 

Gray 

0.1 

0.1 
5 
4 
4 
5 

1.8 

90% 

2.0 

too% 

---- 

SAND, fine to very fine, little 
CLAY. 75 

5 
6 

0.1 

4 

ii 
7 

(*Sample 65-SB07-03 collected) 2.0 

loo% 
0.2 Moist. 

Wet at 7.S. -A ii 
7 
7 

0.1 

Sk&D, fine to very he, trace 
2.0 

100% 

End of Boring at 9.0’ I 

DRILLING CO.Parrott Wolff 

DRILLER Mark Eaves 

BARER REP.R.M. Lewis 

BORING NO. 65-SB07 Sheet 1 of 1 



FIELD TEST BORING RECORC 
4’ROJECT: NAVY CLEAN SITE 65 
5.0. NO.: 62470-312-0000-09000 BORING NO.: 65SB08 
COORDINATES: EAST 2494765.10 NORTH: 307111.32 
ELEVATION: SURFACE Not surveved 

RIG: Truckmount CME-7 i 

WATER 
DEPTH 

m 

I I 

cmw 1 AUGERS 1 &%L DATE 
PROGRESS 

VT) WEATHER TIME 

SIZE (DIAM.) 1 2” OD 1 4t?‘ID 1 4JlOJ95 13.0 Clear, 60” 11.0 8:00 

I 1 5.0’ 

1 H.S. 1 

REMARKS: HNu background = 0.1. 

r DRILL RECORD VISUAL DESCRIPTION 

Gradation 

5 Sampl 
0 ID 

D I -I-- 
E L Type 
P 

T 
R $2 
0 

H 
No 

C Qmp 
K 

1 -’ lo0 

2- s-01 

3.0 
3 

4- s-02 

5.0 
5 -’ 

6 J s-03 

7 
7.0 

8- s-04 

9.0 
9 

S-05 

lo 11.0 

Samp. 

Rec. 

(Ft. 

and 

Oh) 

HNu 

‘pm Time 

0.1 

0.1 

0.1 

0.1 

0.1 

‘er 

D.5’ 

RQ0 
W. 
& %. 

Hardness 

Observations 

Ciassification 

(*Sample 65SBO800 collected) 
SAND, fme to very fine, trace 
SILT. 

[lark 
Iray 
e---- 

Ek 

-- 
BrOWIl 
-. 

Gray 

Damp. i 

f 
3 
3 - 

4 
3 
4 
5 

2.0 

00% 

2.0 

100% 

Loose 

---- 

SA& fine to very fine, some 

10 

t 
7 

Stained orange. 

Moist. 

2.0 

100% 

2.0 

loo% 

------- 

SAND, fine to very fine, and 
CLAY. 
(*Sample 66-SBOS-04 collected) 

10 
8 

ii 

SAND, fine to very fine, trace 
CLAY. 1.8 

90% 

DRILLING CO.Parrott Wolff BAKER REP.R.M. Lewis 

DRILLER Mark Eaves BORING NO. 65-SB08 Sheet 1 of 2 



nRIl I RFffhRn I VISUAL DESCRIPTION 
Y...Lb ..LII..I 

_ __ __ __ - -- --~~~ - 

S Sample SPT Consist. Moisture Content, 
Classification 

S 

0 ID Organic Content, 0 E 
D 

Samp. glows HNU (Grain Size, Principal Color or 
I Per Density Plasticity, and I -- 

E 
Rec. 

L Type - (Ft. o-5’ 
Constituents, Etc.) Other Observations L 

: 

P 

T 
R (k and R t 

0 
ROD Classification Weathering, Bedding 0 

H 
No %I 

C Samp.) 
(k pm Time (Name, Grain Size, Principal Color Hardness 

Fracturing, and Other C 
b 

K & %I Constituents, Etc.) 
N 

Observations K 

11 A’-0 -v--e--- 

10 k?i? fine to very fine, trace Gray 
12 I So6 2.0 9 izz!k- 

Wet at 11.0’. 

0.1 
Stained orange. 

13 
13.0 100% :P 

14 I 
End of Boring at 13.0’ . 

15 I 

16 -t 
- 

17 I 

18 - 

19 - 

20 II 

21 - 

22 I 

23 - 

24 - 

25 - 

26 - 

27 - 

28 - 

29 I ./--- 

30 II 

DRILLING CO.Parrott Wolff BAKER REP.R.M. Lewis 

DRILLERMark Eaves BORINGNO. 6.5SBOS Sheet 2 of 2 



FIELD TEST BORING RECORD 
JFROJECT: NAVY CLEAN SITE 6.5 
S.O. NO.: 624’70-312-0000-09000 BORING NO.: 65-SBO9 
COORDINATES: EAST 2495465.18 NORTH: 307575.47 
ELEVATION: SURFACE Not surveved 

RIG: Truckmount CME-75 

CORE 
BARREL 

I 
DATE 

iAMMER WT. 

:ALL 

iTiCK UP 

140 

STD 

PROGRESS %F;: 
FT) WEATHER WI 

7.0 I Clear, 60” 1 6.0 

I I 

TIME 

14:30 i 

REMARKS: HNu background = 0.1. 

DRILL RECORD VISUAL DESCRIPTION 
5 Sample SPT Consist. Moisture Content, 5 E 
0 ID 

D I 
Samp. Blows HNu 

Per Gradation 
Color or 

Organic Content, 0 
-_- 

E L Type - 
Rec. 

(Ft. .0.5’ 
Density Plasticity, and I k 

V 

P 

T 
R (k 

Other Observations L 

and 
0 

c SaZp.) 
%I 

ROD R TA 

H ffi ppm Time 
Classification Color Hardness Weathering, Bedding 0 

b 

K & %I 
Fracturing, and Other C 

K 
N 

Observations 

1 -1 la0 
0.1 

(‘Sample 65-SBOQ-00 collected) 
SAND, fine to very fine, trace 

pi 
!Eium Damp. 

SILT. 
6 

29 S-01 2.0 11. 
14 0.2 

3.0 
3 

100% 15 
- ---. 

12 Brown 
4- s-02 2.0 19 

Dense 

18 0.1 
(*Sample 65-SBOQ-02 collected) 

5.0 100% 10 
5- 

6 -I s-03 2.0 f --- 
5 0.1 

7.0 100% 7 
Gray Loose -Wet at 6.0’. 

7 

8- 

9- 

10 - 

End of Boring at 7.0’ . 

DRILLING CO.Parrott Wolff BAKElR REP.R.M. Lewis 

DRILLER Mark Eaves BORING NO. 65-SB09 Sheet 1 of 1 



FIELD TEST BORING RECORt 
PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 
COORDINATES: EAST 2495732.63 
ELEVATION: SURFACE Not surveved 

BORING NO.: 65-SBlO 
NORTH: 307345.10 

RIG: Truckmount CME-75 I I 
I I I I I I 

WEATHER 

WATER 
DEPTH 

m TIME 1 s%iN 1 CASING 1 AUGERS 1 &%L 1 DATE 1 PRFsS 

SIZE (DIAM.) 1 2” OD 1 I 4x3/95 I 5.0 Clear, 60” 1 5.0 1 10:55 1 I 
I I LENGTH 24” 

TYPE S.S. 

HAMMER WI-. 140 

5.0’ 

H.S. 

FALL 

STICK UP 

STD 

REMARKS: HNu backmound = 0.1. 

DRILL RECORD VISUAL DESCRIPTION 

s E 
0 L 
I E 
L v 

A 

R : 0 

c 

c :: 
K 

Samplc 
ID 

PT 

ilow 

‘er 

D.5’ 

ROD 

(Ft. 

Ip % 

Consist. 

or 

Density 

Moisture Content, 

Organic Content, 

Plasticity, and 

Other Observations 

Weathering, Bedding 
Fracturing, and Other 

Observations 

Samp. 

Rec. 

(Ft. 

and 

% ) 

rlNU 

1 - 

2 - 

3 - 

49 

5 - 

6 - 

7 - 

8- 

9 - 

10 - 

Gradation 

Type. 
(E 

No 
Samp. 

Classification ppm ime 

L!L 

3.0 

(*Sample 6.5SBlO-00 collected) 
SAND, fine to very fine, trace 
SILT. 

SAND fine to very fine and CLAY 
(*Sample 65-SBlO-01 collected) 

w----- 

SAND, fine to very fine, trace 
SILT. 

0.1 

0.1 

0.1 

; 
3 
7 - 

4 
7 

11 
9 

- 

1.7 

85% 

2.0 

100% 

- 

- 5.0 - 
- Wet at 5.0’. 

End of Boring at 5.0’ . 

I 

DRILLING CO.Parrott Wolff 

DRILLER Mark Eaves 

BAKER REP.R.M. Lewis 

BORING NO. 65-SBlO Sheet 1 of 1 



FIELD TEST BO RING RECORD 

BORING NO.: 65SBll 
NORTH: 307363.60 

PROJECT: NAVY CLEAN SITE 65 
S.O. NO.: 62470-312-0000-09000 
COORDINATES: EAST 2496067.37 
ELEVATION: SURFACE Not surveyed 

RIG : Truckmount CME-75 

WATER 
, DEPTH 

03 I I CORE 
CASING AUGERS BARREL 

PROGRESS 
F-0 

SPLIT 
SPOON ~ DATE WEATHER TIME 

SIZE (DIAM.) { 2” OD ( , 4/a/95 11.0 Overcast, 50” 9.0 10:55 

LENGTH I I 24” I I 5.0’ 

I S.S. I 1 H.S. I 

HAMMERWT. 1 140 1 

STICK UP 

REMARKS: HNu background = 0.1. 

r DRILL RECORD r 
;pT 

VISUAL DESCRIPTION 

Consist. 

Of 

Density 

I Moisture Content, 

I I 
s E 

Organic Content, 0 L 
iample 

ID Samp. 
-__ 

We - 
Rec. 

(NN4 

(Ft. 

and 

No %I 
Qmp.) 

I 

S 
0 

D I 
E L 
P 

T 
R 
0 

H C 
K 

1-G 

29 

3 
3.0 

4 -8 

5.0 
5 -- 

6- 

7.0 
7 

8- 

9.0 
9 

lo 11. 

,- 

P 

Color iNu 

pm 

0.z 

0.1 

0.1 

0.1 

0.1 

0.1 
- 

ROD 
Pt. 

8 %. 

Gradation 

Color Uardnes3 
R : Weathering, Bedding 0 

Fracturing, and Other C 
0 N 

Observations K 

Classifca tion 
‘ime 

(*Sample 65SBll-00 collected) 
SAND, fine to very fine, trace 
SILT. 

Jight 
row-n 

Damp. Damp. 

~ 
------ 

Some mottling, maist. Some mottling, maist. 

Wet at 9.0’. Wet at 9.0’. 

- 

4 
7 

I1 
I1 

S-01 2.0 

100% 

:i 
18 
19 

s-02 2.0 

100% 

ii 
7 
7 

- 

10 
12 
15 
17 

s-03 1.7 

SAND, fine to very fme, and 
CLAY. 
(*Sample 66-SBll-04 collected) 

Light 
gray TV 
gray 

85% 

s-04 2.0 

100% 

s-05 

End of Boring at 11.0’. 
. 

DRILLING CO.Parrott Wolff BAKER REP.R.M. Lewis 
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pR[~~~c~y~65BoR’NG RECORC 
S.O. NO.: i2470-312-0000-09000 BORING NO.: 65SB12 
COORDINATES: EAST 2495271.74 NORTH: 307800.79 
ELEVATION: SURFACE Not surveyed 

RIG: Truckmount CME-75 

DATE 
PROGRESS 

F-0 WEATHER 
%lli 

(FT) TIME 
SPLIT 

SPOON CASING AUGERS 

SIZE (DIAM.) 2” OD *ID 

LENGTH 24” 5.0’ 

13.0 Clear, 70” 

I S.S. I 

HAMMERWT. 1 140 1 

STICK UP 

REMARKS: HNu background = 0.1. 

r r DRILL RECORD 
S 
0 

D I 
E L 
P 
T 

R 
0 

H C 
K 

)ample 
ID Samp. 

cm- 

Type - 
Rec. 

-T- 

(NN4 

(Ft. 

and 

No %) 
iamp.) 

- 
PT 

IlOW 

‘er 

D.5’ 

RQD 
m- 

8 % 

VISUAL DESCRIPTION 

Zonsist. 

or 

Density 

Moisture Content, 

I I 
s E 

Organic Content, 0 L 

1 --JJL 

29 

3 
3.0 

4- 

5.0 
5 

6 -I 

7 
7.0 

Color 

Color t Crdner 

kay 
.--a-. 

Dark 
brown 

-- 

Dense 1 

-- 

Loose 

-- 

Gray 

-- 

Mediun 
Dense 

c 

r 

P=- 
! 

HNu 

mm 

0.1 

0.1 

0.1 

0.1 

0.1 
- 

Gradation 

R : Weathering, Bedding 0 

Fracturing, and Other C 
0 

Observations Observations K 

Classifka tion 
ime 

t 

S-01 2.0 

00% 

(*Sample 6.5SBl2-00 collected) 
SAND, fine to very fine, trace 
SILT. 

(Fill) Concrete and 
wood fragments, dry. 

-----, 

(Fill) Damp. 

B---B 

Will) Tire and scrap 
metal. 

---- 

Moist. 

- 

3 

d 
IO 

16 
21 

:i - 

a 

i 
3 

S-02 2.0 

100% 

S-03 2.0 

100% 

s-04 1.7 

85% 

s-05 1.7 

85% 

8-i 
9.0 

9 

+ 
10 

11. 

(*Sample 65SB12-05 collected) 

DRILLING CO.Parrott Wolff BARER REP.R.M. Lewis 

DRILLER Mark Eaves BORING NO. 65SB12 Sheet 1 of 2 



DRILL RECORD r VISUAL DESCRIPTION 
iampll 

ID 
--_- 

Type. 

(k 
No 

Samp. 

PT 

low 

er 
1.5’ 

Classification 
(Grain Size, Principal 

Constituents, Etc.) 

Ionsist. 

or 

Density 

Moisture Content, 

Organic Content, 

Plasticity, and 

Other Observations 

iamp. 

Rec. 

(Ft. 

and 

%I 

iNu Color 

11 m 

12 I 

13 I 

14 I 

15 I 

16 m 

17 (I 

18 m 

19 I 

20 I 

21 I 

22 I 

23 - 

24 . 

25 . 

26 . 

27 . 

28 . 

29 I 

30 I 

Classifkation 

(Name, Grain Size, Principal 

Constituents, Etc.) 

Weathering, Bedding 
Practuring, and Other 

Observations 

Color Yardnes! Time 

O.? 

6 

i 
6 

SAND, fine to very fine, trace 
SILT. 

Wet at ll.W. 
2.0 

00% 

s-06 

13.c 

End of Boring at 13.0’ . 

DRILLING CO.Parrott Wolff 

DRILLERMark Eaves 

BAKER REP.R.M. Lewis 
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APPENDIX 

SAMPLING SUMMARY 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

6%SBlO-00 4/10/95 x X X X NA - NA - - 
65-SBIO-01 4llOl95 X X X X NA - NA - - 
65-SBl l-00 4110195 X X X X NA - NA - - 

65-SBl l-04 4/10/95 x X X X NA - NA - 
65-SB 1 I-04D 4/10/95 x X X X NA - NA - - 
65-SB 12-00 4/18/95 X X X X NA - NA - - 
65-SB12-05 4/18/95 X X X X NA - NA - 
65-TPO 1 519195 X X X X NA - NA x - 
65-TP02 519195 X X X X NA - NA ,X - 
65-TP04 519195 X X X X NA - NA x - 

NA = Not an Applicable Analysis for the Media 
- = Not Analyzed 



APPENDIX (CONTINUED) 

SAMPLING SUMMARY 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

65-MW07-00 Ml95 X X X X NA - NA - - 
65-MW07-05 415195 X X X X NA - NA - - 

NA = Not an Applicable Analysis for the Media 
- = Not Analyzed 



APPENDIX (CONTINUED) 

SAMPLING SUMMARY 
SITE 65 - ENGINEER AREA DUMP 

REMEDIAL INVESTIGATION, CTO-0312 
MCB, CAMF’ LEJEUNE, NORTH CAROLINA 

165-m-23 5117195 1 X I X I X I X I - - I- . I m I 

NA = Not an Applicable Analysis for the Media 
- = Not Analyzed 



APPENDIX (CONTINUED) 

SAMPLING SUMMARY 

SITE 65 - ENGINEER AREA DUMP 
REMEDIAL INVESTIGATION, CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

-” --“. -- _._.._- 

65-SD04-06D 5117195 X X X X NA - NA x - 
65-SD04-6 12 5/17/95 X X X X NA - NA X X 
65SD05-06 5/18/95 X X X X NA X NA X X 
165-~~05-612 

I I I I I 
I 5/18/95 I X I X I X I X 1 NA 1 - 1 NA t X I X I t 

65-FS04-BGO 1 W 616195 1 X X X X NA NA NA/- - 
65-FS04-BGOl WMS 616195 1 X X X X NA NA NA I - 

I 

65-FS04-BGO 1 WMD 1 6/6/95 X X X X 1 NA NA 1 NA 1 - - 
65-FS04-BGO 1 Wn 1 X X X X 1 NA NA 1 NA 1 - 
6%FSO4-RCml F 

kFSO5-BGO 
, 

1 W 6/6/95 X X X X NA NA NA - - 
65-FS05-BGOlF 616195 X X X X NA NA NA - - 

NA = Not an Applicable Analysis for the Media 
- = Not Analyzed 





TEST PIT RECORD 

PROTECT: 
.- 

MM1 ~veM.mons 
CT0 NO.: ~312 TEST PIT NO.: P 6 

COORDINATES: EAST: 2.999.x-6.9 t NORTH: zz/f7 

SURFACE ELEVATION: 31.0 Feet 
SvnfLd, 6 RcD f, h%d 

WATER LEVEL: 

WEATHERZ 
w  

REMARKS: %?-ct P.‘t D.‘men<,‘an.q : 1 ML7 til:o!fb 7. C&Lb?+-l, ,L&d 
, c 

3NU = Photoionization Detector Reading 
3VA=Oq 

z 

ic vq 
samp. 

2 
No. 

1, 

2, 

3, 

4, 

5, 

6, 

7, 

8- 

9, 

10 _ 

11 _ 

12 _ 

13 _ 

14 _ 

I5 _ 

16 _ 

17 _ 

18 _ 

19 - 

20 _ 

G? 
3. ‘7 
--- 
>. 2 
.-.-. .-- 
3.3 
_.^ ._ 
9.2 ., 
3. z 

\. z 
!, 3 

1,z 

9.2 

LEUO, (RemIts) = Readings Recorded by LELIO, Meter 

Vii Description 
(Principal (lmstilucnts, Gradation, Color, Moisture Content., Organic 

Content, Plasticity, and Other Observations) 

te5t p,'+ 

TESTPITNO.: dc7p- OE SHEET I OF 1 



TEST PIT RECORD 

PROJECT: 
. 

MCB Caml&e~e. 0. U. #EL Sites 65 and 73 Rem& ial Investiepltons 
CT0 NO.: 0312 TEST PIT NO.: 6s 7-F-01 

COORDlNATES: EAST: 2.Yqq.813.7 L) NORTH: 3G7. iS3, 7 1 

SURFACE ELEVATION: 72.5 eee WATER LEVEL: 9.2 +t 

WEATHER: s”*sa.‘~e ta qs°F: j&m. d DATE: 5/7/9r 

REMARKS: e<f ,O. 'f D,'M&J 5 ,'~a : Lena+h IOeet u:dfh 3.5 +&et. ~7mf-A 9 C +CYE~ . . i 
J 



TEST PIT RECORD 

PROJECT 
. 

MCB Q~P beme. 0. U. +I!% S 
. . . 

ites 65 and 73 -al lnve&g&.~~ 
CT0 NO.: Q312 TEST PIT NO.: ~5~P-CZ 

COORDINATES: EAST: 2.49q 826,+‘,: NORTH: 307. r30.05 

SURFACE ELEV WATER LEVEL: g Cr2e-t 

WEATHER 
RErb4AR.B: 



TEST PIT RECORD 

PROJECT: 
. 

MCB Camp bhm. 0. U. @J. Sm 65 and 73 
. . . 

Rtimdml III estmms 
CT0 NO.: 9312 TEST PIT N;.: 657-t=-07 

COORDINATES: EAST: 2.99 q. 75 q- 54 NORTH: 302 32 7. $6 

SURFACE ELEVATION: 32.6 fee-i WATER LEVEL hlA 

WEATHER &, <h,+ 67 u<“F )/yw d DATE: 5-/ 7/ 9 

REMARKS: TpCf P, $ D,‘flpn.:,‘avlS : 04th 10 cc.&. ti:dfX 3.S &et. DPOTA IO &=t 
J I 

ONS 
EGJU = Photoionization Detector Readiig LEUO, results) = Readings Recorded by LEUO, Meter 
OVA = Organic Vapor mmlr Reading 

Depth *P. w LEUO, 
(ft) Type . OVA (pp:) (Results) 

visuaI Description 

and Field Head- 
mci@ constituents, &a&ion, Color, Moishm Content, Organic Elevation 

No. 
content, Plasticity, and Other Obscmtions) 

Space 32.0 &ci 
Grab MO 

1, A++@ *CL fibeve 
Read,y SfltdD. J.< ‘t-c+ brwn, looy, dry 

c&5-e-07 ‘-- 
csickp~ nJ 

2, $‘?J 0 * 8 _ . 
Qf botfph, 

3, 
7f -/??5i- Q+q 
l?izlo’. - - .’ 

4- Q. 9 .__. - 

C.6 
Probde F,.// ~u&~,tisl 

--B.6 L&t 

5, 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

18 _ 

19 _ 

20 _ 

0 ., . . ./ 1 .t- , ! _ Ih 
CONTRACTOR: 

EQUIPMENT: 



TEST PIT RECORD 

,f-, PROJECT: 
. 

MB -9 bmm 
. . . . 

e. 0. U. #9. Sites 65 and 73 Remedial III est~ugens 
CT0 NO.: Q312 TEST PIT N:.: KTP- OS 

COORDINATES: EAST: Z,YS% 791. 7 2 NORTH: 307. J?7.75 

SURFACE ELEVATION: 28./ &et WATER LEVEL: 9.S &et 

WEATHERI X”s,, sl%,,e 8 ts°F. lr”W.d DATE: 
REMARKS: T&t P.-t D: ,en$&&q<: /ewqfL 7. S&d Lotic,. 

J 

EINU = Photoionization Detector Reading 

and Field Head- 
No. 

I- 

2- 

-3 _ 

PEW.DXW 
LEL/02 (Resalts) = Readings Recorded by LEL/O, Meter 

visual Descriptioll 
(Rhcipd constituents, -on, Color, Moisture Content, Organic Elevation 

Content, Plasticity, and Other Obsavations) 

F- Swap Netal 

f-efo/ CWl-w~ - 
-- 26-l & 

5, 

6s 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 - 

18 _ 

19 _ 

20 _ 

.1 I , . I jr!-- .rrl. /I - I 



TEST PIT RECORD 

PROJECT: 
. 

MCB -II heme. 0. U- +B- Sites 65 and 73 
. . 

Rendial bt echelons 
CT0 NO.: 9312 TEST PIT N;.: 65-f/204 

COORDINATES: EAST: 2 ‘tv! 9 * 1.0 * NORTH: 307 222.91 

SURFACE ELEVATION: 2Q.2 &et WATERLEVEL ? Get 
WEATHER 
- 

. 

llEFINmoNS 
ZlUU = Photoionization Detector Reading LJWQ (Results) = Readings Recorded by LEUO, Meter 
IVA = Organic Vapor Analyzer Reading 

z 
samp. HNU or LEL/o, 

Type 
Visual Description 

and 
OVA0 1 @=W 

Field Head- 
(principal CODS&UCU~S, Gradation, Color, Moisrure contmf organic Elevation 

Content, Plasticity, and Other Obsuvations) 

14 _ 

15 _ 

17 _ 

18 _ 

CONTRACTOR: 

EQUIPMENT: 

B-REP.: -Jkawe~ Vail, / &/on* SC iu If’ 
I 

TEST PIT NO.& r7 p - @.I SHEET 1 OF 1 
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Project’ Mkiager r -4 1&&J; ( 

Purchase Order No: 6 ’ 

Required Report Date ” /L/-61s/ 

Semale ’ 4 I Sample l 5. 

Y 
-E 

<I 

Disposal 22 
Nuniber 1 Deacripti&/Type Record No. 

I I . /.d.e22I 2 = 

Special Instructions: 23 
Possible Hazard Identification: 24 

1. Relinquished by !rJ, 
(Signature/Aifilietion) .’ 

2. Relinquished by 
[Signature/AfYiliation] 

3. Relinquished by 
[Signature/Affiliation) 

Disposal: 25 
’ 0 

0 Client Ul Disposal bv Labk Archive (mos.) i I 

Comments: 29 ’ 

Date: 
Tim& 
DatfZ 
Time: 



Reference Dacuknt No. 3 2 5 24 9 
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Condition on 21 

Receipt 
Disposal 22 

Record No. 
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“- 
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, . .  .’ 

:  Sample Disposal: 25 / ? >ossible Hazard Identification: 24 
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[ 
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~‘ORpORA~ON. ;; :.. :. , CHAIN + OF’CU$T.ODY RECORD, (donti).* . ’ Page 0Tof 
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i 

Sample 14 1 Dat~/Time 161 Container ‘1 SemPlal81 Pr*lg -- . _ _ _ Requested Testing 20 1 Condition on 21 1 Disposal 22 



Project Manager! &I( @ : 

Purchase Order No.6 !’ LL ,: ,‘, 

Required Report Date.!‘,.. ._____ -. ..-~~..~ 

Special Instructions: *3 

Possible Hazard Identification: 24 
Non-hazard g Flammable Q Skin 

-i’i;heQIRequired:,-!6 

1. Relinquished 
[Signatura/Affiliationl 

2. Relinquished 
(Signature/Affiliation] 

3. Relinquished by ’ 
[Sianature/Affiliationl 

Irritant Q 

25 
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Disposal by Lab Archive _ (mos. &?c 
r-ii?-- 

Time:,, ,’ t : _ [~igriat@/Affilia@on) .’ 

Date: .. .3. ‘R&eived by : 
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Date: 
Time: 
Date: 
Time: 
Date: 
Time: 

, 
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,‘. : .’ 
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‘. . . . . 
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Required Report Date-%-----1. 
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Number fl 1 Descriptidn/Type 

Condition on *I Disposal ** 
Receipt Record No. 
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Special Instructions: ?3 _I_ 
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Project Manage 

Purchase Order N’i 

Required Report D&e.” : . 
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bescription/Type Numb& 
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i 
i 

1 Conditi& on ..2f Disposal 22 
Receipt. Record No. 

I ! 

2. Relinquished by ,. Date: ..’ . . 
(Signature/Affiliation) .- Time: .: 

.2.;.R&&ed by ;- 
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Date: 
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Receipt 

Disposal 22 
Record No. 
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Date: 
Time: 
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LEGEND FOR FIELD WELL DEVELOPMENT RECORDS 

PVC - Measurement taken from the top of the well stick-up, top of the PVC casing. 
NA - Not Applicable 
BG - Background 
BZ - Breathing Zone 
PS - Point Source 
NTU - Nephelometric Turbidity Units 
V - Visual Turbidity Estimate 
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FIELD WELL DEVELOPMENIY RECORD 

CTONO.: v, 

DATE: 5/4 k- 

GEOLOGISTiENGINEElt fzL/ n*nOWlpt 

TIMESTART DEVELOPMENT DATA 

/a3 

TIMEFINISH sPEc.coND. TEh-lP 

/a%9 oMh~-) (“c) 
Eh 

DEVELOPMENTMETHOD 

PUMPTYPE 

TOT& TIME (A) 
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f*93 gp” , 

TOTAL ESTIMATED 
wlTHDluwALAxB= 
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BNUIOVA REAdk 
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Atzlo.0 (ieaqtwu*~ 



FIELD WELL DEVELOPMENT RECORD 

. . . m PROJECT: z . v - - 

CTONO.: 0312 WELL NO.: 65-Mwat 63, , 

DATE: 4-h&/95’ 

GEOLOGIST/ENGINEER: f&vi A. -&ma s 

TMB START 
I DEVELOPMENT DATA 

lNlTIALWATERLEVEL(FI’) 

b. 64 CPw) 

-lEDwELL lo9 
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AMOLJNTOF WATER ADDED 
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MCBC~,Rie~.0,U.#9.Sites65and,3~In em 
FIELD WELL DEVELOPMENT RECORD 

PROJECT: 
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DATE: s-/5-!% 

GEOLOGIST/ENGlNEERz Lw1 A.Was 



FIELD WELL DEVELOPMENT RECORD m . 
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. . . PROJECT: -CamDune. O.U. #9. Sites 65 & 73 Rgm&& In vest&&- 

CT0 NO.: 0312 WELL NO.: 65Mwo4 
DATE: 4/s/s 

, 

GEOLOGIST/ENGINEEk yiik 9. VCLUA 

TlME START 
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INlTIALWATERLEVEL(Fl-) 
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TOTAL WELL DEPTH (TD) 
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BOREHOLE VOLUME 
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FIELD WELL DEVELOPMENT RECORD 

pRoEcT . . Mc* c~ Ideun e I o.u* MS si*es 65 md ,3Remedid IDve.@. 

CTONO.: .u WELL NO.: 65 MbddS 
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GEOLOGIST/ENGINEER: &t4 A.-as 
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1 
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FIELD WELL DEVELOPMENT RECORD 

m . ‘PROJECT: -CamDune. O.U. #9. Sites 65 and 73 Reme&al In ves-% I _ 
CT0 NO.: 03 12 WELL NO.: 65 MWU6 

DATE: 4M9.r 
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FIELD WELL DEtiLOPMENT RECORD 
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August 2,1995 

Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

(412) 269-6000 
FAX (412) 269-2002 

commander 
Atlantic Division 
Naval Facilities Engineering Command 
15 10 Gilbert Street (Building N-26) 
Norfollc, Virginia 235 1 l-2699 

Attn: Mr. Lance Laughmiller, EIT 
Code 18236 

,f-- 

Re: Contract N6247.0-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 03 12 
IDW Handling and Disposal 
Operable Unit No. 9 (Site 73) . 
MCB, Camp Lejeune, North Caroliria 

Dear Mr. Laughmiller: 

This letter report describes the smpl& collection activities, results, and’recommendations for the disposition of 
investigative-derived waste (TDW) at Site 73, Marine Corps Base, Camp Lejeune, North Carolina. 

The IDW from Sites 65 and 73 field activities, presently beiig stoied at Site 73, is contained in one 6,500-gallon 
storage tanker, one l,OOO-gallon polyethylene tat& and one 2O-cubic yard roll-off box. A second 6,500-gallon 
storage tanker was judged to contain “clean” water and was dis&rged at Site 73. An inventory of the IDW along 
‘with quantities are provided in Table 1. Analytical results are provided in Attachment A. 

SamDle Collection and Analysis Site 73 

One grab sample was collected from the 6,500-gallon tanker and given the sample identification 73-TK-615. 
A grab sample was also collected corn the secorid 6,500-gallon tanker and given the sample identification 73-TK- 
3617. These samples were anal& for full Target Compound List (TCL) Organ&, Target Analyte List (TAL) 
Inorganics, and Total Suspended Solids (TSS). Another grab sample was~collected from the 1,000 gallon 
polyeth$ene tank and given the sample identification 73-POLY-0 1. This sample was analyzed for till TCL 
Organ& and TAL Inorganics. Five solid grab samples were collected from varying locations within the roll-off 
box. These grab sampIes were placed within a stainless steel mixing bowl, homogenized into one composite 
sample and given the sample identification 73-RX-01. A representative sample was collected for volatile 
organics analysis prior to homogenizing the samples. This composite sample was analyzed for full Toxicity 
Characteristic Leachate Procedure (TCLP), TCL PCBs and Resource Conservation Recovery Act (RCRA) 
characteristics (corrosivity, ignitability, and reactivity). 

A Total Quality Corporation . . 
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Mr. Lance Laughmiller 
August2,1995 
Page 2 

Results Site 73 

Sample 73-TK-615 had five positive volatile.detections, one positive semivolatile detection, and no positive 
detections for ether pesticides or PCBs. Inorganic analysis did not indicate con~trations above regulatory 
standards. Sample 73-POLY-01 had six volatile detections, two positive semivolatile detections, and no 
positive detections for ether pesticides or PCBs. Inorganic analysis did not indicate concentrations above 
regulatory standards. Sample 73-RX-01 did not have any positive detections for organ&, and inorganic 
analysis did not indicate concentrations above regulatory standards. In addition, sample 73-RX-01 was not found 
to be reactive to suifide and cyanide, ignitable at less than 140 “F, or corrosive at less than or equal to 2 or greater 
than or equal to 12.5. 

Conclusions and Recommendations Site 73 

Analytical results indicate that samples 73-TK-615 and 73-POLY-01 have levels of organic contamination that 
do not exceed regulatory values, however due to the organic contamination levels present in both tanks site 
disposal is not recommended. Througb working with base EMD personnel, disposal of tanker 73-TK-615 can 
be accomplished by utihzing the Hadnot Point Shallow Aquifer Remedial Action System located on base. This 
tanker will be returned to Site 73 and the contents of the polyethylene tank will be pumped into it. The tanker 
will remain on-site for the additional work that wilI begin at Site 73 during September 1995. Upon completion 
of the additional work at Site 73, this tanker will be sampled for TCL Organ&, TAL Inorganics, and TSS. - 
Appropriate disposal methods will be deployed upon review of the analytical results. Sample 73-RX-O 1 did not t 
indicate contamination and it is recommended that the contents of the roll-off box be returned to the site and 
graded. 

Upon LANTDIV’s approval of these disposal ~recommendations, the IDW will be managed as identified within 
this letter. 

If you have any questions, please do not hesitate to contact me at (412) 269-4695 or Mr. Matthew D. Bartman 
(Activity Coordinator) at (4 12) 269-2053. 

Sincerely, 

BAKER ENVIRONMENTAL, INC. 

Malcolm W. Petroccia 
Project Manager 

MWPA’AMllq 

Attachments 

CC: Mr. Neal Paul ; w/attachments 
Mr. John Riggs - w/attachments 
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TABLE 1 

SUMMARY OF INVESTIGATIVE DERIVED WASTE 
OPERABLE UNIT NO. 9 (SITES 65 and 73) 
REMEDIAL INVESTIGATION, CI-O-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

MATERIAL QUANTITY CONTAINER VOLUME UNIT LABORATORY 
(LOCATION) PRODUCED TYPE OF WASTE ANALYSIS 

Development/Purge 2 6,500 Gallon 6,500 gallons ‘TCL Organics 
Water (Site 73) Tanker TAL Inorganics 

TSS 

DevelopmenttPurge 
Water (Site 73) 

1 1,000 Gallon 1,000 gallons TCL &an& 
Polyethylene TAL Inorganics 

Tank 

Drill Mud/Cuttings 
(Site 73) 

1 20 cubic yard 20 cubic TCLP Organics 
roll-offbox Yards TCLP Inorganics 

TCL PCBs 
RCRA Hazardous 
Chamcteristics 
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1A EPA SAMPLE NO, 

VOLATILE ORGANICS ANALYSIS DATA SHEET 
.Y---- 

I 
73TK615 

Lab Name: ITAS-KNOXVILLE Contract: BAKER I 

Lab Code: ITSTU Case No.: 3572 SAS No.: SDG No.: 73TK3 

(soil/water) WATER Lab Sample ID: AF3167 '. 
Matrix: 

Sample wt/vol: 5.0 (g/fi) ML Lab File ID: AF3167 

Levd.: (low/mea) LOW Date Received: 05/11/95 

8 Moisture: not dec. 
. Date Analyzed: 05/17/95 

1.0 
GC Column: RTX624, ID: 0.530 ,(mm) Dilution Factor: 

Soil Extract Volume: W) Soil.Aliquot Volume: -NJ4 

,- 

f@--.. 

CAS NO. 
CONCENTRATION UNITS: 

COMPOUND (w/L or w/Kg) uG/L 

74-8703---------Chloromethane 
74-83-9 ---------Bromomethane 
75-01-4 ---------Vinyl Chloride 
75-GO-3 -0-------Chloroethane 
75-09-2 ---------Methylene Chloride 
670640l---------Acetone 
75-15-o ---------Carbon Disulfide. 
75-35-4--------- 1,l:Dichloroethene 
75-34-3--------- 1,1-Dichloroethane 
54o+jg-o------ 1,2-Dichloroethene (total)- 
67-66-3 ---------Chloroform 
107-06-2------B- 1,2-Dichloroethane 
78-93-3 ---------2-Butanone 
jl-55-6------ l,l,l-Trichloroethane 
56-23-+-----A--Carbon Tetrachloride 
75027-4---------Bromodichloromethane 
78-87-5-------" 1,2-Dichloropropane 
10061-Ol-5------cis-1,3-Dichloropropene 
79-Ol-6---------Trichloroethene 
1240480l-------ADibromochloromethane 
7g-o()-5-----"" 1,1,2-Trichloroethane 
71-43-2 ---------Benzene 
10061-0206------trans.1,3-Dichloropropene 
75-25-2 ---------Bromoform 
1()8-10-l------ 4-Methyl-2-Pentanone 
591-78-6 --------2-Hexanone- 
127-18-4 --------Tetrachloroet~ene 
7g-3L++----.-- 1,1,2,2-Tetrachloroethane 
108-88-3 --------Toluene 
108-90-7 --------&lorobenzene 
100-41-4 --------Ethylbenzene 
100-42-5 --------Styrene 
1330-20-7 -------Xylene (total) 

FORM I VGA 
-. 

10 
10 
10 
10 
10 

7 
10 
10 
10 
12 

1 
2 

10 
10 
10 
10 
10 
10 
1.2 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

.- 

Q 

3/90 



1E 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: ITAS-KNOXVILLE Contract: BAKER 

Lab Code: ITSTU Case No.: 3572 SAS No.: SDG 

Lab Sample ID: 

Lab File ID: 

Date Received: 

Date Analyzed: 

Matrix: (soil/water) WATER 

Sample wt/vol: 5-o (g/la) ML 

Level: (low/mea) &OW 

% Moisture: not dec. 

GC Co+nn: RTX624 ID: 0.530 (nun) 

Soil Extract Volume: ' w4 

Number TICS found: 0 ' 

Dilution Factor: 1.0 

Soil Aliquot Volume: (-4 

CONCENTRATION UNITS: 
(w/L or UWWI l?UL 

EPA SAMPLE NO. 

73TK615 

No. :- 73TK3 

AF3167 

AF3167 

05/n/95 

05/17/95 

CAS NUMBER COMPOUND NAME RT EST. CONC. Q 
,------,=== ~=~-~~zz--------s!zz~~ -== am==-= DS 

I 

__ 

FORM I VOA-TIC 3/90 



_ 

’ 

1B EPA SAMPLE NO. 

,"" SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

73TK615 
Lab Name: ITAS-KNOXVILLE Contract: BAKER I 

Lab Code: ITSTU Case No.: 3572 SAS No;: SDG No.: 73TK6 
'. 

Matrix: (soil/water) WATER Lab Sample ID: AF3168 

Sample wt/vol: 1000 (g/mL) ML Lab File ID: AF3168 

LfHt33.: (low/med) LOW Date Received: 05/11/95 . 

% Moisture: decanted: (Y/N) - Date Extracted: 05/12/95 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 05/17/95 

Injection Volume: 2.O(uL) Dilution Factor: . 1.0 

GPC Cleanup: (Y/W N PH: - 
CONCENTRATION UNITS: 

CAS ,NO. COMPOUND (ug/L or ug/Xg) ~uG/L Q 

108-9%2--------Phenol 
111-44-4 --------bis(2-Chloroethyl)Ether 
95-57-8 ---------2-Chlorophenol 
543.-73-l-------- 1,3-Dichlorobensene 
1()6.-&j-7------..- 1,4-Dichlorobenzene 
g5-5.0-~--------- 1,2-Dichlorobenzene 
95-48-7 ---------20Methylphenol 
,~084()-~-------- 2,2'-oxybis(l-Chloropkopane)- 
106-440S--------40Methylphenol 
62106407--------N-Nitroso-Di-n-Propylamine- 
67-720l---------Hexachloroethane 
98-95-3 ---------Nitrobenzene 
78-59-l---------Isophorone 
88-75-5 ---------20Nitrophenol 
105-67-g-------- 2,4-Dimethylphenol 
111-91-1 ------i-bis(2-Chloroethoxy)Methane- 
120-83-2 --------2,4=Dichlorophenol 
120-82-1-------- 1,2,4-Trichlorobenzene 
91020-3---------Naphthalene 
X06&47-8 --------4-Chloroaniline 
87-68-3 ---------Hexachlorobutadiene 
5g-50-7--------- 4-Chloro-3-Methylphenol 
91-57-+-------- 2-Methylnaphthalene 
77-47-4 --r------Hexachlorocyclopentadiene 
88-0+2-w.------ 2,4,6-Trichlorophenol 
gLj-g5-4--------- 2,4,5-Trichlorophenol 
CJl-58-7--------- 2-Chloronaphthalene 
88-74-4---------2-Nitroaniline 
131-11-3 --------Dimethylphthalate 
208-96-8 --------Acenaphthylene 
606-2(‘~-2------- -2,6-Dinitrotoluene 
99-09-2---------SLNitroaniline 
83-32-9---------Acenaphthene 

10 u 
10 u 
10 u 
10 u 
'10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u- 
10 u 
10 u 
10 u 
10' u 
10 u 
10 U 
10 U 

.25 U 
10 U 
25 U 
10 U 
10 U 
10 U 
25 U 

. 10 U 

, 



1C EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET ,c, 

73TK615 
Lab Name: ITAS-KNOXVILLE - Contract: BAKER I 

Lab Code: ITSTU Case No;: 3572 SAS No.: SDG No.: 73TK6 

Matrix: (soil/water) WATER Lab Sample ID: A&3168 
. 

Sample wt/vol: 1000 (g/mL) ML Lab File ID: AF3168 . 

Level: (low/med) LOW Date Received: 05/11/95 . 

% Moisture: decanted: (Y/N) - Date Extracted: 05/12/95 

Concentrated Extract Volume: 1000 WL) Date Analyzed: 05/17/95 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/W L pH: . 
CONCENTRATION UNITS: 

51-28-5 ---------2,4=Dinitrophenol 
100-02-7--------4-Nitrophenol 
132-64-9 --------Dibenzofuran 
121-x4-2-------- 2,4-Dinitrotxuene 
84-6602---------Diethylphthalate. 
7()05-72-3-w.---- 4-Chlorophenyl-phenylether 
86-7377---------Fluorene 
lOO-Oi-6 --------4-Nitroaniline 
534-52-l --------4,6-Dinitro-2-Methylphenol 
86-30-6--------- N-Nitrosodiphenylamine (l)- 
101-55-3-------- 4-BromophenyI-phenylether - 
118-74-l--------Hexachlorobenzene 
87-86-5-A-------Pentachlorophenol 
85-01-8 ---------Phenanthrene 
120-12-7 --------Anthracene 
86-74-8 ---------Carbazole 
84-74-2--------- Di-n-Butylphthalate 
206-44-O--------Fluoranthene 
129-OO-O--------Pyrene 
85-68-7--------- Butylbzylphthalate 
g1-g4-1-------- 3,3@-Dichlorobenzidine 
56-55-3--------- Benzo(a)Anthracene - 
218-0179--------Chrysene 
i17-81-7 --------bis(2-Et= hexvl)Phthalate 
117-84-O --------Di-n-Octyl Phthalate 
205-99-2--------Benzo(b)Fluoranthene 
207-08-9--------Benzo(k)Fluoranthene 
50-32-8 ---------Benzo(alPvrene 
193-39-5 -----z-w Indeno(l,2,3-cd)Pyrene 
53-70-3--------- Dibenz(a,h)Anthracene 
1g1-24-2-------- Benzo(g,h,i)Perylene . . 

'CAS NO. COMPOUND @g/L or ug/W uG/L Q 

25 u 
25 u 
10 rJ 
10 u 
10 u 
10 u 
10 u 
25 u 
25 u . 
10 U 
10 U 
10. U 
25 U 
10 U 
10 U 
10 U 

1 BJ 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10. U 
10 U 
10 U 
10 U 

1) - Cannot be separated from Diphenylamine 

FORM I SV-2 3/90 



1F 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

EPA SAMPLE NO. 

I 73TK615 
Lab Name: ITAS-KNOXVILLE Contract: BAKER I II 
Lab Code: ITSTU Case No.: 3572 SAS No.: SDG No.: 73TK6 

Matrix: (soiilwater) WATER Lab Sample ID: A&168 

Sample wt/vol: 1000 (g/*1 ML Lab File ID: AF3168 . 

Level: (low/med) LOW Date Received: 05/11/95 . 

% Moisture: decanted: (Y/N) - 

Concentrated Extract Volume: 1000 W) 

Date Extracted: 05/12/95 

Date Analyzed: 05/17/95 

Injection Volume: 2,O(uL) Dilution Factor: 1.0 

GPC Cleanup: W/N) N ' -. PH: - 

CONCENTR+TION UNITS: 
Number TICS found: 0 (w/L or WW L?ELL 

css NUMBER COMPOUND NAME RT EST. COJK!. Q 
--------- --------------I_------- ------- -- --- --- 

FORM I SV-TIC 3/90 

- 



PESTICIDE ORGANICSlhALYSIS DATA SHEET 
EPA SAMPLE NO. 

I--- 
73TK615 

Lab Name: ITAS-KNOXVILLE Contract: I 

Lab Code: Case No.: W03573 SAS No.: SDG No.: 73RB19 

Matrix: (soil/water) WATER Lab Sample ID: AF3176 

Sample wt/vol: 1000 (g/fi) ML Lab File ID: 

% Moisture: decanted: (Y/N) Date Received: 05/11/95 

Extraction: (SepF/Cont/Sonc) CONT Date Extracted: 05/15/95 

Concentrated Extract Volume: 10000 .(uL) Date Analyzed: 05/25/95 

Injection Volume: 1.00 (UL) Dilution Factor: '1.00 

GPC Cleanup: (Y/N) N . pH: 7.0 Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOUND. 
CONCENTRATION UNITS: 
(ug/L or'ug/Kg) UG/L 

319-84-6--------alpha-BHC 
319-85-7 --------beta-BHC 
319-86-8 --------delta-~ BHC 

[Lindane) 58-89-9-------~-g-a-BHC-- 

76-44-8---------Heptachlor 
309-00-2 --------Al&in 
1024-57'3 
959-98-'8 

-------Heptachlor epoxide 
--------Endosulfan I 

60-57-l ---------Dieldrin 
72-55-9 ---------4,4c.-DDE 
72-20-8 -----r---En&in 
33213-65-9 ------Endosu'lfan II 
72-54-8 ---------4m4t-DDD - - 
iti31-07-8 

-.- --- 
-------Endosulfan sulfate 

50-29-3 ------4,4'-DDT 
72-43-5 ---------Methoxychlor 
53494-70-5 ------Em&in ketone 
7421&93-4&------Endrin aldehyae 
5103-71-97------alpha-Chlordane 
5103-74-2 -------aamma-Chlordane 
8001-35-2-------Toxaphene 
12674-11-2 ------Aroclor-1016 

.11104-28-2 ------Aroclor-1221 
11141-16-5 ------Aroclor-1232 
53469-21-9 ------Aroclor-1242 
12672-29-6 ------Aroclor-1248 
11097-69-l ------Aroclor-1254 
11096-82-5 ------Aroclor-1260 

FORM I PEST _ 

0.050 
. 0.050 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 

i:: 
1.0 
1.0 
1.0 

4:: 

- 

3/90 



U.S. EPA - CLP 

1 EPA SAMPLE NO. 
INORGANIC ANALYSES DATA SHEET I I 

I 
I3-L-Lo.L3 

Lab Name: QUANTERRA-ENOXVILLE Contract: BAKER/CL I 
Lab Code: ITSTU- Case No.: 3572- SAS No.: - 'SDG No.: N/A-. 
Matrix (soil/water): WATER Lab Sample ID: AF3169 
Level (low/med): LOW Date Received: 05/11/95 
% Solids: 0.0 - 

Concentration Units (ug/L or mg/kg dry weight): UG/L- 

!AS No. 

- 

Analyte 

aluminums 
titimony- 
irsenic 
3arium - 
3eryllZiZ 
Zadmium 
Zalcium- 
Zhromieh 
Zobalt 
Copper- .- 
Iron 
Lead 
Kagnz 
Manganese 

gzgp 

PotassZiZ 
Selenium- 
Silver 
Sodium- 
ThalliE 
Vanadium: 
Zinc 

Concentration : Q 

r429-90-5 
r440-36-0 
r440-38-2 
1440-39-3 
1440-41-7 
?440-43-9 
1440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-l 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-o 
7440-09-7 
7782-49-2 
74-40-22-4 
7440-23-5 
7440-28-O 
7440-62-2 
7440-66-6 

21700 
50.0 
10.0 
79.6 

1.0 
5.0 

84600 
43.5 
2o..cl 
24.4 

17300 
23.0 
485C 

15s 
0.2c 
2o.c 
45oc 

5.C 
5.t 

.2320( 
1o.c 
37-i 

154 

5 ti I 
-I 
iii 

a 
u 
B 
u 
U 

u 
B 
- 

- 
I 
i- 
,- 
,- 
,- 
,- 
;- 
f 
f 
f 
f 
;- *- ? 
?- 
h 
e 
e- 
P’ 
e- 
e- 
e- 
e- 
p: 
- 
i 

- 
- 
- 
- 

Color Before: COLORLESS Clarity Before: CLEAR- 
Color After: _, COLORLESS Clarity After: CLEAR- 

Texture: N/A 
Artifacts: - 

Comments: 
CLIENT~SAMPLE~ID~NO.~IS~73-TK-615. 

FORE I - IN 
ILMO2.1 



--.- -- 
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Data have NOT been through final levels of review and are subject-to change upon this review. 
Actions taken on these Data are the responsibility of the Data user. 
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C5E120060 
oerrarrruglur 

CJu4PLEJExJNE 
PAGE 1 

73-Z-K-3617 OS/OS/SS OQtOQ 

raorgaaic Analys38, 
Reactive Cyanide 
Flash Point Closed Cup 
pH Aqueous 
Sulfide Reactive 

73-TR-615 05/09/95 OOtOO 

Inorganic Apalyais 
Reactive Cyanide 
Flash Point Closed Cup 
pH Aqueous 
Sulfide Reactive 

REPORTIMG 
RFSDLT LIMIT 

ND 50.0 
,200 
6.9 1.0 
ND 50.0 

ND 50.0 
,200 
8.0 1.0 

*ND 50.0 

UNIT 

w/kg 
deg F 
8U 

w/kg 

Reviewed 
SW846 7.3.3. 
SW846 1010 
SW846 9040 
SW846 7.3.4. 

Reviewed 
St?846 7.3.3. 
SP7846 1010 
SW846 9040 
SW846 7.3.4. 

,-_ 



TOTAL SUSPENDED SOLIDS ANALYSIS 

Laboratory Name: 
Contract Name: 

Quantena-Knoxville 
Baker Camp Lejeune 

Job Number 3682 

Analysis Date: 05/25/95 

concentrationUnits: 

client Sample ID Lab Sample ID ResuIt QuaIifier 

MkthodBhlk AFso17 1 u ’ 

73-T&3617 AF4536 3300 + 

73-TK-615 AF4537 700 + 
- 

- Positivkresld~ 
- Compound was analyzed for but not detected. .The.munber is the detection limit for the sampie. 



1A 
VOLATILE ORGANICS VALYSIS DATA SHEET 

EPA SAMPLE NO. 

Lab Name: ITAS-KNOXVILLE Contract: BAKER I 
I 73TK3617 - 
b 

Lab Code: ITSTU Case No,: 3572 SAS No.: SDG No.: 73TK3 

Matrix: (soil/water) WATER Lab Sample ID: AF3163 . 

Sample wt/vol: 5.0 (g/W ML Lab File I?: AF3163 

Zevel: (low/med) LOW Date Received: 05/11/95 

% Mois&e:*not dec. Date Analyzkd: 05/17./95 

dC Column: RTX624 ID: 0.530 (mm) Dilution Factor: 1.0 

Soil Extract Volume: (UL) Soil Aliquot Volume: (-4 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
OWL or w/W uG/L Q 

74-87-3---------Chloromethane 
74-83-9 ---------Bromomethane 
75-01-4 ---------Vinyl Chloride 
75-OO-3---------Chloroethane 
75-09-2 ---------Methylene Chloride 
67-64-l ---------Acetone 
75-15-O,--------- Carbon Disulfide. 
75-35-4-------7- 1,1-Dichloroethene 
75-34-3---i----- 1,liDichloroethane 
54()-5g-()-------- 1,2-Dichloroethene (total) 
67-66-3 ---------Chloroform 
107-06-2-------- 1,2-Dichloroethane 
78-93-3 ---------20Butanone 
71-5+6--------- l,l,l-Trichloroethane 
56-23-f+--.----- Carbon Tetrachloride 
75-27-4-------.- Bromodichloromethane 
78-87-5 ---------1,2-Dichloropropane 
10061-01-5 ------cis-l,%Dichloropropene 
79-oi-6 ---------Trichloroethene 
124-48-l--------Dibromochloromethane 
7g-oo-5--------- 1,1,2-Trichloroethane 
71-43-2 ---------Benze& 
10061-02-6 ------trans-1,3-Dichloropropene 
75-25-2 ---------Bromofo~ 
1()8-1()-1-m.------ 4-Methyl-2-Pentanone 
591-78-6 --------2-Hexanone 
127-18-4 --------Tetrachloroethene 

.7g-34-5--------- 1,1,2,2-Tetrachloroethane 
108-88-3 --------Toluene 
108-90-7--------Chlorobenzene 
100-41-4 --------Ethylbenzene 
100-42-5--------Styrene 
1330-20-7 -------Xylene (total) 

.- 

FORM I VOA 3/90 

10 
10 
10 
10 
10 

5 
10 
10 
10 

5 
10 

2 
. 10 

10 
10 
10 
10 

-10 
6 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
-10 
10 

U 
U 
U 
U 
U 
BS 
U 
U 
U 
J 
U 
BJ 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

,- 

- 



. 

1E EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

.!@- TENTATIVELY IDENTIFIED COMPOUNDS 
73TK3617 

Lab Name: ITAS-KN~~ILLE Cdntract: BAKER 

Lab Code:- ,ITSTU Case No.: 3572 SAS No.: SDG No.: 73TK3 

Matrix: (soil/water) WATER Lab Sample ID: AF3163 

Sample wt/vol: 5.0 (g/W ML Lab File ID: AF3163 

Level: (low/mea) LOW Date Received: 05/11/95 

& Moisture: not dec. Date Analyzed: 05/17/95 

GC Column: RTX624 ID: 0.530 (mm) Dilution Factor: 1.0 

. Soil Extract Volume: WI Soil Aliguot Volume: (a 

Number TICS fouhd: 0 
CONCENTRATION UNITS: 
M/L of w/Kg) vG/L 

COMPOUND NAME RT 
---- ---- - 

. I 

. . 

FORM I VOA-TIC 3/90 
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1B EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET J-- 

73TK3617 
Lab Name: ITAS-KNOXVILLE Contrast: BAKER I 

Lab Code: ITSTU Case No.: 3572 SAS No.: . SDG No.: 73TK6 
. 

Matrix: (soil/water) WATER Lab Sample ID: 'AF3164 

Sample wt/vol: 1000 &mw ML Lab File ID: AF3164 

Level: (low/mea) LOW Date Received: 05/11/95 
. 

& Moisture:. ' decanted.: (Y/N) - Date Extracted: 05/X2/95 

Concentrated Extract Volume: 1000 WL) Date Analyzed: 05117195 

Injection Volume: 2.O(uL) i Dilution Factor: 1.0 

GPC Cleanup: (Y/W N pHi 
CONCENTRATION UNITS:. 

CAS NO. COMPOUND (w/L or w/Kg) UG 

108-95-2 --------phenol 
111-44-4 --------bis(2-Chloroethyl)Ether 
95-57-8 ---------20Chlorophenol 
541-73-l-------- 1,3-Dichlorobenzene 
106-46T7-------- 1,4-Dichlorobenzene 
g5-50-1-------- 1,2-Dichlorobenzene 
9504807---------2-Methylphenol 

.108-60-l-------- 2,2@-oxybis(l-Chloropropane)- 
106044-5--------4-Methylphenol 
621-64-7 --------N-Nitroso-Di-n-Propylamine 
67-72-l---------Hexachloroethane 
98-95-3 ---------Nitrobenzene 
78-59-l---------Isophorone 
88-75-5---------2-Nitrophenol 
105-67-g --------2,4-Dimethylphenol 
111-g1-1-------- bis(2-Chloroethoxy)Methane 
120-83-2 --------2,4-Dichlorophenol 
120-82-l-------- 1,2,4-Trichlorobenzene 
91-20-3 ---------Naphthalene 

'106-47-8 --------4khloroaniline 
87-68-3;--------Hexachlorobutadiene 
59-50-7 ---------4-Chloro-3-Methylphenol 
g1-57-6---+y-- 2-Methylnaphthalene 
77-47-4 ---------Hexachlorocyclopentadie 
88-06-2 ---------2,4,6-Trichlorophenol 
95-95-4 ------.---2,4,5-Trichlorophenol 
91-58-7 ---------2-Chloronaphthalene 
88-74-4 ---------2-Nitroaniline 
131-11-3-------- Dimethylphthalate 
208-96-8--------Acenaphthylene 
606-20-2 --------2,6-Dinitrotoluene 
99-09-2 ---------3-Nitroaniline 
83-32-9 ---------Acenaphthene 

F&H I SV-1 

. 10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
25 
10 
25 
10 
10 
10 
25 
10 

- 

c 
1 
It 
I 
1 
1 
I 
I: 
f 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 

1 
1 

1 
1 
1 

1 

- 

Q 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
3 
J 
J 
J 
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. 

1C EPA SAMPLE No. 

.!- SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

73TK3617 
Lab Name: ITAS-KNOXVILLE - Contract: BAKER 

Lab Code: ITSTU Case No.: 3572 SAS No.: SDG No.: 73TK6 

Matrix: (soil/water) WATER Lab Sample ID: AF3164 

Sample wt/vol: 1000 (g/W ML Lab File ID: AF3164 . 

Level:: (low/med) LOW Date Received: 05f11/95 
. 

% Moisture: decanted: (Y/N) - Date Extracted: 05/12/95 

Concentrated Extract Volume: 1000 WJ) Date Analyzed: 05/17/95 

Injection Volume: 2.O(UL) Dilution Factor: 1.0 

GPC Cleanup: (Y/W N -. PH: - 
CCNCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) uG/L Q 

51-28-5--------- 2,4-Dinitrophenol 
100-02-7 --------4-Nitrophenol 
132-64-9 --------Dibenzofuran . . 
12x-14-2-------- 2;4-Dinitrotoluene 
84-66-27--------Diethylphthalate. 
7005-72-3------- 4-Chlorophenyl-phenylether- 
86073-7---------Fluorene 
1000O&-6 --------4-Nitroaniline 
53&52-l-------- 4,6-Dinitro-2-Methylphenol- I 
86-,30-6--------- N-Nitrosodiphenylamine (l)- 
x01-55-3-------- 4-Bromophenyl-phenylether 
118-74-l--------Hexachlorobenzene 
87-86-5---------Pentachlorophenol 
850Ol-8---------Phenanthrene 
120-12-7 --------Anthracene 
86-74-8 ---------Carbazole 
84-74-2 ---------Di-n-Butylphthalate 
206-44-O--------Fluoranthene I 
129-OO-O--------Pyrene 
85-68-7 ---------Butylbenzylphthalate 
g1-g4-1----.---- 3,3*-Dichlorobenzidine 
56-55-3 ---------Benzo(a)Anthracene 
218-01-g --------Chrysene 
117-81-7 --------bis(2=Ethylhexyl)Phthalate- 
117-84-O --------Di-n-Octyl Phthalate 
205-99-2 --------Benzo(b)Fluoranthene 
207-08-g --------Benzo(k)Fluoranthene 
50-32-8 ---------Benzo(a)Pyrene 
1g-Jw3g-..5 -------- Indeno(l,2,3-cd)Pyrene 
53-70-3 ---------Dibenz(a,h)Anthracene 
1g1-24-2------- -Benzo(g,h,i)Perylene 

25 
25 
10 
10 
10 
10 
10 
25 
25 
10 
10 
10 
25 
10 
10 
10 

1 
10 
10 
10 
10 
10 
10 
10 
TO 
10 
10 
10 
10 
10 
10 

J 
J 
J 
J 
J 
J 
J. 
J 
J 
J 
J 
3 
u 
u 
u 
u 
BJ 
u 
u 
U 
U 
U 
U 
u 
u 
u 
u 
U 
U 
U 
U 

. 

I 
1) - Cannot be separated from Diphenylamine 

FORM I SV-2 3/90 
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-_ 

. . 
1F . . EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS bATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS j.---. 

73TK3617 
Lab Name: ITAS-KNOXVILLE Contract: BAKER I 

Lab Code: ITSTU Case No.: 3572 SAS No.: SDG No.: 73TK6 - 

Matrix: (soil/water) WATER Lab Sample ID: AF3164 " 

Sample wt/vol: 1000 (g/mL) ML: Lab File ID: AF3164 '+ 

Level: (low/med) LOW Date Received: 05/11/95 . 

& Moisture: decanted: (Y/N) - Date Extracted: 05/12/95 

Concentrated Extract Volume: 1000 WJ) Date Analyzed: 05/17/95 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: '(Y/N) N pH: . 

CONCENTRATION UNITS: 
Number TICS found: 1. (w/L or ug/Xg) UG/L 

CAS-NUMBER COMPOUNDNAME 
_- ,-,=-m--i-=--- 

1. UNKNOWN HYDROCARBON 

RT' I EST. C&NC. 
I  

- - -  
- - - - - m  

16.68 
I 

6 

Q 

J _-- 

FORM I SV-TIC 3/90 
-. 



PESTICIDE CRGANICS%ALYSIS DATA SHEET 
m. 

Lab Name: ITAS-KNOXVILLE Contract: 

Lab Code: Case No.: W03573 SAS No.: SDG 

Matrix: (soil/water) WATER. Lab Sample ID: 

Sample wt/vol: 1000 w-4 ML Lab File ID: 

% Moisture: decanted: (Y/N) Date Received: 

EPA SAMPLE NO. 

73TK3617 
I- 

No. : 73RB19 

AF3175 

05/11/95 

Extraction: (SepF/Cont/Sonc) &NT Date Extracted: 05/15/95 

Concentrated Extract Volume: 10000 WJ) Date Analyzed: 05/25/95 

Injection Volume: 1.00 (UL) Dilution Factor: 1.00 

GPC Cleanup: W/W N pH: 7.0 Sulfur Cleanup: (Y/N) N 

CAS NO. 
CONCENTRATION UNITS: 

COMPOUND (ug/L or ug/Kg) UG/L Q 

LHC --~--- 

llor eDoxide 

319-8406--------alpha-BHC 
319-85-7 --------beta-BHC 
319-86-8--------delta-BHC 
5808909---------gamma-BHC (Lindane) 
76-44-8---------Heptachlor 
309-00-2 --------Aldrin 
1024-57-3 -------Heptachlor epoxide 
959-98-8------I-Endosulfan I 
60057-l---------Dieldrin 
72-55-9 ------4,4'+DE 
72-20-8 ---------Endrin 
33213-65-9------Endosulfan II 
72-54-8 ---------4,48-DDD 
1031~07-B------- Endosulfan sulfate 
50-29-3 ------4,4'-DDT. 
72-43-5 ---------Methoxychlor 
53494-70-5------Endrin ketone 
7421-93-4 -------Endrin aldehyde 
5103-71-9-------alpha-Chlordane 
5103-74-2-------gamma-Chlordane 

.8001-35-2 -------Toxaphene 
12674-11-2 ------Aroclor-1016 
11104-28-2 -A----Aroclor-1221 
1114.1-16-5 ------Aroclor-1232 
53469-21-9 ------Aroclor-1242 
12672-29-6 ------Aroclor-1248 
11097-69-l ------Aroclor-1254 
11096-82-5 ------Aroclor-1260 

-I 

)E I 
m  fan II 

an sulfate 

.or 

3e 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
o.og u 
0.050 u 
0.050 u 

0.10 tJ 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 U 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0, u 

FORM I PEST 
. 

3/90 



’ - 

U.S. EPA - CLP 

1 EPA SAMPLE NO. '- 
INORGANIC ANALYSES DATA SHEET 

I - I 

Lab Name1 QUANTERRA_K'NoxvILLE I 
73TK36 

Lab Code: ITSTU 
Contract: BARER/CL 

Case No.: 3572- SAS No.: - SDG No.: N/A 
I 

Matrix (soil/waEer): WATER 
Level (low/med): LOW 

Lab Sample ID: AP3165 - 

% Solids: 0.0 
Date Received: 05/11/95 

Concentration Units (ug/L or mg/kg dry weight): UG/L- 

CAS No. Analyte Concentration C 

.fi 
u 
B 
u 
U 

B 
U 
U 

TJ 
B 

u 
U 
B 
U 
U 

is 
U 

Q 

7429-90-S Aluminum 
7440-36-o 
7440-38-2 

Antimony: 
Arsenic 

7440-39-3 Barium - 
7440-41-7 BeryllE 
7440-43-g. Cadmium 
7440-70-2 Calcium- 
7440-47-3 
7440-48-4 

Chromium 
Cobalt 

7440-50-8 Copper- 
7439-89-6 Iron - 
7439-92w.l Lead 
743'9-95-4 MagGZEG 
7439-96-5 Manganese 
7439-97-6 
7440-02-o 

Mercury 
Nickel - 

7440-09-7 Potassium 
7782-49-2 
7440-22-4 

Selenium- 
Silver - 

7440-23-5 Sodium- 
7440-28-o ThalliK 
7440-62-2 
7440-66-6 

Vanadium" 
Zinc 

487 
50.0 
10.0 
24.9 

1.0 
5.0 

33300 
10.0 
20.0 
10.0 

437 
3.0 

2570 
24.8 
0.20 
20.0 
2590 

5.0 

26&: 
10.0 
10 :o 
73.3 

Color Before: 

- 

M 

P 
P- 
P- 
P- 
P- 
P- 
P- 
P- 
P- 
pz 

g 

x 
67 
P 
P- 
P- 
P- 
P- 
P- 
P- 
pz 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

COLORLESS 
Color After: COLORLESS 

Comments: 

Clarity Before: CLEAR_ 
Clarity After: CLEAR1 

Texture : N/A I 

Artifacts: 

- 

FORM I - IN 
ILMO2.1 - 

-. 



. 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

,T---\ 73POLYOl 
Lab Name: ITAS-KNOXVILLE Contract: BAKER I 

Lab Code: ITSTU Case No.: 3707 SAS No.: SDG No.: 73POLY 

Matrix: (soil/water) WATER Lab Sample ID: AF4795 " 

Sample wt/vol: 5.0 (g/W ML Lab File ID: AF4795 

Level: . (low/mea) LOW Date Received: 05/24/95 

% Moisture: not dec. Date Analyzed: 05/30/95 

GC Column: RTX624 ID: 0.530 (mm) Dilution Factor: 1.0 

Soil Extract Volume: WI Soil Aliquot Volume: WJ) 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
@g/L or ug/Kg) UG/L 

74-87-3---------Chloromethane 
74-83-9;.-------Bromomethane 
75-01-4 ---------Vinyl Chloride 
75-00-3 ---------Chloroethane 
75-09-q ---------Methylene Chloride 
67-64-l---------Acetone 
75-15-O--------- Carbon Disulfide' 
75-35-4--------- l,l-Dichloroethene 
75-34L3--------- l,l-Dichloroethane 
540-5g-()-------- 1,2-Dichloroethene (total)- 
67-66-3---------Chloroform 
107-06-2-------- 1,2-Dichloroethane 
78-93-3---------2-Butanone 
71-55-6--------- l,l,l-Trichloroethane 
56-23-l+-------- Carbon Tetrachloride .‘. 
75-27-4---------Bromodichloromethane 
78-87-5 ---------1,2-Dichloropropane 
10061-01-5 ------cis-1,3-Dichloropropene 
79-Ol-6---------Trichloroethene 
124-48-l-------- Dibromochloromethane. 
7g-o()-5--------- 1,1,2-Trichloroethane 
71-43-2 ---------Beniene 
10061-02-6 ------trans-1,3-Dichloropropene 
75-25-2---------Bromoform 
108-lo-l--------4-Methyl-2-Pentanone 
591-78-6--L-----2-Hexanone 
127~18-4-------- Tetrachloroethene 
7g-34-5--------- 1,1,2,2-Tetrachloroethane '. 
108-88-3 --------Toluene 
108-90-7--------Chlorobenzene 
100-41-4 --------Ethylbenzene 
lOO-42-5--------Styrene 
1330-20-7 -------Xylene (total) 

10 u 
, 10 u 

10 u 
10 u 

1 BJ 
2900 BE 

10 u 
10 CJ 
10 CJ 

3 J 
. 10 u 

10 u 
1 J 

10 U 
10 J 
10 u 
10 u 
10 rJ 

3 5 
10 CT 

_. 10 rJ 
10 u 
10 u 
10 u 

1 J 
10 u 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 

Q 

FORM I VOA 
-. 

-. 



1E EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS L 
73POLYOl 

Lab Name: ITAS-KNOXVILLE _ Contract: BAKER I ' 

Lab Code: ITSTU Case No.: 3707 

Matrix: (soil/water) WATER 

Sample wt/vol: 5.0 (s/-l ML 

Level: (low/mea) LOW 

& Moisture: not dec. 

GC Column: RTX624 ID: 0.530 (mm) 

Soil Extract Volume: WJ) 

Number TICS found: 2 

SAS No.: SDG No. : 73POLY 

Lab Sample ID: AF4795. .' 

Lab File ID: AF4795 

Date Received: 05/24/95 

Date Analyzed: 05/30/95 

Dilution Factor: 1.0 

Soil Aliquot Volume: WJ) 

CONCENTRATION UNITS: 
(tig/L or ug/Kg) UG/L 

CAS NUMBER COMPOUND NAME 
---'z--m=== --------c----------- -- 

1. UNKNOWN ALCOHOL 
2. 124-18-5 DECANE 

RT EST. CONC. Q 
--- ----------- ---- -- ---- --- 

3.37 86 3 
11.13 94 BJN 

FORM I VOA-TIC 3/90 



- . 

1A EPA &AMPLE NO. 
VOLATILE CRGANICS ANALYSIS DATA SHEET 

,f-=-- 73POLYOlDL 
&ab Name: ITAS-KNOXVILLE Contract: BAKER I 

Lab Code: ITSTU Case No.: 3707 SAS No.: SDG No.: 73POLY. 

Matrix: (soil/water) WATER Lab Sample ID: AF4795 '. 

Sample wt/vol: 5*0 (g/W ML Lab File ID: AF4795D2 

Level: (low/mea) LOW Date Received: 05/24/95 

% Moisture: not dec. Date Analyzed: 05/31/95 

GC Column: RTX624 ID: 0.530 (mm) Dilution Factor: 20.0 

Soil Extract Volume: (UL) Soil Aliguot Volume: 0-u 

CAS NO. COMPGUND 
CONCENTRATION UNITS: 
(ug/L or.ug/Kg) UG/L 

rcz, i 

74-87-3.--------Chloromethane 
74-83-9 ---------Bromomethane 
75-01-4 ---------Vinyl Chloride 
75-00-3 ---------Chloroethane 
7549-2 -A-------Methylene Chloride 
67-64-l ---------Acetone 
75-15-O-------:- Carbon Disulfide. 
75-35-4--------- 1,l:Dichloroethene 
75-34-3--------- l,l-Dichloroethane 
54()-5g-o-------- 1,2-Dichloroethene (total)- 
67-6603---------Chloroform 
107-06s2-------- 1,2-Dichloroethane 
78-9303---------2-Butanone 
71-55-6--------- l,l,l-Trichloroethane 
56-,23-5--------- Carbon Tetrachloride 
75-27-4--------- Bromodichloromethane 
78-87-5 ---------1,2-Dichloropropane 
10061-Ol-'5 ------cis-1,3-Dichloropropene 
79-01-6-------- -Trichloroethene 
124,-48-l-------- Dibromochloromethane 
7g-()o-5--------- 1,1,2-Trichloroethane 
71-43-2 ---------Benzene 

10061-02-6 ------trans-1,3-Dichloropropene 
75-25-2 ---------Bromofo~ . 

108-10-l --------4-Methyl-2-Pentanone 
591-78-6 --------2-Hexanone 
127-18-4 -------:Tetrachloroethene 
7g-34-5--------- 1,1,2,2-Tetrachloroethane 
108788-3 -;------Toluene 
108-90-7 --------Chlorobenzene 
100-41-4 --------Ethylbenzene 
lOO-42-5--------Styrene 
1330-20-7 --L----Xylene (total) . . 

200 LJ 
200 u 
200 u 
200 IT 

37 BDJ 
3200 D 

200 u 
200 LT. 
200 u 
200 U 
200 U 
200 U 
200 U 
200 U 
200 U 
200 U 
200 U 
200 U 
200 U 
200 u 
200 u 
200 U 
200’ u 
200 U 
200 U 
200 U 
200 . U 
200 U 
200 U 
200 U 
200 U 
200 U 
200 U 

I 

Q 

3/90 FORM I VOA 



1E EPA SAMPLE NO, 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS L- 
73POLYOlDL 

Lab Name: ITAS-KNOXVILLE Contract: BAKER I 

Lab Code: ITSTU Case No.: 3707 SAS No.: SDG No.: 73POLY 

Matrix: (soil/.water) WATER Lab Sample ID: AF4795 " 

Sample wt/vol: 5-O WmL) ML Lab File ID: AF4795D2. 

Level: (low/med) LOW Date Received: 05/24/95 

% Moisture: not dec. Date Analyzed: 05/31/95 

GC Column: RTX624 ID: 0.530 (mm) Dilution Factor: 20.0 

Soil Extract Volume: WI Soil Aliquot Volume: (UL) 

Number TICS, found: 2 
CONCENTRATION UNITS: 
WWL or w/W uG/L 

CAS NUMBER COMPOUND NAME RT EST; ,CONC. Q ------ m-m---- =-~zzz --------I- --- ----- -- ----- --- --- 
1. 124-18-5 DECANE 11.03 1100 BJN 

. - 

FORM I VOA-TIC 3/90 
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1B - 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

73POLYOl 
E Name: ITAS-KNOXVILLE Contract: BAKER 

Lab Code: ITSTU Case No.: 3707 SAS No.: SDG No.: 73POLY 

Matrix: (soil/water) WATER Lab Sample ID: AF4796 .. 

Sample wt/vol: 1000 (g/mL) .ML Lab File ID: AF4796 

Level: (low/med) LOW Date Received: 05124195 

% Moisture: decanted: (Y/N) - Date Extracted: 05/25/95 

Concentrated Extract Volume: 1000 WA Date Analyzed: 05/31/95 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: W/W N PH: - 
CONCENTRATION UNITS: 

.- 

98-95-3,--------ANitrobenzene 
78-59-l---------Isophorone 
88-75-5---------2-Nitrophenol 
105-67-g -------22,4-Dimethylphenol 
lll-gl-l--&----- bis(2-Chloroethoxy)Methane 
120-83-2 --------2,4-Dichlorophenol 
i20-82-1 --------1,2;4-Trich.lorobenzene 
91-20-3 ---------Naphthalene 
,106-47-8---L----4-Chloroaniline 
87-68-3 ---------Hexachlorobutadiene 
59-50-7 ---------4-Chloro-3-Methylphenol 
91-57-6---m-w--- 2-Methylnaphthalene 
77-47-4 ---------Hexachlorocyclopentadiene 
88-06-2 ---------2,4,6-Trichlorophenol' 
95-95-4 ---------2,4,5-Trichlorophenol 
91-58-7--------- 2-Chloronaphthalene 
88-74-4---L-----2-Nitroaniline 
131-Xl-3-------- Dimethylphthalate. 
208-96-8--------Acenaphthylene 
606~,20-2 --------2,6-Dinitrotoluene 
99-09-2---------3-Nitroaniline . 

--83-32-g ---------Acenaphthene 

FORM I SV-1 

108-95-2 --------phenol 
111-44-4 --------bis(2-Chloroethyl)Ether 
95-57-8---------2-Chlorophenol 
541-73-l-------- 1,3-Dichlorobenzene 
106-46-7-------- 1,4-Dichlorobenzene 
gc+50-1-------.- 1,2'Dichlorobenzene 
95-48-7---------2-Methylphenol . 
108-60-l-------- 2,2'-Oxybis(l-Chloropropane)- 
106-44-5--------4iMethylphenol .- 

621-64-7 ---A----N-Nitroso-Di-n-Propylamine 
67-720l---------Hexachloroethane 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/L 

10 
10 
10 
10 
10 
10 
10. 
10 
10 
10 
10 
10 
10 
10 

2 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
25 
rd 
25 
10 
10 
10 
25 
10 

Q 

u. 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
J 
u 
u 
u 
u 
u 
u 
u 
u 
U 
U 
U 
u 
U 
U 
U 
U 
U‘ 
U 

3 90 



1C . . 
SEMIVOLATILE oRGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

I 

C&tract: BAKER 
73POLYOl '̂ ; 

Lab Name: ITAS-KNO.XVILLE - .' I 

Lab Code: ITSTU Case No.: 3707 SAS No.: SDG No.: 73POLY 

Matrix: (soil/water) WATER Lab Sample ID: AF4796 '. 

Sample wt/vol: (g/mL) ML 1000 Lab File ID: AF4796 

Level: (low/mea) LOW Date Received: 05/24/95 

% Moisture: decanted: (Y/N) __ Date Extracted: 05/25/95 

Concentrated Extract Volume: 1000 (-4 Date Analyzed: 05/31/95 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N PH: - 

'CAS NO. 
CONCENTRATION UNITS: 

COMPOUND OWL or WW E.&- 

51 
10 
13 
12 
84 
70 

,-28-5-m------- 2,4-Dinitrophenol 
IO-02-7--------40Nitrophenol 
2-64-9 --------Dibenzofuran . 
l-14-2 --------2,4-Dinitrotoluene 
-66-2---------Diethylphthalate 
05072~3 -------40Chlorophenyl-phenylether 

86-73-7 ---------Fluorene 
100-01-6 --------4-Nitroaniline 
534-52-l----.-- 4,6-Dinitro-2-methylphenol: 
86-30-6 ---------N-Nitrosodiphenylamine (1). 
101-55-3 --------4-Bromophenyl-phenylethenylether - 
118-74-1 --------Hexachlorobenzene 
87-86-5 ---------Pentachlorophenol - 
85-01-8 ---------Phenanthrene 
120-12-7 --------Anthracene 
86-74-8 ---------Carbazole 
84-74-2 ---------Di-n-Butylphthalate 
206-44-o --------Fluoranthene 

.129-OO-O--------Pyrene 
85-68-7 ---------Butylbenzylphthalate 
91-94-1 ---------3,31-Dichlorobenzidine 
56-55-3 --.-------Benzo(a)Anthracene 
218-01-g --------Chrysene 
3.17-81-7 --------bis(2-Ethylhexyl)Phthalate 

- 117-84-(-)------- Di-n-O&y1 Phthalate 
205-99-2 --------Benzo(b)Fluoranthene 
207-08-g --------Benzo(k)Fluoranthene 
SO-32-8---------Benzo(a)Pyrene 
193-39-5 --------Indenofl.2.3-cd)Pvrene \-. . 

,53-70-3--------- Dibenz(a,h)Anthra&ne 
191-24-2 --------Benzo(g,h,i)Perylene 

- 
- 

1) - Cannot be separated from Diphenylamine 

FORM I SV-2 

25 
25 
10 
10 
10 
10 
1‘0 
25 
25 
10 
10 
10 
25 
i0 
10. 
10 
10 
10 
10 
10 
10 
10 
10 

1 
10 
10 
10 
10 
10 
10 
10 

Q 

U 
U 
U 
U 
U 
U‘ 
U 
u 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
u 
U 

- 

- 

_- 

3/90 



1F . EPA SAMPLE NO. 
SEMIVOLATILE ORGANIC3 ANALYSIS DATA SHkET 

TENTATIVELY IDENTIFIED COMPOUNDS 
,T-- 73POLYOl 

L Name: ITAS-XNOXVILLE Contract: BAKER 

Lab Code: ITSTU Case No.: 3707 SAS No.: SDG No.: 73POLY 

Matrix: (soil/water) WATER Lab Sample ID: AF4796 .. 

Sample wt/vol: 1000 (g/mL) ML Lab File ID: AF4796 

Level: (low/med) LOW Date Received: 05124195 

% Moisture: decanted: (Y/N) - Date Extracted: 05/25/95 

Concentrated Extract Volume: 1000 WL) Date Analyzed: 05/31/95 

Injection Volume: 2.O(UL) Dilution Factor: 1.0 

GPC‘ Cleanup: W/W N 

Number TICS found: 28 

PH: - 

CONCENTRATION UNITS: 
(w/L or w/W UG/L 

CA5 NUMBER 
----------- --I-------- 

1. '141-79-7 
"a. 

. 123-42-2 
4, .. 
5. 124-07-2 
6. 7112-02-g 
7. 
8, 
9. 7726-08-l 

10. 143-07-7 
11. 134-62-3 
12. 74381-40-l 
13. 
14. 142-78-9 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23, 
24. 
25. 
26. 
27. 

..----. . 

COMPOUND NAME 
--L-A _------ --e--p --------------------------- 
3-PENTEN-2-ONE, 4-METHYL- 
UNXNOWN 
2=PENTANONE, 4-HYDROXY-4-MEti 
UNKNOWN 
OCTANOIC ACID 
OCTANAMIDE, N-(2-HYDROXYETHY 
UNKNOWN (SUBSTITUTED ORGANIC 
UNKNOWN 
DECANAMIDE, N-(2-HYDROXYETHY 
DODECANOIC ACID 
BENZAMIDE, N,N-DIETHYL-3-MET 
PROPANOIC ACID, 2-METHYL-, 1 
UNKNOWN 
DODECANAMIDE, N-(2-HYDROXYET 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN (ALKYL AMIDE, N-(2-H 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNXNOWN 
UNKNOWN 

RT 
------ ---- 

1.82 
2.03 

,2.57 
2.90 
7.65 
,9.53 
9.65 

10.03 
.11.87 
12.27 

'12.58 
12..65 
13.03 
13.95 
14.10. 
14.20 
14.37 
15.03 
15.83 
16.07 
16.27 
16.92 
17.32 
17.78 
18.02 
19.35 
19.68 
20.17 

EST. CONC. Q 
------------- ___---------- 

28 JN 
4 AJ 

15 ABJN 
3 J 
7 3-N 

11 JN 
4 T 
8 T 
7 I-N 

25 J-N 
8 II? 
4 I-N 
6 J 

26 M 
4. J 
2 J 

19 J 
2 J 
2 J 
4 J 

12' J 
4 J 
3 J 
4 J 

36 J 
3 J 
4 J 
3 J 

FORM I SV-TIC 3/90 



1D EPA SAMPLE NO. 
PESTICIDE ORGANICS ANALYSIS DATA SHEET 

73POLYOl ,-.. 
Lab Name: ITAS-KNOXVILLE Contract: I ' 

Lab Code: Case No.: NO3711 SAS No.: SDG No.: POLYOl 

Matrix: (soil/water) WATER Lab Sample ID: AF4894 

Sample wt/vol: 1000 (g/W ML Lab File ID: 

% Moisture: decanted: (Y/N) Date Received: 05/24/95 

Extraction: (SepF/Cont/Sonc) CONT Date Extracted: 05/25/95 

Concentrated Extract Volume: 10000 (UL) Date Analyzed: 06/12/95 

Injection Volume: 1.00 (UL) Dilution Factor: 1.00 

GPC Cleanup: (Y/W N pH: 7.0 Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/L 

319-84-6--------alpha-BHC 
319-85-7 --------beta-BHC --- ---- 
319-86-8 --------delta-BHC 
58-8909---------gamma-BHC (Lindane) 
76-44-8 ---------Heptachlor 
309-00-2 --------Aldrin 
1024-57-3-------Heptadhlor epoxide 
959-98-8 --------Endosulfan I 
60-57-l ---------Dieldrin 
72-55-9 ---------c4.4'-DDE 
72-20-8 ---------&&in 
33213-65-9 ------Endosulfan II 
72-54-8 ---------4*4'-DDD : ,I 
1031-07-8 -------&dosulfan sulfate 
50-29.-3 
72-43-5 

---------4,4'-DDT 
---------Methoxychlor 

53494-70-5 ------Endrin ketone 
7421-93-4 -------Endrin aldehyde 
5103-71-9-------alpha-Chlordane - 
5103-74-2 -------gamma-Chlordane 
8001-35-2 -------Toxaphene 

.12674-11-2 -A----Aroclor-1016 
11104-28-2 ------Aroclor-i221 
11141-16-5 ------Aroclor-1232 
53469-21-9 ------Aroclor-1242 
12672-29-6 ------Aroclor-1248 
11097-69-l ------Aroclor-1254 . 
11096-82-5 ------Aroclor-I260 

0.050 
0.050 
0.050 
0..050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 

'1.0 
1.0 

Q 

:: 

ki 

ii 
U 

:: 

:: 
U 

:: 

:: 
U 
u 
U 
U 
U 
u 
U 
U 
U 
U 

:: 

FORM I PEST 3/90 - 



U.S. EPA - CLP 

1 EPA SAMPLE NO. 
INORGANIC ANALYSES DATA SHEET I I 

I 73-POLY-'Ol 

Lab Name: QUANTERRA-KNOmILLE Contract: BAKER-CL- I 
Lab Code: ITSTU- Case No.: 3707- SAS No.: SD0 No.: N/A 

Matrix (soil/water): ;yWER Lab Sample ID: AE'4797 - 
Level (low/med): ,Date Received: 05/24/95 

-v 
%.Solids: 0.0 - 

Cdncentration Units (tag/L or mg/kg dry weight): lJG/L- 

Color Before: COLORLESS Clarity Before: CLEAR- 
Color After: COLORLESS -Clarity After: CLEAR- 

Comments: 

AS No. 7 429-90-5 
440-36-o 
440-38-2 
440-39-3 
440-41-7 
'440-43-9 
'440-70-2 
'440-47-3 
'440-48-4 
'440-50-8 
r439-89-6 
r439-92-1 
1439-95-4 
1439-96-s 
7439-97-6 
7440-02-o 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-s 
7440-28-o 
7440-62-2 
7440-66-6 

Analyte 
I 
Concentration 

mlmi.llum I 8601 
50-O -- 

bltimony~ 
Wsenic I X0 - 43.4 

1.0 - a 
3arium 
3eryllTiiZ - 
ladnkium 
Zalcim- 
3xromiuiir - 

5.0 -~ 
34400 

- 10.0 -- 
Zobalt 20.0 
Copper- 14.1 
Iron - 3150 
Lead 3.0 -.-n 
Magnesium 

I Kanganese 
z4>u 
90.3 -- 

Mer6urv I-- 0.20 
20-O Nickel--I- 

Po$assXiii 
Selenium- 

I Silver 

4 4490 
5.0 

-5.0 
-~ 

Sodium 
Thallii iiii- I -- 
ypadium 1 -- 
zinc 

I 

20300 
10.0 
10.0 
48.7 

FTI 
F 

B P- 
U P- 
B. P- 
U P- 
U P- 

P- 
v P- 
U P- 
B P- 

P- 
B P- 
B P- 

P- 
8 c!v 
U P 
B P- 
U P- 
U P- 

P- 
P- 
P- 

e 
U 

I- 

-- 
p- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

I I i-i 

Texture:, N/A-..- 
Artifacts: 

FORM I - IN 
ILMO2.1 

-.. 



TOTAL SUSPENDED SOLIDS ANALYSIS 

Laboratory Name: Quanterra-Knoxville 
t3mractName: Baker Camp Lejeune 
SamDIe MatliJc: Water 

Job Number: 
Analysis Date: 
Concentration Units: 

3707 
OSl25l95 

mn/l 

CIient Sample ID 

MethodBlank 

73-PoLY-01 

Lab Sample ID 

AF50 17 

AF4798 

Result Quaiifier 

1 U 

40 + 

-_ 

+ - positive result 
U - Compound was analyzed for but not detected The number is the detection limit for the sample, 

.- 



TCLP VOLATILE ORGANICS ANALYSIS 

,- 

Laboratory Name: Quanterra-Knoxville JobNumber: 3573 

Contract Name: Baker Camp Lejeune TCLP Date: 05/23/95 

Client Sample ID: 73RxOl Analysis Date: 05/3 l/95 

Lab Sample ID: AF3317 Concentration Units: @liter in the lea&ate 

Sample Matrix: Leachate 

Compound 

benzene 

carbon tetrachioride 

chlo&benzene 

chlomform 

I~dichloroethane 

1, ldicbloroethene 

me&y1 ethyl ketone 

1- 
tetrachhoethene 

tricbloroethene 

vinyl chloride 
s 

Concentration QuaIitier 

0.025 U 

0.025 U 

0.025 U 

0.025 U 

0.025 U 

0.025 U 

0.050 U 

0.025 U 

0.025 U 

0.050 U 

,- 
- Compound was analyzed, for but not detected. The number is the detection limit for the sample. 

Detection Limit 

0.025 

0.025 

0.025 

0.025 

0.025 

0.025 

0.050 

0.025 

0.025 

0.050 



TCLP SEMIVOLATILE ORGANICS ANALYSIS 

_-, 

Laboratory Name: Quanterra-Knoxville -Job Number: 3573 

Contract Name: Baker Camp Lejeune TCLP Date: 05/23/95 

Client Sample ID: 73-Rx-01 Extraction Date: 05/24/95 

Lab Sample ID: AF3318 Analysis Date: 06/04/95 

Sample Matrix: Leachate Conaxmation Units mgWer in the leachate L 

Compound 

total cresols 

1,4dichlorobenzene 

2&dinitrotoluene 

hexach.lorobenzene 

hexachloro-1,3-butadiene 

hexachloroethane 

nitrobenzene 

pentachlorophenol 

pyridine 

2,4,5-trichlorop&noi 

2,4,6+ichlorophenol , 

CoJlcentration 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.20 

0.40 

0.20 . 

0.04 

Qualifier 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

Reporting Liit 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.20 -._ 
0.40. . _ 

0.20 

0.04 

._ 

JJ. - Compound was analyzed for but not detected. The number is the report&limit for the sample. 



. 
TCLP PESTICIDES ANALYSIS 

/- 
Laboratory Name: Quanterra-Knoxville Job Number: 3573 

Contract Name: Baker Camp Lejeune- TCLP Date: 05123195 

Client Sample ID: 73-Rx-01 &traction Date: 05/24/95 

,Lab Sample ID: AF3318 . Analysis Date: :05/30/95 . 

SamDIe M&ix: Leachate tillcentration units: mgAiter in the leachate 

Compound concentration Qualifier 

lindane 

heptaChl0~ 

heptachlor epoxide 

et&in 

methoxychlix 

chlordam 

toxaphene 
I 

0.008 
f 
0.001 

0.001 

6.004 

0;os 

0.006 

0.1 

U 0.008 

U 0.001 

U 0.001 

U 0.004 

U 0.08 

U 0.006 

U 0.1.. 

ReportingLiolit - 

. . SurrogateRecovery 
Acceptance Limits: 

. LabSampleJD: AF331s 

tetrachlom-m-xylene 
03428%~ 

dibu e;2yj&te 
7 

. 
. 

89 112 

U - Compound was analyzed for but not detected The number is the reporting limit for the sample. 
P----\ 



PESTICIDE ORGANICS?NALYSIS DATA SHEET 

Lab Name: ITAS-KNOXVILLE Contract: 

Lab Code: Case No.: W03573 SAS No.: SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 30.i (g/mL) G Lab File ID: 

% Moisture: 24 decanted: (Y/N) N Date Received: 

EPA SAMPLE NO. 
,-. 

73RXOl 
I 

No. : 73RB19 

AF3315 

05/u/95 

Extraction:. (SepF/ContfSonc) SONC Date Extracted: 05/17/95 

Concentrated Extract Volume: 5000 (UL) Date Analyzed: 06/01/95 

Injection Volume: 1.00 (UL). Dilution Factor: 1.00 

GPC Cleanup: (Y/N) Y pH: 7.4 Sulfur Cleanup: (Y/N) N 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/RG 

319-84-6--------alpha-BHC 2.2 
319,-85-7 --------betaLBHC 2.2 
319-86-8 --------delta-BHC 2.2 
58-89-C)--------- 2.2 
76-44-8 

gamma-BHC (Lindane) . 
---------Heptachlor 2.2 

309-00-2 --------Alein 
1024057-3-------Heptachior epoxide 

2.2 

959-98-8 
2.2 

--------Endosulfan I 2.2 
60-57-l ---------Dieldrin 4-3 -_- 

72-55-9 ---------4,41-DDE I I - 

72-20-8 ---------&&in t:: 
33213-65-9 ------Endosun 4.3 
72-54-8 ---------4,4'-DDD 49 
1031-07-8 -------Endosulfm ;u ae ~~_. 
50-29-3 

4.3 ---------4;4f-DDT 4-3 
72-43-5 -T-------Methoxychlor 22-- 
53494-70-5 ------Eridrin ketone 4.3 
7421-93-4-------Endrin aldehyde 4.3 
5103-71-9-------alpha-Chlordane 2.2 
5103-74-2 -------gamma-Chlordane 2.2 
8001-35-2-------Toxaphene' 220 
12674-11-2 ------Aroclor-1016 
11104-28-2 ------Aroclor-1221 :i 
11141-16-5------Aroclor.-1232 43 
53469-21-9 ------Aroclor-1242 43 
12672-29-6 ------AroClor-1248 43 
11097-69-l ------Aroclor-1254 43 
11096-82-5 ------Aroclor-1260 4 3 '. 

Q 

:: 
U 

:: 
U 

:: 
U 

ii 

E 
U 
U 
U 

:: 
u 

:: 
u 
u 

:: 
u 
u 
u 

FORM I PEST 3/90 

-_ 



U.S. EPA - CLP 

p” 1 
INORGANIC ANALYSES DATA SHEET 

EPA SAMPLE NO. 

73RxOl 
Lab Name: QUANTERRA-RNOXVILLE Contract: BAKER-CL 

- 
I 

Lab Code: ITSTU Case No.: 3573- SAS No.: 
Matrix (soil/waEer): WATER Lmple ID: AP3318 
Level (low/med): LOW Date Received: 06/12/95 
% Solids: 0-X - 

SDG No. : 
I 

73RxOl. 

Concentration Units (ug/L or mg/kg dry weight): UG/L- 

I 
Analyte Concentration C 

I 
Q CAS No. 

7440-38-2 
7440-39-3 
7440'-43-9 
7440-47-3 
7439-92-1 
7439-97-6 
7782-49-2 
7440-22-4 

200 B 
286 

50.0 v 
100 u 

Arsenic 
Barium - 
CadduE- 
Chromimy 
Lead 
Mercury 
SeleniuZZ- 
Silver 

200 u 
2.0 u 
200 u 

50.0 u --- - - I- 

Color Before: 
Color After: 

Clarity Before: Texture: 
Clarity After: Artifacts: 

comments : 
TCLP 

FORM I - IN 
ILMO2.1 

-. . 



QUANTERRA 

73-RX-01 

WO #: A4J4D DATE SAXPLED: 5/09/95 
LAB #: C5E130014-009 
MATRIX: SOLID DATE RECEIVED: 5/13/95 

--------------- - INOROANIC~YTICALREPORT - - - - - - - - - - - - - - - 

PARAMETER 

Flash Poiat Closed Cup 
PIT Non-Aquemus 

Reactive Cyanide 

REPORTING PREPARATION - QC 
RESULT LIMIT UNfT METHOD ANALYSIS DATE BATCH 

c200 deg F SW846 1010 s/31/95 5151069 
7.8 1.0 SU SW846 9045 5116195 5136232 
ND 50.0 %/kg SW846 7.3.3.2 S/15- S/17/95 5137077 

Sulfide Reactive ND 50.0 w/kg. SW846 7.3.4.2 S/15- S/16/95 5135119 

NOTE: As- 
ND NOTDEl-ECED AT TEE STATED REFORTlNG UMfi 



TCLP HERBICIDES ANALYSIS 

;““-. 
Laboratory Name: 

Contract Name: 

Client Sample ID: 

Lab Sample ID: 

SamRle Matrixz 

Quanterra-Knoxville Job Number: 3573 

Baker Camp Lejeune -TCLP Date: 05/23/95 

73-Rx-01 Extraction Date: 05/30/95 

fw3318 Analysis Date: 06/02/95 

Leachate conceIltration units: meter in the Ieachate 

Compound Concentration Quaiifier Reporting L@it 

,.a-+- 

2,4D 0.1 U 0.1 

2,4,5-TP (silvex) . . 0.02 U 0.02 9 

SumogateRecovery 

‘hb SampIe ID: Al?3318 
2&DCPA 

41 . I 

U - Compound was analyzed for but not detected The number is the reporting limit for the sample. 



September 12,1995 

Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Corao’“polis, Pennsylvania 15108 

(412) 269-6000 
FAX (412) 269-2002 

Commander 
Atlantic Division 
Naval Facilities Engineering Command 
15 10 Gilbert Street (Building N-26) 
Norfolk, Virginia 235 1 l-6299 

Attn: Mr. Lance Laughmiller 
Navy TechnicaI Representative 
Code 18235 

RC Contract N62470-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 03 12 
IDW Removal 
Operable Unit No. 9 (Site 73) 
MCB, Camp Lejeune, North Carolina 

Dear Mr. Laughmiller: 

This letter report summarizes the investigative-derived waste @XV) disposal activities conducted at Operable 
Unit No. 9 (Site 73), Marine Corps Base, Camp Lejeune, North Carolina. The IDW was generated during 
the remedial investigation activities conducted f?om April 3 through May 25, 1995, and was contained in 
two (6,500-gallon) tankers, one (1,000 gallon) polyethylene tanker, and one roll-off box (20 cubic yards). 

The water in one of the tankers, was discharged on-site on June 20, 1995, since no comaminants were 
detected which would result in increased human health or ecological risks. 

In a letter dated August 2, 1995, Baker Environmental provided details concerning sample coI.Iection and 
analyticaI findings of the remaining IDW, and provided conclusions and recommendations with respect to 
handling and disposal. The recommendations were subsequently approved by the Navy/Marine Corps. One 
addition to the recommendations was that the water contained in the remaining taukers was unable to be 
treated by the Hadnot Point Shallow Aquifer Remedial Action System. However, this water was able to be- 
taken off-base as a nonhazardous waste water and transported to HOH Corporation, a Treatment Storage 
DisposaI Facility (TSDF) located in Winston-Salem North Carolina. The remainder of this letter report 
provides a summary of the disposal activities conducted under this CTO. 

DISPOSAL 

Based on LANTDlV/MCB Camp Lejeune approval, Baker arranged for the disposal of the following: 

0 6,678 gallons of nonhazardous well development and purge water 

0 20 cubic yards of nonhazardous drilling and mud cuttings 

A Total Quality Corporation 



-- 

Mr. Lance Laughmiller 
September 12,1995 
Page 2 

Based on the nonhazardous determination of the IDW, the roll-off box contents were emptied on site and then 
graded. The roll-off box was then removed fi-om Site 73. The development and purge water was removed via 
a vacuum truck and transported to HOH Corporation for disposal. Two trips were necessary to deplete all ’ 
of the waste water. Both the 6,500.gallon and the l,OOO-gallon polyethylene tankers were removed from Site 
73. The Nonhazardous Profile Sheet, along with the Nonhazardous Waste Manifests, are provided in 
Attachment A. 

Baker appreciates the opportunity to serve LANTDIV on this important project. If you have any questions, 
please do not hesitate to call me at (412) 269-4695. 

Sincerely, . 

BA.KERENvIRoNMENTAL, INC. 

Malcolm W. Petroccia 
Project Manager 

Attachments -. 

CC: Mr. Neal Paul, IRP Director, MCB Camp Lejeune (w/attachments) 
Mr. John Riggs Environmental Control Specialist, MCB Camp Lejeune (w/attachments) 
Ms. Lee Ann Rapp, Code 1832 (w/o attachments) 
Ms. Beth Collier, Code 02 115 (w/o attachments) 



Attachment A 
:. 



PhysicalChzuacteristics atlOT 

Physical State: Liquid / SemiioIid SoIid 

fpl”‘ayers: None ./ Two MuMayers 

Free Liquids (!Q ra PredpltauxlSoltds (%) L 1 

Viicosity: tow f Medium High 

ls Material Pumpable? Yes 4 No Polymerizable? Yes- ,- No v 

Specific Weiiht @s/gal) S.34 or specific Graviw @cc) 

Appearance \ \:+- sei: Odor .dh, 

Flash Point (cc): Exact z60”F 61°F - lOOoF lOl*F - 140°F 

141°F- ZOOOF ,- >ZOO”F x 

BTU/lb. &GA= Ash @I L \ 40 Water fl) >Yi 9, 

i. 

is Sample 
AvaiIable 
Upon Request? 

Yes / 

I No 

Range . 

rssu 

to . 

Process Generating Waste ~CO l .a.\ 

d 

Rate of Generation u ‘\;A fontainer Type/Sic -kcLe EPA Waste No. gQtiL- State Waste No. $QQL 

1. Does this waste contaSn spent solvents? (FUOl through FOE) Y N’-/ :. 
2 Is this waste listed for Dioxin as defined in 40 CFR 262X? (FO20 md FO2G28) Y N /’ 

3. ls this waste WfECTlOUS? Y 
5 

v/ 

:- Is it RADIOACT’NE? Y N 

Does it contain PCB’s * 50 ppm? Y N 
2 

4. If you answered yes to questions I. 2 or 3, DO NOT CONTINUE 

Please contact your HOH Technical Saks Representative for assistance. 
i 

-. 
. . ..-a a anQazazoT6 yvd LOZZT G6/LO/CO - 



..- 

7949% 
.J 

c I%. 
. 

\ 
. 

..- 
. . . 

Please Arrach AN lkfSDSs, Sample AmQsis andAddicbna/ I..) 

Other: @p&y in PP$) 

Free Cyanide 
f1 

PCEYS 0 

Free Sulfide 

Phenolics 

Total Oeanic I-lalogcns (%) 

Fluorine u Bromine 0 

Chlorine c3 
L J -. 

Frequency of Ckneration 

Tonspcr - Quarter L 

-Year 

-- 
/ __ One Time 

. . 

on this form is complete and Factual (iicIuding attached information) and is an accurate 
e known and suspected hazards of the waste LO be disposed. 

--I-.-. Kh 

klfaY T A h77 Ur?flWIWAS 60SBZt?ZOTB XQS - LO : IT S6/LO/60 



1701 Vargrave St.. Winston-Salem, &u; Z’IIUY l YLV-KS4644 l Fax 910-127-8~~ 

. 
Pzocesswhichgenelatedwaste: 

t I certify that the materials described beIow,G properly described, dassiiled, paw&, 
. marked and labeled, and are in proper co&ion to be transported in commerce under 

the appIicable regdations of the State, the Environmental Protection Agency and the 
Deparhnent of Transportation. I cert@ that the waste described below is non-hazardous. 
I certify that -the specific waste was dellvertxl to the carrier named beIow f?r legal 

-treatment storas or diisal at the site indicated. * ;.. 

. . 
’ 

‘ 

I certify that the specified waste was transferred in a registered (licensed) vehicle tb the . . 
al trattnent storage or disposal faciI@ named below 

- 
3 

: . I ’ 0. ka,il& HOH Carp 
? . . . : .< ‘. 
:- :- 1701 Vargraqe St 
:! . : . : ..: 

. _ N’Jnitor&em, NC27107 !‘. , 
i . ..‘. . . HandIin$Method: 
, . . . 

. 

phone NQ: 910-~&-’ 

Permit No: 34-iITP . 

Contact 

I certify that the Transporter above dcIivered the spec-icied material to this.faciIity and was 
accepted and prop y handled in the above manner. We are authorized and qualified by the 

ORIGINAL - Ration Rebh 

rnnm 



-- . ., . . 
I- . 

Roc~wilichgen~waste:’ . 
[ certify chat the materials described below iire property k&bed, classified, packaged, 

” 
* 

marked and labeled, and are in proper conditiqn to be transported in commerce under 
the applicable reguIations of the State, the IkvkonmentaI Protection Asency and the 
Department of Transportation 1 certify that the waste dkriied below is non-hazardous. 
I’certi& that the speci#jc waste &&=deWered to the carrier named below for legal 
treatment. stooge or disposal at the-site indicated. .T 

. z 
Date Siature f- Y 

t 5 . . 2’. ;+;’ . .- : * ? i. . . 2.. 

Transporter: ’ . . 

brpcb Eu; 
:.’ 

I 
. : bkI’4S~7 &mbwu,K 27Yir- WAD&: &‘OOti 9Y-a&$’ * ’ 
: . . 
’ Vehicle License TagNumber Li- ITGI . 

.# 
I certify that the speciff ed waste was 

storage, or disposal iacility named below and was akepted. 

&/&cr 
. 

DoCe DelioeringLWoer~ Signafure . Dare 

FaciIity: HOH Carp Phone No: 910~?2?-4644 
. . 

1701 &grave St. Permit No: 34-l ITP 

Winston-Salem, NC 27107 Conractz p&d &G&f’ . 

i-kndiing Method: 
1. 
, 

. . 

I c&Q that the Transporter abwe delivered the specified material to this facility &d was 
in the above manner. We are authorized and qtialified e the 

... .‘. ORIGIN& G. ~tion Retain . . . COPY 3++a~4Tra~4er Rehiin I.. . . . 

BOOlpJ NO8I.!m x3oms 6086Z6ZOT0 XV3 LO:ZT SB/LO/60 
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SUMMARY OF GROUNDWATER DATA AND AQUIFER CHAhXTERISTICS 
MARINE CORPS BASE, CAMP LEJEUNE 

JACKSONVILLE, NORTH CAROLINA 

SUMMARY 

This study examines the utility of exploratory aquifer tests (pump tests) at investigation sites across 
Marine Corps Base, Camp Lejeune (MCB-CL). The study reviews the available information on the 
relevant water-bearing layers, considers the general characteristics and applicability of aquifer tests, 
and concludes: 

0 That available information is satisfactorily complete to allow appropriate designs 
of groundwater systems in the main operating areas of MCB-CL, 

0 That quantified characterization of the water-bearing layers in explored areas of 
MCB-CL can be extended to other areas having similar geologic terrane; 

0 That exploratory tests are no longer routinely required or advisable; 

0 That reconnaissance testing (well-head tests or slug tests) of each newly installed 
or otherwise uncharacterized data station is highly advisable; and, 

0 That performance testing of groundwater extraction systems should be the 
recommended form of evaluating and adjusting withdrawal systems. 

BACKGROUND 

This study considers the aquifer characteristics (especially, the Coefficient of Transmissivity) and 
the production capacities (available discharge rates) of the two water-bearing layers relevant to the 
studies at MCB-CL. These water-bearing layers are the (shallow or surficial) water table and the 
Upper Castle Hayne Aquifer. 

The water table at MCB-CL occupies the water-bearing zone within 25 to 35 feet of the surface; the 
Castle Hayne, immediately below this. However, the separation of the water table and the Castle 
Hayne is not always obvious. Usually, this separation is effected only by the low permeability 
material of the water table transiting to the significantly more permeable material of the Upper 
Castle Hayne; there is rarely an aquiclude or aquitard of vertically extensive clay separating the 
water table from the Castle Hayne. 

The data available for this summary derive from three main sources: 

0 Assessment of Hydrologic and Hydrogeologic Data at Camp Lejeune Marine Corps 
Base, North Carolina; U.S. Geological Survey, Water-Resources Investigation 
Report 89-4096; 1989 

0 Wellhead Management Program Engineering Study 9 I-36; Geophex, Ltd.; 22Jan9 1 

0 Various site investigations by Baker Environmental, Inc., and reported to 
LANTDIV and MCB-CL 

1 



_,- 
DISTRIBUTION OF DATA 

The data available from the various sources have been compiled on Tables 1,2 and 3, with Table 3 
summarizing the relevant flow information. The accompanying map indicates the distribution of 
stations from which data are available. 

The tabulated data indicate the main characteristics of each water-bearing layer: 

l There is low available production from the water table. 

l There is an excessive availability of production from the Castle Hayne compared 
to the probably acceptable levels of treatment volumes foreseeable in groundwater 
remediation systems. 

The water table had production capacities of less than 5 gallons per minute (gpm) in all cases tested. 
The specific capacities of the discharge wells were always less than 1 gallon per minute per foot of 
drawdown (gpm/R). The transmissivities calculated were generally near or below 1000 gallons per 
day per foot of drawdown (gpdKt); only the deeper wells, which intercepted at least part of the 
Castle Hayne, had transmissivities in a range indicative of an acceptably producing zone. The 
hydraulic conductivity values were commonly in the range of tenths of feet per day @Id). The low 
production rates, low transmissivities and low hydraulic conductivities indicate that the water table 
is only marginally, at best, under Da&an conditions. Calculations based on these data would, 
therefore, be highly unreliable. However, the available information all indicate an expectably low 
rate of groundwater discharge, which in turn wouId produce only a narrow radius of effect around 
an individual production well: 

‘^ 

The standard equation for calculation of the radius of capture around an individual 
well is r,=720Q/xTi. With a discharge rate (Q) of 3 gpm, a transmissivity (T) of 
500 gpd/ft and a representative gradient of 0.005, the radius of capture would be 
275 ft. However, this calculation applies only to Dar&n conditions in a 
homogeneous medium; the water table at MCB-CL is marginally Darcian and is 
highly non-homogeneous. The calculation of radius must, therefore, be in some 
degree of error, with no more usable data or calculation possible. 

The Castle Hayne has production capacities generally ranging above 200 gpm. The estimated 
transmissivities are at least in the range of several tens of thousands gpd/& with specific capacities 
usually about 5 to 10 gpm./ft. The calculated hydraulic conductivities are usually in the scores of 
feet per day. The available discharge from the Castle Hayne is, therefore, much greater than that 
from the water table. The limiting factor in remediation schemes for the Castle Hayne then becomes 
the amount of water that can be treated by an affordable system, usually less than 500 gpm; this 
value of 500 gpm would be available from one or two wells in the Castle Hayne. The high values 
of aquifer parameters, the relatively low total discharge and the low number of production wells 
would conspire to limit the radius of effect available to a remediation scheme: 

The standard equation for calculation of the radius of capture around an individual 
well is r,=72OQ/nTi. With a Q of 500 gpm, a T of 50000 gpd/fi and a 
representative gradient of 0.005, the radius of capture would be only 460 ft. 

2 



COMPARABILITY OF DATA ACROSS MCB-CL 

The stratigraphic sequences of MCB-CL containing the water table and the Upper Castle Hayne have 
been well characterized. The available information indicates that the lithology and the hydrologic 
conditions can be correlated stratigraphically across the base (Tables 1 and 2). From these 
correlations, aquifer performance can be predicted sufficiently for an engineering design whose final 
criteria for suitability are performance-based. 

The upper water-bearing zone is a highly variable layering and intercalation of clay, silt and sand. 
This variability, however, is found within recognizable limits. These limits correspond to the range 
of hydrologic characteristics described previously. Similar correlation is available for the lithology 
and hydrology of the Upper Castle Hayne. 

In areas not near stations catalogued in Tables 1,2 and 3, a reconnaissance comparison of well-head 
tests (slug tests) and an examination of lithologic descriptions will likely be sufficient to support the 
engineering evaluation of the site. There is ample demonstration that lithology has a significant 
influence on the hydrology of a site, and that, for a given geologic terrane, the influence is fairly 
consistent. The geologic terrane of MCB-CL has been broadly characterized and correlated between 
lithologic (stratigraphic descriptions) and hydrologic (aquifer tests and well-head tests) sequences. 
Lithologic descriptions can now provide a good indication of hydrologic conditions at MCB-CL in 
areas of similar terrane. 

GENERAL APPLICABILITY OF AQUIFER TESTS 

Aquifer (pump) tests are an extremely dangerous activity at contamination sites. While the 
information available from aquifer tests is required for engineering design of withdrawal systems, 
aquifer tests should not be a reconnaissance or an initial step in the investigation. Full consideration 
must be made of the redistribution of contaminants expectable from the test, of the change in 
structural support of disposal features by relaxation or increase of hydrostatic loading, and so forth. 

Consideration must also be made,of alternative sources of acceptable data on the aquifer. In the case 
of MCB-CL, alternatives to exploratory aquifer tests are available from the tabulation and 
correlation of aquifer characteristics, production performance and geologic terrane presently 
available. 

From the available information and in light of the relative consistency of the geologic terrane of 
MCB-CL, exploratory tests at MCB-CL are not generally required. Therefore, exploratory tests, are 
not advisable and should not form part of the initial investigation of a site. While they may be useful 
in certain circumstances after the initial investigation of a site, they should not, in the general case, 
be part of the investigation. Sufficiently satisfactory information is presently available to allow the 
initial engineering design of a groundwater response. 

While exploratory aquifer tests are not advisable, performance tests of a newly installed system are 
highly recommended. These tests, to some extent, are a normal part of the initial operation of a 
system. Only minor additional monitoring and modification of the system during operation would 
provide data directly relevant to the long-term operation of that system. 

In the Coastal Plain of MCB-CL, the information from an exploratory data station not coincident 
with the long-term extraction system is not fully transferable. That is, if the test station and the 



recovery station are not the same, the aquifer parameters and calculations based on those parameters 
will differ. This means that data from an exploratory station are no more reliably usable that the data 
presently available, unless the exploratory station is collocated with the recovery system. However, 
if the exploratory and recovery stations are identical, and considering that alternative sources of 
acceptable data on the aquifer are available and that a performance test must be run as part of the 
initial operation of a recovery system, the exploratory test represents a superfluous duplication of 
effort. 

_- 
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TABLE 1 
CAMP LEJEUNE PUMP TEST DATA 

I I I 1 Total [ I 1 Waler-level 1 Pumping Rate 1 1 Spccifk 1 I I I II 

1 Well Numbx 

I 

013RW01* 1 23 1 2 
013MW-18 1 I3 1 48 2 1 NA 1 10.23 sand. 

, IS 1 10 1 1 3-13 1 0.297 I ’ 1 NA 1 480 1 NA 013MW.21 1 
010siIllclay. 

105.98 7.Q5 1.40!&02 14 2 1 1 .- I ._ 
J e. 1) I 10 I 4-14 I 0.31 I NA 1 480 1 NA 1 82.27 1 5.48 1 2.71E-02 1 

~‘lriltlclry, 7-13 snd. 
O-4 sil IlhxJ. O-14 clay/silt I 

Well WeI1 Aquifer Scrbend Scrctmi fhwdown (R-w Dundon capachy T K s 
Dcph Diamcler Thkkncrs lmglh lnteml During Pumping WCIIS) of Pumping @urnpIng mtcl (square ft/ 

ULBGS) (in) 
(W&Y) 

(fo 
Soils 

ov (f~,llGS) (fI.BGS) GPM (mln) dnwdown) day) __ 
15 

(R.BG.3) II 
20 333 0.m 1 480 0.11 7.17 0. .- 

108RW-O1* 1 15 1 2 1 9 1 9.1 1 2.45-11.55 1 6.38 1 0.5 1 485 1 0.08 1 5.~ 0.59 NA 1-a--- .̂ .̂ . -- 1 1 1 fine sand 
IWQi I 121 9 I 

1 

I 
1 2 1 

I 1 NA 1 485 1 NA 

wahiw-15 1 1 1 

1 1 
very 

118.63 13. 
.I8 1 1.33E-02 

12.5 9 9.03 2.wll.e.2 1 

1 

NA 1 485 1 NA 1 56.78 1 6.31 1 7.33EM 1 

II 

&8 sand/silt, 8-10 silt/clay 

IO9MW.15 1 15 0.939 NA 460 NA 76.26 5.08 I.llun 

109MW.11 14.5 2 15 10 

4.5-14.5 0.545 NA 460 NA 163.10 10.87 7.3OE-03 
109RW.O1* I5 

0.15 line sand 
2 15 9.5 2-11.5 6.265 3 4&l 0.48 7.80 0.52 NA O-4 sand. 4-8 silt, S-15 sand 

II 

T = Tmmmlssivity 

K = Hydraulic Conduaivity 
S = Skxarivity 

* = Pumping mll 
NA * NOI applkable 



TABLE 2 

HYDRAULIC CONDUCTIVITY TEST RESULTS (SLUG TEST) 

Saturated 

Well Well Aquifer Screened Screened K 

Well Depth Diameter Thickness* Length Interval Rising soils 

Number (ft,BGS) (in) m @I (ft,BGS) W-W) (fi,BGS) 
013MW-03 14 2 1 9.8 4-13.8 0.75 O-6 clay, 6-14 silt 
013MW-04 14 2 8.13 9.8 4-13.8 0.27 O-8 clay, 8-14 silt 
013MW-11 16 2 9.14 10 6-16 0.37 04 sand/silt, 4-14 clay, 14-16 sand 
013MW-21 14 2 9.2 10 4-14 0.46 O-4 silt/sand, 4-14 clay , , . , _ . 

. 108MW-08 12.8 2 8.83 9.7 2.7-12.4 0.59 O-8 very fme sand, 8-12 clayey peat, 12-13 sandy clay 
108MW-09 12.8 2 7.81 9.7 2.8-12.5 0.53 O-13 sift/sand 
IOSMW-13 10.8 2 NA 9.02 0.69-9.71 0.061 O-2 very fme sand, 8-9.5 sandy clay 
108MW-17 13.1 2 NA 9.03 3.39-12.42 0.59 O-8 fme grained sand, 8-9 clayey peat, 9-12.5 sandy clay 

109MW-17 1 14.5 1 2 1 9.04 1 10 I 4.5-14.5 I 9.00 I O-15 fme sand 
109MW-18 1 14 1 2 1 10.19 1 10 1 4.5-14.5 1 5.70 I O-3 sand, 3-10 silt, lo-14 sand 

1 lOMw-07 11.96 2 9 9.8 1.5-11.3 0.0115 

1 lOMW-09 14.2 2 9.47 9.8 3.8-13.6 0.16 

llODWa3 30 6 22.04 4.9 24.5-29.4 1.07 

O-2 clay/silt, 2-4 clay/sand, 4-6 sand. 6-10 silt/clay, lo-14 silt /sand 
O-6 sand/silt, 6-9 clay/silt, 9-12 sand/silt, 12-14 clay 

O-3 sand, 3-4 clay, 4-10 sand/silt, lo-12 sand, 12-13 clay,13-22 silt/clay, 22-30 sand 

41GW-07 20.5. 2 12.03 

41GW-08 15 2 9.48 
41GW-09 21 2 11.89 

4lGW-10 13 2 8.59 

41GW-12 16 2 12.45 

10 10.5-20.5 1.15 l-5 silty sand, 5-9 clay, 9-10 silty sand, lo-12 fdl, 12-16 silty sand with 1 ft clay layer,16-21 sand 

10 5-15 0.14 O-l silty sand, 1-6 sand, 6-14 clay with sand and silt, 14-16 silty sand 

10 11-21 3.67 O-5 clay and sand, 5-21 silty sand 

10 3-13 0.94 O-2 silty sand, 2-7 sand, 7-9 silty sand and clay. 9-12 limed sandstone, 12-13 sand. 13-14 lithified sandstone 

10 6-16 4.57 04 silty sand. 4-14 sand, 14-17 lithifted sandstone 

* Values taken from AQTESOL results. (Bottom of screened interval- water level) 

** Due to depth, soils were very generally described. 

K = Hydraulic Conductivity 



BARONE:8SEP94:CLS-lAl:l/5 

i-B-CL5 CTO-232 CLS-lBl.wks 8SEP94 MCB-CAMP LEJEUNE . 

STATION 

013RW-01 
013Mw-1 
013MW-2 
013MW-03 
013MW-04 
013Mw-11 
013MW-21 
41GW-07 
41GW-08 
41GW-09 
41GW-10 
41GW-12 
69GW-09 
69GW-10 
69GW-12 
69GW-02DW 
69GW-12DW 
74GW-03A 
74GW-06 
74GW-08 

fl8RW-01 
8MW-0 

108MW-1 
108MW-08 

: lOBMW-09 
108MW-13 
108MW-17 
109MW-1 
109MW-1 
109RW-01 
109Mw-17 
109MW-18 
llORW-01 
XLORW-01 
llORW-01 
llODW-01 
llODW-01 
llODW-02 
llODW-02 
llODW-03 
llODW-03 
llOMW-07 
llOMW-09 
llODW-03 

b Q SC 
ft gPm 9-pdft 

15 
15 
15 

1 
8 
9 
a 

9 
9 
9 
9 
8 
8 
8 

15 
15 
15 
15 
15 
50 
50 
50 
50 
50 
50 
50 
50 
50 

9 
9 

22 

1.0 0.11 

0.5 0.08 

3.0 0.48 

3.0 0.31 
3.0 0.31 
3.0 

ft-sq,: 

7.2 
106.0 

82.3 

T 
gpd/ft 

54 
793 
615 

5.3 40 
118.6 887 

56.8 425 

76.3 570 
163.1 1220 

7.8 58 

200.0 1496 
161.9 1211 
106.1 793 

7080 52962 
7099 53102 
5399 40381 
5400 40392 
2952 22081 
3226 24127 

ft,:: 

0.5 
7.1 
5.5 
0.8 
0.3 
0.4 
0.5 
1.2 
0.1 
3.7 
0.9 
4.6 
1.7 
0.2 
0.1 
0.3 
6.7 
0.6 
6.3 
3.6 
0.6 

13.2 
6.3 
0.6 
0.5 
0.1 
0 ., 6 
5.1 

10.9 
0.5 
9.0 
5.7 
4.0 
3.2 
2.1 

142.0 
142.0 
108.0 
108.0 

59.0 
64.0 

0.1 
0.2 
5.8 



-. 

STATION b 
ft 

Q 
gPm 

SC 
gpm/ft ft-sq,: 

T 
gpd/ft ft,: 

BB-43 275 170 5.0 8900 66572 32.4 
BB-44 275 450 1 10.0 17900 133892 65.1 
BB-222 275 329 9.4 10600 79288 38.5 
HP-612 285 275 5.4 7900 59092 27.7 
HP-614 285 323 4.9 6600 49368 23.2 
HP-621 300 200 9.1 24500 183260 81.7 
HP-628 320 160 3.4 6400 47872 20.0 
HP-629 300 210 5.7 7900 59092 26.3 
HP-634 300 163 4.5 4300 32164 14.3 
HP-636 300 211 6.8 6900 51612 23.0 
HP-643 295 278 5.3 9700 72556 32.9 
HP-644 300 246 4.3 8100 60588 27.0 
HP-646 305 304 10.6 20200 151096 66.2 
HP-647 305 500 9.8 18700 139876 61.3 
HP-648 310 250 2.9 5600 41888 18.1 
HP-649 310 257 2.6 5000 37400 16.1 
HP-651 305 270 3.8 7300 54604 23.9 
HP-652 320 218 2.2 4400 32912 13.8 
HP-663 325 350 4.8 6400 47872 19.7 
HP-699 275 250 5.7 7700 57596 28.0 
HP-700 270 250 6.8 11500 86020 42.6 
HP-701 275 250 7.2 12400 92752 45.1 /-- 
HP-705 295 250 9.0 13100 97988 44.4 
HP-706 300 250 3.8 4700 35156 15.7 
HP-709 310 200 4.4 8500 63580 27.4 
HP-710 310 200 5.1 9900 74052 31.9 
HP-711 320 200 6.8 10700 80036 33.4 
LCH-4006 295 540 10.0 14500 108460 49.2 
LCH-4007 295 275 11.8 13700 102476 46.4 
M-267 260 170 7.7 10300 77044 39.6 
M-628 260 70 3.0 6100 45628 23.5 
RR-229 290 429 12.2 19400 145112 66.9 
TT-25 280 150 5.0 7200 53856 25.7 



BARONE:8SEP94:CLS-lAl:3/5 

/""‘STATION 

HP-602 
HP-603 
HP-606 
HP-607 
HP-608 
HP-609 
HP-610 
HP-613 
HP-616 
HP-620 
HP-622 
HP-623 
HP-628 
HP-629 
HP-632 
HP-633 
HP-634 
HP-635 
HP-636 
HP-637 
HP-638 
HP-639 

,,.+=?-640 
-641 

HP-642 
HP-643 
HP-644 
HP-645 
HP-646 
HP-647 
HP-648 
HP-649 
HP-650 
HP-651 
HP-652 
HP-653 
HP-654 
HP-655 
HP-660 
HP-661 
HP-662 
HP-663 
HP-698 
HP-699 

PUMPING 
LEVEL 

44 
30 
38 
46 
21 
45 
14 
17 
15 

9 
55 
30 
45 
45 
21 
18 
36 
33 
35 
40 
84 
52 
28 
44 
32 
35 
52 
40 
11 
26 
84 
80 
75 
69 
82 
29 
30 

37 
53 
23 
33 
21 

Q 
mm 

SC 
snWft 

154 3.5 
129 4.3 
267 7.0 
246 5.3 
208 9.9 
199 4.4 
214 15.3 
157 9.2 
178 11.9 
224 24.9 
330 6.0 
210 7.0' 
172 3.8 
216 4.8 
224 10.7 
205 11.4 
219 6.1 
151 4.6 
149 4.3 
130 3.3 
201 2.4 

[--I 0.0 
210 7.5 
351 8.0 

[--I 0.0 
269 7.7 
230 4.4 
192 4.8 
154 14.0 
302 11.6 
263 3.1 
100 1.3 
480 6.4 
242 3.5 
216 2.6 
197 6.8 
175 5.8 

C--l ERR 
150 ERR 
275 7.4 
148 2.8 
100 4.3 
216 6.5 
140 6.7 

BARONE:8SEP94:CLS-lAl:3/5 



STATION 

HP-700 39 192 4.9 
HP-701 36 236 6.6 
HP-703 33 293 8.9 
HP-704 38 159 4.2 
HP-705 25 214 8.6 
HP-706 33 214 6.5 
HP-707 51 50 1.0 
HP-708 42 219 5.2 
HP-709 52 239 4.6 
HP-710 29 115 4.0 
HP-711 56 235 4.2 
HP-5186 38 ,336 8.8 
LCH-4007 34 150 4.4 
LCH-4009 22 349 15.9 
TT-23 36 160 4.4 
TT-25 22 130 5.9 
TT-26 32 127 4.0 
TT-31 28 111 4.0 
TT-52 18 236 13.1 
TT-54 20 119 6.0 
TT-67 29 119 4.1 
RR-45 11 192 17.5 
RR-47 5 140 28.0 
m-97 14 170 12.1 
RR-229 35 C--l 0.0 
BB-44 11 125 11.4 
BB-47 6 341 56.8 
BB-218 17 192 11.3 
BB-220 13 119 9.2 
BB-221 19 230 12.1 
TC-325 8 100 12.5 
TC-502 1 180 180.0 
TC-504 35 203 5.8 
TC-600 32 172 5.4 
TC-604 16 137 8.6 
TC-700 28 125 4.5 
TC-901 37 [--I 0.0 
TC-1000 25 110 4.4 
TC-1001 16 160 10.0 
TC-1251 6 150 25.0 
TC-1253 5 128 25.6 
TC-1254 3 122 40.7 
TC-1255 36 104 2.9 
TC-1256 48 108 2.3 

PUMPING 
LEVEL 

Q 
mm 

SC 
swm/ft 



STATION 
.F- 

AS-108 8 226 28.3 
AS-131 11 310 28.2 
AS-190 60 220 3.7 
As-191 16 220 13.8 
AS-203 19 220 11.6 
AS-4140 6 110 18.3 
AS-4150 10 128 12.8 
AS-5001 27 185 6.9 
As-5009 53 111 2.1 
BA-164 21 214 10.2 
BA-190 17 303 17.8 

PUMPING 
LEVEL 

BARONE:8SEP94:CLS-lAl:5/5 

t-2 SC 
mm mm/ft 
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Date: 

TO: 

Far: 
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NHS MCAS Nc~r~ River 
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89-11-1995 09: 53ml FROM TO *84122692002 P .82 

‘Wwther Service Se&n 
MCAS New River 
Jacksonville, NC 

Compiler: CPL LYNN Month. JUNE Year. 

I I I i I Avg i i Peak 1 Hrs 

?i-!“-” 
881 891 1 1. 1 t 

- 71 79.5 0.15 
ii? 73 81 0.01 

‘161 85, “9 I ,=?.J , u.uu I 

P.UU 
0.00 

J-I.00 -2 St_, 
24.00 58 -._---- 
24.00 59 

-ijsw 

13 ’ ‘J 00 I 0.00 
zr-r-‘;; nrr 

1 0.00’ 1 
-.--. 

24.00 I 58 --‘+ 
I *fin 1 ~” -.+-KzT.gT. 

2 
2 
~~--&g- 73 1 .7g,j -- .- 1 T--p . - ’ 

’ : R - RAIN OR RAIN SHOWERS 
L - DRIZZLE 
S - SNOW OR SNOW SHOWERS 
H - HAIL 

ZL - FREEZING DRIZZLE 
ZR - FREEZING RAIN 
IP - iCE PELLETS 

-. 



09-11-1995 09:54ml FROM To W4122692002 P.03 

Weather Service Section 
MCAS New River 
Jacksonville, NC 

:ompiler: CPL LYNN Month: JULY Year: 

‘r?cip. . . .I.,. . ..lW.. ..I . 

TYP@ _ -.-..- . . 
R 

s 

R 

#= 

R 

Wi I_ me.-- 
Aw 
Dir . . . . ..“.... 

ssw 

ind Sumn 

Speed .--- 
22 -- 
14 

TRW 

Hours 
2.00 
0.00 *- 
4.85 
0.42 

BM IFR l -.,-..*. VFR 
0.00 048 ,-L,., 23.52 
0.00 2.42 21.58 
0.00 0.00 24.00 
0.00 O-00 24-00 

t 
RH% 

“‘-~-7--- 

1 

ii1 91 

--’ - _“- ---- ’ -_-1-d,,.--- c -_.- -.-- 1 

ii 1 ;: 81 82 020 ..:.. T . ..m.. e-- R R El5 261 ii / o-32 1.30 0.00 0.00 0.00 0.00 24.00 24.00 ..I 1 /d.CW... 69 73 __ 90 84 .._). 
7 87 70 78.5 0.19 R SW 4 28 11.08 -0.00 0.55 23.45 75 84 *...-.,. -. ..b.... o- _.%.I 
8 93 72 82.5 0.00 w 5 14 24.00 68 87 
9 93 71 69 0 OQ 24.00 69 87 

10 91, L 
ii 931 ii/ -82 Ok , . . 
12 901 74 I 82 0.00 I 
i?--$O 72 81 iOS R ‘E’3 r 

*-.. . 
14 91 73 82 0.28 R ~%a 5” ..‘! “‘, 9 0.00 0.00, 24.00 77 ..-SC. .*1.,... a.,... -v -. ,,I., “..u------ 

74 84 0;OO 

. - 

;; 74 

-g 2 . . . j. 

.- 

--. 84 

:, 

o:05 O-26 

24.00 -.--- 1 72 

;;I 1 ii R R .-.-Y. 

6 

-,- SSW SW . 5, . . 

__ 

16 -s-w 3.00 0.00 0.00 . we .-*- 24.C-, +?L!~, . . 3 , &I .,..._ _ 
23 97 79 88 0.00 0.00 2.00 22.00 72 -%- 
24 97 72 84.5 0.00 0.00 24.00 72 85<’ 
25 93 7% -‘--% 0.00 0.00 24.00 73 87 . . -.\-. 
761 QAl 781 86 I OXtO 0.00 I 0.00 1 24.001 7% I 87 
Et-- 

Precip. 

Amount -s.. ..I\. I . “_ 
2-37 

herwe 

* : R - RAIN OR’RAIN SHOWERS Zt - FREEZING DRIZZLE 
L - DRIZZLE ZR - FREEZING RAIN 
S - SNOW OR SNOW SHOWERS 
H - HAIL 

IP - ICE PELLETS 
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_- 
I 

j NNE j 1 j i: 

l : R -:F??N OR R&l SM0WERS ZL. FREEZING DRlZaE 
L-DRIZZLE ZR - FREEZING RAN 
s-srwwoRsNowsHowERs IP - ICE PELLErs 
H-WL 

,- 

TOTAL P.04 





r- 
i i K = 0.0063696 fthin .- =/ 
I r y0 = 0.1269 ft 

=j j 

AQTENLV 

Mcrdel ing Group 
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06/19/95 16:45:53 

AQTESOLV RESULTS 
Version 1.10 ,- 

------------------------------------------- =====================================------------------------------------------- 
TEST DESCRIPTION 

Data set........... a:\65mw04af.dat 
Data set title..... SITE 65 - 65MW-04A FALLING HEAD TEST 

Knowns and Constants: 
No. of data points .................. 50 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.875 
Aquifer saturated thickness ......... 8.86 
Well screen length .................. 15 
Static height of water in well ...... 8.86 
Log(Re/Rw) .......................... 1.764 
A, B, C ............................. 0.000, 0.000, 1.571 

================================================================================ 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

RESULTS 

STATISTICAL MATCH PARAMETER 

Estimate 
K = 3.69623-004 +/- 
yo = 1.26893-001 +/- 

ANALYSIS OF MODEL RESIDUALS 

FROM STATISTICAL CURVE! MATCHING 

ESTIMATES 

Std. Error 
l-44623-005 
4.52943-003 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals............... 21 
Number of estimated parameters.... 2 
Degrees of freedom................ 19 
Residual mean..................... 0.0002106 
Residual standard deviation....... 0.002938 
Residual variance................. 8.6333-006 

Model Residuals: 

Time Observed Calculated Residual Weight ,,---. m-m-- -------- ---- _____---- ------------- ------------- ---s-----e--- 
0.5 0.085 0.080414 0.0045862 1 

0.5833 0.079 0.074529 0.0044706 1 
0.6666 0.066 0.069076 -0.0030755 1 

0.75 0.06 0.064015 -0.0040149 1 
0.8333 0.06 0.05933 0.00066953 1 



0.9166 
1 

1.0833 
1.1666 

F4 x.25 
1.3333 
1.4166 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.9166 

2 
2.5 

3 

0.054 0.054989 -0.00098883 
0.047 0.05096 -0.0039602 
0.047 0.047231 -0.00023111 
0.041 0.043775 -0.0027749 
0.041 0.040568 0.00043217 
0.035 0.037599 -0.0025992 
0.035 0.034848 0.00015222 
0.029 0.032295 -0.0032948 
0.029 0.029932 -0.00093152 
0.029 0.027741 0.0012588 
0.029 0.025709 0.0032912 
0.029 0.023828 0.0051725 
0.022 0.022084 -8.393-005 
0.022 0.020466 0.001534 
0.016 0.01297 0.0030302 

0.01 0.0082193 0.0017807 

1 
1 
1 
1 

:: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

==========================================================================----- -----= 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 3.69623-004 
yo = 1.26893-001 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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16:48:35 

================================================================================ 
TEST DESCRIPTION 

Data set........... a:\65mw04ar.dat 
Data set title..... SITE 65 - 65MW04A RISING HEAD TEST 

Knowns and Constants: 
No. of data points .................. 
Radius of well casing ............... 
Radius of well ...................... 
Aquifer saturated thickness ......... 
Well screen length .................. 
Static height of water in well ...... 
Log(Re/Rw) .......................... 
A, B, C ............................. 

49 
0.083 
0.875 
8.86 

i586 
11764 

0.000, 0.000, 1.571 

============================================================================---- 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

============================================================================= 
RESULTS FROM STATISTICAL CURVE MATCHING 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
K = 3.02713-004 +/- 1.20993-005 
yo = 7.63263-002 +/- 1.70343-003 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals ............... 27 

. Number of estimated parameters .... 2 
Degrees of freedom ................ 25 
Residual mean ..................... 8.633-006 
Residual standard deviation ....... 0.002822 
Residual variance ................. 7.9663-006 

Model Residuals: 

Time Observed Calculated Residual Weight .---- ------------- ------------- ------------- ---------_-__ -____________ 
0.25 0.068 0.063322 0.0046778 

0.2666 0.068 0.062542 0.0054583 :. 
0.2833 0.062 0.061766 0.00023377 1 

0.3 0.062 0.061 0.00099963 1 
0.3166 0.055 0.060248 -0.0052485 1 



0.3333 
0.4166 

0.5 
0.5833 
0.6666 

0.75 
0.8333 
0.9166 

1 

1.083; 
1.1666 

1.25 
1.3333 
l-4.166 

1.5 
1.5833 
1.6666 

1.75 
1.8333 
1.9166 

2 
2.5 

0.055 0.059501 -0.0045014 1 
0.055 0.055911 -0.00091122 1 
0.049 0.052534 -0.0035337 1 
0.049 0.049364 -0.00036391 1 
0.049 0.046385 0.0026146 1 
0.043 0.043583 -0.00058329 1 
0.037 0.040954 -0.0039535 1 
0.037 0.038482 -0.0014825 1 
0.037 0.036158 0.0008422 1 
0.037 0.033976 0.0030239 1 
0.037 0.031926 0.005074 1 

0.03 0.029997 2.57213-006 1 
0.03 0.028187 0.0018126 1 

0.024 0.026487 -0.0024866 1 
0.024 0.024887 -0.00088663 1 
0.024 0.023385 0.00'061499 1 
0.024 0.021974 0.002026 1 
0.018 0.020647 -0.0026466 1 
0.018 0.019401 -0.0014008 1 
0.018 0.01823 -0.00023018 1 
0.018 0.017129 0.00087108 1 
0.012 0.011789 0.00021054 1 

==------======================================================================== 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 3.02713-004 

,-\yo = 7.63263-002 
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06/19/95 17:03:52 

AQTESOLV RESULTS 
Version 1.10 _- 

____________---___-_------------------------------------------------------------ _____--_------------------------------------------------------------------------ 
TEST DESCRIPTION 

Data set........... a:\65mw05af.dat 
Data set title..... SITE 65 - 65MW-05A FALLING HEAD TEST 

Knowns and Constants: 
No. of data points .................. 121 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.875 
Aquifer saturated thickness ......... 13.36 
Well screen length .................. 15 
Static height of water in well ...... 13.36 
Log(Re/Rw) .......................... 2.019 
A, B, C ............................. 0.000, 0.000, 1.571 

_______________----------------------------------------------------------------- _________-_--------------------------------------------------------------------- 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

______-_-------------------------------~~~~~~~~~~~~~~~~~~~~~----~---------~~~ _---------------------------------------------------------------------------- z 

RESULTS FROM STATISTICAL CURVE MATCHING 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
K = 2.03353-004 +/- 6.20093-006 
yo = 1.67723-001 +/- 5.94473-003 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals............... 16 
Number of estimated parameters.... 2 
Degrees of freedom................ 14 
Residual mean..................... -0.0003441 
Residual standard deviation....... 0.007285 
Residual variance................. 5.3073-005 

Model Residuals: 

Time Observed Calculated Residual Weight 
_____________ ------------- --------- ---- ------------- ------_---___ ,- 

1.2 0.101 0.099095 0.0019047 1.4 0.088 0.090775 -0.0027747 2" 
1.6 0.082 0.083153 -0.0011527 
1.8 0.076 0.076171 -0.00017073 ; 

2 0.069 0.069775 -0.00077501 2 

7 



i-i 
2:6 
2.8 

3 
3.2 
3.4 
3.6 
3.8 

4 
4.2 

0.063 OeO63916 -0.0009163 
0.057 0.05855 -0.0015495 
0.057 0.053633 0.0033666 
0.051 0.04913 0.00187 
0.044 0.045005 -0.0010048 
0.038 0.041226 -0.0032259 
0.038 0.037764 0.00023565 
0.032 0.034593 -0.0025934 
0.032 0.031689 0.00031122 
0.032 0.029028 0.002972 
0.026 0.026591 -0.00059065 

2 
2 
4 
4 
4 
4 
4 
4 
4 

t 

================================================================================ 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 2.03353-004 
yo = 1.67723-001 

<c<cc<c<<ccccccccccccccccc<ccccccccc<ccc>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 



/- 90 = 6,24 ft 
L 

AQTESOLV 

Af 
GERAGHTY 

iI MILLER, INC. 

Modeling Grwup 



<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

06/19/95 16:52:17 

AQTESOLV RESULTS 
Version l-10 

================================================================================ 
TEST DESCRIPTION 

Data set........... a:\65mw05ar.dat 
Data set title..... SITE 65 - 65MW-05A RISING HEAD TEST 

Knowns and Constants: 
No. of data points .................. 94 
Radius of well casing ............... 0.083 
Radius of well....................: .. 0.875 
Aquifer saturated thickness ......... 13.36 
Well screen length .................. 15 
Static height of water in well ...... 13.36 
Log(Re/Rw) .......................... 2.019 
A, B, C ............................. 0.000, 0.000, 1.571 

================================================================================ 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

_- 
============================================================================= z 

RESULTS FROM STATISTICAL CURVE MATCHING 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
K = 5.68533-004 +/- 4.58433-005 
yo = 2.39953-001 +/- 3.11713-002 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals............... 8 
Number of estimated parameters.... 2 
Degrees of freedom................ 6 
Residual mean..................... 8.6943-005 
Residual standard deviation....... 0.00361 
Residual variance................. 1.3033-005 

Model Residuals: 

Time Observed Calculated Residual Weight 
___---------- - ------------- ------------- -------_-_--- ----_________ 

1 0.074 0.07042 0.0035796 1 
1.2 0.049 0.055108 -0.0061077 1 
1.4 0.043 0.043125 -0.00012471 1 
1.6 0.036 0.033747 0.0022526 1 
1.8 0.024 OeO26409 -0.0024091 1 



2 0.024 0.020667 0.0033335 1 
2.2 0.018 0.016173 0.0018273 1 
2.4 0.011 0.012656 -0.001656 1 

.============================================================================= 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 5.68533-004 
yo = 2.39953-001 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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AQTESOLV RESULTS 
Version 1.10 

,- 

________________________________________------------------------------------ __________________--____________________-------------------------- 
TEST DESCRIPTION 

Data set........... a:\65mw07af.dat 
Data set title..... SITE 65 - 65MW-07A FALLING HEAD TEST 

Knowns and Constants: 
No. of data points.................. 
Radius of well casins............... 
Radius of well......: ............... 
Aquifer saturated thickness ......... 
Well screen length .................. 
Static height of water in well ...... 
Log(Re/Rw) .......................... 
A, B, C ............................. 

112 
0.083 
0.875 
11.7 
15 
11.7 
1.939 

0.000, 0.000, 1.571 

================================================================================ 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

-. =============================================================================: 
RESULTS FROM STATISTICAL CURVE MATCHING 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
K = 2.03533-004 +/- 8.78693-006 
yo = 1.29453-001 +/- 2.87373-003 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals ............... 43 
Number of estimated parameters .... 2 
Degrees of freedom........, ........ 41 
Residual mean ..................... 0.0002757 
Residual standard deviation ....... 0.00522 
Residual variance ................. 2.7253-005 

Model Residuals: 

Time Observed Calculated Residual Weight 
------------- ------------- ------------- _----________ -----__-----_ 

0.6166 0.113 0.097649 0.015351 1 
0.6333 0.107 0.096906 0.010094 1 

0.65 0.101 0.096169 0.0048309 1 
0.6666 0.101 0.095442 0.005558 1 
0.6833 0.101 0.094716 0.006284 1 



0.7 
0,7166 
0.7333 

0.75 
0.7666 
0.7833 

0.8%: 
0.8333 

0.85 
0.8666 
0.8833 

0.9 
0.9166 
0.9333 

0.95 
0.9666 
0.9833 

1 
1.2 
1.4 
1.6 
1.8 

2 
2.2 
2.4 
2.6 
2.8 

3 
3.2 

?Z 
f "l 3.8 

4 
4.2 
4.4 
4.6 
4.8 

0.101 0.093996 0.0070044 
0.094 0.093285 0.00071504 
0.094 0.092575 0.0014246 
0.094 0.091871 0.0021287 
0.094 0.091177 0.0028233 
0.088 0.090483 -0.0024832 
0.082 0.089795 .-0.007795 
0.088 0.089116 -0.0011161 
0.088 0.088438 - .0.00043825 
0.082 0.087766 -0.0057656 
0.082 0.087102 -0.005102 
0.082 0.08644 -0.0044395 
0.082 0.085782 -0.0037821 
0.082 0.085133 -0.0031335 
0.076 0.084486 -0.008486 
0.076 0.083843 -0.0078433 
0.082 0.083209 -0.0012094 
0.076 0.082577 -0.0065765 
0.076 0.081948 -0.0059485 
0.076 0.074788 0.0012124 
0.069 0.068252 0.00074754 
0.057 0.062288 -0.0052884 
0.051 0.056845 -0.0058455 
0.057 0.051878 0.0051218 
0.044 0.047345 -0.0033449 
0.044 0.043208 0.00079221 
0.038 0.039432 -0.0014322 
0.038 0.035986 0.0020135 
0.032 0.032842 -0.0008419 
0.032 0.029972 0.0020279 
0.026 0.027353 -0.001353 
0.026 0.024963 0.0010371 
0.026 0.022782 0.0032185 
0.026 0.020791 .o. 0052092 
0.026 0.018974 0.0070259 
0.019 0.017316 0.0016839 
0.019 0.015803 0.003197 
0.019 0.014422 0.004578 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

i: 
1 

====----====----================================================================ 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 2.03533-004 
yo = 1.29453-001 
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================================================================================ 
TEST DESCRIPTION 

Data set........... a:\65mw07ar.dat 
Data set title..... SITE 65 - 65MW-07A RISING HEAD TEST 

Knowns and Constants: 
No. of data points .................. 100 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.875 
Aquifer saturated thickness ......... 11.7 
Well screen length .................. 15 
Static height of water in well ...... 11.7 
Log(Re/Rw) .......................... 1.939 
A, B, C ............................. 0.000, 0.000, 1.571 

-----=========================================================================== 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

=============================================================================~ 
RESULTS FROM STATISTICAL CURVE MATCHING 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
K = 6.32313-004 +/- 1.88993-005 
yo = 2.07063-001 +/- 7.05723-003 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals............... 32 
Number of estimated parameters.... 2 
Degrees of freedom................ 30 
Residual mean..................... 0.0001437 
Residual standard deviation....... 0.002325 
Residual variance................. 5.4043-006 

Model Residuals: 

Time Observed Calculated Residual Weight 
_____________ ------------- -_----------- ------------- ------------- /-- 

0.6166 0.087 0.086248 0.00075208 1 
0.6333 0.087 0.084226 0.0027738 1 

0.65 0.081 0.082252 -0.0012518 1 
0.6666 0.081 0.080335 0.00066482 1 
0.6833 0.081 0.078452 0.002548 1 



0.7 
0.7166 
0.7333 

O-75 
0.7666 
0.7833 

0.8k: 
0.8333 

0.85 
0.8666 
0.8833 

0.9 
0.9166 
0.9333 

0.95 
0.9666 
0.9833 

1 
1.2 
1.4 
1.6 
1.8 

2 
2.2 
2.4 
2.6 

0.075 0.076613 -0.001613 
0.075 O-074828 0.00017222 
0.075 0.073074 0.0019263 
0.068 0.071361 -0.0033608 
0.068 0.069698 -0.001698 
0.068 0.068064 -6.41613-005 
0.068 0.066469 0.0015313 
0.062 0.e 06492 -0.0029198 
0.062 0.063398 -0.001398 
0.062 0.061912 8.81043-005 
0.062 0.060469 0.0015308 
0.056 0.059052 -0.0030517 
0.056 0.057668 -0.0016675 
0.056 0.056324 -0.00032373 
0.056 0.055003 0.00099656 
0.056 0.053714 0.0022859 
0.056 0.052462 0.0035376 

0.05 0.051233 -0.0012327 
0.05 0.050032 -3.17273-005 

0.037 0.037659 -0.00065945 
0.025 0.028347 -0.0033467 
0.025 0.021337 0.0036631 
0.012 0.016061 -0.0040605 
0.012 0.012089 -8.89363-005 
0.012 0.0090995 0.0029005 
0.012 0.0068493 0.0051507 
0.006 0.0051555 0.00084447 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

:: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

==-------------===----------=-------------------=------------------------------- __----------------------------- 
RESULTS FROM VISUAL CURVE MATCHING 

.-- 
UAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 6.32313-004 
yo = 2.07063-001 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
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Table 2. Endangered and rare animal species documented from Camp 
Lejeune. 

Scientific Name/Common Name 

Accipiter coooerii 
Cooper's Hawk 

Federal 
status 

North Carolina 
Status 

Special Concern 

Aimonhila aestivalis 
Bachman's Sparrow 

Candidate Special Concern 

Alligator mississiopiensis 
American Alligator 

Threatened 

Caretta caretta 
American Loggerhead Turtle 

Threatened 

Charadrius melodus 
Piping Plover 

Threatened 

Chelonia mvdas 
Green Turtle 

Threatened 

Crotalus adamanteus 
.F-- Eastern Diamondback Rattlesnake 

I; 

Falco perecrinus Endangered 
Peregrine Falcon 

Heterodon simus 
Southern Hognose Snake 

Candidate 

Malaclemvs terrapin 
Diamondback Terrapin 

Candidate 

Micrurus fulvius 
Eastern Coral Snake 

Picoides borealis 
Red-cockaded Woodpecker 

Endangered 

Rana canito capito 
Carolina Gopher Frog 

Candidate 

Sistrurus miliarius 
Pigmy Rattlesnake 

Ursus americanus 
Black Bear 

Threatened 

Threatened 

Threatened 

Significantly Rare 

Endangered 

Significantly Rare 

Special Concern 

Significantly Rare 

Endangered 

Special Concern 

Significantly Rare 

Significantly Rare 

31 



Table 3. Endangered and rare plant species documented from Camp F--- 
Lejeune. 

Scientific Name/Cbmmon Name 
Federal North Carolina 
Status status 

Aaalinis anhvlla 
Scale-leaf Gerardia 

Candidate 

Aaalinis linifolia 
Flaxleaf Gerardia 

Aaalinis virsata 
Branched Gerardia 

Significantly 

Candidate 

Amaranthus pumilus 
Seabeach Amaranth 

Threatened 

Amohicarpum ourshii 
Pinebarrens Goober Grass 

Candidate 

Significantly 

Aristida oalustris 
Longleaf Three-awn 

Asclenias pedicellata 
Stalked Milkweed 

Significantly 

Candidate 

Calamovilfa brevioilis 
Pinebarrens Sandreed 

Carex chapmanii 
Chapman's Sedge 

Carex verrucosa 
Warty Sedge 

Cladium mariscoides 
Smooth Sawgrass 

Cornus asperifolia 
Roughleaf Dogwood 

Cvnerus lecontei 
Leconte's Flatsedge 

Dichanthelium erectifolium 
Erectleaf Witchgrass 

Dichanthelium species 1 
Hirst's Witchgrass 

Candidate 

Candidate 

Endangered 

Threatened 

Rare 

Rare 

Rare 

Significantly Rare 

Significantly Rare 

Candidate 

Significantly Rare 

Significantly Rare 

Candidate 

35 



Table 3 can't 

Dionaea muscipula 
'Venus Flytrap 

'Eleocharis elonaata 
Elongate Spikerush 

Eleocharis eouisetoides 
Horsetail Spikerush 

Eleocharis melanocaroa 
Blackfruit Spikerush 

Eleocharis montevidensis 
Sand Spikerush 

Eleocharis robbinsii 
Robbins's Spikerush 

Litsea aestivalis 
Pondspice 

Lobelia bovkinii 
Boykin's Lobelia 

Ludwiaia linifolia 
Flaxleaf Seedbox 

Lvsimachia asnerulifolia 
Rough-leaf Loosestrife 

Muhlenbersia torrevana 
Torrey's Muhley 

Mvriouhvllum laxum 
Loose Watermilfoil 

Oxvoolis ternata 
Savanna Cowbane 

Panicum tenerum 
Southeastern Panic Grass 

Peltandra saaittifolia 
Spoonflower 

Polvsala hookeri 
Hooker's Milkwort 

Ponthieva racemosa 
Shadow-witch 

Candidate Candidate 

Candidate Candidate 

Significantly Rare 

Endangered Endangered 

Endangered 

Candidate Threatened 

Candidate Candidate 

*1 Candidate- 
Special Concern 

Candidate 

Significantly Rare 

Candidate 

Significantly Rare 

Candidate 

_- 

. . 

Significantly Rare 

Significantly Rare 

Candidate 

Significantly Rare 
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Table 3 can't 

Rhexia aristosa 
Awned Meadow-beauty 

Rhexia cubensis 
West Indies Meadow-beauty 

Rhvnchosoora harneri 
Harper's Beakrush . 

Rhvnchosnora oliaantha 
Feather-bristle Beakrush 

Rhvnchosnora Dallida 
Pale Beakrush 

Rhvnchosoora uleiantha 
Coastal Beakrush 

Rhvnchosnora sciruoides 
Longbeak Baldsedge 

Rhvnchosoora tracvi 
Tracy's Beakrush 

Candidate Threatened /-- 

Significantly Rare 

Candidate 

Candidate 

Significantly Rare 

Saseretia minutiflora 
Small-flowered Buckthorn 

._ ,. Sasittaria craminea var. chaomanii - 
Chapman's Arrowhead 

Scirnus etuberculatus 
Canby's Bulrush 

Candidate 

Scirpus lineatus 
Drooping Bulrush 

Significantly Rare 

Significantly Rare 

Candidate 

Candidate 

Significantly Rare 

Scleria aeoraiana 
Georgia Nutrush 

Scleria minor 
Slender Nutrush 

Scleria reticularis (sensu stricto) - 
Netted Nutrush 

Solidaso nulchra 
Carolina Goldenrod 

Candidate 

Solidaso species 1 
Lejeune Goldenrod 

Candidate 

Candidate 

Significantly Rare 

Candidate 

Endangered 

Significantly Rare 

..- 
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Table 3 can't 

Spiranthes laciniata 
Lace-lip Ladies'-tresses 

Candidate 

SDorobolus species 1 
Carolina Dropseed 

Candidate Threatened 

Tofieldia alabra 
Carolina Asphodel 

Candidate Candidate 

Utricularia ofivacea 
Dwarf Bladderwort 

Threatened 

Xvris elliottii 
Elliott's Yellow-eyed Grass 

Significantly Rare 

Xvris flabelliformis 
Savanna Yellow-eyed Grass 

Candidate 

*1 - Dionaea musciwla had been recommended for upgrading to Federal Candidate 
(level 2) at the time of this report. 

.  

.  .  

. . :  
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Table 4. Distribution of rare plants in Camp Lejeune by primary ,--- 
natural community types. 

Communitv Twes: 
A- Calcareous Coastal Fringe Forest 
B- Coastal Plain Small Stream Swamp (Blackwater Subtype) 
c- Cypress Savanna 
D- Depression Meadow 
ET Maritime Evergreen Forest 
F- Maritime Wet Grassland 
G- Pine Savanna 
H- Pond Pine Woodland 
I - Small Depression Pocosin 
J- Small Depression Pond 
K- Streamhead Pocosin 
L- Upper Beach 
M- Vernal Pool 
N- Wet Pine Flatwoods 
o- undetermined (intermediate between Mesic Mixed Hardwood 

Forest and Maritime Deciduous Forest) 

Status 
Snecies 

Agalinis aphylla 
A. linifolia 
A. virgata 
Amaranthus pumilus 

r: 
Amphicarpum purshii 

'\ >. Aristida palustris 
Asclepias pedicellata 
Calamovilfa brevipilis 
Carex chapmanii 
Carex verrucosa 
Cladium mariscoides 
Cornus asperifolia 
Cyperus lecontei 
Dichanthelium erectifolium 
D. species 1 
Dionaea muscipula 
Eleocharis elongata 
E. equisetoides 
E. melanocarpa 
E. montevidensis 
E. robbinsii 
Litsea aestivalis 
Lobelia boykinii 
Ludwigia linifolia 
Lysimachia asperulifolia 
Muhlenbergia torreyana 
Myriophyllum laxum 

US,NC % 

C 
SR 
C 

C2,T 
SR 
SR 
C 
E 

C2,T x 
.SR 
SR 
c x 
C 
SR 

c2,c 
C 
C 
SR 
C 
SR 
C 

c2,c 
c2,c 

SR 
E,E 

E 
C2,T 

Community Types 
BCDEEGHLJHLMNO 

X 
xx X X 

X xx 

X 
x x x X 

xx X X 
X X 
X X 

X 

xx X 

X 

X 
xx X 
xx 

x x x X 
X 

xx x . 
X X 

X 

X 
X xx 

xx 

X X 
xx 

xx 

X 

_-- 
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Table 4 con't 

Oxypolis ternata 
Panicum tenerum 
Peltandra sagittifolia 
Polygala hookeri 
Ponthieva racemosa 
Rhexia aristosa 
R. cubensis 
Rhynchospora 
R. oligantha 
R. pallida 
R. pleiantha 

harperi 

R. scirpoides 
R. tracyi 
Sageretia minutiflora 
Sagittaria graminea 

var. chapmanii 
Scirpus etuberculatus 
S. lineatus 
Scleria georgiana 
S. minor 
S. reticularis 
Solidago pulchra 
S. species 1 
Spiranthes laciniata 
Sporobolus species 1 
Tofieldia glabra 
Utricularia olivacea 
Xyris elliottii 
X. flabelliformis 

c2,c X X 
SR xx X 

SR X 

C X 

SR X 

C2,T xx X X 

X X X 

C xx X 

C X 

SR x x x X 

C X 

SR X 

SR xx X 

C X 

C X 

SR X 

C X 

C xx 

SR X 

C X X 

C2,E X X X 

SR X 

C xx X 

C2,T x x X 

c2,c X X X 

T X 

SR X X 

C X X 
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Significant sites in Training Area CB. 
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B. CRITICAL AREA DESCRIPTIONS AND MAPS 

\/--T SITE NAME: CB-1 Courthouse Bay Area. 
, 

UTM COORDINATES: 844290. 
QUAD: New River Inlet. 
SIZE: 1 acre. 
DATE OF INVESTIGATION: 1990-7-19. 
OBSERVER: R.J. LeBlond. 
NATURAL COMMUNITY: Small Depression Pond. 

LOCATION: Along west side of powerline corridor 0.15 mile due 
south of NC 172 0.1 mile east of junction with Plexiglass Road. 

QUALITY AND INTEGRITY OF NATURAL COMMUNITY: Low quality pond 
community heavily impacted by dredging for creation of a fishing 
pond. The Eleocharis melanocarna population is primarily 
restricted to the shelf above the steeply-sloped margin along the 
north and northeast shores. 

EVIDENT AND POTENTIAL DISTURBANCES AND THREATS: Habitat greatly 
altered by dredging and filling associated with construction of 
fishing pond. 

MANAGEMENT NEEDS: Site has value only as a refugium for rare 
species. 

ELEMENT OCCURRENCES .---7 
PLANTS 

--' -> NC: Eleocharis melanocarna. 

REPORT REFERENCE: Chapter IV for Small Depression Pond community 
description. 
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